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Welcome Message from General Chairs
On behalf of the program committee and organizing committee of ICEB 2012, we would like to extend our
heart-felt welcome to you all for participating in the 12th International Conference on Electronic Business which
is to be held in Xi’an, the birthplace of Chinese civilization, and the capital of Shaanxi Province, China.
The ICEB tries to provide a forum for depositing and sharing knowledge related to electronic business. The annual conference aims to bring together researchers and practitioners all over the world to share new ideas and
present latest developments in the theoretical and practical areas of electronic business, and to seek opportunities
for collaboration among the participants. A broad range of subjects related to theoretical developments and applications of electronic business will be covered, with talks ranging from Cloud computing, Customer management, E-banking/finance, E-business adoption, E-business competiveness, E-business models, E-business strategy alignment, E-business technology, E-CRM, E-education, E-entertainment/E-games, E-government, E-health,
E-law/E-tax, E-logistics, E-politics, E-procurement/E-auction, E-tourism/E-travel, Intelligent systems, Mobile
business model/Mobile commerce, Operational Research, Quality management, Security technology, Social media/Social network, Service-oriented architectures, Uncertain programming, Uncertainty theory, Web intelligence.
Organization of major conference always requires a great effort. First of all we should acknowledge dedication
of the organizing committee, and the secretary Dr. Kai Yao. Thanks are due to the whole program committee,
especially are these who help in reviewing the contributed papers.
Last but not least, I would like to thank all participants who contributed their papers and joined us for the 12th
ICEB Conference. Some of them are old friends with whom we are met on previous conferences, and some of
them are new friends with whom I hope to meet at the future conferences in this series. I wish you all great and
productive time spent together.
We look forward to meeting you and seeing your happy faces when attending the conference sessions as well as
participating in all social activities during the conference.
Baoding Liu
Tsinghua University
http://orsc.edu.cn/liu
liu@tsinghua.edu.cn
Jinwu Gao
Renmin University of China
http://orsc.edu.cn/~gao
jgao@ruc.edu.cn

Contents
Improving After-Sales Services of Logistics Providers……......................................................................................1
Clemens Bechter, Geoffrey Belboom
Evaluating Government Websites Using Extended Heuristic Method: A Case Study of Lao PDR……....................8
Vilachith Phommasack, Vatcharaporn Esichaikul
Understanding Multiple Adoption in C2C Platforms in China…….........................................................................16
F.-C. Tseng, C.-F. Zeng, Y.-S. Chen
Analysis of Outsourcing Strategies on Information Systems for Tourist Hotels in Taiwan...................................23
Tsong-Zen Liu, Hui-Hsin Kuo
An Intuitionistic Fuzzy Simple Additive Weighting (IFSAW) Method for Selection of Vendor………..……………….31
Prabjot Kaur, Sanjay Kumar
Design and Implementation of Service-Oriented Expert System…………………………….....………………………………...….36
Chi-Chun Lo, Mian-Yuan Yang, Dai-Rong Lee, Chi-Hua Chen, Ding-Yuan Cheng
Being Social: Social Media Influence on Modern Consumer….................................................……………………….…42
Rimantas Gatautis, Audrone Medziausiene
Case Studies on the Exploitation of Crowd-Sourcing with Web 2.0 Functionalities.............................................49
Khin Mu Yar Soe, Ravleen Kaur, Ravi S. Sharma
Institutionalising Information Technology for Engineering Asset Management-Impeding Issues………………………67
Abrar Haider
An Institutionalisation View of the ERP in Large Organisations………………..…….……………………………….………………78
Abrar Haider, Azadeh Pishdad
Effective IT Governance Implementation with Vital Determinants…………………….….................….………………………90
Sureerat Saetang, Abrar Haider

VI

Contents

Relationship Quality through Social Network: A Confirmatory Factor Analysis…..………………………..…….…………104
Siriluck Rotchanakitumnuai
Enhancing Trust through IT Risk Management to Achieve E-Government Success…….………………….………………111
Krongras Tiatasin, Siriluck Rotchanakitumnuai
Knowledge management and Semantic Technology in the Health Care Revolution: Health 3.0 Model.....………119
Dr Te Fu Chen
AEC 2015: Is Thailand Ready to Be the Leader of E-ASEAN?.......…….……….………….…………………………………….127
Siriluck Rotchanakitumnuai
The Moderating Effect of Legitimacy and Reputation on SMEs in a B2B Environment…............…...……………..134
Kai Li, Timon C. Du, Zhangxi Lin

The Effect of Affinity Design on Review Helpfulness: An Experimental Study of Online Passenger Review in
the Airline Industry………………………………………………………………………………………………………………………….……………..147
Chiang-Yu Cheng, Eldon Y. Li, Wesley Shu
Customer Engagement and Service Innovation….…………………………………………………………..…..………………………….154
Jashen Chen, Irene Huang
Why People Are Willing to Share More Knowledge than Required?..................................................................160
Xiling Cui, Timon C. Du

Experiential Value, Satisfaction, and Social Virtual World Continuance: An Empirical Investigation in Second
Life…....................................................................................................................................................................170
Zhongyun Zhou, Xiao-Ling Jin
A Model for Improved Resource Profiling and Prediction for Mobile Applications………………....................…….184
Adam Rehn, Jason Holdsworth
Corporate IT Paradox in the Network Era...........................................................................................................191
Ling Peng, Waiman Cheung

Contents

VII

An Transaction Cost Analysis on Products’ Adaptability to E-Commerce……………………………………………………….201
Long Yong, Liu Guizhong, Pan Hongchun, Xu Liang
E-Commerce Cooperation Strategy Research based on the Preference of Consumers............……………….…………214
Long Yong, Shi Youjun, Zhang Yu, You Bo
6 Sigma Rules under Uncertain Normal Distributions.........................................................................................224
Danni Guo, Renkuan Guo
Uncertain Regression Modeling Given the Observational Distributions……….....................................................232
Renkuan Guo
Two-stage Supply Chain Model with Uncertain Demand....................................................................................242
Yufu Ning, Huanbin Sha, Lixia Rong
Maximizing the Information Authenticity in a Social Network...........................................................................252
Liu Ning, Yaodong Ni
Influence Optimization in a Social Network with Stochastic Costs for Targeting Individuals............................263
Qiaoni Shi, Yaodong Ni
Single Machine Scheduling to Maximize Number of Batch of Jobs with Uncertain Processing Times…...........273
Xingfang Zhang, Lingqiang Li, Guangwu Meng

Arithmetics of Uncertainty Distributions for Some Functions of Uncertain Variables with Experiential Uncertainty Distributions..............................................................................................................................................282
Xingfang Zhang, Guangwu Meng, Kai Hu
Some Concepts and Theorems of Uncertain Random Process.............................................................................291
Kai Yao, Jinwu Gao
From Retailing to E-tailing: Understanding Online Shopping Motivation and Decision Making.......................297
Cheng Lu Wang

VIII

Contents

Evolutionary Data Mining in Electronic Business...............................................................................................299
Mitsuo Gen, Lin Lin
Authors Index

The Twelfth International Conference on Electronic Business
October 12-16, 2012, Xi’an, China, http://orsc.edu.cn/iceb2012
Organizers
Tsinghua University, Beijing, China
International Consortium for Electronic Business
Co-organizers
The Chinese University of Hong Kong
National Chiao Tung University
Honorary Chair
Eldon Y. Li, National Chengchi University, Taiwan, China
General Chair
Baoding Liu, Tsinghua University, China
Program Co-Chairs
Waiman Cheung, The Chinese University of Hong Kong, China
Wayne Huang, Xi’an Jiaotung University, China & Ohio University, USA
Chi-Chun Lo, National Chiao Tung University, Taiwan, China
Siriluck Rotchanakitumnuai, Thammasat University, Thailand
Best Paper Award Committee Chairs
Dan A. Ralescu, University of Cincinnati, USA
Ruiqing Zhao, Tiajin University, China
Organizing Committee Chairs
Jinwu Gao, Remin University of China, China
Guorui Miao, Xi’an Investment Company, China
Jin Peng, Huanggang Normal University, China
Local Arrangements Chair
Xiaohu Yang, Weinan Teachers University, China
International Program Committee
Jashen Chen, Yuan Ze University, Taiwan, China
Xiaowei Chen, Nankai University, China

Timon C. Du, The Chinese University of Hong Kong, China
Jinwu Gao, Renmin University of China, China
Rimantas Gatautis, Kaunas University of Technology, Lithuania
Renkuan Guo, University of Cape Town, South Africa
Abrar Haider, University of South Australia, Australia
Jason Holdsworth, James Cook University, Australia
Wayne Huang, Xi’an Jiaotung University, China & Ohio University, USA
Kai Li, Nankai University, China
Xiang Li, Beijing Jiao-Tong University, China
Chi-Chun Lo, National Chiao Tung University, China
Deyi Mou, Civil Aviation University of China, China
Yaodong Ni, University of International Business and Economics, China
Jin Peng, Huanggang Normal University, China
Dan A. Ralescu, University of Cincinnati, USA
Siriluck Rotchanakitumnuai, Thammasat University, Thailand
Ravi S. Sharma, Nanyang Technological University, Singapore
Fan-Chen Tseng, Kainan University, Taiwan, China
Lixing Yang, Beijing Jiao-Tong University, China
Yong Long, Chongqing University, China
Yufu Ning, Dezhou University, China
Qing Zhang, Civil Aviation University of China, China
Xingfang Zhang, Liaocheng University, China
Ruiqing Zhao, Tianjin University, China
Jian Zhou, Shanghai University, China
Zhongyun Zhou, Tongji University, China

Author Index
Clemens Bechter 1

Ravleen Kaur 49

Lixia Rong 242

Geoffrey Belboom 1

Sanjay Kumar 31

Siriluck Rotchanakitumnuai 104,

Chi-Hua Chen 36

Hui-Hsin Kuo 23

Jashen Chen 154

Dai-Rong Lee 36

Sureerat Saetang 90

Dr Te Fu Chen 119

Eldon Y. Li 147

Huanbin Sha 242

Y.-S. Chen 16

Kai Li 134

Ravi S. Sharma 49

Chiang-Yu Cheng 147

Lingqiang Li 273

Qiaoni Shi 263

Ding-Yuan Cheng 16

Lin Lin 299

Youjun Shi 214

Waiman Cheung 191

Zhangxi Lin 134

Wesley Shu 147

Xiling Cui 160

Guizhong Liu 201

Krongras Tiatasin 111

Timon C. Du 134, 169

Tsong-Zen Liu 23

Cheng Lu Wang 297

Vatcharaporn Esichaikul 8

Chi-Chun Lo 36

Khin Mu Yar Soe 49

Jinwu Gao 291

Yong Long 201, 214

F.-C. Tseng 16

Rimantas Gatautis 42

Audrone Medziausiene 42

Liang Xu 201

Mitsuo Gen 299

Guangwu Meng 273, 282

Mian-Yuan Yang 36

Danni Guo 224

Yaodong Ni 252, 263

Kai Yao 291

Renkuan Guo 224, 232

Yufu Ning 242

Bo You 214

Abrar Haider 67, 78, 90

Liu Ning 252

C.-F. Zeng 16

Jason Holdsworth 184

Hongchun Pan 201

Xingfang Zhang 273, 282

Kai Hu 282

Ling Peng 191

Yu Zhang 214

Irene Huang 147

Vilachith Phommasack 8

Zhongyun Zhou 170

Xiao-Ling Jin 170

Azadeh Pishdad 78

Prabjot Kaur 31

Adam Rehn 184

111, 127

Improving After-Sales Services of Logistics Providers
Clemens Bechter1, Geoffrey Belboom2
1. Thammasat Business School, Thammasat University, Bangkok 10200, Thailand
2. Euro*MBA
clemensbechter@tbs.tu.ac.th
Abstract: Several studies have investigated the usage

have been analysed. The real names have been dis-

of IT systems for logistics companies but only a few

guised.

have been looking at after-sales services. Data from
81 European customers of two major logistics com-

Table 1: Company Demographics
Parameter
Group of Companies

panies were analysed to determine perceptions toward

AB Logistics Global Logistics

e-logistics after-sales services. This research can be

Turnover in US$

49.6 bn

52.6 bn

used as a conceptual model of how to react to com-

Employees

398,300

470,000

mercial (B2B) customer expectations. Preliminary

Countries

195

220

findings suggest that it will need structural, infra-

Both companies run large home base operations

structural and integrative design decisions to improve

(respectively in the United States and in Germany),

after sales services.

display extended country coverage through its internal

Keywords:

e-logistics,

business-to-business,

af-

ter-sales service

network and provide one-stop services. AB Logistics
operates on a SAP ERP platform, whereas Global
Logistics operates mainly on an Oracle ERP platform.

1. Logistics
E-logistics has been defined as “applying the concepts

2. Service Components

of logistics electronically to those aspects of business

The concept of the Service Profit Chain is based on a

conducted via the internet. [1]” Gunasekaran and Ngai

firm’s service encounter that drives customer satis-

[2] describe e-logistics applications as internet com-

faction and loyalty; the components of a service en-

munication technologies like e-mail, electronic data

counter represent the basic value on which a firm is

interchange (EDI) for the transfer of goods and ser-

built [4,5]. When the service components are ade-

vices. A Survey by KPMG [3] found that the transport

quately aligned or integrated, they influence customer

sector adopts less advanced IT systems such as elec-

satisfaction with the product or service and enhance

tronic data interchange (EDI) or XML than others.

the purchasing experience which is turn positively

Above survey focused on the overall usage conditions

impacts revenue growth and a firm’s profitability [6].

of e-logistics systems, in contrast, this study analysed

More recent studies went further qualifying the rela-

the e-logistics systems from the perspective of af-

tion between customer and employee satisfaction and

ter-sales services, namely, the perceptions of com-

loyalty addressing the notion of ownership quotient.

mercial customers. Table 1 lists the demographics of

Following Heskett, Sasser and Wheeler [7] the pri-

the two logistics companies whose after-sales services

mary driver for customer ownership is the employee
ownership quotient. It is measured by determining the
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proportion of employees who have actively involved
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themselves in the past year in, amongst other things,
service offering.
Fitzsimmons and Fitzsimmons [8] identified
customer variability as main cost drivers in service

pectations.
Gap 3 Service delivery gap: which occurs when
the actual service delivery is not in line with the service gap specifications.

driven industries. Dealing with customer variability

Gap 4 Communication gap: which occurs when

has become central challenge for service driven or-

there is a discrepancy between service delivery and

ganizations as they strive to develop and maintain

external communications in the form of exaggerated

competitive advantage over competition. Yang [9]

promises and lack of information provided to contact

argued that customer variability is a problem for ser-

personnel.

vice providers because it can have significant adverse

Gap 5 Expectation- perception gap: which occurs

effect on service quality, hence on customer loyalty.

which occurs when there is a discrepancy between the

Frei [10] has developed a framework to qualify and

customer’s perception of the actual service performed

overcome the challenge of customer variability in

and what the customer expected.

service organizations. Following Frei, the first step in

Frei [10] argues that some companies have met

managing the variability is to understand the type that

the challenge of improving customer service quality

is takes. Frei identified five types of variability (1)

without damaging their cost lines and that the tradeoff

Arrival: customers do not want service at the same

between efficiency and quality can be optimized using

time or at a time necessarily convenient for the com-

alternative routes. Frei [10] identified strategies to

pany (2) Request: customer require customization of

overcome this tradeoff between efficiency and cus-

the service offering depending on their needs (3) Ca-

tomer service quality beyond the classical reduction

pability: variability in customer owned capabilities (4)

and accommodation approach. Those strategies are

Effort: customer effort involved in the service inte-

referenced uncompromised reduction and low-cost

raction (5) Subjective: variability relating to customer

accommodation approaches. Strategies to achieve

own preferences and opinions on what qualifies ex-

uncompromised reduction involve creating comple-

cellent services. Yang [9] suggested a sixth type of

mentary demand to smooth arrivals without requiring

customer variability: communication variability which

customers to change their behavior, limit service

derives from the observation customers express their

breadth, target customers on the basis of their request,

needs in ambiguous ways. Parasuraman et al [11, 12]

target customers on the basis of their capabilities, use a

proposed a model to identify gaps in the continuum of

normative approach to get customers to increase their

the service consumption process. The model follows

effort, and target customer on the basis for their sub-

the principle that occurrence of those gaps negatively

jective preferences. Strategies to achieve low cost

influences customer perception of service quality; its

accommodation involve hiring lower-cost labor, au-

elimination improves service quality:

tomate tasks, outsource customer contacts, and create

Gap 1 Understanding gap: which occurs when a
service provider lacks full understanding of the customer’s needs and expectations.

self-service options that permit customization.
Roth et al. [10] proposed a framework that
bridges the operational service landscape with the

Gap 2 Design gap: which occurs when a service

strategic design choices in an organized system deli-

quality specifications does not match management

very architecture called the Service Delivery System

perceptions of the customer’s requirements and ex-

(SDS). SDS is articulated around three main inter-
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related and dynamic components: (1) strategic service

Eighty-One responses from B2B customers were col-

design choices, (2) service delivery system execution,

lected. The authors employed a mixed methods re-

renewal, and assessment, and (3) customer perceived

search design [13] by analysing quantitative data as

value of the total service concept.

well as explicit comments by customers. Figure 1
shows the theoretical framework.

3. Research Questions and Methodology

Figure 1: Research Framework (adapted from Roth et al., 2003) [6]
The research questions were:

from 1 (very poor) and 5 (excellent).

1. Where are major service gaps?

Overall, the results are positive with all means above

2. Can customers be grouped and their major service

3.5. The top three activities to improve are:

factor perceptions extracted?

1. The frequency of providing information and up-

3. How can the gaps be minimized?

dates

4. What are the organizational implications?

2. Services provided by the Accounting department

The study was limited to European customers.
Further research should evaluate cultural differences
as well as analyzing the strength and direction of the
Halo effect as described in this paper.

3. The speed of answering customer’s question.
There is a significantly high correlation between
these three variables, see Table 3.
The highly positive correlations indicate that a
customer who is dissatisfied with let’s say the billing

4. Findings

process is also unhappy about updates received and

Commercial customers were asked to rank the per-

the speed of action. In Psychology this is known as

formance of the logistics provider on a Likert scale

Halo Effect: one service trait is influencing other

4
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traits in the customer’s perception [14].
Service perceptions depend on many factors; one
Table 3: Correlations

of them is the country/culture. To determine whether

Accounts Updates Speed

significant differences exist, a t-test was conducted.
Pearson
Correlation

The test assumes (null-hypothesis) that there are no
mean differences between countries i.e. a test result
close to zero suggests that there are indeed differenc-

Accounts

es because the null-hypothesis can be rejected. In the

1.000

Sig.
(2-tailed)
N

81

Pearson
Correlation

.694**

example, in Belgium the respondents gave on average

Sig.
(2-tailed)

.000

a 3.8 whereas in Holland they gave less than 3.5.

N

81

Since this was the only significant difference and

Pearson
Correlation

.779**

Sig.
(2-tailed)

.000

analysis, only Quality had a significant (at 0.05%
level) difference. The related question was ‘how do
you rate the quality of the proposed solution?’ For

Updates

with maximum 0.3 not very large, one can conclude
Speed

that country differences are neglectable.

Table 2: Means

.694** .779**
.000

.000

81

81

1.000 .748**
.000
81

81

.748** 1.000
.000

N
81
81
81
**. Correlation is significant at the 0.01 level
(2-tailed).

N

Mean

Friendliness

81

4.26

Expertise

81

3.99

Factor

Understanding

81

3.85

Factual Human Touch

Phone_response

44

3.72

Competence

81

3.69

Quality

81

3.69

Speed

81

3.65

Accounts

81

3.62

Updates

81

3.54

Customers have different perceptions on after-sales services. The aim was to extract major dimensions to reduce the number of responses into a
few meaningful dimensions. An appropriate tool for
data reduction is factor analysis.

Table 4: Factor Analysis

Understanding
.898
.337
Accounts
.881
.376
Quality
.845
.408
Competence
.829
.434
Expertise
.769
.514
Phone_response
.756
.330
Updates
.721
.386
Speed
.630
.598
Friendliness
.347
.917
Extraction Method: Principal Component
Analysis. Rotation Method: Varimax with Kaiser Normalization.
A factor analysis, see Table 3, resulted in two
major dimensions along which customers evaluate
after-sales services. First dimension can be described
as problem solving or ‘Factual.’ High factor loadings
are marked in italics. Friendliness constitutes the

Improving After-Sales Services of Logistics Providers
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second dimension. It may also be called the ‘Human
Touch.’

Intervals
Initial visual impression suggests that there are

A factor analysis, see Table 3, resulted in two

two relatively densely populated groups and a few

major dimensions along which customers evaluate

scattered dots/people. A more formal approach to

after-sales services. First dimension can be described

grouping people is cluster analysis which resulted in

as problem solving or ‘Factual.’ High factor loadings

three distinctively different clusters/groups. Only

are marked in italics. Friendliness constitutes the

looking at the three services that need to be improved

second dimension. It may also be called the ‘Human

most, namely, Updates, Accounts and Speed, the

Touch.’

means and confidence intervals are shown in Figures

Positioning each client on these two dimensions,

3, 4 and 5.

see Figure 2, shows that most customers are in the top
right (positive on both or at least one dimension)
quadrant i.e. perceive services as friendly and/or are
happy with the factual information they are getting.

Figure 4: Accounting Department - Group Means and
Confidence Intervals

Figure 2: Customer perceptions

Figure 5: Speed - Group Means and Confidence Intervals
All three clusters show a common pattern. ClusFigure 3: Updates - Group Means and Confidence

ter 1 (18.2% of respondents) see the performance as

6
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insufficient. Cluster 2 (45.5% of respondents) as av-

alignment of IT solutions is however a prerequisite in

erage and cluster 3 (36.4%) as extremely good being

optimizing the infrastructure of the service delivery

very close to the top score of 5.

system (e.g. in order to reach centralization and/or
outsourcing of non-core business processes).
Integration issues deal with internal and external

5. Conclusions and Recommendations
The analysis has shown that on average the after-sales

integration and adaptive mechanisms.

Network

service of logistics provider is generally perceived as

marketing is an opportunity that logistics companies

good. Customers tend to think two-dimensional.

should investigate to further enhance cross functional

Firstly, factual or task- and solution-oriented, expect-

cooperation and reduce indirect cost factors. This is

ing prompt and proper answers from the service pro-

especially the case in the logistic sector that reports

viders. Secondly, the human touch in form of friend-

low margin and acts as a middle man. Management of

liness. The three areas to improve are speed, ac-

customer perceived value is preliminary an opera-

counting department / billing and information updates.

tional management concern and involve adaptive and

There seems to be a spill-over or Halo effect. Cus-

absorptive mechanism that corporate leadership must

tomers rank the logistics company either very high on

endeavor and promote amongst line functions.

all these three dimensions or very low. The weakest

Logistics organizations shall be cautious to inte-

link in the chain has an impact on the perception of the

grate structural, infrastructural and integrative design

other two. These three areas should be improved by

choices to their service delivery system definition. It

structural, infrastructural and integrative design. The

is a crucial process element to enhance customer ex-

objective is to determine the strategic choices that will

perience and achieve competitive advantage beyond

support the organization in its value proposition.

the point of simply servicing the customer.

Structural design aims at achieving harmonization of the service delivery features through the pro-
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Evaluating Government Websites Using Extended Heuristic Method: A Case
Study of Lao PDR
Vilachith Phommasack, Vatcharaporn Esichaikul
Asian Institute of Technology
vilachith@gmail.com, vatchara@ait.asia
Abstract:E-government websites have become very

government units, creating E-Government or Elec-

important tools for governments and citizens for pro-

tronic Government.

viding and receiving information and services such as

E-Government is very powerful

channel, com-

tax payment, registration for driver license, e-learning

bining computers and Internet to give better services

and many others. In order to make sure that infor-

and access to anyone including citizens, government

mation is adequately presented through E-government

officials and businesses; hence it can improve inte-

websites, it is necessary for governments to adopt a

gration and transformation of work between various

mechanism for validating websites to effectively pub-

users.

lishing and disseminating of information online. In

parency and a decrease of corruption in government

this study, a Heuristic Evaluation method was ex-

public sectors [1,2,3,4,5].

As a result, it leads to an increase

in trans-

tended with Technology Acceptance Model (TAM),

Website’s usability is also very crucial part for

Diffusion of Innovation (DOI), Trust and Web Content

public and private organization in determining how

Accessibility Guidelines (WCAG) to produce a new

successful E-Government is, because good web usa-

method to evaluate government websites. The study

bility design could indicate many visits, usage from

outcome has produced a set of 18 Heuristic rules for

many users and how popular a website is. Similarly,

evaluating government websites, using Lao govern-

a good website also means providing effective use of

ment websites as a case study. The results have in-

communication tools between users and organizations.

dicated that most of Lao government websites need to

The ultimate goal is to provide specific content of

pay more attention to these factors such as: Trust, Ease

government information effectively.

of Use, Service, Awareness, Usefulness, Style, Navi-

require that government websites must be easy to

gation and Flexibility.

understand for navigation, clear, easy to use, and re-

Keywords:

Evaluation,

Heuristic

method,

quire minimum effort from users.

This would

Moreover, con-

E-government, Government Website, guidelines, Lao

sistency in designing of website is considered very

PDR.

important in order to avoid user confusion and frustration from finding information in government

1. Introduction

websites. Currently, most website designs were

The Internet was introduced in the early 60’s; how-

guided by World Wide Web Consortium (W3C) on

ever, not until early 90’s that it became popular dis-

the right practice for building websites such as Web

seminating tools amongst people for publishing in-

Content Accessibility Guidelines (WCAG).

formation amongst citizens, businesses and between

Similarly, the user interface in the field of Human Computer Interaction (HCI) is also important to
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consider for evaluation of websites.

Other research-
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ers are focusing on cues that could have impact on

3. Related Works

trust which could range from the interface design,

E-Government relies on the use of communication

credibility and reputation of the system affecting trust

tools such as Internet, digital devices and ICT in order

specifically in users’ perception of online environ-

to enhance the working processes such as delivering of

ment [6].

public goods/services to citizens, businesses and

Currently, different strategies and experiences

government organizations, and the authority processes

were used by different web designers and developers.

as digital channel. It is resulted in significant im-

As a result, it has shown that at present there was no

provement on government role for providing services

common agreement amongst government organiza-

and responsibility by enhancing services to its people

tions of a technique or mechanism to be adopted as a

and advancing the economy and businesses into a

standard guideline for evaluating government web-

stable and strong society [10].

sites.
Particularly, in the case of Lao PDR, currently

3.1 E-government Adoption Model

there are no laws or policies being used or imple-

One of the key fundamental to determine the

mented on these areas mainly on the use of Internet

success of E-government adoption is to consider a

and websites, computer or Internet laws, privacy pol-

few theories such as Acceptance Model (TAM) [11],

icy and user rights. Therefore, a specific evaluation

Diffusion of Innovation (DOI) [12] and Trust

method for evaluating of government websites must

[13,14,15].

be considered in order to guarantee that all users, will

posed by Shareef

accept, adopt and make use of information or con-

called theoretical framework and Government Ac-

tents that government is providing to them as a mean

ceptance Information System (GAIS) respectively,

of effectiveness and improvement of communication,

they may have some similar and overlap variables or

knowledge and understanding between government

factors. Obviously, they are different in context and

and its citizens.

purposes such that theoretical framework proposed by

With recent research work being proet a.l [16] and Sang et al. [17]

Shareef et al. [16] focuses on different acceptance

2. Country Profile

behavior of users.

Lao People’s Democratic Republic (Lao PDR) or Laos,

ity level of government such as the state of organiza-

is a small landlocked country with the population of

tional character, technology, economic and socials

5.62 million and land area of 236,800 sq. km. Laos is

perspective of E-Government which could result in

located in Southeast Asia that shares border with five

different level of successful.

countries: Cambodia, China, Myanmar, Thailand and

purpose is to find out the influential factors that could

Vietnam. Laos has rich natural resources cover with

affect users into accepting and adopting application

forest and most part of the country is mountainous.

or technology that government has provided them.

It is also depending on the matur-

While GAIS’s main

With only about 50 percent of the whole population
has access to electricity through the national grid
[7][8]. Laos is ranked 92

nd

for Telecommunication

nd

3.2 Evaluations Methods
There are many usability evaluation methods

Infrastructure Index and 142 for E-government rea-

available such as cognitive walkthrough (CW), usa-

diness index (0.2421) and Internet penetration of

bility test (UT), heuristic evaluation (HE), and formal

0.017 or roughly 2 out of 100 people [9].

usability inspection [18, 19].

In recent years, HE
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methodology was being adopted and improved into

heuristic evaluation specifically for screen shots web

different variant such as HE++ [20], Heuristic of

pages for early stage of software development life

Ambient Displays [21], HE on virtual environment

cycle.
The method was derived from Nielsen 10 origi-

[22], and HE for paper-based web pages [23].
The main reasons behind the popularity of HE

nal principles and Shneiderman’s eight golden rules

are its speed, widely used, inexpensiveness, and ease

developed based on the study by Zhang et al. [24]

of implementation that require experts or developers

with 14 heuristic principles for usability heuristic

themselves a few days to complete. Unlike other

evaluation for evaluating patient safety of medical

techniques, HE could be implemented with limited

devices.

evaluator of 3-5 people which could detect high

thod did not propose any new heuristic principles; 5

number of usability problems that could be imple-

out of 14 heuristic principles were derived and

mented early till late of development life cycle.

adopted for use in paper-based web pages evaluation

Conversely, Paper-based evaluation me-

method.
The results have found nearly 70% of usability

3.3 Evaluation of Ambient Displays
Ambient displays evaluating technique was de-

problems. As a result, using paper-based of web pag-

veloped for displaying abstract and aesthetic peri-

es screen shots of user interface was expeditious, in-

pheral displays portraying.

expensive and straightforward to implement.

Nielsen’s heuristics was

not suitable for ambient displays, because original
heuristic method is concentrated on interactive and

3.5 Evaluation of virtual reality applications

productivity systems, while ambient displays is con-

Virtual reality evaluation method was based on

sidered to be passive or non-interactive and

the study by Sutcliffe et al. [25] and proposed twelve

non-critical.

heuristics that address usability and presence issues

Ambient displays evaluation method was based
on Nielsen’s 10 original heuristic principles for soft-

specifically for virtual reality and interaction environment application.

In the

Research results have shown that virtual reality

research they have extended by modifying heuristic

evaluation method has identified most of usability

principles title and definition; furthermore, they have

and serious errors within virtual reality environment.

eliminated 6 original principles of Nielsen, due to the

Furthermore, virtual reality evaluation method was

irrelevance for ambient displays and added 5 addi-

developed based on Nielsen’s heuristic principles and

tional principle based on two reviews and group

Virtual Reality VR design principles from the work

brainstorming session.

Heuristic evaluation of am-

by Sutcliffe et al. [25] with the total of 12 heuristic

bient displays is believed to be an effective and im-

principles. With one noticeably difference from all

proved technique for finding usability errors with

other variants, heuristic evaluation for virtual envi-

ambient displays that could also be used in original

ronment was concentrated on how realistic of virtual

intended field such as website [22].

environment such as objects must render, turn and

ware evaluation (Nielsen and Molich, 1990).

react as realistic as possible, due to this reason a
3.4 Evaluation of Paper-based Web pages

modification of scoring or rating from original with

Paper-based was developed for evaluating med-

number 0-4 to Severity, Annoying, Distracting and

ical website for critical medical domain based on

Inconvenient; in addition, none of the 12 principles
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were not directly derived from Nielsen’s method [22].

ing.
In Phase 2 – Assessment of variables, experts

4. Methodology

from various positions ranging from a researcher, a

There are three phases undertaken within this research:

principle lecturer, Associate Professor and Professor

Identification of potential principles and variables

from universities were requested to perform assess-

(Phase 1), Variables assessment (Phase 2)

ment on potential variables which involved ranking

and

and giving a definition for each potential variable to

Evaluation of government websites (Phase 3).
In Phase 1, the main objective of this is to identify the potential variables in order to produce a set of
rules for further assessment by HCI or usability pro-

produce the final list of accepted or confirmed list of
variables to be used for evaluation on the next phase.
Finally, Phase 3 is to perform evaluation using

fessionals and users as a suggestion for evaluating

suggested list of variables by 6 evaluators.

government websites.

The whole process for identi-

ver, a summary of the evaluation processes/proce-

fication phase consists of 4 steps: (1) Obtaining the

dures, evaluation results and debriefing from evalua-

set of potential variables, (2) Designing questionnaire

tors’ comments on the six government websites of

in order to confirm the meaning with users’ under-

Lao PDR (Ministry of Agriculture and Forestry, Min-

standing of variables,

by

istry of Education, Ministry of Public Health, Minis-

handing out the questionnaire to users in different

try of Finance, Ministry of Foreign Affairs, and Min-

working areas and fields, and (4) Analysis of results

istry of Public Work and Transportation) was de-

to confirm the variables from both literature review

scribed.

(3) Data collection

Moreo-

and data collection obtained from users’ understand-

Figure 1: Evaluation Model before analysis

Figure 2: Evaluation Model after analysis

5. Results

Awareness, Perceived Functional Benefit, Perceived

From data analysis, the results (Table 1: Analysis

Ease of Use, Trust, Perceived Usefulness and Per-

Results of Factors) show that out of 10 factors , there

ceived Service Response) that have impact on the use

are only 7 factors (Computer Self-efficacy, Perceived

of government’ website (see Figure 2).

12

Vilachith Phommasack, Vatcharaporn Esichaikul

least important factors.

The remaining three factors (Multilingual Option, Available of Resources and Perceived of Image)

From Table 3: Mean of “Significance” Score, a

are not significant factors with indication of high p

summary of significance score was given as mean

value above p>0.05***.

Later, experts are requested

score or average from all 6 evaluators. As indicated

to rank all 7 variables from 1 being most important to

in Table 3, variables with high “significance" score

7 least important based their own opinion and expe-

that require attention are: Trust, Ease of Use, Service

rience working in their area.

Response, Awareness, Usefulness, Style, Navigation

From Table 2: Ranking Results, the variables

and Flexibility; with score of 18.33 for Trust, 16.00,

that were being ranked lowest, that is closest to 1 or

15.33, 13.33, 12.83, 10.67, 9.33 and 9.17 respectively.

the most important are PEU, PU and PFB with a

While for the lowest significance score are Visibility,

mean of 2.86, TR has 3.43, while PA, PSR and CSE

Familiarity, Recovery, Constraints, Benefits, Convi-

have a mean of 5.00, 5.29 and 5.71 respectively.

viality, Feedback, Affordance, Consistency and Con-

From this result, it has indicated that most experts

trol; with score of 1.33 for Visibility, 3.0, 3.0, 3.0, 3.0,

considered PEU, PU, PFB and TR to be the most

4.33, 5.00, 6.00, 7.50 and 8.00 respectively.

important factors, while PA, PSR and CSE were the
Variables

P<0.05

Mean

STD

B

Perceived Usefulness (PU)

.000

5.71

1.092

2.560

Trust (TR)

.000

5.78

0.901

2.574

Perceived Service Response (PSR)

.014

5.60

0.958

1.055

Perceived Awareness (PA)

.047

5.07

1.329

0.272

Computer Self-Efficacy (CSE)

.016

5.33

1.311

0.391

Perceived Functional Benefits (PFB)

.022

5.42

0.978

0.352

Perceived Ease of Use (PEU)

.000

5.33

0.959

2.034

Table 1: Analysis Results of Factors

Variables

Experts

Exp

Exp

Exp

Exp

Exp

Exp

Exp

1

2

3

4

5

6

7

Sum

Mean

Computer Self-Efficacy

5

6

5

7

3

7

7

40

5.71

Perceived Awareness

7

1

6

6

5

6

4

35

5.00

3

5

2

2

6

1

1

20

2.86

Perceived Ease of Use

2

2

1

5

4

3

3

20

2.86

Perceived Usefulness

1

4

7

3

1

2

2

20

2.86

4

7

4

4

7

5

6

37

5.29

6

3

3

1

2

4

5

24

3.43

Perceived

Functional

Benefit

Perceived
sponse
Trust

Service

Re-

Table 2: Expert Ranking of Variables

Evaluating Government Websites

13

Experts
Total All
Variables
1. Visibility

MAF

MOE

MOF

MOFA

MOH

MPWT

Variables

0.33

0.33

0.17

0.00

0.00

0.50

1.33

2. Consistency

1.67

1.83

0.83

1.17

0.50

1.50

7.50

3. Familiarity

0.33

0.50

0.33

0.50

0.33

1.00

3.00

4. Affordance

1.00

1.00

1.00

0.67

0.83

1.50

6.00

5. Navigation

1.83

1.17

1.83

1.83

1.33

1.33

9.33

6. Control

1.50

1.50

1.17

1.17

1.33

1.33

8.00

7. Feedback

0.83

0.50

0.50

1.00

0.67

1.50

5.00

8. Recovery

0.33

0.17

0.33

0.83

0.33

1.00

3.00

9. Constraints

0.50

0.50

0.50

0.50

0.50

0.50

3.00

10. Flexibility

1.17

0.50

2.33

2.33

0.17

2.67

9.17

11. Style

2.00

2.33

1.83

1.83

1.00

1.67

10.67

12. Conviviality

0.33

0.50

1.50

1.00

0.50

0.50

4.33

13. Usefulness

2.83

1.83

1.83

2.00

1.83

2.50

12.83

14. Ease of Use

2.67

2.67

2.33

2.83

2.67

2.83

16.00

15. Awareness

1.50

1.67

3.00

3.00

1.17

3.00

13.33

16. Benefits

0.50

0.50

0.50

0.50

0.50

0.50

3.00

17. Service Response

2.83

2.67

1.50

2.83

2.67

2.83

15.33

18. Trust

2.50

2.50

3.50

3.33

3.00

3.50

18.33

Table 3: Mean of “Significance” Score

6. Conclusion

ciples should be included.

The results of the finding show that 7 heuristic rules

Up to present there is no research work related

were being ignored and required attention namely:

to E-government in Lao PDR in term of readiness of

Trust, Ease of Use, Service Response, Awareness,

its citizens or law and policies towards E-government

Usefulness, Style, Navigation and Flexibility. In con-

development in Lao PDR.

trast, principles/variables that received attention are

need to research of how much and/or what type of

Visibility, Familiarity, Recovery, Constraints, Benefits,

information is needed by citizens or how to publish or

Conviviality, Feedback, Affordance, Consistency and

how to guarantee that information being published is

Control.

effective and efficient enough to meet citizens’ need.

In addition, there is a

The suggested set of heuristic variables was

According to Sang et al. [17] regardless of how the

successfully produced; however, some principles of

knowledge and experience that citizens may have

the original twelve heuristic principles were rather

toward using E-government, the type and style of

somewhat redundant according to Benyon et al. [23]

web display should be paid attention.

which also have shown during experts’ interview.

This research realized a small sample, involving

Three out of seven experts believe that not all prin-

40 respondents and 7 experts. For further improve-
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ment of this research work, it should be extended to a
larger sample, spreading out to the whole country.
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Abstract:The network effect is the general principle

extreme, a market characterized by network effects is

that the value of connecting to a network depends on

usually expected to be taken by a monopoly [7] [10]

the number of existing customers in the network.

[12]. Network effect has been influential in the com-

Usually, the network effect makes strong firms

petition between technological standards in network

stronger and weak firms weaker. In e-commerce,

industries, such as information, telecommunication

however, the power of network effects can be miti-

and consumer electronics industries [20]. Well-known

gated when users adopt multiple transaction platforms

examples include the war between Wintel and Apple

(i.e., multiple adoption). Owing to multiple adoption,

computers (Wintel is a dominant market leader and

emerging firms have a chance to compete with or

Apple is a niche player), the war of VHS and Beta

surpass strong incumbents. This empirical study

video recorders (VHS succeeded and Beta failed), and

showed that, because of multiple adoption, smaller

recently the war between blue-ray DVD and HD DVD

players can still exist in the face of a dominant player

(blue-ray DVD is now dominating).

in China’s competitive online auction platforms.

The impact of network effect still carries over to

Keywords: Network effect, e-commerce, multiple

electronic commerce [16]. In electronic commerce,

adoption, online auction.

the first-mover advantage chiefly comes from network effect, and this is especially true for the in-

1. Introduction

fo-mediary business such as online auctions and on-

In network economics, network effect refers to the

line recruiting services. With more buyers and sellers

general principle that the value in connecting to a

(or employers and applicants), the website offers

network increases with the number of users already in

more chances of successful transactions (or employ-

the network. The networks can be physical, such as

ments). Thus the value of participating in a larger

telephone networks, or virtual, such as the networks of

auction (recruitment) website is higher, and users

the members of a Web site or the networks of the users

tend to prefer larger sites to smaller ones, which

of a computer system. Because of network effect,

makes larger sites even larger. Empirical evidences

larger networks are more valuable to users than

include the competitions between eBay and Ya-

smaller ones. Users thus tend to prefer larger networks

hoo!Auction in North America (where eBay is the

to smaller ones, which makes larger networks even

winner) and in Japan (where Yahoo!Auction beats

larger. This self-reinforcement nature makes the strong

eBay).

firms stronger and the weak firms weaker. To an

Nevertheless, a fundamental difference exists
between e-commerce and other network industries:
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multiple adoption of products or services. In informa-
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tion or telecommunication industries, the cost can be

utility a user derives from consumption increases with

prohibitively high for general consumers to buy one

the number of other users consuming the good. Later

Apple computer and one Wintel computer, or sub-

on, Choi et al. [2] argued that network externality is no

scribe simultaneously to two or more cell phone ser-

longer an externality if a market price already reflects

vices. Therefore, users are forced to take exclusive

the price of an external benefit or loss, and proposed

adoption by participating in just one network. In

that the term network effects can better describe the

e-commerce, however, the cost can be sufficiently

targeted phenomenon than network externality. This

low to allow users to adopt two or more networks.

study adopts this suggestion and uses network effects

For general users, the cost is merely applying for an

to describe the phenomenon.

account in multiple websites. We term this phenomenon as multiple adoption.

Recent works on network effects examined numerous topics, including product launch strategies

In e-commerce, therefore, the winner may not

[11], pricing strategies [5], innovation and strategic

always take all the market and challengers can still

activities[4] [5], the customer-capturing strategy for

have a chance to survive and grow. For example,

replacing leading technologies [13], and compatibility

Yahoo!Kimo Auction is the leading auction site in

strategies [20]. Some researchers extended the theory

Taiwan, but the new entrant ruten.com competes

of network effects to two-sided markets such as auc-

with Yahoo!Kimo Auction and survives [17]. In ad-

tions and recruiting services [1] [8] [9].

dition, most users of ruten.com are multiple adopters

Unfortunately, previous works were mostly

who adopt both Yahoo!Kimo Auction and ru-

based on the simple assumption that consumers adopt

ten.com simultaneously [18]. Since C2C platforms

one network at a time. In reality, however, users may

are one of the major online purchasing channels [19]

adopt more than one network simultaneously. We

and the size of C2C electronic market in China is

termed this phenomenon as multiple adoption [14]

much larger than that in Taiwan, it is interesting to

[15]. Some other researchers introduced similar terms

examine whether and how multiple adoption occurred

such as multihoming [3] to describe this situation,

in China.

and discussed various strategies in the context of

In this study, we examine the market situation of

multiple adoption. However, these works are mostly

C2C auction sites in China, and explore the following

theoretical models in economics rather than extensive

questions:

empirical studies. The purposes of this paper are

(1) Whether multiple adoption occurs (i.e., users

therefore: (1) providing empirical evidence for mul-

adopt multiple auction sites simultaneously)?

tiple adoption to enhance the theoretical research

(2) Why and why not users adopt multiple auction

models, and (2) providing information and sugges-

sites?
(3) Is multiple adoption an intermediate phase to

tions for challengers to take advantage of multiple
adoption for survival and growth.

exclusive adoption?

3. Background and Methodology
2. Literature Review

Established in 1999, Eachnet was China’s earliest and

There is a rich literature on network effects. For ex-

largest C2C auction site. In 2002, eBay partnered with

ample, Katz and Shapiro [7] proposed the term posi-

Eachnet to establish eBayEachnet, but soon faced

tive consumption externality and defined it as the

tough competition from China’s local start-up Taobao,
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which was set up in 2003. In 2006, Taobao surpassed

4.1 Sample Profile

eBayEachnet and become China’s largest C2C plat-

Table 1 shows the sample profile. Of the 170

form. In 2009, eBayEachnet exited from China’s C2C

samples, 116 (68.2%) are female and 54 (32.8%) are

market and transformed into a service company for the

male. Their ages are mostly between 21 and 30

purchase of oversees products. Currently, Taobao is

(66.5%) or under (including) 20 (32.3%). Almost all

the largest C2C auction site in China, followed by

of them (169 out of 170) have collegiate degrees or

PaiPai, which was established in 2006.

higher. Most of them (162 or 95.3%) are students.

The questionnaire was designed to understand

Most of them (130 or 76.5%) have experience in on-

how users adopt the two major auction sites in China
－ Taobao and PaiPai, with special emphasis on

line auctions for one year or more. There are 163

whether and how users have multiple adoption. Be-

(0.6%) pure seller, and one bystander (browsing on-

cause auction is a two-sided market connecting buy-

ly).

(95.9%) pure buyers, 5 (2.9%) mixed users, one

ers and sellers, the questionnaire deliberately identified three types of users: pure buyers, pure sellers,

4.2 Adoption of Auction Websites

and mixed users (i.e., buyer and sellers). The ques-

Of the 170 samples, 158 (92.9%) adopted Taobao

tionnaire was proofread by 5 graduate students who

exclusively, 1 (0.6%) adopted PaiPai exclusively, and

were savvy users of online auction websites, and a

11 (6.5%) adopted both websites. Moreover, all 11

pretest was then conducted for further correction and

multiple adopters are pure buyers, and all joined

modification. After this, the printed questionnaire was

Taobao first and then PaiPai, which means that PaiPai

disseminated in five classes, one is MBA students and

is starting to erode the business of Taobao. However,

the others are undergraduate students, all of them are

this also means that most customers of PaiPai are not

students at a university in China. A total of 170 valid

new (distinct) consumers. Rather, they are multiple

responses were collected.

adopters coming from the rival auction website Taobao. This implies that for new entrant firms such as

4. Data Analysis

PaiPai, attracting multiple adopters may be an impor-

We distinguish and categorize users by two dimen-

tant marketing strategy.

sions: activities in auctions websites and memberships
in auction websites.

4.3 Why and Why Not Multiple Adoption

According to chief activities, there are three

As shown in Table 2, the three main reasons for mul-

kinds of users: (1) pure buyers: buying goods without

tiple adoption, in order, are: (1) looking for more

selling goods; (2) pure sellers: selling goods without

transactions, (2) seeking special goods, and (3)

buying goods; (3) mixed users: buying goods and

searching for more information about products and

selling goods. For ease of discussion, pure buyers and

prices.

pure sellers are collectively termed as pure users.

Note the order of the reasons reverses the find-

According to membership, there are two kinds of

ing in Taiwan [18]. This may reflect that buyers in

users: (1) exclusive adopters: using either Taobao or

China’s are more active or aggressive in purchasing

PaiPai, but not both; (2) multiple adopters: using

than Taiwan’s buyers, supporting the fact that C2C

both Taobao and PaiPai.

market in China is growing drastically and more
competitive.

Understanding Multiple Adoption in C2C Platforms in China
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As shown in Table 3, for the 158 exclusive

established trading partners (14.6%). Note that the

adopters using only Taobao, the chief reasons for not

first and the third reasons are the lock-in effect [10]

adopting multiple auction sites are: (1) having been

and the second reason is a case of the network effect.

used to the interface of Taobao (39.9%), (2) there are

Clearly, Taobao has obtained first-mover advantage

more members in Taobao (30%), and (3) they have

relative to PaiPai.

Table1. Summary of Descriptive Statistics of Study Participants
Count
Gender
Male
54
Female
116
Age
 20 (years)
55
21 ≦ age ＜ 30
113
≥ 30
2
Job
Student
162
Teacher
4
Others
4
Online auction experience
< 1 year
40
≥ 1 yr and < 3 yrs
96
≥ 3 yrs
34
Chief activities
Pure buyer
163
Pure seller
1
Buyer and seller
5
Others
1

%
32.8
68.2
32.3
66.5
1.2
95.3
2.4
2.4
23.5
56.5
20.0
95.9
0.6
2.9
0.6

Table 2. Reasons for Multiple Adoption
Reason

Frequency

%

looking for more transactions
seeking special goods

5
3

45.5%
27.3%

searching for more information about products and prices

2

18.2%

others

1

9.1%

Table 3. Reasons for Not Multiple Adoption
Reason

Frequency

%

having been used to the interface of Taobao

63

39.9%

more members in Taobao

59

37.3%

with established trading partners
others

23
13

14.6%
8.2%

4.4 Multiple Adoption as a Transition Phase to
Exclusive Adoption

For the 158 exclusive users of Taobao, we further investigated whether they ever used eBayEach-
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Net, and if yes, how they become exclusive users of

fore, they must find ways to attract a significant

Taobao. Of the 158 users, 14 of them ever used

number of web users to visit their sites to gain more

eBayEachNet. Five of these 14 users adopted

bargaining power with advertisers.

eBayEachNet initially, then adopted both BayEach-

5. It is important to note that although users can

Net and Taobao (i.e., multiple adoption), and finally

gain benefits (such as gathering more information,

only Taobao. Four of these 14 users adopted Taobao

finding more items, achieving more transactions)

initially, then both BayEachNet and Taobao (i.e.,

from multiple adoption, they have to pay costs (such

multiple adoption), and finally only Taobao. Five of

as time cost, energy cost, and/or money) for multiple

these 14 users adopted eBayEachNet initially, and

adoption. New entrant firms, therefore, should not

then directly switched to Taobao exclusively. From

only find ways to provide more benefits to multiple

this fact, we see that multiple adoption can serve as a

adopters but also reduce their costs of multiple adop-

transition phase to exclusive adoption.

tion so that multiple adopters will gain net profit in
multiple adoption.

5. Discussion

6. To reduce uncertainly and risks, users may not

From the above analysis, we have the following ob-

wish to abandon original supplier all at once to switch

servations:

to a new supplier. Rather, users may adopt both orig-

1. Network effects can result in first-mover ad-

inal supplier and new supplier for some time, where

vantage for incumbents. Therefore, the get-big-fast

multiple adoption occurs. Therefore, new suppliers

strategy must be pursued to build a larger customer

may facilitate or encourage multiple adoption for us-

base. Meanwhile, consumers’ multiple adoption of

ers as a less risky transition phase toward exclusively

online services still gives starting firms a chance to

adopting new suppliers.

survive and even surpass incumbent firms.
2. Consumers are variety seekers, ready to have

6. Conclusion

novel experiences, and eager for more information to

In this paper, we conducted an empirical study on the

reduce uncertainties and ensure fairness in trade. A

behavior of online auction users to understand how

single dominant player in online business is not fully

network effects and multiple adoption interact to in-

favorable to consumers, and consumers are welcom-

fluence the competition between the two major auc-

ing new firms to enter the market.

tion websites in China. We also examined whether

3. New entrant firms can attract customers if
they can provide valuable information, special goods,
and facilitate transaction processes.

multiple adoption could be a transition phase to exclusive adoption.
We found that a larger customer base can result

4. The revenue of online auction websites comes

in stronger network effects and gives the incumbent

from several sources, such as selling advertisements,

the competitive advantage, but users still adopt mul-

transaction fees, product registration fees, and mem-

tiple auction websites, giving smaller firms a chance

bership fees. For stronger firms, charging fees for

to thrive.

membership or transaction may be acceptable to most
customers, although this may lose some business to

Here are suggestions for both the incumbent and
starting firms in electronic commerce:

competitors. For startup firms, the revenue should

(1) The incumbent firm (market leader) should

chiefly come from selling advertisements, and there-

seek ways that add more value to the current con-

Understanding Multiple Adoption in C2C Platforms in China
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Economics, 2003, 34(2), 309-328.

more customers are retained, the network effects will

[2] Choi, S.-Y., Stahl, D. O., & Whinston, A. B. “Is

be stronger and the incumbent will enjoy more com-

Microsoft a monopolist?” Brazilian Electronic

petitive advantage.

Journal of Economics, 1997, 1.

(2) The starting firm, on the other hand, should

[3] Doganoglu, T. & Wright, J. “Multihoming and

seek ways that encourage consumers to take multiple

compatibility,” International Journal of Indus-

adoption to attract customers from the market leader.

trial Organization, 2006, 24(1), 45-67.

In addition, multiple adoption may also occur in

[4] Ehrhardt, M. “Network effects, standardization

other online platforms such as job websites and on-

and competitive strategy: how companies influ-

line gaming [21]. For example, an employer (or job

ence the emergence of dominant designs,” In-

seeker) may adopt more than one job website to post

ternational Journal of Technology Management,

job openings (or to find jobs). The findings in this

2004, 27(2-3), 272-294.

paper may also offer some insights in these online
industries.

[5] Ende, J. & Wijnberg, N. “The organization of

innovation and market dynamics: managing in-

For other technology-based services, multiple

creasing returns in software firms,” IEEE

adoption may serve as a transition phase from exist-

Transactions on Engineering Management, 2003,

ing technologies to new technologies. That is, before

50(3), 374-382.

completely replacing existing technologies, new

[6] Gallaugher, J. M. & Wang, Y.-M. “Understanding

technological facilities may co-exist with existing

network effects in software markets: evidence

technological facilities to reduce the anxieties or risks

from web server pricing,” MIS Quarterly, 2002,

in using new technologies. For example, when intro-

26(4), 303-327.

ducing the emerging NFC (near field communication)

[7] Katz, M. L. & Shapiro, C. “Network externalities,

services such as contacless smart cards or contactless

competition, and compatibility,” American Eco-

payment, service providers should allow users to use

nomic Review, 1985, 75(3), 424-440.

either NFC-enabled smart phones or traditional cards.

[8] Parker, G. G. & Van Alstyne, M. W. “Two-sided

This would make the transition from existing tech-

network effects: a theory of information product

nologies to new technologies smoother.

design,” Management Science, 2005, 51(10),

Overall, this empirical study made a confirma-

1494-1504.

tion to the theoretical frameworks of Teng et al. [14]

[9] Rochet, J. C. & Tirole, J. “Platform competition

and Doganoglu and Wright [3] on multiple adoption.

in two-sided markets,” Journal of European

Future theoretical research can be conducted to refine

Economics Association, 2003, 1(4), 990-1029.

and extend theoretical models based on the evidence
provided by this paper, and future empirical research
can be conducted to find more detailed profiles of
multiple adopters.

[10] Shapiro, C. & Varian, H. R. Information Rules,

HBS Press, 1998.
[11] Sun, B., Xie, J., & Cao, H. H. “Product strategy

for innovators in markets with network effects,”
Marketing Science, 2004, 23(2), 243-254.
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Abstract: Since outsourcing strategy of information

enterprises. The results could not apply to Taiwan’s

systems has become one of the key businesses for

tourist hotels adequately. Lu [1] had also indicated the

tourist hotels in Taiwan. This paper tried to analyze the

drawbacks of install a computer department in a

hotels’ outsourcing strategies by exploring current

non-IT relative company. But, with the change of

information system statuses and requirements of 69

tourism market environment, Taiwan’s hoteliers will

tourist hotels and comparing to past research findings.

face more intense competition and require more po-

Results of this research reveal that most tourist hotels

werful information systems in the future. For most of

chose business outsourcing (18.84%) and total out-

Taiwan’s tourist hotels, they cannot set up a complete

sourcing (71.01%) as their strategies. In addition,

IT department to overcome the IT requirements be-

operational systems on front fields and automatic

cause of the scale constraints themselves. IT out-

systems on back offices are denoted as the most out-

sourcing has become the most feasible method to

sourcing information systems. On the other hand,

construct and maintain information systems of hotels.

small scale hotels took the strategy of total outsourcing

As executing information systems outsourcing process,

and large scale hotels preferred to choose the strategy

insufficient IT professional knowledge will make

of business outsourcing. Hence, this research sug-

many hoteliers to face more actual straits and blocks.

gested that the tourist hotels could outsource informa-

The selection of self-development and IT outsourcing

tion systems with basic competition technologies to

should be a key strategy for tourist hotels in Taiwan.

reduce cost and invest more on core competition in-

The room number of most Taiwan’s tourist ho-

formation systems to ensure long-term market strength.

tels is between 200 to 400 rooms. It was indicated

High level management systems on back fields are still

that Taiwan’s tourist hotels are belongs to mid-

insufficient to support current hoteliers and must be

dle-scale industry [2]. Goal of this paper is tried to

developed by tourist hotels themselves.

find out the outsourcing strategies on information

Keywords: Tourist Hotel, Outsourcing Strategy, In-

systems for tourist hotels in Taiwan. Models of IT

formation System

outsourcing strategy will be conducted from literature
review and current IT outsourcing statuses of tourist

1. Introduction

hotels will be explored by questionnaire survey

Because the past researches about information tech-

process. The final results will represent differences,

nology (IT) outsourcing revealed that their survey data

intentions and insufficiencies of these tourist hotels

were almost reached from huge businesses or large

by integration and analysis primary data.
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2. Literature Review
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the statistical data of Tourism Bureau at January 2010,

2.1 Tourist Hotels in Taiwan
Tourist hotels in Taiwan mean the profit-seeking

there were 96 tourist hotels including 65 international

enterprises that operate international tourist hotels

tourist hotels and 31 general tourist hotels in Taiwan.

and general tourist hotels to provide travelers ac-

The categories structure of Taiwan’s hotels is shown

commodation and related services.[3] According to

in Figure 1.

Tourist Hotel
(96)
Hotel Industry
General Hotels
(2686) and B&B
Hotels (2929)

International
Tourist Hotels
(65)
General Tourist
Hotels (31)

Figure 1. The categories structure of Taiwan’s hotels [3]
Since there were many researchers discussing

Since the requiring information systems of tour-

about the future developments of Taiwan’s tourist

ist hotel would be differed due to the variant features

hotels, this study summarized the opinions suggested

of operation types and scales. There was not best

by Chou[4], Lin et al.[5], Wang[6] as following seven

practice definition and categories to describe the

trends: 1. Eco-friendly hotel, 2. Applications of in-

whole picture of complete hospitality management

formation technology, 3. Integration of hospitality

information system, which including hotel manage-

and leisure industries, 4. International and chaining

ment and restaurant management IS, in the past lite-

operations, 5. Human resource development, 6. Mul-

ratures. [7][8]

ti-branding operations, 7. More social responsibili-

Thus, according to related contents in Kasavana
& Cahill [8], Shaw and Chen [9][10], Ku [11] and

ties.
Although the operation scale of Taiwan’s tourist

Liu and Chou [12], this study introduced 5 categories

hotels is belongs to small-middle industry, they must

and 28 application systems to describe the whole

include multiple functions of accommodations, food

structure of information systems used in hospitality

& beverage, leisure & sports, convention, entertain-

industry. These ISs could also be separated into oper-

ment and easy information supply. Because the oper-

ational systems on front fields, automatic systems on

ation and management of tourist hotels contain so-

back offices and high level management systems on

phisticated service process planning, use of informa-

back fields by the view point of users. The detail ca-

tion communication technology (ICT) can promote

tegorizations of information systems used in tourist

and improve the operation efficiency effectively. On

hotels can be shown in Table I.

the other hand, the rapid change of ICT was a big

In this study, the 28 application systems will be

challenge for improving operation quality. Outsourc-

used as the survey basis to classify Taiwan’s tourist

ing strategy of information systems (ISs) has become

hotels into four type of IT outsourcing categories. The

one of the key businesses for tourist hotels in Taiwan.

tourist hotel using more the number of 23 applications will have more complex the hotel information

2.2 Information Systems Used in Hotels

system. More the number of used applications were

Analysis of Outsourcing Strategies on Information Systems
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IT outsourcing, the tourist hotel will be set as higher

to authorize system venders by compact contracts.

degree of IT outsourcing.

Then, the system venders provide development and

2.3 Outsourcing strategies on information system

maintenance, system operating, network communica-

Sun [13] denoted the definition of information
system outsourcing as following:

An organization

takes part or whole functions of information system

tion management and maintenance, and other related
purchasing and consulting service of the outsourcing
system applications during the contract period.

Table 1. The detail categorizations of information systems used in tourist hotels
Functional categories

Information systems

Property

(1) reservation management, (2) room man-

management

system (PMS)

users view categories

agement, (3) guest accounting management

Restaurant management
system (RMS)

(4) point-of-sale (POS),

Operational systems on
front fields

(5) recipe costing,
(6) hotel-restaurant interface
(7) sales management,
(8) banquet management,
(11) receivable accounting,

Back-office

manage-

(12) payable accounting,

Automatic systems on

(13) inventory management,

back offices

(14) payroll management,

ment system (BOMS)

(15) purchasing management
(16) financial reporting
(9) revenue management,
(10) enterprise resource planning (ERP),

High level management

(17) self-accommodation registering,

systems on back fields

(18) self-settlement check-out,
(19) in-room entertainment,
(20) in-room vending,
Guest service manage-

(21) guest information,

ment system (GSMS)

(22) voice message,

Operational systems on

(23) call accounting,

front fields

(24) electronic door-locking,
(25) energy management,
(26) internet accounting
E-Commerce (EC) sys-

(27) corporate image website

High level management

tem

(28) on-line reservation system

systems on back fields

According to the IS complexity and degree of

self-development, and total outsourcing models re-

outsourcing range, Lee [14] classified IT outsourcing

spectively. The definitions of IS complexity and de-

into four different strategy models. They were called

gree of outsourcing range are listed below:

business

outsourcing,

selective

outsourcing,
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IS complexity
Number of installed systems
Number of total systems

outsourcing range are both low.
1

(4) Total outsourcing: IS complexity is low and degree of outsourcing range is high.

(If the ratio is higher than 0.8, it is high IS complexity,

Then relationship of four IT outsourcing strategy

others is low)
Degree of outsourcing range
Number of outsourcing systems
Number of install systems

models is shown in Figure 2 below
In summary, this study concludes relative litera2

tures of IT outsourcing to define the IT outsourcing of
tourist hotels as “part or all functions of information
systems in tourist hotels are supplied by outside pro-

(If the ratio is higher than 0.5, it is high degree of
outsourcing, others is low)

fessional service providers in contract type. This task
could help tourist hotels to execute works of operat-

The four different IT outsourcing strategy models can be classified as follows:

ing, managing, planning and developing the hardware
and software of information systems.” Because of the

(1) Business outsourcing: IS complexity and degree
of outsourcing range are both high.

similar service processes in hospitals and tourist hotels, this study used the IT outsourcing strategy mod-

(2) Selective outsourcing: IS complexity is high and
degree of outsourcing range is low.

els proposed by Lee [14] to divide Taiwan’s tourist
hotels into four types of IT outsourcing.

(3) Self-development: IS complexity and degree of

High
2. Selective Outsourcing

1. Business Outsourcing

3. Self Development

4. Total Outsourcing

IS Complexity

Low
Low

Degree of Outsourcing range

High

Figure 2. Relationship of four IT outsourcing strategy models (Lee, 2009)
sampling contents. These effective responding hotels
include 54 international tourist hotels (78.26%) and

3. Research Design

15 general tourist hotels (21.74%). The information

Traditional questionnaire survey method was used to

system outsourcing statuses can be divided into four

acquire primary data of information system out-

answers: “do not need to develop”, “did not develop”,

sourcing statuses of tourist hotels in Taiwan. 96 ques-

“developed by self” and “developed by outsourcing”.

tionnaires were sent to managers of information

Every respondent would answer the statuses of the

technology relative department of every tourist hotels

pre-described 28 ISs in his tourist hotel. Then, the IS

during February 2011. Number of return question-

complexity and degree of outsourcing range of each

naires is 85 (88.54%) with 69 (81.18%) effective

tourist hotel could be determined from the responding

Analysis of Outsourcing Strategies on Information Systems
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data. Clustering analysis method will be used to iden-

BOMS respectively. On the other hand, the systems

tify outsourcing strategies of these tourist hotels. In

with

addition, correlation between hotel characteristics and

self-settlement check-out (5.80%), self-accommoda-

outsourcing strategy will be conducted by cross anal-

tion registering (8.70%), in-room vending (17.39%)

ysis method.

and ERP (17.39%) modules which are belong to

less

than

20%

conservation

rate

are

GSMS and BOMS respectively. Hence, most of the

4. Results and Discussions

unconstructed systems can be categorized as high

4.1 Hotel Characteristics

level management system on back field. The systems

There were 43 hotels with room number from

with high conversation rate can belong to operational

101 to 300 which hold the majority of respondents

system on front field and automatic system on back

(62.32%). Numbers of the hotels with less 100 rooms

office.

and from 301 to 500 rooms are 9 (13.04%) and 13
(18.84%) respectively. Additionally, there were 4 ho-

4.3 Degree of Outsourcing Range

tels (5.80%) with over 500 rooms. On the other hand,

Analysis on outsourcing range of hotels showed

there were 45 hotels (65.22%) with independent IT

that the systems with higher outsourcing rate are res-

department and 24 hotels (34.78%) without IT de-

ervation management (95.65%), room management

partment. If considering the number of IT staffs in

(95.65%), guest accounting (95.65%), call accounting

hotels, 34 (49.28%) and 14 (20.29%) hotels have one

(89.86%), receivable accounting (85.51%), payable

and two IT staffs respectively. The other hotels with

accounting (85.51%) and financial reporting (85.51%)

three, four and five IT staffs are 16 (23.19%), 4

modules. The systems with most hotels developed by

(5.80%) and 1 (1.45%). Although 54 hotels are de-

self are corporate website (23.19%) and guest infor-

noted as international tourist hotel, there were only 15

mation system (18.84%). The systems with most ho-

hotels using international property management sys-

tels do not develop are energy management (28.99%),

tem (PMS) like Micros Fidelio.

in-room vending (26.09%) and guest information
(24.64%) systems. The systems with most hotels need
not to develop are self-settlement check-out (82.61%),

4.2 IS Complexity
Analysis on IS complexity of responding hotels

self-accommodation registering (82.61%) and ERP

showed that 7 information systems have 100% con-

(65.22%) modules. Results of outsourcing rate analy-

versation rate. They are reservation management,

sis showed that these tourist hotels focused on the

room management, guest accounting, call accounting,

necessity of staff operation systems and ignored the

receivable accounting, payable accounting and finan-

requirement of guest operation systems. Additionally,

cial reporting modules which are belong to property

restaurant management systems played a middle im-

management system (PMS), guest service manage-

portant role and strategy management relative sys-

ment system (GSMS) and back office management

tems are always insufficient for these hotels.

system (BOMS) respectively. The systems with conservation rate higher than 90% are corporate image

4.4 Outsourcing Strategy Models of Information

website

System

(97.10%),

on-line

reservation

system

(95.65%) and payroll management modules (94.20%)

Based on high and low of IS complexity and

which are belong to e-commerce system (EC) and

outsourcing range degree, this study classified 69
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tourist hotels into four categories. It is shown that 49

hotels will be described as followings. It is shown

hotels in 71.01% used “total outsourcing” strategy

that general tourist hotels all took “total outsourcing”

and subsequently 13 hotels in 18.84% took “business

strategy because of their business and capital scales.

outsourcing” as their strategy. Most responding hotels

If comparing to numbers of rooms, hotels with less

used these two outsourcing strategy and few tourist

than 100 rooms all used “total outsourcing” strategy

hotels took “self-development” and “selective out-

while hotels with more than 400 rooms intend to use

sourcing” as their strategy. There were 4 (5.80%) and

“business outsourcing” strategy. On the other hand,

3

to

hotels with more IT staffs proposed to take “business

outsourcing”

outsourcing” strategy because of the managing capa-

(4.35%)

hotels

“self-development”

can

and

be

classified

“selective

bility of IT relative business. Results of cross analysis

strategy models respectively.
The results of cross analysis on characteristics
and outsourcing strategies of the responding tourist

can be represented on Table II, III and IV respectively.

Table 2. Results of cross analysis on hotel types and their outsourcing strategies
Strategy

Business out-

Selective out-

Type

sourcing

sourcing

International

13

3

4

34

54

tourist hotel

(24.07%)

(5.56%)

(7.41%)

(62.96%)

(78.26%)

General tourist

0

0

0

15

15

hotel

(0.00%)

(0.00%)

(0.00%)

(100.00%)

(21.74%)

13

3

4

49

69

(18.84%)

(4.35%)

(5.80%)

(71.01%)

(100%)

Sum

Self-development

Total outsourcing

Sum

Table 3. Results of cross analysis on hotel room number and outsourcing strategies
Strategy

Business out-

Selective out-

Rooms

sourcing

sourcing

0

0

0

9

9

(0.00%)

(0.00%)

(0.00%)

(100.00%)

(13.04%)

4

0

2

15

21

(19.05%)

(0.00%)

(9.52%)

(71.43%)

(30.43%)

2

2

1

17

22

(9.09%)

(9.09%)

(4.55%)

(77.27%)

(31.88%)

1

1

0

5

7

(14.29%)

(14.29%)

(0.00%)

(71.43%)

(10.14%)

2

0

1

3

6

(33.33%)

(0.00%)

(16.67%)

(50.00%)

(8.70%)

4

0

0

0

4

(100.00%)

(0.00%)

(0.00%)

(0.00%)

(5.80%)

13

3

4

49

69

(18.84%)

(4.35%)

(5.80%)

(71.01%)

(100%)

N ≦100
101≦N≦200
201≦N≦300
301≦N≦400
401≦N≦00
501≦N
Sum

Self-development

Total outsourcing

Sum
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Table 4. Results of cross analysis on hotel IT staff number and outsourcing strategies
Strategy

Business out-

Selective out-

IT staffs

sourcing

sourcing

3

0

1

30

34

(8.82%)

(0.00%)

(2.94%)

(88.24%)

(49.28%)

2

1

3

8

14

(14.29%)

(7.14%)

(21.43%)

(57.14%)

(20.29%)

4

2

0

10

16

(25.00%)

(12.50%)

(0.00%)

(62.50%)

(23.19%)

3

0

0

1

4

(75.00%)

(0.00%)

(0.00%)

(25.00%)

(5.80%)

1

0

0

0

1

(100.00%)

(0.00%)

(0.00%)

(0.00%)

(1.45%)

13

3

4

49

69

(18.84%)

(4.35%)

(5.80%)

(71.01%)

(100%)

n=1
n=2
n=3
n=4
n=5
Sum

5. Conclusion

Self-development

Total outsourcing

Sum

energy expend.

According to the results of classification and
cross-analysis, most tourist hotels used “total out-
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An Intuitionistic Fuzzy Simple Additive Weighting (IFSAW) Method
for Selection of Vendor
Prabjot Kaur, Sanjay Kumar
Applied Mathematics, Birla Institute of Technology, Mesra, Ranchi, Jharkhand, India
Abstract:Selecting the right vendor from a large

turing company. Chan and Kumar (2007) also used

number of possible vendors is a non-trivial task, in

fuzzy synthetic extent analysis AHP method for sup-

which multiple criteria need to be examined carefully.

plier selection. Bottani and Rizzi (2008) developed

The Multiple criteria decision making provides an

an integrated cluster analysis, AHP and fuzzy logic to

effective framework for vendor comparison based on

group and rank alternatives, and to progressively re-

the evaluation of multiple conflict criteria. The deci-

duce the amount of alternatives and select the most

sion maker’s information on the conflicting criteria is

suitable cluster. Jain et al. (2004) suggested an inte-

imprecise due to lack of time or lack of data. In-

grated GA and fuzzy based approach for supplier se-

tuitionistic fuzzy set (IFS) is a very suitable tool to

lection.Amid et al. (2006) developed a fuzzy

describe the imprecise decision information and deal

multi-objective linear programming model for sup-

with the uncertainty and vagueness in decision making.

plier selection. Bevilacqua et al. (2006) applied qual-

In this study,we propose an approach based on in-

ity function deployment (QFD) approach for supplier

tuitionistic fuzzy SAW method to select an appropriate

selection. Kwong et al. (2002) and Chou and Chang

vendor. We use the simple operation of intuitionistic

(2008) applied fuzzy set theory in SMART to evaluate

fuzzy arithmetic operation for calculating the aggre-

the suppliers in their various case studies.

gation score for each vendor. Finally a score function

One thing the fuzzy sets lack is non-membership

is used to rank the vendors with largest score. A nu-

function. The information expressed by fuzzy sets is

merical example illustrates our proposed approach.

not complete in context of decision making because

1. Introduction

alternatives satisfy the attributes but no arrangements
for

alternatives

dissatisfying

the

attributes.

A number of fuzzy multi-criteria decision making

Atanassov(1986) characterized the IFS by expressing

approaches have been proposed for supplier selection.

it

These approaches enable us to deal with evaluation;

non-membership function, such that the sum of both

selecting and ranking vendors in a fuzzy environ-

values is less than one.Thus intutionistic fuzzy set

ment.Chen et al. (2006) presented a fuzzy hierarchical

theory seems to be very useful for modelling situa-

model to deal with the supplier selection problem.

tions with missing information or hesitance.

in

terms

of

membership

function

and

Sarkar and Mohapatra (2006) used the fuzzy set

Intuitionistic fuzzy sets has found popularity and

approach to account for the imprecision involved in

is being studied and applied in various fields of sci-

numerous subjective characteristics of suppliers.

ence. IF set theory has been successfully applied to

Kahraman et al. (2003) applied a fuzzy AHP to select

solve various decision making problems Li &

the best supplier in a Turkish white good manufac-

Wang(2008), Li(2005,2008), Szmidt & Kacprzyk
(1996a,1996b,1997,2002) ,medical diagnostic rea-
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soning Eulalla Szmidt and Janusz Kacprzyk(2004),
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Athar Kmaral(2009), assignment problems Sathi
Mukherjee and Kajla Basu(2011),facility location

the alternative Ai is the best choice.

selection Fatih Emre Boran (2011), QoS-aware web

3. Intuitionistic Fuzzy Saw Algorithm

services selection Ping Wang(2009),supplier selec-

The SAW method known as a simple additive weight

tion Zixue Guo,Meiran Qi and Xin Zhao(2010).

method, is the best known and widely used MADM

We will present here an intuitionistic fuzzy set as

method developed by Hwang & Yoon(1981). The

a tool in MADM method of SAW for a more human

basic principle of SAW is to obtain a weighted sum of

consistent reasoning under imperfectly defined facts

the performance ratings of each alternative under all

and imprecise knowledge. The gist of the paper is as

attributes.
Suppose we have A1,A2,A3……An be n alterna-

follows: section two introduces the basic definitions
of intutionistic fuzzy sets. Section three explains the

tives called vendors. Let

intutionistic fuzzy SAW algorithm to be used in the

criteria to evaluate vendors. Furthermore we assume

paper. Section four gives an illustration of selecting a

that the weight of criteria supplied by decision mak-

material supplier using the proposed algorithm. Sec-

ers

tion five gives the conclusion we reach while using

W={W1,W2,W3…,Wn}, where W1,W2,W3…,Wn are

this approach.

represented by intuitionistic fuzzy sets defined as

are

represented

C1,C2,C3…,Cm

by

a

weighting

be the

vector

follows:

2. Intuitionistic fuzzy sets [Atanassov(1986)]

Wj = {µw(xj),vw(xj),πwx(j)} , where j=1,2,…,n.

Definition 1.1: An intuitionistic fuzzy set (IFS , for

The computational procedure for Intuitionistic fuzzy

short) A on a universe U is defined as an object of the

SAW is being presented as follows:

following form: A={(u,µA(u),vA(u))/u  U} where
the functions µA:U→[0,1] and vA :U→[0,1] define the

Step 1: Construct an intuitionistic fuzzy decision matrix:
=( )mxn is an intuitionistic fuzzy decision

degree of membership and the degree of non mem-

matrix such that:

bership of the elements u  U in A, respectively, and

=

for every u  U : 0≤µA(u) + vA(u)≤ 1.
Definition 1.2: The value of πA(u)=1 - µA(u) – vA(u)

where

represents the degree of hesitation(or uncertainty)
associated with the membership of elements uɛU in

which are contained in intuitionistic fuzzy decision
,µij indicates the degree that the alternamatrix. In

IFS A. We call it intutionistic fuzzy index of A with

tive Ai satisfies the attribute Cj and vij indicates the

respect of element u.
Definition 1.3: Let A and B are IFS s of the set X, then
multiplication operator is defined as follows:
A  B
.

=
,

.
.

{
.

,

(i=1,2,…,m; j=1,2,…,n),

degree that the alternative Ai does not satisfy the
attribute Cj.
STEP 2: Performing the transformation operation by

,

}

,

using equation (1) we obtain the total intuitionistic
(1)

Definition 1.4: Let =( µ,v) be an intuitionistic fuzzy

fuzzy scores V(Ai) for individual vendors by multiplying the intuitionistic fuzzy weight vectors (W) by

number, a score function S of an intuitionistic fuzzy

intuitionistic fuzzy rating matrix (R).
µAi (xj), vAi (xj ),
V(Ai) = R  W= ∑

value can be represented as follows [39]:

(xj) } * {µw(xj), vw(xj) ,πw (xj) ]

S( ) = µ - v , S( )  [-1,1]

(2)

If S is the largest value among the values {S( )}, then

Ai

(3)

STEP 3: Rank the alternatives.Applying equation (2)
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33

to obtain a crisp score function S(A1),S(A2),…,S(An)

1. Product Quality (C1)

for the various alternatives. The largest value of S(Aj)

2. Price (C2)

among S(A1),S(A2),…,S(An represents the best al-

3. Technical capability (C3)

ternative or vendor.

4. Delivery (C4)

Step 4: We compare our approach with Jun Ye(2010)

5. Service (C5)

on weighted correlation coefficient under intuitio-

6. Flexibility (C6)

nistic fuzzy environment.

The proposed method is applied to solve this

4. Numerical Example

problem and computational procedure is summarized

In this section, the example shown in Zixue Guo,

as follows:

Meiran Qi and Xin Zhao (2010) is used to

illus-

Step 1.Construct the intuitionistic fuzzy decision ma-

trate the selection of supplier is employed in the pro-

trix. The intuitionistic fuzzy decision matrix has been

posed system.

constructed in Table 1.

Step 0: An enterprise wants to select a suitable ma-

The weights for the criteria are given in Table 2.

terial supplier [*]. After preliminary screening, four

Step 2: The total intuitionistic fuzzy score V(Ai) for

alternatives A1,A2,A3 and A4

each vendor is calculated as follows:

remain for evalua-

tion and selection. Five criteria are considered:
Table 1: The intuitionistic fuzzy decision matrix
C1

C2

C3

C4

C5

C6

A1

(.6,.3,.1)

(.5,.3,.2)

(.4,.3,.3)

(.5,.4,.1)

(.9,0,.1)

(.2,.5,.3)

A2

(.6,.3,.1)

(.7,.1,.2)

(.4,.1,.5)

(.5,.3,.2)

(.7,.2,.1)

(.2,.4,.4)

A3

(.4,.2,.4)

(.4,.3,.3)

(.4,.3,.3)

(.6,.2,.2)

(.8,.1,.1)

(.2,.5,.3)

A4

(.6,.3,.1)

(.3,.1,.6)

(.1,.4,.5)

(.7,.2,.1)

(.5,.2,.3)

(.3,.3,.4)

Table 2: Weights of the criteria
wj

C1

C2

C3

C4

C5

C6

(.2,.4,.4)

(.2,.2,.6)

(.1,.5,.4)

(.15,.5,.35)

(.25,.3,4)

(.1,.3,.6)

V(A1) =[(.2,.4,.4)*(.6,.3,.1)]+[(.5,.3,.2)*(.2,.2,.6)]+[(.4,.3,.3)*(.1,.5,.4)]+[(.5,.4,.1)*(.15,.5,.35)]
+ [(.9,0,.1)*(.25,.3,.4)]+[(.1,.3,.4)*(.2,.5,.3]
V(A1) =[.2*.6 ;.4+.3 -.4*.3;1 –(.2*.6+.4+.3 -.4*.3) ]+[.5*.2 ;.3+.2 -.3*.2 ; 1–(.5*.2+.3+.2-.3*.2)]
+ [.4*.1;.3+.5 -.3*.5;1 –(.4*.1+.3+.5-.3*.5)]+[.5*.15 ; .4+.5 -.4*.5 ;1- (.5*.15+.4+.5.4*.5)]
+[.9*.25;.3+.0-.3*.0;1 –(.9*.25+.3+.0-.3*.0)]+[.1*.2 ; .3+.5 -.3*.5 ;1 –(.1*.2+.3+.5-.3*.5)]
= [(.12,.58,.30)+(.1,.44,.3)+(.04,.65,.31)+(.075,.70,.225)+(.225,.3,.475)+(.02,.65,.33)]
= [.5799;.022;.3981]
Similarly we calculate the intuitionistic fuzzy
scores for the other vendors.
V(A2)=[.5699,,.01,.4201]
V(A3)=[.5099,.01,.4801]

V(A4)=[.4499,.012,.5381]
Step 3: The score function for each vendor is as follows:
S(A1)=.5799-.022=.5579
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S(A2)=.5599

ti-criteria approach to suppliers and products se-

S(A3)=.4999

lection – An application oriented to lead-time

S(A4)=.4387

reduction.

Step 4: The vendor with the largest score function
value is A2.the ranking order is as follows:

International

Journal

Production

Economics 111 (2), 763–781.
[6] Chan, F.T.S., Kumar, N., 2007. Global supplier

development considering risk factors using fuzzy

A2>A1>A3>A4
Step 5: The ranking order for vendor A2 is in agree-

extended AHP-based approach. OMEGA – In-

ment with Jun Ye (2010) result on weighted correla-

ternational Journal of Management Science 35

tion coefficient under intuitionistic fuzzy environ-

(4), 417–431.

ment.

[7] Chen, C.T., Lin, C.T., Huang, S.F., 2006. A fuzzy

approach for supplier evaluation and selection in

i.e. A2> A1 >A4 > A3.

supply chain management. International Journal

5. Conclusions

of Production Economics 102 (2), 289–301.

In this paper we have presented a new application of

[8] Chou, S.Y., Chang, Y.H., 2008. A decision sup-

an intuitionistic fuzzy set approach using the intuitio-

port system for supplier selection based on a

nistic fuzzy arithmetic operations in SAW method. We

strategy-aligned fuzzy SMART approach. Expert

have presented a numerical example to illustrate our

Systems with Applications ,34 (4), 2241–2253.

method for vendor selection problem in an intuitio-

[9] Hwang, C.L. and Yoon, K. Multiple Attributes

nistic environment. From the illustrated example we

Decision Making Methods and Applications,

see that the proposed method of IFS can efficiently

Springer, Berlin, Heidelberg, 1981.

handle the vendor selection problem when available

[10] Jain, V., Tiwari, M.K., Chan, F.T.S., 2004. Eval-

information is not sufficient to handle imprecise con-

uation of the supplier performance using an

cepts.

evolutionary fuzzy-based approach. Journal of
Manufacturing Technology Management 15 (8),
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Abstract: In recent years, the Internet technologies

grating data from heterogeneous platforms. Govern-

are well developed and the Internet is filled with all

ment departments, enterprises, or academic institu-

kinds of information. Since the data storage is increa-

tions all need to deal with the data from heterogeneous

singly distributed and data formats are more diverged,

platforms. Furthermore, different departments or dif-

data collection and integration for providing val-

ferent units within the same department may develop

ue-added services have gradually become important

systems with heterogeneous languages, platforms, or

topics. In this study, we propose the Service-Oriented

databases at different times in different places. Due to

Expert System (SOES) based on Service Component

the rapid increase of the systems on each independent

Architecture (SCA) which can make the services on

platform, critical information of an organization is

different platforms turn into a common service com-

distributed between various platforms and databases

ponent on the Internet, concatenate all the service

which may use incompatible data schema and data

components by combining with the Enterprise Service

formats. Besides, it is too risky to update the old sys-

Bus (ESB), and use both expert rules and data mining

tems, resulting in the so-called “islands of information”

techniques to perform the data classification. The

throughout the organization. However, more and more

SOES is applied to analyze the annual financial in-

applications need to retrieve information from differ-

formation derived from electronic industry in the

ent information systems, making information sharing
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an increasing demand. Therefore, integrating the he-

for discovering the financial crisis enterprises. The

terogeneous technologies (including services, systems,

experiment results show that using expert rules and

and databases) and data models of different systems

decision tree to find the financial crisis enterprise is

without updating the old system massively has be-

higher performance.

come an important issue.
This study aim to propose a flexible method that

Keywords: Service Component Architecture, Ser-

can quickly find people’s problems. We intend to

vice-Oriented Expert System, Enterprise Service Bus,

build a prediction system using Service Component

Data Mining, Decision Tree.

Architecture (SCA) in order to integrate all systems

1. Introduction
Old companies and poorly-managed companies close
down after financial turmoil. When emerging companies and competent companies attempt to acquire the
poorly-managed companies or expand their own
business, they usually confront the problem of inte
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on

heterogeneous

platforms

and

enable

semi-automated inferring on the platform. Previous
studies have shown that the integration of heterogeneous platform architecture can help to reduce the
time cost, while the use of prediction system can save
human resource of the specialists in the field. Therefore, in this paper we hope to integrate the framework,
modifying and expanding existing functions to reduce
time cost and expert labor cost more significantly. In
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addition, past studies usually use statistical method or

delisted from stock exchange (Booth, 1983). Laitinen

data mining techniques to implementing expert sys-

identified three failure types: chronic, revenue fi-

tems. However, the statistical assumptions are not

nancing, and acute (Laitinen, 1991).

fully realistic and it is possible to find many

Among the studies, researchers often construct

non-necessary rules if we only use data mining tech-

the prediction model in three kinds of ways. The first

niques, so we expect to discover a more effective rule

way is using statistical methods such as univariate

by combining expert knowledge and data mining

analysis, multivariate analysis, discriminant analysis,

techniques. The goal of our study is to build web ser-

and logistic regression. Another way is to adopt data

vice components for the systems on different plat-

mining techniques, like neural networks, decision tree.

forms, combine Enterprise Service Bus (ESB) to in-

The third way is to use both statistical methods and

tegrate all service components, and use both expert

data mining techniques. In recent years, some scho-

rules and data mining techniques to produce real-time

lars use intellectual capital and macroeconomic in-

searching results.

dexes as prediction variables, but financial ratios are

This paper is divided into five sections; the next

still the most used variables.

section is literature review of financial prediction

Odom and Sharda construct their model using

methods and systems. The third section interprets

both neural networks and multivariate analysis

how to apply SCA to design a service-oriented expert

(Odom and Sharda, 1990). Altman et al. use multiva-

system and what efforts we have done to improve the

riate discriminant analysis and neural networks model

expert prediction model. The fourth section presents

respectively to analyze the bankruptcy risk of Italian

the implementation of service-oriented expert system,

companies, and discovered that the performance of

analyzes the executing speed among heterogeneous

neural networks model is better (Altman et al., 1994).

platforms, and compares the accuracy of this study
with previous studies. The final section shows the
conclusion and future research directions.

3. Service-Oriented Expert System Based on
SCA
This study constructs a service-oriented expert system

2. Literature Review

based on service component architecture (SCA), uses

Financial crisis prediction has long become an im-

SCA to build common web service components for

portant research topic in various fields, and the defi-

heterogeneous services, integrates the components

nition of failure varies among studies. Beaver was

using Enterprise Service Bus, and combines expert

among the first to study bankruptcy prediction, he

rules with data mining techniques to classify the data.

used financial statements data to predict corporate

We combine SCA with ESB to integrate heterogene-

failure. Beaver defined bankruptcy, preferred stock

ous service components, as shown in figure 1, com-

dividends in arrears, and arrears of debt as the finan-

ponents (1). We also improve the rule inference by

cial crisis (Beaver, 1966). Altman is the first scholar

using expert rules with data mining techniques, as

who uses financial ratios in bankruptcy prediction.

shown in figure 1, components (2). The three parts of

Altman’s definition of corporate failure is that the firm

the system design principles are described below.

is bankrupt, taken-over, or reorganized according to
law (Altman, 1968). Deakin defined failure as insolvency, bankruptcy, or liquidation of firms (Deakin,
1972). Booth thinks that a company fails when it is

3.1 Service Components Architecture
This study employs SCA to make the heteroge-
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neous services turns into common web components.

two important concepts SCA and ESB. When we in-

The SCA Assembly Model consists of a series of ar-

put a lot of services into SCA, it will output WSDL

tifacts, which can be assembled into any applications

for each service and a number of Composites of the

needed. In the following section, we will define and

services. Then we input the Composites into ESB and

explain how to apply SCA Assembly Model to our

get Integrated Information as the final output (as

research.

shown in figure 3).
3.3 Inferring Rules
In addition to integrate heterogeneous platforms,

3.2 Enterprise Service Bus
The Enterprise Service Bus (ESB) uses XML,

we also improve the rule inference to enable

web service interfaces, standardized rules, and

semi-automated inference. First, we find expert rules

routing to concatenate the service components con-

among previous literatures, extract key factors from

verted by SCA (as shown in figure 2). This study uses

the rules, retrieve the data of key factors, classify the

ESB to integrate and compose the metadata of hete-

data using data mining techniques, and finally use

rogeneous service components, and utilizes the agent

JESS to verify the problem results.

program developed under the concept of middleware

Expert rule is the key factor in this study. We
store expert rules in the knowledge base, pre-process

to process data integration and searching.
The above diagram describes the framework of

a series of data conversion, use data mining method

ESB. There are three services in the ServiceGroup,

to identify the relation between rules, and classify the

ServiceComposite A, ServiceComposite B, and Ser-

data according to the relations (as shown in Figure 5).

viceComposite C, each of which has its correspond-

This method can improve the accuracy of expert rule

ing XML language.

inference.

Heterogeneous platform integration requires the
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Fig. 2. Enterprise Service Bus

Fig. 3. SCA+ESB process

Fig. 4. Rule establishment
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Fig. 5. Data mining process

Fig. 6. Decision tree
In this study, we use decision tree method to
identify the relations among different expert rules.

Synapse, and ActiveBPEL to implement SCA, ESB,
and BPEL respectively.

Data is classified between the root node and child

First, we start from implementing two web ser-

nodes and there would be various paths. As shown in

vices, Web Service A and Web Service B, under SCA

figure 6, expert rules Rule1 and Rule2 are nodes of

environment and connect them with different finan-

the decision tree. When we configure the variables

cial databases, MySQL and SQL Server, respectively.

between nodes, different relations are formed and

Then we developed an application set up in both ESB

new paths appear, thus produces different data sets

and BPEL environments. The application can auto-

(Data Set 1 - 4).

matically determine which of Web Service A and Web
Service B to call, and retrieve 25-pen data per round

4. Comparison of System Efficiency

from Web Service A and Web Service B respectively.

Many studies implement the integration of heteroge-

Table 1 shows the comparison of platform efficiency

neous platform by combining SCA concept with BPEL

after 1, 10, 35, and 50 rounds.

method. In this section, we are going to compare the
efficiency between two heterogeneous platforms: SCA
concept with ESB method and SCA concept with
BPEL method.
In this study, we use Apache Tuscany, Apache

Table 1. Comparison of platform efficiency (ms)
Method \ Rounds
1
10
35
50
SCA + ESB
3,391 22,991 91,105 110,333
SCA + BPEL
5,810 26,811 104,421 132,213
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The experimental results prove that the efficien-

evaluate the level of rules. The algorithm can be stu-

cy of the combination of SCA and ESB is better than

died in the future so that the inference of expert sys-

the combination of SCA and BPEL. The speed of data

tem can be automated.

transferring of ESB is faster since the ESB can connect and convert data formats and has the distributed
characteristics. When there are a lot of heterogeneous
databases, it will become difficult to manage and
maintain due to the large variety of data formats. But
using ESB, we just have to transform the data into
XML format and then convert the data formats
through connected endpoints. Thus, the ESB improves not only the efficiency but the convenience of
management.

5. Conclusion
This study builds an expert system based on SCA, uses
expert rules to get key factors, classify data by data
mining techniques, and then investigate by JESS. The
architecture integrates heterogeneous platform and
expert system allows user to discover the data they
need much faster. The architecture can be applied into
any field, in this study we use financial prediction
system as an example, through the system architecture
simulation, we can solve the heterogeneity problem
among the financial services of each enterprise,
quickly inferring the potential financial crisis enterprises, simplifying the regular data uploading procedure from enterprise to the Taiwan Stock Exchange
Corporation (TWSE), and saving the cost for getting
and integrating financial data. This study compares
two types of heterogeneous platform implementation:
composition of SCA and ESB, and composition of
SCA and BPEL.
In this study, we broadly adopt semi-automated
inference of expert knowledge, determine the rules
using both expert knowledge and data mining techniques, and stored the rules into databases so that the
rules can be reused. Nevertheless, the rules still need
to be modified manually, and there is no algorithm to
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Being Social: Social Media Influence on Modern Consumer
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Abstract: Overwhelming use of social networks and

nologies on consumers is very high.

social technologies creates new preconditions for

Considering the influence of social media and

business to social technologies deployment. These

social technologies on modern consumer it is impor-

challenges are also created for consumer which led to

tant to outline four aspects:

new type of consumer nowadays identified as “social



consumer”. Social consumer is term coined to describe
how social technologies affect the behavior of consumer. Current paper explores opportunities

Opportunities and impact brought by technologies;



and

Overall social media based „landscape“ development;

impact brought by technologies, overall social media



Users „socialization“ tendencies;

based „landscape“ development, users „socializa-



„Socialization“ impact on buying behavior.

tion“ tendencies, „socialization“ impact on buying
behavior and characteristics of social consumer.

2. Technological context

Keywords: social media, social web, social impact,

Technological context mainly deals with opportunities

social consumer, consumer behavior

which are brought by various Web 2.0 technologies to
consumers. Technological context is very complicated

1. Introduction

and relates to different perspectives in various scholar

The last decade was characterized by an increasing use

researches.

of Web 2.0 and social technologies among consumers

The most widely used approach is to identify

and between businesses. As various research reports

web 2.0 technologies. It is widely accepted these

the number of social network users are growing, as

types of Web 2.0 technologies:

well as various social platforms appears on the Internet.

On the other hand social media is very close as-

The time users spend on online social networks is

sociated with various services which are widely used

increasing as well.

by users and deployed various social networking sites.

This phenomenon also attracts strong business

These services typically allow:

interest as business is seeking new ways how to util-



Share content;

ize potential of online social networks in their activi-



Storage content or files;

ties. Although having in mind specificity of use of



Communication between users;

social technologies we observe changes in consumer



Demonstration of various materials;

behavior – as technology brings new challenges and



Commenting, providing feedback;

new possibilities for consumers, consumers behavior



Rating, reviewing, etc.

starts changing. For enterprises it is important to un-

And also considering technological context we

derstand these changes as the impact of social tech-

need to keep in mind social media platforms/social
networking sites which usually deploy various tech-
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nologies as well aggregates services providing possi-
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bility to users to socialize. The most famous plat-



Participation

forms are Facebook, YouTube, LinkedIn, Google+,



Openness

Pinterest, Foursquare, Twitter.



Networking

This technological context is very important as it



Conversation

impacts consumer in several perspectives or causes



Community

several social effects (Constantinides, 2009):



Democratization





User control

Empowerment

Table 1. The main Web 2.0 technologies
Technology
Blog

Description
A blog is a discussion or information site published on the World Wide Web consisting of discrete entries ("posts") typically displayed in reverse chronological order
so the most recent post appears first.

Wiki

A wiki is a website which allows its users to add, modify, or delete its content via a
web browser usually using a simplified markup language or a rich-text editor. Wikis
are powered by wiki software.

Rss

RSS Rich Site Summary (originally RDF Site Summary, often dubbed Really Simple
Syndication) is a family of web feed formats used to publish frequently updated
works—such as blog entries, news headlines, audio, and video—in a standardized
format.

Mash up

A mashup, in web development, is a web page, or web application, that uses and
combines data, presentation or functionality from two or more sources to create new
services

Social

Social bookmarking is a method for Internet users to organize, store, manage and

bookmarking

search for bookmarks of resources online

3. Social media development “landscape”

technologies development it remains most attractive

The technological development and social impact

and interesting to companies in terms of co-creation,

relates to five phase of social web development de-

crowdsourcing, innovation development and sales.

scribed by J.Owyang (2010). The scale and impor-

Meanwhile as this is the last stage users usually al-

tance of social impact also varies depending on the

ready gains extensive social experience, trains social

phase.

skills and develops sophisticated social demands.

As J.Owyang (2010) states these phases are not

Considering all above mentioned social effects sug-

sequential, these phases are overlapping. This sug-

gest social consumer requires adequate services or

gests that using different social web services and sites

applications enabling him to satisfy his social needs.

user might obtain different social impact and impact

4. Socialization tendencies

is growing while user becomes more active in social

In this paper we consider socialization as a process

web environment.

enabling people to interact in various social contexts

Social commerce phase is and highly driven by

and aiming to satisfy their social needs.
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From our perspective taking about social consumers
we try to observe three perspectives:


What is popularity of various social plat-

forms/social networking sites?


velopment?

forms/social networking sites?


What are tendencies for social commerce de-

For what purposes mainly these social platTable 2. Social Web development and social impact
Phase

Period

Era of Social

Beginning in the

Relationships

mid-1990s

Era of Social Functionality
Era of Social Colonization
Era of Social Context
Era of Social Commerce

Main social

Description

effect

People connected to each other

2007-2012
2009-2011

Participation

operation systems

Community

Any experience get social

Openness

to users

2011-2013

Networking

Social networks becomes like

Personalized and targeted content

2010-2012

Conversation

Democratization

Power shift toward the connected

User control

customer

Empowerment

According eMarketer the number of social net-



Updating profile (62%)

work users around the world will rise in 2012 to 1.4



Uploading photos (59%)

billion from 1.18 billion in 2011. This near-20% in-



Finding old friends (59%)

crease is a slight drop from the rise in 2011, and



Updating status (52%)
It is interesting to note that share of activities re-

growth rates will continue to moderate as the market

lated to consuming issues remains low – purchased

matures (eMarketer, 2012).
The same eMarketer report outlines the growth

something (21%) and become fan of brand (30%).

of social networking sites use in different regions and

This demonstrate that users still prefer socialization

countries. Although growth of social network users is

as a key activities and social commerce still have

slowing down in 2012 the highest growth is observed

place to make a change.

in Asia (24,8% comparing to 2011) and Latin Ameri-

However, it can be seen as very positive, from a

ca (18,5% comparing to 2011). The growth of social

different perspective. According to Nielsen report

network user in North America was 6,6%

about trust in online environment 92% of users trust

and

11,9% in Western Europe in 2012.
According UM 6th WAVE report socialization

to recommendations of known people and 70% of
users trust consumer opinion posted online.

As

remains key activities on social networks. The report

these perspectives directly relates to users socializa-

presents data analyzing responses of 136 000 users in

tion it might be concluded consuming and socializing

64 countries. The key activities in social networks

activities usually goes in parallel.
Also looking at the future of social commerce

are:


Messaging with friends (64 %)

we

can

observe

different

bright

statements
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online because of info they found on Twitter

Social commerce sales should total $9.2 billion
by the end of 2012 and are expected to climb to



60% are willing to post about products/services
in FB if they get a deal or discount

$14.25 billion in 2013 and $30 billion in 2015;


12% of consumers have purchased a product

20% would purchase products from their favourite brands within their social media sites (as

5. Socialization impact on buying behavior

opposed to normal websites);

Buying behavior is widely analyzed in many research

by 2015 brands will be generating 50% of their

scholars’ works. Many papers addressed buying be-

web sales through social media and mobile plat-

havior in physical markets and in online markets.

forms with a projection of $30 Billion;

Widely it is accepted what buying behavior consist of

84% of smartphone owners use them to enhance

5 stages and is linear process. The stages are follow-

their shopping experience;

ing – need recognition, information search, evaluation,



2 out of 3 are likely to visit a mobile site;

purchase, and post-purchase. The table 3 summarizes



One out two mobile shoppers share their shop-

these buying behavior stages and social networking

ping experience on social networks.

sites services enabling consumer to proceed through

40% of Twitter users regularly search for prod-

stages.







ucts via Twitter
Table 3. Consumer buying process and social media opportunities
Enabling services provided by social networking sites
Connecting and sharing with friends services allows spending more time and
Need recognition
identifying new needs
Information
Bookmarking, information sharing, personalized pages services
search
Evaluation
Opportunities to provide feedback and reviews
Purchase
Transactional (group buying, buy for friends, ect.) services
Post-purchase
Supporting and personalized services
Stage

Although according Gartner (2010) buying be-

the growing information amount and socialization

havior stages remains the same as in offline markets,

heavily impact consumer buying behavior. Some re-

M.Koufaris (2002) emphasizes “a key difference be-

searchers tend to agree that buying process is more

tween online and offline consumer behavior is that

cyclic then linear. Cort, Elzinga, Mulder and Vetvik

the online consumer is generally more powerful, de-

(2009) basing on observations in automobile, skin

manding, and utilitarian in her shopping expeditions”.

care, insurance, consumer electronic and mobile

Power and demanding of consumer relate to opportu-

–telecom industries outline 4 stages of buying beha-

nity to get more information, to access reviews and

vior:

evaluations, growing socialization. In the context of



Consideration;

socialization friend and social activities acts as new



Evaluation;

information sources increasing consumer power. This



Selection/purchase;

also close connects to utilitarian aspect as socializa-



After sale;

tion serves as factor increasing utilitarian value.
Although traditional approach might be applied

D.C Endelman (2010) extends these ideas and
proposes consumer decision journey approach (Fig-
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ure 2) proposing decision loop and loyalty loop.

post-purchase stage consider as loyalty loop.

D.C Endelman (2010) sticks to consumer deci-

The above mentioned attempts try to simplify

sion journey and assumes this process is “how con-

buying process identifying main stages. In reality

sumer engage with brands”. The important issue is to

buying process consist of various digital interactions

mention that “customer’s engagement with brand

involving various actors. These interactions include

doesn’t necessarily begin or end with the purchase”

listening, requirements for personal touch, empo-

(Endelman, 2010). Comparing with previous research

werment, engagement and other interactions (Lie-

Endelman extends consumer journey process concept

berman, 2012).

structuring post-purchase stages into 3 substages –

tion process Forester designed ‘spaghetti’ view of the

enjoy, advocate and bond. The similar approach is

online customer journey demonstrating shift from

proposed by P.Marsden (2011) which describes buy-

traditional sales funnel to digital sale funnel.

As demonstration of this sophistica-

ing process as cyclic process and purchase and
Consider-need recognition
Evaluate
The Decision Loop

The Loyalty Loop
Bond
Advocate

Enjoy
Decide- Buy

Figure 2. Consumer decision journey (adapted from Endelman, 2010)
Forrester proposes more complicated approach
didn’t trying to identify buying stages, but rather
putting emphasis on complexity of the decision and
identifying 4 key aspect influencing decision:


Peer reviews;



Competitive alternatives;



Recommendations from friends;



User generated content.

6. Social consumer
The changing nature of buying process which also is
caused by social effects brought by technologies allows observing new characteristics of social customer.
Some of these characteristics might seem fits online
customers as well, but some are very specific.
Figure 3. The difference between traditional and digital sale funnel (Forrester Research, 2012)

The 4 table summarizes Marsden (2012) and
Potgieter (2011) views on social consumer characte-

Being Social: Social Media Influence on Modern Consumer

ristics.
Table 4. Key characteristics of social consumer
Marsden (2012)

Potgieter (2012)

Sophistication Based On
Personal Knowledge
Prepared To Trade Data
For A Better Experience
Instant Access To Expertise
Takes Advantage Of
Technology
Wants To Be Offered A
Perfect Match
Wants to Have A Say On
What Is Produced
Enjoys Lending A Hand
To Fellow Shoppers
Will Gather People
Around To Get A Better
Price
Wants To Be Rewarded
For Sharing Shopper
Expertise

Use the Internet to
learn more about
brands and products
Trust the opinions of
people in their online
networks
Expect brands to engage with them online
Expect brands to listen to and answer
them online
Often expect brands
to keep track of all
their previous interactions with the
brand
across
all
channels
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take decision or in other cases support companies
promoting their products.
The future research should address issues how
social technologies can be deployed for user engagement, what are the key factors for adopting different
social technologies and how activities and technologies should be integrated between online and offline
markets.
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Case Studies on the Exploitation of Crowd-Sourcing
with Web 2.0 Functionalities
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Abstract: Crowd-sourcing appears more promising

gence, open innovation.

with Web 2.0 functionality and businesses have
started using it for a wide range of activities, that

1. Introduction

would be better completed by a crowd rather than any

With the rise of the Web 2.0 paradigm, the Internet

specific pool of knowledge workers. However, rela-

has evolved from a top-down, static platform to a

tively little is known about how a business can leve-

bottom-up fluid generation of ideas for services and

rage on collective intelligence and capture the us-

applications (Moriarty, 2010). This has empowered

er-generated value for competitive advantage. This

its users to share and generate content on media shar-

empirical study uses the principle of interpretive field

ing platforms such as blogs and wikis. These plat-

research to validate the case findings with a descrip-

forms create a new path for Internet users to get con-

tive multiple case study methodology. An extended

nected and share information. In broad terms, Wein-

theoretical framework to identify the important con-

berg and Pehlivan (2011) defined the Web 2.0 as

siderations at strategic and functional levels for the

comprising of computer network-based platforms

effective use of crowd-sourcing is proposed. The

upon which social media applications/tools function.

analytic framework uses five Business Strategy

For instance, Apple offers its own Web 2.0 platform,

Components: Vision and Strategy, Human Capital,

upon which social media such as iPhone applications

Infrastructure, Linkage and Trust, and External Envi-

may run.

ronment.

It also uses four Web 2.0 Functional

pervasiveness of social media and empowered con-

Components: Social Networking, Interaction Orienta-

sumer are shaping new business landscape for both

tion, Customization & Personalization, and Us-

Internet and traditional business functions.

The Web 2.0 capabilities of increased

er-added Value. By using these components as ana-

The high velocity nature of the rapidly changing

lytic lenses, the case research examines how success-

Internet’s environment (Wirtz et al., 2010), is creating

ful e-commerce firms may deploy Web 2.0 functio-

new opportunities as well as challenges for business-

nalities for effective use of crowd-sourcing. Prioriti-

es to adjust their operations and adapt their service

zation of these functional considerations might be

portfolios to stay competitive. Technology has be-

favorable in some cases for the best fit of situations

come an enabler to deliver the business objective ra-

and limitations. In conclusion, it is important that the

ther than the core of the business itself, and the ability

alignment between strategy and functional compo-

to build the business on top of the millions of people

nents is maintained.

using the technology is what makes business power-

Keywords: wisdom of the crowds, collective intelli-

ful and revolutionary. An example of such is eBay, an
online auction software program (Moriarty, 2010).
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Businesses are typically built around a crowd trying
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to harness the wisdom of the distributed individual

According to a report prepared by the Economist

This concept has been

Intelligence Unit in 2007 (Economist, 2007), Web 2.0

put into practice since the 1990’s (Roth, 2009). This

had significant implications for wide range of busi-

trend was observed and the term “Crowdsourcing”

nesses and Web 2.0 would be progressing into the

was coined by Jett Howe in the 2006 issue of Wired

mainstream. Based on its survey results, most com-

magazine. Later, in 2008, Howe observed in his book

panies were expecting bigger financial return from

that there is a shadow labor force with more passion

new business with Web 2.0 tools for customer acqui-

than talent and their energy and devotion can provide

sition.

the fuel for the crowdsourcing engine (Howe, 2008).

potential of Web 2.0 except in marketing area and

The contribution of crowd does not pose any limita-

business intelligence (Schenk & Guittard, 2011).

tion to any business activity, ranging from simple task

The American multinational pharmaceutical company

such as data collection, evaluation to complex task

Eli Lilly explored the possibilities of Web 2.0 with its

such as problem solving, market research, product

Crowdsourcing platform called InnoCreative in 1998

development, innovation, or even in marketing and

to access the collective intelligence. Only eight years

promotion (Whitla, 2009). According to Metcalfe

later, the term ‘crowdsourcing’ was coined and first

(2007), the value of the Web increases with the num-

published by Howe (2006a). Howe (2006b) defined

ber of people using it, a phenomenon later coined as

crowdsourcing as a production model of solving dis-

‘network effect’. The main driving factors of social

tributed problems in the form of open call for solu-

media, that can bring distributed individuals together

tions by unknown group of solvers or users, also

as collective intelligence or wisdom of the crowd, are

known as the crowd or online communities. The im-

its social networking and interaction capability (Wirtz,

pact of crowdsourcing is apparent with the rise of

Schilke & Ullrich, 2010), which allow individuals to

web 2.0, which revolves around the individuals capa-

create communities and generate content through

ble of generating tremendous amount of content be-

multi communications i.e., publisher to user, user to

hind active browser, and the technology capable of

user and user to publisher. Social network technolo-

aggregating these disparate and independent ideas

gies allow diverse users from all over the world to

(Brabham, 2008). This concept covers a relatively

interact and collaborate with each other as creators of

broad range of practices and can imply in different

great volume of user-generated content in a virtual

situations. Government and non-profit organizations

community. Examples of social network include so-

utilize crowdsourcing as a potential problem-solving

cial networking sites, hosted services, blogs, wikis,

tool (Brabham, 2008) and an enormous number of

and video sharing sites web application. These col-

crowdsourcing applications are also currently used in

lective communities can generate significant amount

business and social context (Gowdy et al., 2009). In

of traffic, content and increase the value of platform.

order to solve potential problems and issues, those

Web-based community platforms such as YouTube

applications enable organizations for human resource

for video sharing, Flickr.com for image sharing, Fa-

coordination as well as empower creativity and social

cebook for both social networking activities and en-

interactions (Parameswaran &Whinston, 2007).

networks through open calls.

However, businesses are yet to apply the full

tertainments, and Wikipedia, a pioneer of building

In 2004, observers found that digital technology

mass collaborative up-to-date Encyclopedia were

initiatives had significant impact on the economy by

initiated.

introducing a new business environment and creating

Case Studies on the Exploitation of Crowd-Sourcing

many business opportunities (Lumpkin, & Dess,
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2.

from the crowd input.

2004). Web 2.0 and social media or social networking
empowers technology enterprises to carry out more

Companies which directly or indirectly benefit

3.

Crowdsourcing enablers who form the interme-

effective and efficient business operations with end-

diary platforms. They build a link between the

less value-added opportunities. (Parameswaran &

crowd and company.

Whinston, 2007). Although the potential of Web 2.0

Social networking platforms provide active web

and social media are widely discussed in the academ-

consumer with two-way communication capabilities

ic and trade literature, the business world has yet to

to produce user-generated content and creativity

explore and apply the full possibilities of Web 2.0

which can be in the form of fragmented raw data or

(Schenk & Guittard, 2011) to optimize business per-

valuable input. The user-generated content has re-

formance. A similar trend is also observed for the

sulted in a whole range of institutions and businesses

concept and use of crowdsourcing in business prac-

to integrate new applications so as to further ease the

tice. Hence, this paper aims to examine the value

communication channels. Some of the integrated ap-

adding strategies (in the context of business models)

plications include profile creation, whole websites

that are specific to the notion of crowdsourcing in a

creation, and video and audio media file creation. In

Web 2.0 environment.

By carrying out qualitative

addition, online community users have a high ten-

case study comparison of five successful e-business

dency to provide new perspectives on established

firms - Amazon, Groupon, eBay, Alibaba and iTunes,

processes , driving user-generated creativity to be one

this paper intends to understand how technology

of the key factors necessary in creating innovative

firms leverage on crowdsourcing in context of Web

ideas for companies’ continuous development. For

2.0 to create business value and stay competitive The

instance, Nokia Beta Lab gives opportunities for us-

major objectives are reiterated as follows:

ers to share their creative ideas to solve concrete

1.

To understand the impact of social network

problems and develop new products, designs and

technologies and the opportunities of crowd-

technologies (Ewing, 2008).
Thirdly, the main bridge between the customer

sourcing
2.

3.

To analyze the crowdsourcing success factors in

space and the digital market is the supporting tech-

the Web 2.0 environment at business, strategic

nology platform which enables all crowd activities

and functional levels.

such as communication, interaction, sourcing, etc.

To evaluate the effectiveness of value adding

Digital technology space is evolving rapidly and var-

strategic and functional components by identi-

ious types of platforms are available to suit different

fying the common characteristics in some of the

users’ and businesses’ requirements. The social and

notable successful cases of crowdsourcing at

technology platforms can be broadly categorized and

work.

defined as follows:
1.

2.

Background Review and Model

Social platforms are typically for social driven
activities such as networking (e.g., Facebook,

The three essential components identified for crowd-

LinkIn, Digg) and media sharing (e.g., Flickr,

sourcing are categorized as follows:

Youtube).

1.

Individuals who form the crowd and are providers.

2.

Intermediary Platforms are primarily for business activities such as Research and Develop-
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5.
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ment, (e.g., Innocentive, TekScout, IdeaConnec-

content through social networking technologies whe-

tion, Yet2.com), Marketing, Design and Idea,

reby every individual can participate and share/spread

(e.g., RedesignMe, Atizo, ideaken, Brand Tags,

the information by through peer Internet users or so-

LeadVine), Collective Intelligence and Predic-

cial platforms, such as Wikipedia. According to the

tion , (e.g., Intrade,Kaggle, Ushahidi), HR and

Deutschland Online report published in 2006 (Wirtz

Freelancers sourcing, (e.g., Spudaroo, Chum-

et al., 2006), based on a representative study done of

Bonus, TopCoder, HumanGrid, Amazon Me-

6,347 Inter users, two-thirds of Internet users ac-

chanical Turk), Open innovation software, (e.g.,

knowledged online reference works as trusted know-

spigit, Imaginatik, Napkin Labs, Fellowforce),

ledge source which is highly relevant to their daily

Open Innovation Services, (e.g., Big Idea Group,

life. It also suggested that information transfer is done

Pharmalicensing, Chaordix, DataStation), and

via online communities through informal communi-

Selling and Buying, (e.g., Amazon, eBay, Ali-

cation modes such as virtual word of mouth (Wirtz et

baba).

al., 2010). This spreads information among different

Creative Co-creation platform is for design and

parties via electronic applications such as review

other creation examples including Spreadshirt,

websites, blogs, forums or even e-mail (Kozinets,

JuJups, Threadless, Jovoto.

1999), allowing businesses to capture the vast

Corporate Initiatives platforms are for initiatives

amounts of relevant information and content, at very

such as Product Idea Crowdsourcing, (e.g., Fiat

low cost to achieve a few aims (Lumpkin, & Dess,

Mio, P&G Open Innovation Challenge, Kraft,

2004). The advantage is firstly, it helps to build orga-

Ideas4Unilever,

Betavine,

nizational loyalty and brand recognition as a big part

BMW Customer Innovation Lab), and Branding

of advertising can be associated with user generated

and Design Crowdsourcing, (e.g., LEGO Factory,

content. Secondly, companies can evaluate the prod-

Peugeot, Muji, Fluevog).

uct and process based on direct customer feedback,

Peer Production & P2P production platforms are

engaging customers in the product re-engineering

for peer based production Platforms such as

process. And finally, information collection would

CrowdSpirit, Funding Circle, Linux, Wikipedia,

also be useful to aggregate the disparate input and

Yahoo Answers.

determine the usability and credibility for R&D

Public Crowdsourcing Platforms are for gather-

process.

Dell

IdeaStorm,

ing public input and opinion for broader range of

Interaction: Frequent online interactions have

general content(e.g., iBridge Network, Science

potential in high level support of help-giving beha-

Commons, Picnic Green Challenge, Eureke

viors (Butler, 2001). Effective and direct communica-

medical, German Catholic Church, Fold it, Ga-

tion with active user is necessary for dynamic conti-

laxy Zoo).

nuous dialogue for product and process feedback,

Crowdsourcing opportunities can be broadly ca-

suggestion for improvement, collaboration, and

tegorized as information collection, interaction for

co-innovation. Virtual communities can be described

direct communication, access to collective intelli-

as relational community or the social ties since their

gence, and innovation.

members are not physically bound together (Wellman

Information Collection: Information gathering

& Gulia, 1999). According to Jones (1997), four

opportunities are largely enabled by user generated

minimum set of conditions are required for active

Case Studies on the Exploitation of Crowd-Sourcing
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virtual community: communicators, sustained mem-

[1995], p.13). Lévy also stated that “no one knows

bership, interactivity, and virtual space. Idea competi-

everything, but everyone knows something and all

tion and incentive based participation have been

knowledge resides in humanity” and the possibility

widely discussed as crowdsourcing interaction op-

never ends in crowd. The business can also benefit

portunities, associated with virtual community colla-

from distributed problem-solving that is emerging

boration.

from a large body of intellectual labour at efficient

In idea competitions, a review committee eva-

cost (Brabham, 2008). With diffusion of technology

luates and selects a winner from the submitted new

and its wide availability, the discovery of value in

potential ideas from a targeted public group on spe-

amateurs is escalated further motivating refreshing,

cific topic, arrived within limited period of time

talented individuals to take a chance at entrepreneur-

(Ebner et al., 2008; Vallerand et al., 1998). These

ship or freelance basis. Additionally, the advent and

competitions have emerged as a promising tool for

diffusion of social network technologies also boosts

crowdsourcing

processes

collective creation of knowledge and equips users

(Walcher, 2007) as it, amongst other factors, encou-

with active control on quality and quantity of infor-

rages contestants to produce winning innovative ideas.

mation and knowledge.

and

open

innovation

They are widely accepted in both literature and prac-

Innovation: Recently, the term innovation has

tice as an effective method for integrating customers

become synonymous with organizational strategy for

in early innovation activities (Koufteros et al, 2005).

gaining competitive advantage and long-term sustai-

However, incentive is the most influential element to

nability. Using advanced Web 2.0 technologies cater

ensure potential participants are motivated enough

to effective interactions such as discussion groups

and have to be carefully invested in by organizers.

and social networking sites, as essential factors for

Incentive based participation has been widely ac-

the future of organizational success and let businesses

cepted as encouraging active user participation which

leverage on knowledge and innovation from an or-

is the fundamental value in Internet businesses crea-

ganization’s formal boundaries. “Crowdsourcing” has

tion process. In order to enhance user support, incen-

become popular term to describe role of the online

tives should be involved in creating user-generated

communities in discussing ideas since there is “wis-

value. Websites offering clear incentives to users

dom” embedded in a crowd of individuals that ex-

might benefit most. Reward/value such as cash re-

ceeds any individual or small group.

wards, rebates or prizes to be won is needed so that

Innovation in public can be seen as the invention

contributors have a motive to come back and interact.

of groundbreaking new idea, process or production

Access to collective intelligence: Web 2.0 pro-

(Duin et al., 2010).

vides businesses access to the wisdom of the crowds

Chesbrough (2003a) evaluates the Innovation

allowing them to push the knowledge boundary of

Paradigm shift from “Closed Innovation” at where

organization (Whitla, 2009). Tapping on the capabili-

companies must hold control over the entire process

ty of networked crowd through web technologies is

of Innovation as companies cannot be ensured of the

known as harvesting Distributed Intellect, which is “a

quality, availability and capability of others’ idea to

form of universally distributed intelligence, constant-

“Open Innovation” at where a widespread knowledge

ly enhanced, coordinated in real time, and resulting in

and collective input of all individual within the reach

the effective mobilization of skill” (Lévy, 1997

of cyberspace across cultural barriers that are beyond
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organizations’ capability and boundaries (Duin et al.,

innovation.

2010). Figure 1 depicts the funneling effect of open

Source: Adopted from Chesbrough, H.W (2003b). The Era of Open Innovation. MIT Sloan Management Review.

44(3), p. 35-41.

Figure 1: Close Innovation vs. Open Innovation.

3.

Case Analysis and Research Method

2.0 characteristics at the implementation phase. This

The theoretical framework used to analyze the case

was for businesses to help identify key trends for

studies in this paper relates to the understanding of

their own Internet business model and consider these

effectiveness of

functional dimensions for their specific situation to

crowdsourcing as business model

and draws from a Crowdsourcing Critical Success
Factor Model by Sharma (2010) and the Web 2.0 – 4

create value. This has been illustrated in Figure 2.
As there has been very limited research on how

Schilke and Ullrich

business models can evolve to utilize the crowd-

Based on available theoretical frameworks

sourcing effectively, Critical Success Models with

developed by Heeks and Nicholson (2004), Carmel

Web 2.0 Four Factors in Figure 2 was adapted by in-

(2003), Farrell (2006) and Balasubramanyam & Ba-

tegrating the most relevant aspects for analysis and to

lasubramanyam (1997), Sharma had proposed Vision

evaluate the impact of strategic development of

and Strategy, Human Capital, Infrastructure, Lin-

crowdsourcing initiative and the effectiveness.

kages and Trust and External Environment as the

framework is primarily aimed for Internet firms and

critical consideration factors that should be at the core

offers a clearer picture of how crowdsourcing can be

of developing business model for any crowdsourcing

strategically adapted into their current business mod-

initiative to ensure sufficient crowd participation

els and the various dimensions to evaluate the effec-

which is key to business success. In 2010, Wirtz,

tiveness. Any activities involved should be consi-

Schilke and Ullrich evaluated social networking, in-

dered performing based on Web 2.0, particularly in

teraction orientation, customization and personaliza-

Internet markets.

Factors Model
(2010).

by Wirtz,

tion, and user-added value as four fundamental Web

The

This research was undertaken according to the
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Interpretive Research Principles proposed by Klein

Field Studies is summarized and tabulated in Figure

and Myers (1999) to validate the research model and

3.

methodology. The overall assessment of Interpretive

Adapted from Crowdsourcing Critical Success Factor Model by Sharma (2010) and the Web 2.0 – 4 Factors Model by Wirtz,
Schilke & Ullrich (2010).

Figure 2: Crowdsourcing Critical Success Model with Web 2.0 Four Factors
The objective was to gain an understanding of

In the next section, qualitative analysis of five

crowdsourcing and its effective usage in Web 2.0

successful e-business firms is carried out to under-

space through the social construction such as docu-

stand how technology firms can further leverage on

ments, shared meanings, consciousness, tools, and

the web 2.0 space to create their own niche and value.

other artifacts.

The first principle suggests that the

most foundation of all interpretive work of a herme-

4. Results And Analysis

neutic nature is to understand a complex whole from

In this section, the Strategic Components of Amazon,

preconceptions about the meanings of its parts and

Alibaba, eBay and iTunes are analyzed in Figure 4.

their interrelationships. Studying individual compo-

All subject cases have a clear and concise vision and

nents of similar business activities i.e., established

strategy, in terms of what services to provide and

e-commerce, can help broaden the understanding of

which segment to focus. At the core of all mentioned

crowdsourcing and the iterations between the indi-

businesses is the need to be customer-centric, aiming

vidual business components as parts and the elec-

to provide the excellent user experience.

tronic marketplace that determine the wholesome and
effective application of Web 2.0.

Infrastructure is complex with highly customized technologies to support the different business
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activities and service functionalities in all subject

es, especially on online space.

cases. It plays a major role in streamlining the servicFigure 4: Comparing Strategic Components of Amazon, Alibaba, eBay & iTunes
Strategic
Components

Amazon

Alibaba

eBay

iTunes

Vision &
Strategy

Clearly define to
focus on excellence customer
service and experience

Clearly define to
focus on global
trading and international traders

Clearly define to improve and reinvest on
improving the buyer
experience and seller
economic

Clearly define to
provide seamless
integration and
optimize user experience

Human Capital

Broad targeting
with carefully design to provide
easy-to-use functionality

Precise targeting
with specifically
design for business
orientated audience

Specific targeting with
particularly designed
Specific targeting with
particularly designed
bidding platform for
buyers and sellers

Generic targeting
with easy to use
design to mass user
base

Infrastructure

Complex infrastructure to support
virtual supply
chain, wide range
of functions and
geographical locations

Highly customized
technology platform to support
different major
business process
Office in 70 cities
across the world to
provide additional
business support

Highly important and
carefully designed to
support business activities in 31 countries
with extendable system functionality

Highly customized
and complex infrastructure to support
wide range of
products and services

Linkages &
Trust

Partnerships with
enterprise clients,
merchants, brands
and service providers

Strategic partnership with big
business players
and financial institutions
Trust pass profile
for verification
on community

Highly important and
position as most
trusted company for
privacy (Partnership
with trusted software
service providers and
strict privacy policy)

Business acquisitions, agreements,
collaboration with
major players in
the digital content,
manufactures and
other brands

xternal Environment

Fit well in virtual
and physical
supply chain, Provide economic environment and
system platforms
for other businesses

As online market
place, fit in well with
retailers, suppliers and
delivery networks to
streamline operation
and developer communities supports to
enhance the service
functionalities

Promote iTunes as
a digital content
supply chain for
other product and
services offering

Fits in well with
virtual supply
chain environments between
suppliers, obtain
agreement with
Government bodies

Linkage and trust is another crucial factor in

business collaboration for competitive advantages.

building brand image, customer trust for loyalty, and

Any e-Business which involves financial transaction

Case Studies on the Exploitation of Crowd-Sourcing
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would require establishing the linkage and building

quired level of trust depends on the nature of business

trust though strategic partnership and collaboration

and the accuracy of information varies from one case

with other trusted businesses and financial service

to another. Customer power is captured in different

providers. For iTunes, the business partnership is

functionalities and the approach varies based on the

more towards building better services which could

business activities.

indirectly acquire customer’s trust as an excellent

Only a certain degree of Interaction Orientation
can be found in all subject cases. How it has been

lifestyle product and service provider.
Given the similar e-commerce business nature,

carried out differs and each business adapts unique

all subject cases require to have a business supply

approach to ensure there is enough customer interac-

chain environment which is compatible to operate the

tion to escalate user participation. For example,

required business activities. In the case of Amazon,

Amazon promises improved user experience from

eBay and iTunes, they provide themselves as a busi-

participation, eBay provides incentive, and iTunes

ness environment for other individual and business

acquires participation with intuitive user-friendliness.

partners to conduct the business using the service that

The act of balancing customer power and interaction

they offered. For the case of Alibaba, governmental

capabilities can be seen in all cases to encourage cus-

support is required for international trading activities.

tomer response and this enable cooperative value

Next, the functional components, as summarised

generation.

in Figure 5, are discussed to allow evaluation and

Customization and personalization are present at

identification of the common relevant characteristics

all three levels of personal, group and social across all

on Web 2.0 environment. Social networking is pre-

subject cases, validating that customization and per-

sented in all subject cases, highlighting its relevance

sonalization are increasingly becoming the basic re-

in encouraging user participation in e-business envi-

quirements in Web 2.0 environment (Wirtz et al.,

ronment. All subcomponents of social identity, social

2010). The strategic approach could be diverse ac-

trust, virtual word of mouth, and customer power can

cording to the user segmentation.

also be identified in all subject cases. However, reFigure 5: Comparing functional components of Amazon, Alibaba, eBay and iTunes
Amazon
Alibaba
eBay

Social Networking

Social Identity

User profile

User/Business
profile

User profile

Social Trust

Medium level of
personal information accuracy

High level of
personal/business
information accuracy

Medium level of
personal information accuracy

Virtual Word
of Mouth

User rating, review, recommendation

User rating

User rating, review, recommendation

Customer
power

Keyword Tagging, Discussion
Board

Supplier rating,
discussion forum, supplier
matching, and
keyword tagging

Feedback as a
seller and buyers,
detailed seller
rating,
Discussion Board

iTunes
User profile/ apple
id
Medium
level of
personal
information
accuracy
User rating,
review,
social
sharing
Rating,
Review and
social
sharing
capability
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Interaction
Orientation

Customer centricity

Q&A section
which allows two
way communication

Highly responsive with 24 hour
chat and other
educational resources

eBay Live Help ,
Answer center
which allows users to interact

Interaction
Configuration

Improved user
experience for
participation such
as “Amazon Betterizer” tool

No reward for
interaction

Incentive program
available via only
eBay’s partner
network

Customer Response

Open for negative
and positive
feedback

Open for negative and positive
feedback

Open for negative
and positive
feedback

Cooperative
value generation

Provide business
opportunities for
every members as
potential business
partner

Provide business
opportunities for
every members
as potential
business partner

Provide business
opportunities for
every members as
potential business
partner

Personal Customization

personal profile
display, recommendation customization

Personal profile
display customization

Personal profile
display customization

Group Customization

Web-store profile
display customization

Company profile
display customization

Company profile
display customization

Social Custo-

Recommendations

Broadcasting

Recommendations

Customization/
Personalization

Discussion
board,
comprehensive
support
No reward
for interaction, instead provide easy to
interact
functionality
Customer
response is
limited to
digital content and
open for
negative
and positive feedback
Direct revenue comes
from close
platform
policy,
however,
provide
business
opportunities for developer’s
community
with annual
charges

Limited
customization to personal profile display
Followers
and following for
specific
information
dissemination
Recom-
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based on previous
purchasing and
other activity data

purchase request
for specific supplier segment

based on previous
purchasing and
other activity data

User-generated
content

User review,
recommendation,
user generate information, applications

User generated
leads (broadcasting purchase
request)

User review,
recommendation,
user generate information

User-generated
creativity

Different web
store design,
layout and functions

Different web
store design,
layout and functions

Customizable web
store, new services and application
from developer
communities via
open API

User-generated
Innovation

Provide web services and API

not applicable

Open developer
platform for customized services

User-generated
revenue/ contacts

Direct revenue
and indirect benefit from user Purchases, virtual
word of mouth,
affiliate programs,
social sharing and
developer communities

Direct revenue
and intangible
benefits from
trader’s transactions and premium membership

Direct revenue
and intangible
benefit from user
Purchases, affiliate programs, social sharing and
developer communities

User-Added
Value

Amazon, Alibaba, eBay and iTuness, all ar-

mendations
based on
previous
purchasing
and other
activity
data
User review, rating
and other
digital content such as
application
Application
from developer
communities via Apple developer program
Complete
developing
eco-system
for developers
Direct revenue and
indirect
revenue
from user
purchases,
rental and
developer
communities

5. Discussion of Findings

ranges its functions to generate crowd participation

The primary outcome of the case analysis is a test of

and capture user-added value. All subject cases cap-

the extended theoretical framework composed of five

ture the user-generated content, creativity, and reve-

components at the strategic level and four compo-

nue or contacts. However, capturing the us-

nents at the functional level. The case research al-

er-generated innovation is subjected to the business

lowed for the distillation of design rules, derived

policy, supporting infrastructure, and technology ex-

from the observations and numerical evaluation, for

pertise to manage the process. For example, Alibaba

the effective use of crowdsourcing.

does not adopt the open platform policy to attract

Firstly, each component of the theoretical

external technical knowledge expertise; instead it

framework is appropriated to be considered at both

relies on in-house technical experts.

the strategic and functional levels. Most importantly,
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businesses need to align the strategic components

component of the analytic framework is equally im-

with functional Web 2.0 components so as to derive

portant and need not be customized to suit certain

the business value from effective crowdsourcing.

business objective or specific industry domain i.e., for

Businesses can imply the proposed theoretical

business in general. The overall crowdsourcing suc-

framework as a basic guidance to identify what the

cess determination matrix is derived based on the

business opportunities are, where they are and how

relevancy level of observed supporting function and

they can approach. It also can help top management

services found in subject cases. The numerical as-

and executives to draw insight of how to capture the

signment is according to the qualitative comparative

business value at both strategic as well as functional

judgment, and the accountability of the assigned val-

level by ensuring the strategy is aligned with the

ue is justified by conceptual consideration. The rele-

functions and activities provided or vice versa.

vancy is categorized at three levels as below and as-

Secondly, adaptation of theoretical framework is

signment summarized in Figure 6 based on the com-

desirable; however, customization would be required.

paring components results from Figure 4 and 5:

Although the analysis has been carried out on the



Medium to High relevancy is given when there

subject cases which share a similar business domain,

are more than services or functions can be iden-

each business approaches components of theoretical

tified at both given strategic and functional

framework differently. As a result, acquisition of

components.

crowd participation and usage of Web 2.0 characteris-



Partial relevancy is given when there is at least

tics may be varied from one case to another. The

one service or function can be identified at both

proposed five business strategy components and four

given strategic and functional components

Web 2.0 functional components can be served as im-



Low relevancy represents is given when there is

portant components for the success of crowdsourcing

no service or function can be identified at both

initiatives. However, businesses are required to cus-

given strategic and functional components.

tomize the crowdsourcing adaption to suit their busi-

Numerical values are used for the subsequent re-

ness need, which is the second rule for effective

fining of relevancy to prioritize the strategic and

usage of crowdsourcing.

functional components. The score is assigned based

Third, prioritization of proposed components at

on relevancy ranking: Medium to High relevance is

strategic and functional level is proposed to streng-

given highest score of 3. Partial relevance is given the

then the second rule. Prioritization is most favorable

score of 2 and low relevance is given the lowest score

for those businesses with limited resources or those

of 1. After adding up the value of sub-components

businesses experimenting the crowdsourcing oppor-

under Web 2.0 functional components assigned value,

tunity. If applicable, it could even apply to business

the numeric representation can be finalized as in Fig-

of rich resources. For further analysis of prioritization,

ure 6.

numerical evaluation is carried out with crowdsourc-

Since the max scores are not the same, normali-

ing success determination matrix to identify the most

zation of each category (business strategic compo-

relevant components at the conjunction of strategic

nents and web 2.0 functional components) is applied

and functional components.

to identify the relevancy level of each components

The following numerical evaluation has been
conducted with an assumption that each individual

against the defined total relevancy score of 4
(1+2+3).
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After the final scores of functional components

sourcing initiatives with score of 0.92. The crowd-

are normalized to get 100% score max, the relevancy

sourcing initiative should be reflected by Vision and

score for business strategic components are obtained

Strategy. Human Capital is in third place with score

as shown in Figure 7. Of all strategic components,

of 0.86 and thus the targeting should be clearly de-

“Infrastructure” turns out to be most important for

fined. Linkages & Trust is the second last component

crowdsourcing business activities with a highest

that business can focus for crowdsourcing initiatives

score of 1.02, which implies that infrastructure is the

with 0.63 and External Environment is the least im-

first aspect an e- business should focus for any

portant strategic component that business can focus

crowdsourcing initiatives. Vision & Strategy places

for crowdsourcing initiatives.

second most important at strategic level for crowdFigure 5: Crowdsourcing Success Determination Matrix
Business Strategic Components
Vision
Human
&
Infrastructure
Capital
Strategy

Web 2.0 functional Components

Social Networking

Interaction
Orientation

Customization/
Personalization

User-Added
Value

Linkages
& Trust

External
Environment

Social Identity
Social Trust
Virtual Word of
Mouth
Customer power
Customer centricity
Interaction Configuration
Customer Response
Cooperative
value generation
Personal Customization
Group Customization
Social Customization
User-generated
content
User-generated
creativity
User-generated
Innovation
User-generated
revenue/ contacts

Legend
Medium to High relevance (eBusiness provides more than one supporting funcation and service for each factor)

62

Khin Mu Yar Soe, Ravleen Kaur, Ravi S. Sharma

Partial relevance (eBusiness provides at least one supporting funcation and service for each factor)
Low relevance (the eBusiness doesn’t provide any supporting function and service for each factor)

Web 2.0 Functional Components

Figure 6: Numeric representation of Crowdsourcing Success Determination Matrix
Business Strategic components
Vision &
Strategy

Human
Capital

Infrastructure

Linkages &
Trust

External Environment

Social Networking

10

6

10

9

10

Interaction Orientation

10

8

12

5

6

Customization/ Personalization

6

9

9

3

3

User-Added Value

11

10

9

9

5

Web 2.0 Functional Components

Web 2.0 Functional Components

Table 7: Relevancy Score for Business Strategic Components
Business Strategic components
Vision & Human Infrastructure Linkages
Strategy Capital
& Trust

External Environment

Total %

Social Networking
Interaction
Orientation
Customization/
Personalization

22%

13%

22%

20%

22%

100%

24%

20%

29%

12%

15%

100%

20%

30%

30%

10%

10%

100%

User-Added Value
Score

25%

23%

20%

20%

11%

100%

0.92

0.86

1.02

0.63

0.58

4

Table 8: Relevancy Score for Web 2.0 Functional Components
Business Strategic components
Vision &
Human Infrastructure Linkages
External EnStrategy
Capital
& Trust
vironment

Score

Social Networking

27%

18%

25%

35%

42%

1.46

Interaction Orientation
Customization/
Personalization

27%

24%

30%

19%

25%

1.26

16%

27%

23%

12%

13%

0.90

User-Added Value

30%

30%

23%

35%

21%

1.38

Total %

100%

100%

100%

100%

100%

5

To obtain web 2.0 functional relevancy score

growing social web. The ability to capture the “Us-

(see Figure 8), the final score of business strategic

er-Added Value” should be second most important

components are normalized to get 100% score max.

consideration at the score of 1.38. “Interaction Orien-

At the functional level, as shown in Figure 8, Social

tation” ranked as third most important at the score of

Networking is the most crucial functionality with

1.26, followed by customization/personalization at

highest score of 1.46 and the result is aligned with the

the least score of 0.90.
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6. Conclusion

primary data can be sourced by conducting an exten-

This paper has presented the results of a qualitative

sive survey, interview or focus groups study.

interpretive field research for defining the extended

tioners from business are expected to benefit from

analytic theoretical framework of Crowdsourcing

this study, especially de-novo technology firms with

Critical Success Model with Four Web 2.0 Factors.

an intention to embark on crowdsourcing initiatives

The identification of five Business Strategy Compo-

or to adjust the current services offering to explore

nents (Vision and Strategy, Human Capital, Infra-

the crowdsourcing opportunities.

Practi-

structure, Linkage, and Trust and External Environment) and four Web 2.0 Functional Components (So-
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Abstract:Information technologies implementation

from asset managers regarding choice of information

in asset managing organisations does not follow a

systems has a narrow focus, these systems do not

linear path. It is primarily driven by cost concerns,

contribute to the organisation’s responsiveness to in-

rather than an approach that takes into account the

ternal and external challenges. As a result, role of IT in

existing technological infrastructure, business re-

managing engineering assets has not fully institution-

quirements, available skill base, social and cultural

alised. Institutionalisation of IT for asset manage-

environment, and operational and strategic value of

ment, however, is strongly underpinned in the tech-

technology investment. This paper presents a case of

nical and cultural context of the organisations, which

information technologies implementation in asset

bring together individuals and groups with particular

managing organisations. It concludes that technology

interests and interpretations and help them in creating

for asset management needs to be physically adopted,

and sustaining information systems as socio-technical

and socially and organisationally institutionalised, to

systems. This research presents a study of infrastruc-

create consensus on what the technology is supposed

ture asset managing organisations and focuses on how

to accomplish and how it is to be utilized in the orga-

they should implement IT to manage the lifecycle of

nisation.
Keywords: Information Technologies, Asset Management, Institutionalization

their assets.

1. Introduction

The term ‘asset’ in engineering organisations is de-

Traditionally, asset managers focus on developing the

fined as the physical component of a manufacturing,

technical foundation for asset lifecycle management

production or service facility, which has value, enables

around operational technologies and leave the selec-

services to be provided, and has an economic life

tion, adoption, and maintenance of information tech-

greater than twelve months (IIMM 2006), such as

nologies (IT) to IT managers. This may be attributed to

manufacturing plants, roads, bridges, railway car-

the propensity of asset managers to view information

riages, aircrafts, water pumps, and oil and gas rigs. In

systems utilisation in general as a secondary or support

theory IT in asset management have three major roles;

activity to execute business processes. Their emphasis

firstly, it is utilized in collection, storage, and analysis

is more on the substitution of labour through tech-

of information spanning asset lifecycle processes;

nology utilisation rather than business automation and

secondly, IT provides decision support capabilities

functional integration aimed at internal efficiency and

through the analytic conclusions arrived at from

overall strategic advantage. Since the level of input

analysis of data; and thirdly, IT facilitates an integrated

2. Scope of IT Based Asset Management

view of asset management through functional inte

Proceedings of the Twelfth International Conference on Electronic Business, Xi'an, China, October 12-16, 2012, 67-77.

gration.
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Generally, engineering enterprises mature tech-

sis of information spanning asset lifecycle processes;

nologically along the continuum of standalone tech-

secondly, information systems provide decision sup-

nologies to integrated systems, and in so doing aim to

port capabilities through the analytic conclusions ar-

achieve the maturity of processes enabled by these

rived at from analysis of data; and thirdly, informa-

technologies and the skills associated with their oper-

tion systems provide an integrated view of asset

ation (Haider 2009). Asset managing engineering

management through processing and communication

enterprises have twofold interest in information and

of information and thereby allow for the basis of asset

related technologies, first that they should provide a

management functional integration. Information sys-

broad base of consistent logically organised informa-

tems for asset management, thus, seek to enhance the

tion concerning asset management processes; and,

outputs of asset management processes through a

second the availability of real time updated asset re-

bottom up approach. This approach gathers and

lated information available to asset lifecycle stake-

processes operational data for individual assets at the

holders. In theory information systems in asset man-

base level, and on a higher level provides a consoli-

agement have three major roles; firstly, information

dated view of entire asset base (figure 1).

systems are utilised in collection, storage, and analy-

IS Implementation Concerns

Desired Asset Management Outputs

Level

Providing and integrated view of
asset lifecycle management
information to facilitate strategic
decision making at the executive
level.

Planning/Management Level

Fulfilling asset lifecycle planning
and control requirements aimed
at continuous asset availability,
through performance analysis
based on analysis of various
dimensions of asset information
such as, design, operation,
maintenance, financial, and risk
assessment and management.

Strategic
How IS must be implemented to
provide an integrated view of asset
lifecycle?

How IS must be implemented to
meet the planning and control of
asset lifecycle management?

How IS must be implemented to
meet operational requirements of
assets?

Aiding in and/or ensuring of
asset design, operation,
condition monitoring, failure
notifications, maintenance
execution and resource
allocation, and enabling other
activities required for smooth
asset operation.

Operational Level

Figure 1:

Scope of Information Systems for asset management Source (Haider 2007)

Theoretically speaking, information systems

translate

strategic

asset

management

decisions

Institutionalising Information Technology

through the planning and management consideration

69

g.

tenance; and

into operational actions, through a process of alignment of information systems with asset management

identifying the true cost of operations and main-

h.

optimizing operational procedures.

strategy. At the operational level information systems

In engineering enterprises asset management

are implemented to enable and support execution of

strategy is often built around two principles, i.e.,

core asset lifecycle processes. These processes are

competitive concerns and decision concerns. Com-

designed at the planning and management level and

petitive concerns set manufacturing/production goals,

are translated from the strategic asset management

whereas decision concerns deal with the way these

considerations at the strategic level. Thus, in top

goals are to be met. Information systems provide for

down direction the information systems ‘translate’

the these concerns through support for value added

strategic asset management considerations into action.

asset management, in terms of the choices such as,

On the other hand, from bottom up these information

selection of assets, their demand management, sup-

systems provide information analysis and decision

port infrastructure to ensure smooth asset service

support. This decision support allows for assessment

provision, and process efficiency. Furthermore, these

of the effectiveness and maturity of existing asset

choices also are concerned with in-house or out-

lifecycle processes, enabling technical infrastructure,

sourcing preferences, so as to draw upon expertise of

and management controls. Top management utilises

third parties. Information systems not only aid in de-

these assessments, at the strategic level, to bridge up

cision support for outsourcing of lifecycle processes

gaps in performance or to re-engineer or re-adjust

to third parties, but also provide for the integration of

strategic asset management considerations. Therefore,

extra-organizational

in bottom up direction the information systems act as

tra-organizational processes. Nevertheless, the pri-

‘strategic enablers’. In crux, information systems for

mary expectation from information systems at the

asset management must allow for horizontal integra-

strategic level is that of an integrated view of asset

tion of business processes and vertical integration of

lifecycle, such that informed choices could be made

functional areas associated with managing lifecycle

in terms of economic tradeoffs and/or alternatives for

of assets. Nevertheless, minimum requirements for

asset lifecycle in line with asset management goals,

asset management at the operational and plan-

objectives, and long term profitability outlook of the

ning/management levels are to provide functionality

organization. However, according to IIMM (2006),

that facilitates the following (IIMM 2006),

the minimum requirements for asset management at

a.

knowing what and where are the assets that the

the strategic level are to aid senior management in,

organization own and is responsible for;

a.

processes

with

the

in-

predicting the future capital investments required

b.

knowing the condition of the assets;

to minimize failures by determining replacement

c.

establishing suitable maintenance, operational

costs;

and renewal regimes to suit the assets and the

b.

tion to meet costs through estimated revenue;

level of service required of them by present and
future customers;
d.

reviewing maintenance practices;

e.

implementing job/resources management;

f.

improving risk management techniques;

assessing the financial viability of the organiza-

c.

predicting the future capital investments required
to prevent asset failure;

d.

predicting the decay, model of failure or reduction in the level of service of assets or their
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components, and the necessary rehabilitation/

agement hardly provide the benefits stated above. An

replacement programmers to maintain an ac-

information enabled integrated view of asset lifecycle

ceptable level of service.

requires integration of asset management core busi-

assessing the ability of the organization to meet

ness processes and IT related capabilities through

costs (renewal, maintenance, operations, admin-

policies and technical choices to achieve business

istration and profits) through predicted revenue;

standardisation, and technical integration and intero-

modelling what if scenarios such as,

perability. Whereas what we have on ground is a

(i)

technical landscape replete with isolated pools of data

Technology change/obsolesce,

(ii) Changing failure rates and risks these pose

that is patchy and error prone; information systems

to the organization, and

possessing, processing, and communicating this data

(iii) Alterations to renewal programs and the

lack integration; there is a plethora of disparate tech-

likely effect on levels of service,

nology platforms, which make interoperability almost

alteration to maintenance programs and the likely

impossible; and to cap it all automation efforts are

effect on renewal costs; and

littered with task technology mismatch (Haider and

impacts of environmental (both physical and

Koronios 2005). The following sections highlight

business) changes.

some of the issues resulting from inept implementa-

In practice, information systems for asset man-

tion of information systems for asset management.

Metaphor

Information Technology

Operational Technology

Purpose

Managing information, automate business processes
Monolithic, Transactional or batch,
RDBMS or text
GUI, Web browser, terminal and keyboard
CIO, Departmental managers, and
knowledge workers
Corporate network, IP-based
Finance, accounting, enterprise resource
planning

Managing the assets, technology controlling processes
Event-driven, real-time, embedded software, rule engines
Electro-mechanical, sensors, coded displays
Engineers and technicians

Architecture
Interfaces
Ownership
Connectivity
Examples

Table 1:

Control networks, hardwired
SCADA, PLCs, modelling, control systems

Scope of IT for asset management
Source (Steenstrup 2008)

3.

Issues with IT Based Asset Management

inextricably intertwined, where OT facilitate running

3.1 Lack of Information and Operational Tech-

of the assets and are used to ensure system integrity

nologies’ Nexus

and to meet the technical constraints of the system.

In the technical dominion of engineering enterprises,

Operational technologies include control as well as

operational technologies (OT) are as prevalent and

management or supervisory systems, such as Super-

important as information technologies. IT and OT are

visory Control and Data Acquisition (SCADA). Table

Institutionalising Information Technology
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1 presents an overview of the characteristics of IT and

seven days a week. Although, the station may have an

OT infrastructure.

early warning system installed, maintenance labour at

OT set of technologies are primarily used for

the water stations and along the pipeline is limited

process control; however, they also include technolo-

and spares inventory is generally not held at each

gies such as sensors, gauges, and meters, which are

station. Therefore, it is important to continuously

used in many control systems and automated data

monitor asset operation (which in this case constitutes

acquisition systems that perform a variety of tasks

equipment on the water station as well as the pipeline)

within the asset lifecycle. Technically, OT is a form

in order to sense asset failures as soon as possible and

of IT as it necessarily deals with information and is

preferably in their development stage. However, early

controlled by (in most cases) a software. For example,

fault detection is not of much use if it is not backed

design of an asset has a direct impact on its asset op-

up with the ready availability of spares and mainten-

eration. Asset operation, itself, is concerned with mi-

ance expertise. The expectations placed on water sta-

nimizing the disturbances relating to production or

tion by its stakeholders are not just of continuous

service provision of an asset. At this level, it is im-

availability of operational assets, but also of the effi-

portant that IT systems are capable of providing

ciency and reliability of support processes. IT or in-

feedback to maintenance and design functions re-

formation systems, therefore, need to enable main-

garding factors such as asset performance; detection

tenance workflow execution as well as decision sup-

of manufacturing or production process defects; de-

port by enabling information manipulation on factors

sign defects; asset condition; and asset failure notifi-

such as, asset failure and wear pattern; maintenance

cations. There are numerous OT systems employed at

work plan generation; maintenance scheduling and

this stage that capture data from sensors and other

follow up actions; asset shutdown scheduling; main-

field devices to diagnostic/prognostic systems; such

tenance simulation; spares acquisition; testing after

as SCADA systems, Computerized Maintenance

servicing/repair treatment; identification of asset de-

Management Systems (CMMS), and Enterprise Asset

sign weaknesses; and asset operation cost benefit

Management systems. These systems further provide

analysis. An important measure of effectiveness of IT,

inputs to maintenance planning and execution. How-

therefore, is the level of integration that they provide

ever, effective maintenance not only requires effec-

in bringing together different functions of asset life-

tive planning but also requires availability of spares,

cycle management, as well as stakeholders, such as

maintenance expertise, work order generation, and

business partners, customers, and regulatory agencies

other financial and non financial supports. This re-

like environmental and government organizations.

quires integration of technical, administrative, and

The convergence between IT and OT is a major

operational information of asset lifecycle, such that

issue with technical, management, and organisational

timely, informed, and cost effective choices could be

dimensions. The root cause of this issue, however, is

made about maintenance of an asset. For example, a

the fact that IT and OT have separate ownership and

typical water pump station in Australia is located

management. Divergence of governance and owner-

away from major infrastructure and has considerable

ship of IT and OT presents a significant problem in

length of pipe line assets that brings water from the

contemporary asset management arena. In the ab-

source to the destination. The demand for water

sence of a common set of rules to govern the imple-

supply is continuous for twenty four hours a day,

mentation and use of these technologies leads to for-
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mation of islands of isolated technologies within the

agement considerations. This further gives rise to

organisation, which makes integration and interope-

issues relating to lacking process maturity, varying

rability of technologies cumbersome if not impossible.

degree of data quality, inadequate decision support

With limited or no integration, there is poor leverage

and overall organisational efficiency.

of learnings and benefits and unintelligible decision
support. Divergence of IT and OT management re-

3.3 Technology Push as Opposed to Technology

sults is wastage of money and effort, as multiple

Pull

strategies to manage technology cannot connect

A contributing factor to the above issue is the

properly with the business strategy and operational

technology push strategy for information systems

plans resulting in lack of standardisation of practice.

implementation as opposed to technology pull. Haid-

However, the most important consequence of this

er and Koronios (2005) argue that engineering enter-

multiplicity of strategies results in lack of accounta-

prises seldom engage in taking stock of their technic-

bility around technological standards and policies.

al infrastructure and the business processes enabled
by it. As a result, these organisations are unable to

3.2 Isolated, Unintegrated and Ad-hoc Technical

find how well their business processes are performing,

Solutions

how effectively these processes are coupled with

Technical infrastructure of an asset managing

technology, and what are the gaps or requirements

organisation consists of various off the shelf proprie-

that technology has not fulfilled. As a consequence of

tary, legacy, customised systems and a number of ad

this, new technology is pushed into the technical in-

hoc solutions in the forms of spreadsheets and data-

frastructure of the organisation. The organisation then

bases (Haider and Koronios 2003; Haider 2007).

has to adapt or adjust itself to ‘absorb’ technology. As

Legacy systems evolve with the organisation; howev-

a result there is task technology mismatch. On the

er, are generally weak in technological terms. These

other hand, a better approach would be to evaluate the

systems have been developed using old technologies

performance of the business processes and enabling

and are not compatible with new technologies. On the

technology so as to find out the gaps. These gaps are

other hand, off the shelf systems are developed on

actually the information requirements not fulfilled by

customised guidelines and supports proprietary data

existing technologies. When a technology is selected

formats. Similarly, ad hoc solutions do not conform to

to fill these gaps, it has a ‘pull’ impact and fits in well

any quality and technical standard. This results in

with the operating logic as well as the enabling tech-

isolated pools of data that may serve the needs of in-

nical and non-technical infrastructure of the organisa-

dividuals or individual departments, but this informa-

tion. Another factor that contributes to this issue is

tion of little use for other departments or functions.

the fact that asset managing organisations do not have

As a result, there is lack of information integration,

a specific enterprise technical architecture and choic-

which contributes to lack of functional integration. In

es relating to technology are not standardised (Haider

crux, the existing technical infrastructure does not

2008). Consequently, there is lack of technical com-

conform to an information model or the organisation-

patibility and information and technology interopera-

al operating model. This means that the technical in-

bility across the organisation.

frastructure in general and in particular information
systems are not aligned with the strategic asset man-

3.4 Narrow View of IT Capabilities
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Traditionally, asset managers focus on develop-

risk management does not include the risks posed by

ing the technical foundation for asset lifecycle man-

or posed to information systems (Haider 2010a).

agement around operational technologies and leave

Even within the IT function, the risk management is

the selection, adoption, and maintenance of informa-

centred on securing the information systems from

tion technologies to IT managers. This may be attri-

unauthorised access, intrusion, and malicious codes

buted to the propensity of asset managers to view IT

like viruses. There is no risk assessment, control, and

utilisation in general as a secondary or support activ-

management in terms of business losses occurring as

ity to execute business. Their emphasis is more on the

a result of lack of information availability, quality,

substitution of labour through technology utilisation

and integration. In terms of information a fundamen-

rather than business automation and integration for

tal issue with asset managing organisation is that they

internal efficiency and overall strategic advantage.

do not emphasise on information ownership within

However, as has been discussed before IT is prime

the organisation (Haider 2010b). It is due to the same

enabler of the business and has the capacity to influ-

reason that there is no accountability assigned to inef-

ence and even alter the course of primary activities in

ficiencies resulting from information management

the value chain of asset lifecycle management. Since

issues. Asset management, by nature, is information

the level of input from asset managers regarding

driven and in the absence of requisite quality and vo-

choice of IT is inadequate and has a narrow focus, IT

lume of information sound asset lifecycle manage-

infrastructure is inwardly focused, not responsive,

ment cannot be materialised.

and at best is only geared at internal automation. It

The issues discussed here regarding information

lacks in addressing competitive considerations and

systems implementation for asset lifecycle manage-

forces acting on the asset management strategy, plans,

ment are diverse. These issues have technical, human,

and processes from the broader business environment.

and organisational dimensions and significant conse-

There needs to be closer interaction between CIO

quences for business development. Information sys-

(Chief Information Officer), CTO (Chief Technology

tems implementation should, therefore, not be treated

Officer), and CEO (Chief Executive Officer) or the

as support activity. It should be pursued proactively

COO (Chief Operating Officer). Only such a nexus

and aim to continuously align strategic business con-

allows for a coherent whole of methods and models

siderations with technology. Information systems im-

could be used in the design and realisation of an en-

plementation needs to be all encompassing and must

terprise’s organisational structure, business processes,

consider organisational, technical, and human dimen-

information systems, and infrastructure that is both

sion so as to realise soft as well as hard benefits for

internally and externally responsive to change and

the organisation. When information systems will be

competitive forces (Lankhorst 2005).

physically adopted, and socially and organisationally
composed, there will be consensus on what the tech-

3.5 Lack of Risk Mitigation for IT infrastructure

nology is supposed to accomplish and how it is to be

Asset managing organisations rarely evaluate or

utilized. These systems could, thus, be viewed as a

audit their IT infrastructure and the processes enabled

feedback embedded arrangement that builds on the

by them on a formal basis. Although, almost all of

organisational evolution and changes brought about

these organisations conform to a follow a risk man-

by technology implementation, the way technology is

agement strategy, standard, or plan, yet the scope of

institutionalised in an organisation, and recognizes
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technology adoption as an enabler as well as transla-

heavily predisposed towards a technology push rather

tor of the asset management strategic considerations.

than technology pull strategy.

Such an implementation would be best suited to meet

Institutionalisation of IT is strongly underpinned

the information demands of asset lifecycle and in-

in the political, economic, and cultural context of the

crease responsiveness of the organisation in terms of

organisations, which bring together individuals and

improvements in asset management processes and

groups with particular interests and interpretations

overall competitiveness of the asset managing orga-

and help them in creating and sustaining information

nisation.

systems as socio-technical systems. Institutional isomorphism is a process in which organizations aim to

4. Discussion

excel in their practice of social rules, ideals, and prac-

IT implementation for asset management has narrow

tices by aligning themselves with the environmental

focus and scope, which emphasises technical aspects

conditions. These institutional pressures push organi-

and does not give due attention to organisational, so-

zations to adopt shared notions and routines. Thus,

cial, and human dimension of technology implemen-

the interpretation of intention to adopt technology and

tation. This approach to technology implementation at

the prevailing context of the organization is affected

best serves as process automation and does not con-

by its perception of these pressures. Coercive, norma-

tribute to the cultural, organisational, and technical

tive, and mimetic are three isomorphic mechanisms

maturity of the organisation. Technology is a passive

which influence organizations in gaining operational

entity and its use is shaped by the interaction of

efficiency,

technology with organisational and human factors.

(Greenwood 2008). Regulative, cultural-cognitive,

Implementation exercises that do not account for the

and normative are three institutional views represent-

cause and effect relationship that shapes technology

ing theses isomorphic pressures which are not mutu-

are unable to institutionalise technology in the or-

ally exclusive and are interdependent (figure 2). It is

ganisation. There is an evident lack of commitment

important for the asset managing organisations to

from top management to institutionalise technology.

strike a balance between these mechanism, in order to

As a result, IT implementation in general and infor-

be able to create the shared understanding of the use

mation systems implementation in particular has been

and value of IT and to align it with the social, cultural,

disorganized and is not driven by the strategic business

and organisational institutions that constitute the

considerations. Most of these technologies have been

context of asset lifecycle management.

similarity

with

peers,

and

success

implemented due to the pressure from regulatory

The coercive isomorphism occurs by organiza-

agencies. Thus, these technologies have been pushed

tional desire to conform to laws, rules, and sanctions

into the IT infrastructure of the organisation, without

established by institutional actors or sources. The

considering the fit between business processes and

existing backdrop of IT in asset managing organiza-

technology. This lack of cultural, organisational, and

tions represents a fragmented approach aimed at ena-

technical alignment; and user or technology stake-

bling individual processes in functional silos. These

holders’ involvement in technology adoption hampers

organisations are aiming to mature technologically

development of a collaborative, creative, and quality

along the continuum of standalone technologies to

conscious organisational culture; and impedes or-

integrated systems, and in so doing are aiming to

ganisation wide coordination and horizontal integra-

achieve the maturity of processes enabled by these

tion. Information systems implementation, thus, is
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technologies and the skills associated with their op-

information requirements, contextual strengths and

eration.

weaknesses, and other factors such as maturity of

It has to be acknowledged that most of the asset

existing technical infrastructure (Haider 2007), they

management specific technology initiatives have been

spent a lot of resources in fire fighting rather than

in response to the legislative pressure from the gov-

utilizing technology for their optimum advantage. In

ernment. Thus asset managing organisations are un-

actual affect, in most cases there were two set of

der significant pressure for compliance. However,

technologies working in parallel in the organization,

there is no technology that uniformly covers every

where one was forced upon the organization by ex-

aspect of asset management; therefore, the coercive

ternal pressure, and the other set of technologies that

pressure to adopt particular technology creates

the users felt comfortable with. A good example is

asymmetry of power within the organization, where

utilization of SAP and the same time scores of ad-hoc

some functions are well automated and some are not.

spreadsheets developed in Microsoft Excel (Haider

On the other hand, generally asset managing organi-

2009).

zations adopt technology without accounting for their

Figure 2 - Institutional Isomorphism Mechanisms
Source (Scott 2008)
The normative mechanism concerns the moral

the way technology is used at each stage of asset

and pragmatic aspect of legitimacy by assessing

lifecycle explains the normative influences. For ex-

whether the organization plays its role correctly and

ample, maintenance has traditionally been the focus

in a desirable way. It can refer to the positive pursuit

of asset lifecycle management. It is not surprising that

of valued ends, as well as negative deviations from

in asset managing organizations maintenance func-

goals and standards (Scott 2008).

tion is the most technology intensive. However, the

The disparity in
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normative pressure created by the maintenance func-

tional and social change associated with technology

tion for technology enablement has not transcended

adoption. IT for asset management calls for consider-

to other function, due to the fact that the case organi-

ation of organisational, technical, structural, and

zation is a hierarchical and operates in functional si-

people dimensions of IT to create the ‘shared under-

los. There is little interaction between different func-

standing’ and ‘meaning’ of the use and value of IT.

tions of asset lifecycle; consequently, themes relating
to success and effectiveness of technology seldom
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2010). ERP systems represent a complex technologi-

is a highly complex information system. Contempo-

cal innovation for organizations that are evolving due

rary information systems research on ERP technology

to the changes in technological developments and

focuses on factors influencing success of its organiza-

market demands (Kouki et al. 2006; Hesterman et al.

tional adoption. However, adoption is largely dis-

2009; Seddon et al. 2010). Since 1990s, business or-

cussed in terms of technology implementation rather

ganizations around the globe have been implementing

than its assimilation within the organization. ERP

ERP systems to function in an organized fashion with

implementation, however, is not a one off endorse-

smooth, continuous and coherent information flows in

ment of technology; instead its implementation is a

the entire value chain. A fully assimilated ERP tech-

continuous process of technology assimilation aimed

nology would bring many tangible and intangible

at organisational evolution with and within the tech-

implications for all functional, managerial, strategic

nical, organisational, and cultural context of the or-

and organizational areas of the organization. However,

ganisation. This process of institutionalisation main-

previous empirical studies report high percentage of

tains legitimacy, power, and social and economic fit-

failure in achieving predetermined corporate goals and

ness of the organisation on an on-going basis. This

desired benefits in ERP projects (Umble et al. 2003;

paper investigates ERP implementation challenges

Xue et al. 2004; Loh and Koh 2004; Kouki et al. 2006;

through various stages of ERP assimilation process

Chang et al. 2008; Kwahk and Ahn 2009, Maguire et

considering

al. 2010).

change,

institutional

and

other

pressures,
technology

institutional
implementa-

There are many causes of ERP assimilation fail-

tion/assimilation theories. It draws out a framework to

ure owe a lot to the interactions among people, tasks,

guide ERP institutionalisation research in large or-

environment and technology (Kwahk and Ahn 2009;

ganisations in Australia.

Maguire et al. 2010). Once the ERP technology has

Keywords: ERP technology implementation, ERP

been introduced into the organization, it must be ex-

assimilation process, ERP institutionalisation, Institu-

amined how people, ERP system and organization

tional theory.

adapt to the broader operating environment of the
business. There is significant theoretical support

1. Introduction

available at this stage in the form of diffusion of in-

Enterprise resource planning (ERP) systems are inte-

novation (Rogers 2003), technology acceptance mod-

grated large-scale application-software packages used

el (Davis 1989), task-technology fit (Goodhue and

to support processes, information flows, reporting, and

Thompson 1995), technology-organization- environ-

business analytics within organizations (Seddon et al.

ment framework (Tornatzky and Fleisher 1990), and
social shaping of technology (Law 2004; Latour
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2005). However, the issue of continues evolution of
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ERP systems in sync with the organization remains.

its various stages. ERP implementation is a social

In fact, ERP implementation in business organiza-

process; therefore, the second subsection explains the

tions cannot be viewed as uni-dimensional objective

social shaping of ERP technology. The third subsec-

process. It is an ongoing process that evolves with the

tion provides an overview of theories relevant to ERP

organization, and thus contributes to organizational

implementation and assimilation.

maturity and legitimacy. Therefore, for better understanding of organization and their evolution, it is ne-

2.1 Assimilation of Complex Technologies like ERP

cessary to take into account the institutional envi-

Traditionally, ERP systems were used mainly to

ronment, internal system and structure, and the legal

handle organization’s back-end processes and busi-

and cultural rules and obligations that the organiza-

ness transactions. However, todays, organizations

tion are conformed to (Powell and DiMaggio 1992;

integrate both back-end and front-end (such as CRM,

Scott 2001; Delmestri 2007; Greenwood 2008). The

SCM) applications together to achieve more effi-

purpose of this research is, thus, to study how ERP

ciency in functional and non-functional capabilities of

technology is implemented/ assimilated/ institutiona-

the organization (Seddon et al. 2010). This makes

lised/ and deinstitutionalised within organizations. It

ERP as a complex technology, which encounters

presents an ERP institutionalisation framework that

more assimilation challenges. Meyer and Goes (1988)

provides an integrated view of how ERP technology

conceptualize assimilation of technological innova-

is implemented, assimilated, evolved, institutiona-

tions as a nine-step organizational decision process

lised, deinstitutionalised, and re-institutionalised. The

i.e., knowledge-awareness stage (apprehension, con-

suggested framework emphasizes the character,

sideration, and discussion), evaluation-choice stage

shaping, and use of ERP technology through contin-

(acquisition proposal, technical-fiscal evaluation, and

ues interfacing with organizational, social, cultural,

political-

environmental, competitive, political, and other insti-

tion-implementation stage (trial, acceptance, and ex-

tutional factors.

pansion). Cooper and Zmud (1990) define assimila-

strategic

evaluation),

and

adop-

The rest of the paper is organized as follows.

tion as the diffusion of technology usage across orga-

The second section reviews literature on ERP imple-

nizational business processes and routinization of

mentation/assimilation, followed a discussion of the

activities within these processes. Initiation, adoption,

process of institutionalisation/ deinstitutionalisation

adaptation, acceptance, routinization and infusion

of ERP technology and various dimensions of its

constitute the six stages of their proposed IT imple-

success. ERP institutionalisation framework and re-

mentation model. Later, Gallivan (2001) divide these

search questions are then discussed, followed by the

six stages into two categories, initiation and adoption

proposed research methodology. The last section dis-

as the early stages of assimilation and the rest as the

cusses contributions of this research and its future

later stages. It is clear that various authors have ex-

road map.

plained the same process in different ways. However,
this research concurs with Zhu et al. (2006a) whom

2. ERP Implementation/ Assimilation- A
Brief History and Overview

suggest initiation, adoption, and routinization as the

This section is structured into three subsections. The

These three steps embody the pre-implementation,

first subsection reviews ERP assimilation process and

implementation, and post-implementation phases of

core elements of technology assimilation process.
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ERP assimilation, and thus, provide a more compre-

information technology utilization behaviour which

hensive foundation for ERP assimilation.

provide theoretical basis for exploring the factors
affecting technology utilization and its link with user

2.2 The Concept of Social Shaping of ERP Tech-

performance. Although these two models have over-

nology

lapping perspectives on utilization behaviour, they

ERP systems are embedded in the complex so-

offer two various views on technology implementa-

cial contexts, which heavily influence ERP assimila-

tion (Pagani 2006).TTF (Premkumar et al. 2005; Zi-

tion. The use of ERP systems is shaped, designed,

gurs and Khazanchi 2008) explains how technology

constructed, and modified by the interests, values,

leads to performance, if the capabilities of the tech-

and assumptions of a wide variety of communities of

nology match the tasks performed by user. Some re-

developers, investors, users, and other actors involved

searchers conceptualize this fitness as functional fit in

in it (Xue et al. 2004). The theory of social shaping of

ERP projects that is the extent to which the functional

technology explores the effects of social, organiza-

capabilities embedded and configured within an ERP

tional, and cultural factors on the content of technol-

system matches the functionality that an organization

ogy and the processes involved in the introduction of

needs in order to operate in an effective and efficient

technology to an organization. The technological and

way (Seddon et al. 2010). On the other hand, TAM,

social contexts of ERP implementation, thus, cannot

theory of reasoned action, and Unified Theory of Ac-

be treated as separate phenomena; rather the defini-

ceptance and Use of Technology (UTAUT), all study

tion of ERP technology must become embedded

behavioural elements affecting individual's intention

within the social arrangements (Kwahk and Ahn

to use a system, and actual system use (Venkatesh et

2009).

al. 2003; Legris et al. 2003; Wixom and Todd 2005).
User attitude towards the ERP technology (beliefs,

2.3 ERP Implementation/ Assimilation Chal-

habits, affect), along with social norms, and other

lenges: Theoretical Support

situational factors lead to increased utilization and

There is significant theoretical support for fac-

performance of system usage (Cohen 2010).

Exter-

tors influencing ERP assimilation success/ failure.

nal variables like system quality, information quality,

Diffusion of innovation (Rogers 2003) is a process in

service quality, and organizational factors affect user

which an innovation is communicated through certain

satisfaction with technology, and consequently influ-

channels over time and within a particular social sys-

ence beliefs about the consequences of using it

tem. The proportion of the population adopting ERP

(Wixom and Todd 2005).

technology is approximately distributed normally

The technology-organization-environment (TOE)

over time as individuals possess various degrees of

framework explores how assimilation process is in-

willingness to adopt technologies. Rogers (2003) ar-

fluenced by the technological, organizational, and

gues that people judge a technological innovation

environmental context and explains the determinants

based on their perceptions of five attributes, i.e., rela-

of ERP assimilation (Zhu et al. 2006b; Abu-Khadra

tive advantage, complexity, compatibility, trialability,

and Ziadat 2011). The technological context consists

and observability.

of both internal/external attributes of technology such

Task–technology fit theory (TTF) and technolo-

as ERP attributes and IT expertise. The organizational

gy acceptance model (TAM) are two main models of

context embodies characteristics and resources of the
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organization, like top management championship,

rules, ideals, and practices by fitting themselves with

absorptive capacity, strategic alignment, user in-

the environmental conditions. This process is an es-

volvement, and reward system. The environmental

sential part of institutional theory and neoinstitutional

context is the arena in which the firm conducts its

perspective (Powel and DiMaggio 1992; Greenwood

business and concerns the size and structure of the

2008). Coercive (constraining), normative (learning),

industry, such as vendor support, consultant effec-

and mimetic (cloning) are three isomorphic mechan-

tiveness, the macroeconomic context, the firm’s

isms which influence organizations in gaining in-

competitors, and the regulatory environment. In

creasing similarity in structure. The coercive isomor-

summary, the way an organization sees the need for,

phism occurs by organizational desire to conform to

searches for, and adopts ERP technology is influ-

laws, rules, and sanctions established by institutional

enced by these three elements (Pan and Jang 2008).

actors or sources. This similarity results in gaining
legitimacy and external validation that improves the

3. Organizational Institutional Theory

organization's access to resources. The normative

The use of ERP systems become a critical asset for

mechanism mostly concerns the moral and pragmatic

organizations that give them the power to adapt to the

aspect of legitimacy by assessing whether the organ-

environmental changes (Kouki et al. 2006). Here, the

ization plays its role correctly and in a desirable way.

institutional theory will be used for better under-

Compliance with norms with respect to environmen-

standing the ERP assimilation process. Institutional

tal concerns can lead to profitability, e.g., reducing

theory is one of the prevailing theories utilized in

organizational cost by conforming to an environmen-

organizational analysis. It mostly focused on the en-

tal norm such as reduction in wastage of efforts, time,

vironmental factors, and offers explanation for social

and resources. Finally, the mimetic isomorphism is a

actions, social structure, and cultural persistence

cause of organizational tendency to look similar to

through a process by which social schemas, rules,

other peers in order to get a positive evaluation from

norms, routines, and typifications (cultural beliefs and

the organizational environment. This mechanism re-

scripts) become established as authoritative guidelines

sults in reducing uncertainty, improving predictability,

for organizational behaviour (Powel and DiMaggio

and benchmarking other organizations who are per-

1992; Greenwood 2008; Abrutyn and Turner 2011).

forming at or near optimum level. Noncompliance

Institutions are social structures composed of cultur-

with each of these mechanisms comes with a risk of

al-cognitive, normative, and regulative elements that,

costly penalties, or in the worst case with the death of

together with resources and associated activities, bring

organization (Scott 2001; Teo et al. 2003; Bjorck

stability, legitimacy, and meaning to social life (Scott

2004; Baptista 2009).

2001). The organizational legitimacy, thus, achieved
through social acceptability, credibility, and cultural

3.2 Institutional Change and Technology Deins-

support, derives the institution (Delmestri 2007;

titutionalisation

Weerakkody et al. 2009).

Existing research has mostly studied the process
of institutionalisation, and little attention has been

3.1 Institutional Isomorphic Pressures

given to effects of institutional change and deinstitu-

Institutional isomorphism is a process in which

tionalisation. Deinstitutionalisation has only recently

organizations try to excel in their practice of social

begun to attract attention as it is increasingly recog-
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nised to be equally central to institutional process

3.3 Dimensions of ERP Assimilation/ Institutio-

(Greenwood et al. 2002; Clegg and Bailey 2008).

nalisation Success

When institutional isomorphic pressures [explained in

In this section, an overview of ERP institutionalisation

3.1] increase, the institutionalisation process emerges.

success factors through various stages of ERP assi-

On the other hand, when they decrease, deinstitutio-

milation process is discussed. According to the Zhu et

nalisation process starts. Deinstitutionalisation is,

al. (2006a), the pre-implementation stage of ERP as-

therefore, a result of institutional change, erosion of

similation constitutes initiation and adoption of ERP

existing institutions and creation of new ones (Seal

technology,

2003). Deinstitutionalisation also facilitates unlearn-

post-implementation is defined through routinization

ing in the organization to learn new facts, realities,

stage.

and

the

implementation

and

and concepts. Through the deinstitutionalisation, in-

Several recent studies address the issue of criti-

stitutions weaken and disappear because of new be-

cal success factors (CSFs) influencing ERP adoption.

liefs and practices (Scott 2001).

The process of in-

These studies have reported different subsets of CSFs

stitutional change is usually evolutionary and path

rather than a comprehensive set of similar factors

dependent which is shaped by existing institutions

because cultures, government regulations, and eco-

(Siti-Nabiha and Scapens 2005).

nomic environments differ among various organiza-

Oliver (1992) introduces three main sources of pressure

tions (Sheu et al. 2004). Appropriate business and IT

that can lead to the erosion of legitimacy or the
taken-for-grantedness which characterizes institutions.

legacy systems, change management culture and program, communication patterns, data management
method and protocols, ERP strategy and implementa-

These major antecedents are political, functional, and

tion methodology, ERP teamwork and composition,

social pressures. These institutional pressures will not

ERP vendor, monitoring and evaluation performance,

automatically lead to a breakdown in institutional norms.

organizational

They should be interpreted, given meaning, and re-

project management, top management support, fit

sponded to by actors within organizations (Scott 2001;

between ERP and business processes, national culture,

Dacin et al. 2002).

and country-related functional requirements are some

In the research done by Siti-Nabiha and Scapens
(2005), it is shown that deinstitutionalisation is not
just an organizational response to external (institutional) pressures and demands; rather it can occur
through the working out of resistance to embrace
change. The effect of resistance to change is also studied in many ERP implementation studies as the failure dimension of ERP post-implementation (Lapointe
and Rivard 2005; Kwahk and Ahn 2009). The evolutionary process of change constitutes both stability
and change simultaneously that states they are not
necessarily contradictory or opposing forces (Siti-Nabiha and Scapens 2005).

characteristics,

project

champion,

important CSFs in the adoption and implementation
of ERP system (Nah et al. 2003; Ngai et al. 2008).
The organizational environment (such as economic reform and price), culture (such as partnership,
BPR, human resource, reporting system, and language), and technical issues (such as system quality
and information quality) are some other key factors
for ERP implementation success (Motwani et al.
2002; Zhang et al. 2003; Xue et al. 2004; Boersma
and Kingma 2005). Furthermore, the norms, values,
and culture of the developers of ERP systems interact
with the local norms, values, and cultures of the location where they are implemented and used which
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system (Lapointe and Rivard 2005; Kwahk and Ahn

bring about some technical issues.
Most of the prior studies on ERP adoption/ im-

2009; Seddon et al. 2010). Lack of commitment, ac-

plementation are focused on organizational level cri-

ceptance and readiness of the users to deploy the sys-

teria. However, it is difficult to adopt ERP systems

tem, lack of appropriate training, limited knowledge

successfully without users or employees’ participa-

of users about system’s advantage and different func-

tion (Chang et al. 2008; Kwahk and Ahn 2009). Out-

tionalities of it, lack of support documentation, soft-

side consultants and detailed plans for training users

ware and data inconsistency, unreliable hardware,

are, thus, important variables for successful ERP im-

lack of documentation about system configuration to

plementation (Mabert et al. 2003). In line with these

support evolving business needs are some challenges

studies, Legare (2002) categorises factors influencing

of post-implementation phase of ERP assimilation

the success of ERP implementation in three groups

(Kumar et al. 2003; Peng and Nunes 2009).

consisting organizational characteristics (strategy,
characteristics (knowledge, cognitive abilities, and

4. ERP Institutionalisation Framework and
Research Questions

motivation), and group characteristics (goals, roles,

The main question of this research is ‘How ERP

norms, diversity, and problem solving).

technology should be assimilated, legitimized, main-

resources, rewards, culture, and structure), individual

Overcoming organizational inertia (OOI) has

tained, improved, and retired within organizations?’ In

positive effect on routinization stage. It defines as the

the rest of this section, the research framework (Figure

degree to which the individuals of the organization

1) and its fundamental elements are elaborated, and

are interested and motivated to learn, use, and accept

the sub-questions arise from each layer are also dis-

the new system which will overcome resistance to the

cussed.

Figure 1 ERP Institutionalisation framework
The most inner layer of this framework is ERP

adoption, and routinization) proposed by Zhu et al.

assimilation process. As explained in section 2.1, the

(2006a) is used here. In the initiation stage of this

three-stage innovation assimilation process (initiation,

process, the ERP technological needs and problems
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are identified and prioritized. The organizational in-

[section 2.2] (Kwahk and Ahn 2009). ERP assimila-

clination to change evolves through various pressures:

tion is not an isolated process; rather it is embedded

organizational need (pull), technological pressures

in the social and organizational context, and is de-

(push) or a mixture of them. Then the organization’s

pendent on the perceptions of the ERP stockholders

environment is searched for the suitable ERP solution

of the organization. Hence, the success and failure of

that addresses the problem. At this stage, the focus of

ERP assimilation process is interpreted and evaluated

introducing ERP technology to organization is on

by objectives, goals and intentions of those social

improving organizational performance (Rogers 2003;

groups who socially construct it through the ERP as-

Zhu et al. 2006a). The second stage of assimilation

similation process (Chang et al. 2008) .Therefore,

process is adoption wherein the decision to use the

CSFs as key areas where ‘things must go right’ for

ERP technology is made (Rogers 2003), and the re-

the ERP implementation to be successful should not

sources required for general deployment of this tech-

only considers technical aspects but also contextual

nology are allocated based on the level and scope of

issues including social and cultural impact on the in-

adoption decision. This facilitates the widespread

teraction between people and the ERP technology

usage of ERP systems. After ERP implemented, it

(Xue et al. 2004). At this stage, the interactions be-

required to be accepted, adapted, and routinized

tween technical, organizational, social, cultural, and

within the organization (Cooper and Zmud 1990).

competitive aspects become institutionalised within

Fichman and Kemerer (1999) introduce a new con-

the organization environment provide for the success

cept, i.e., ‘assimilation gap’ as the lag between wide-

factors of ERP assimilation process. Here the ques-

spread usage of ERP technology and the adoption

tion arise is ‘what are CSFs in various stages of ERP

decision. This lag occurs because of the insufficient

assimilation process?’

knowledge of the organization and its members to

ERP institutionalisation/ deinstitutionalisation/

leverage the system. As a result, the implemented

reinstitutionalisation is the third layer of suggested

ERP systems not aligned with the user’s environment,

research framework. When ERP is institutionalised, it

so it fails to be deployed completely throughout the

is taken for granted by actors of social system and

organization. As a way to bridge up this gap, routini-

they even may not recognize that their behaviour is

zation emerges as the last stage of this process by

controlled by an institution. At this stage, acting in

which ERP technology is widely used as the integral

compliance with the institution is viewed as logical

part of the organization (Zhu et al. 2006a). The fun-

by those who share the institution (Baptista 2009;

damental question at this stage is ‘How ERP systems

Maheshwari et al. 2010). Coercive, normative, and

are assimilated within organizations?’

mimetic mechanisms [described in section 3.1] make

The second layer of the suggested framework is

ERP systems to be legally sanctioned, morally go-

ERP assimilation success factors. At this stage, or-

verned, and culturally supported (Scott 2001). These

ganization needs to ascertain how ERP is shaped with

mechanisms need to work in concert with each other

the social, organizational, and technical contexts of

in order to bring higher degrees of isomorphism.

the organization. Technological and social contexts of

Moreover, when these institutional isomorphic pres-

ERP assimilation cannot be treated as separate phe-

sures

nomena; rather the definition of ERP technology must

emerges, reversely when they decrease, deinstitutio-

become embedded within the social arrangements

nalisation process originates.

increase,

the

institutionalisation

process
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Deinstitutionalisation [described in section 3.2]

our selection of a case research method. It triangu-

is a departure from institutionalisation as a result of

lates

data

from

various

sources,

such

as

institutional change, erosion of existing institutions

semi-structured interviews, personal observations,

and creation of new ones (Seal 2003; Siti-Nabiha and

surveys, and organizational documents. Hesse-Biber

Scapens 2005). There is yet another state, i.e., reins-

(2010) suggests a number of other advantages of us-

titutionalisation, which refers to departing from one

ing this methodology after having analysed several

institutionalisation and arriving into another institu-

case studies. These include increasing the representa-

tional form and practices which are organized around

tivity and generalizability of research, locating a tar-

different principle and rules (Currie 2011). Hence,

get population or defining a population of interest to

considering institutional pressures provides new in-

study in depth, enhancing the validity and reliability

sights into how the behaviours of individuals within

of research findings, addressing inconsistent results,

an organization are influenced by organizational

testing the validity of qualitative results, enhancing

norms, values, regulations, and culture. On the con-

the understanding of the research problem and re-

trary, how they may result in deinstitutionalization

search findings, providing convergence in findings,

and reinstitutionalisation of organizational forms and

and promoting social transformation.

practices. The sub-question at this stage is, therefore,

The data collected will be analysed using data

‘How ERP technology becomes institutionalised/

analysis software, i.e., NVivo. This software is useful

deinstitutionalised / and reinstitutionalised in the or-

in organizing data according to different themes

ganisation?’

emerging from the data collected, which allows test-

In response to institutional pressures, the need

ing theories or in directing the study to generate new

for ERP technology will be created/ or recreated,

theories. Furthermore, it could be used to form rela-

which affects various stages of ERP assimilation and

tionships between different themes to bring about

its success (Maheshwari et al. 2010). Finally, consi-

cause and effect analysis, tree maps, and cluster

dering all these influencing factors and their effects,

analysis, which would help with the within-case

an organization could facilitates its readiness over

analysis as well as cross-case analysis.

various stages of ERP assimilation, i.e., when an ERP
nant, and then erodes or deinstitutionalise from or-

6. Discussion,
Work

ganization.

In this day and age, organizations tend to master an

technology introduces, starts to use, becomes domi-

Conclusions,

and

Future

institutionalised practice for ERP implementation and

5. Research Methodology

assimilation. Adoption is just one part of assimilation

This research follows a qualitative interpretive ap-

process which cannot make sure that ERP can be

proach with an exploratory case study method. Case

full-scale deployed in an organization, thus, there is a

study research is an appropriate strategy for answer-

strong need to develop sufficient understanding of

ing to ‘how’ and ‘why’ questions which investigates a

how and why some organizations achieve more busi-

contemporary phenomenon within its real-life context

ness

especially when the boundaries between these two

post-implementation phase/routinization stage of ERP

concepts are not clearly evident (Yin 2011). The cha-

assimilation/institutionalisation. Furthermore, busi-

racteristics of ERP implementation, thus, legitimize

ness organisations are shaped by the interactions of

profits

than

others

through

the
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the environment that they operate in, rules and norms

gate organizations with different years of experience

imposed on them, behaviours of their internal sys-

in ERP implementation such as less than 2 years, be-

tems, and cognitive patterns of their stockholders. An

tween 2-5 years, and more than 5 years. In this way,

organization as an institution, thus, evolves through

more granular understanding and assessment of ERP

the mutual interactions of various organizational

assimilation according to characteristics of ERP

sub-institutions. Technologies in general and ERP

project would be discovered.

systems in particular work as the binding factor that

To conclude, as suggestions for future work, the

shape organizations and gives them their existing

emerging IS research discuss different ERP adopting

form and legitimacy by integrating together these

patterns between large-scale organizations and SMEs

sub-institutions. The form and legitimacy define how

(Yusuf et al. 2006; Kwahk and Ahn 2009). The au-

organisations evolve their structures, culture, and

thors, thus, believe there is valuable research streams

systems.

to find the effect of organizational size on ERP im-

This research enriches insight into ERP imple-

plementation/ assimilation. Moreover, it would also

mentation by considering institutional theory and ex-

be interesting to explore the deinstitutionalisation and

ternal forces which would encourage (or hinder) ERP

reinstitutionalisation of ERP technology in organiza-

assimilation. The suggested ERP institutionalisation

tions.

framework offers a pragmatic and comprehensive
view on organizational evolution through institutio-
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Effective IT Governance Implementation with Vital Determinants
Sureerat Saetang and Abrar Haider
School of Computer and Information Science, University of South Australia
Abstract:  According to company oversight in con-

ing operations (OECD 2004). Corporate governance is

temporary business, IT performs as the foundation of

a group of processes, practices, policies, regulations

business operations in most organizations with

and associations, along with relationships among

worldwide promotion in IT governance implementa-

various stakeholders and organizational objectives,

tion. Based on the universal research papers, there are

which influences to the pathway of organizational

various IT governance frameworks with different

management (Kooper et al. 2011). According to the

outcomes of IT governance implementation. Most

importance of information technology (IT) in organi-

results are reported only success and failure which

zations, it is gradually rising with high demand to

haven’t yet cleared. With regard to insufficient in-

follow accredited compliance initiatives, deploy IT

formation, it is complicated to identify. This research

infrastructures and IT activities in organizations as the

aims to benefit the proposed research framework by

basis of local and international business processes to

presenting the constituent elements in IT governance

support business productively and rapidly (Weil et al.

implementation which reflects a structural, top-down

2004). IT governance is a subclass discipline of cor-

understanding between organization, people, and IT in

porate governance which is concentrated on IT sys-

gaining better internal relationships within organiza-

tems, operations, and risk management (Kooper et al.

tion. The Duality of Technology (Orlikowski et al.

2011). In modern enterprise environment, it is highly

1991) and the Adaptive Structuration Theory (De-

beneficial in implementing effective IT governance

Sanctis et al. 1994) are selected to develop the pro-

with significant administrative performance (Berghel

posed research framework to deliver a proposed re-

2005; Pennington et al. 2007). Thus, IT governance is

search framework for investigating effective IT go-

highly dynamic solution to strengthen organization

vernance implementation.

and empower responsible people to operate their per-

Keywords: IT Governance, Duality of Technology,

formance management effectively.

Adaptive Structuration Theory, Performance Evaluation, Organizational Maturity.

Even more, IT and business always concern that
IT governance is a technique in aligning business and
IT with high investment costs as it is a complex solu-

1. Introduction

tion to understand and control (Chan 2002); it is a

Governance is a recognized business term which

solution which is risky (Ciborra 1997); and ambi-

maintains the benefits of stakeholders, as well as,

guous due to changing technology (Maes 2007). Un-

reviews the performance management, operational

fortunately, there is no prompt solution to follow and

activities, and role of board of directors and executive

it is not easy to implement IT governance effectively.

management (Fama et al. 1983). Governance contains

Currently, there are various frameworks (Cobit, ITIL,

accomplished organizational objectives and examin-

and ISO/IEC 17799) and different explanations of IT
governance without fully investigation (ITGovernan-
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ther, many organizations are still on-the-run and

model (Orlikowski et al. 1991; Orlikowski 1992; Or-

struggling in IT governance implementation success-

likowski 2000) and the Adaptive Structuration Theory

fully (De Haes et al. ; Ernst&YoungLLP 2006;

(AST) model (DeSanctis et al. 1994). The compre-

Iskandar et al. 2010). However, the methods and

hensive range of relative factors and prospective in-

processes of IT governance frameworks in achieving

fluences of effective IT governance implementation

IT-business alignment are tentative and subject to

will be emerged from the integration of these two

change. Referring to IT infrastructure implementation

models.

(hardware and software), most organizations always

This is a research-in-progress paper which is in-

encounter dissimilar problems during implementation

itially created to prepare a plan in implementing IT

which require solving these problems step by step

governance by starting from: theoretical background,

(Shaw 2002). User, environment, organization, task,

proposed research framework with discussion, and

and technology are the main factors which affect IT

ending with the conclusion and future research.

implementation in IT governance and influence the
achievement of IT-business alignment (Kwon et al.

2. Theoretical Background

1987b). Due to the problematic nature of these factors,

Based on the Structuration Theory of Giddens (Gid-

they mainly occur as the results of unclear and indis-

dens 1979; Giddens 1984), it has been altered to two

tinguishable relationships which are assigned among

models, which are the Duality of Technology model

them. Human cognitive abilities (Griffith et al. 1996)

(Brooks 1997; Brooks et al. 2008; Orlikowski 1992)

requires in supporting in the use of IT which are con-

and the Adaptive Structuration Theory (AST) model

cerned as top requirement in IT (Benamati 1997).

(DeSanctis et al. 1994). Both of them focus on rela-

Therefore, these problems are the significant issues in

tionship quality. The Duality of Technology model

information systems (IS) research. On top of that, the

mainly concerns social structures and interaction

publications in IT governance with the investigation

processes (Pozzebon 2004). On the other hand, the

in ITIL implementation are very limited (Barlow et al.

AST model emphasizes the relationship between IT

2011; Hu et al. 2007; Schlichter et al. 2009; Williams

integration with positive organizational performance

et al. 2010). Most papers always identify different

results (Wu et al. 2006). Moreover, the relationship

factors in IT governance implementation. However, it

between IT and organizational results can be realized

is crucial to study the relationships between these

through the structuration perspective (Orlikowski

factors and organizational maturity (Fairchild 2008;

2000), and the IT structuration model (Orlikowski

Olyaee 2009; Yuwono et al. 2009) or performance

1992).

evaluation (Borousan et al. 2011; EDUCAUSE 2008)
as they are significant aspects in a holistic view in

2.1 Duality of Technology Model

adopting advanced IT. This research aims to identify

According to more IT deployments with grow-

these restrictions by presenting the research frame-

ing IT approvals, it is vital to organizations, in order

work to examine factors attracting the effective IT

to understand the method to implement IT invest-

governance implementation. The research framework

ments effectively and utilize IT proficiently. The

is proposed by integrating the critical success factors

Duality of Technology model is the prominent

in IT governance implementation and recognized

framework, which has been used to scrutinize the

theoretical frameworks of the Duality of Technology

relationship between IT and organization. Based on
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the assumption of the Duality of Technology model, it

2.2 Adaptive Structuration Theory (AST) Model

is concerned as social interaction (Pozzebon 2004;

The AST model was adapted and was extended

Whittington 1992), with IT integration (Orlikowski et

(DeSanctis et al. 1994) from the Structuration Theory

al. 1991; Orlikowski 1992; Orlikowski 2000) by ex-

(Giddens 1979) by elaborating more details and con-

amining the interactions between organization, tech-

centrating on influences of technology and people

nology, and people, along with, understanding the

(social structures) with their performances, as well as,

performance of each entity. Moreover, structural sig-

scrutinizing the relationships between structures

nificance, structural legitimation, and structural do-

within organization (DeSanctis et al. 1994; Lewis et

mination are the three distinguished areas that organ-

al. 2003). Moreover, individuals can collect informa-

izations affect individuals by deploying, assimilating,

tion, perceive, and recognize their particular perfor-

and accepting technology into work processes, busi-

mances and others (DeSanctis et al. 1994; Lee et al.

ness activities, and strategies (Orlikowski 1992; Or-

2012). By doing so, technology can adapt different

likowski et al. 1995; Scott 1995). So, these integra-

performances and numerous activities through orga-

tions are considered as structuring actions. They al-

nizational structures (DeSanctis et al. 1994), and

low top management or organizational human re-

communication through internal interactions (De-

sources management influence, lead, encourage, or

Sanctis et al. 1994; Güney et al. 2012; Poole et al.

even modify particular structuring actions. Then, they

1990; Poole et al. 1992; Poole et al. 1991; Taylor et al.

lead to emerge meta-structuring actions by streng-

2007). This means people are more comfortable to

thening or altering the current institutional structures

integration with technology as it helps or facilitates

with more encouraging to technology integration

organizational capabilities by employing expertise

(Hossain et al. 2011).

and intelligence of people. According to organiza-

After such events, there are four influences in

tional change, the AST model is the key concept

the interaction between technology and organization

which allows people in organization use their percep-

which collaborate concurrently and unremittingly: (1)

tions and capabilities to work on advanced IT

IT is concerned as the outcome of people perfor-

(Greenhalgh et al. 2010). Furthermore, the improve-

mances due to they built, maintained, and used it, (2)

ment of assimilated research framework and critical

people performance is supported by IT, (3) social/

success factors are available in the following sections.

organizational contexts of influenced organizations
strengthened or transformed by IT (Joseph 2006; Or-

3. The Improvement of Research Framework

likowski et al. 1991). Indeed, people and IT interac-

Referring to the Duality of Technology model (Orli-

tions affect relationship quality by engaging people

kowski et al. 1991) and the Adaptive Structuration

performances in making more sense to achieve sus-

Theory (DeSanctis et al. 1994), This research aims to

tainable business operations (Orlikowski 2000).

benefit the proposed research framework by present-

However, this theory requires more independent va-

ing the constituent elements in IT governance imple-

riables to intensify and embody by assimilating with

mentation which reflects a structural, top-down un-

the AST model to fulfill with more elements in hu-

derstanding between organization, people, and IT in

man-IT interactions within organization.

gaining better internal relationships within organiza-

require using IT, (4) organizational structures can be

tion. In recent years, both of these models in the
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Structuration Theory have been adopted in IT gover-

research seeks to examine the close-up elements from

nance research by emphasizing on ITIL adoption

influences of human interaction with IT by focusing

(Barlow et al. 2011; Hu et al. 2007; Schlichter et al.

on their relationships. Meanwhile, the AST model also

2009; Williams et al. 2010), and highlighting the in-

proposes social interaction by using IT as the main

telligence of people which helps in communicating

support to interact between various relationships of

and interacting with IT and different factors within

internal operations. These could affect organizational

organization (Dong 2010; Dong 2011; Güney et al.

maturity through performance evaluation as the out-

2012). To capture more factors of IT governance im-

puts of organizational environment which embrace the

plementation in the Duality of Technology model, this

performance of human and IT.

Figure 1.The Research Framework
Figure 1 depicts the proposed research frame-

resource management, and technology compatibility

work by having the Duality of Technology model as

are drawn in technological aspect. Business environ-

the main theme prior to developing the framework.

mental force aspect is the final group which contains

By doing so, it combines with organization, people,

competitive advantage, external regulations and

and technology, along with critical success factors

standards, and expertise from outsourcing vendors or

from the AST model. In terms of the critical success

consultants. Next, the research framework and dis-

factors, it is necessary to ensure that the well-matched

cussion are delivered in the following sub-sections.

connections exist which integrate with potential opportunities between organization, people, and tech-

3.1 Organizational Aspect

nology. Starting from the organizational aspect, top

3.1.1 Top Management Support

management support and strategic alignment are fit-

Top management is considered as one of stra-

ted in this group. Meanwhile, IT infrastructure, IT

tegic foundations for business dynamics. Yet, it con-
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tinues to perform as IT sophistication and IT compe-

governance implementation could emerge in any or-

tence which indicates organizational readiness in

ganization which achieves strategic alignment.

providing technological capabilities and human resources, in particular end-users through IT integration

3.2 Technological Aspect

(Hossain et al. 2011). Moreover, IT knowledge and IT

3.2.1 IT Infrastructure

vision of top management lead to have IT adoption

IT infrastructure is crucial to lead and implement

through IT integration successfully (Armstrong et al.

technology successfully (Lee 2007). The scope of IT

1999). Besides, top management can provide integral

infrastructure is about the business activities in shar-

structures to encourage the use of IT (Kwon et al.

ing and assisting IT working processes within and

1987a). Especially, decisive political resources from

across organizations (Durmusoglu 2009). Basically,

top management helps in overcoming the resistance

IT infrastructure is a primary structure which diffe-

in the use of IT within organization (Howell et al.

rentiates practical performance of organizations and,

1990). In turn, higher productivity is the outcome of

therefore, becomes the main focus of IT management

IT integration from top management support (Rai et

(Broadbent 1999), which supports business require-

al. 2009). At this point, organizations must have ro-

ments (Chanopas 2006). In doing so, it comprises

bust top management support in IT governance im-

with data architecture, communication networks ar-

plementation with higher levels of organizational

chitecture, and assists corporate applications, as well

maturity and good performance evaluation.

as, involves practical and organizational capabilities
to support opportunities and distribute IT resources
inside and across organizations (Bhatt 2000; Chano-

3.1.2 Strategic Alignment
Strategy is a combination of obligations and

pas 2006). On top of that, it is divided into two areas,

procedures which develops capabilities and increases

which are technical areas such as hardware, software,

competitive advantage by linking organizational

networks) and applications and human areas (such as

structure to support its core business and beat com-

knowledge and skills to handle and manage IT re-

petitors (Liao 2005). Moreover, strategic alignment is

sources for organizations) (Chanopas 2006). The

an on-going and long-term project, which focuses on

main point of IT infrastructure is to provide constant

the continuous change and

strategic renewal of the

and rapid assistance for the whole organization to

organization (Chen 2008; Sabherwal et al. 2001),

meet its requirements and also provide flexibility to

which provides some rationales in IT using to optim-

respond incoming business orders in workplaces,

ize business operations (Sawyer 2008), by integrating

processing forms, and applications (Bhatt 2000).

abilities of IT to increase business demands and easi-

Consequently, deploying fully equipped IT infra-

ly examine from processes or acknowledge from re-

structure in IT governance implementation will result

sults (Avison 2004; Reich et al. 2000). This leads IT

an influential organizational maturity and formative

and business managers can view strategic alignment

performance evaluation.

on all dimensions of organization from top to bottom
levels, through appropriate strategies that bring suita-

3.2.2 IT Resource Management

ble technology, together with appropriate processes to

IT resources (technology and applications), hu-

improve business performance. Therefore, the orga-

man resources (IT responsibility, IT management, IT

nizational maturity and performance evaluation in IT

training and knowledge), and business resources
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(strategic planning with IT planning and alignment)

they may not work as well as expected and demon-

are the three main mechanism of a resource based

strated. They are not even efficient enough to work in

view of an organization (Teo 2003). Likewise, there

some environments and in certain conditions. That, in

are five characteristics of IT resources, which are:

turn, could lead to different user’s perspectives and

controlling customer costs; resource accessibility;

decision making affecting the transfer costs, pricing,

technology license and rights; IT practices; and IT

and the development of product functionality. It,

skills management (Teo 2003). IT resources alloca-

therefore, explains why organizations only seek to

tion are well-lubricated factors, which provide

adopt compatible technologies. Hence, the growing

well-supported to enable organization gain competi-

organizational maturity and productive performance

tive advantage and lead projects successful (Liu et al.

evaluation in IT governance implementation could be

2008). Thus, business and IT resources are vital to

resulted in organizations which adopt compatible

organizations to maintain and increase the progres-

technologies.

sion of their organizational strategies. In addition,
skilled and experienced people with higher education

3.3 Business Environmental Force Aspect

are imperative IT resources due to solving problems

3.3.1 Competitive Advantage

and complexities of organizations by employing their

Competitive advantage is considered as an or-

technical skills to complete the missions and move

ganization which has beaten its competitors in the

the business run systematically (Kim 2008). It, there-

competitive industry by strengthening a better rate of

fore, indicates that providing IT resource manage-

economic and holding a healthier business within the

ment in IT governance implementation will perform

business environment (Besanko et al. 1999). Moreo-

impressive organizational maturity and developmen-

ver, strategy is the basis of competitive advantage and

tal performance evaluation.

sustainability of all business activities (Minoja et al.
2010; Porter 1996). According to the growing capi-

3.2.3 Technology Compatibility

tal’s organization, advanced technology, and deeper

Technology can be both a remedy and hindrance

expertise, they turn out the difficulties in managerial

at the same time by supporting people while creating

decisions (Chang et al. 2009; Nejati et al. 2010). It,

troubles as well (Cook et al. 1996; Massimino et al.

therefore, emerges a proactive strategy when the

1994; Webster et al. 2006). According to compatibili-

business

ty, it is the position where the new technology is

(Garcés-Ayerbe et al. 2012; Sharma et al. 1999). Even

properly placed within the current values, former

more, the limit of perspective does not exist only the

practices, and existing requirements of prospective

more shareholders, but the more stakeholder perspec-

adopters (Blackburn 2011; Low et al. 2011; Rogers

tives are also meaningful to their roles and the public

1983). Rightly, compatibility has been studied as an

(Nejati et al. 2009). Then, both key performances of

important influence for innovation adoption (Cooper

shareholders and stakeholders must be indicated,

et al. 1990; Wang et al. 2010). It is not easy to predict

examined, and involved with their firms (Cruz et al.

tomorrow’s technologies. As it happens, incompatible

2006; Nejati et al. 2010). Consequently, Organizations

technologies nowadays seem to be more common. In

are able to gain competitive advantage and beat their

contrast, such systems are neither sufficiently long

competitors by implementing IT infrastructure flex-

lasting nor economical enough to invest in. Likewise,

ibility and align with strategy

has

potential

competitive

advantages

(Byrd et al. 2001).
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And of course, organizations which already have IT

maturity and improved performance evaluation be-

governance in-place earlier than their competitors

cause they feel that it is compulsory.

normally have a positive influence on organizational
maturity and encouraging performance evaluation

3.3.3 Outsourcing Vendors’ and Consultants’ Expertise

3.3.2 External Regulations and Standards

According to the complexities of IS, external

Information Technology Infrastructure Library

vendors and consultants are important in technologies

(ITIL) is an acknowledged approach for IT service

delivery (Bajwa et al. 1998; Ifinedo 2011). Further,

management, employing a complex framework with

organizations are grateful in their skills in supporting

multiple factors; ITIL may shape knowledge as well

internal IT knowledge and service by providing

as engage in IT project friendly (Mohamed 2008).

on-going support in terms of updating, maintaining,

ITIL aims at the improvement of IT services and op-

and sustaining (Amoako-Gyampah 2007; Attewell

erations, through four components of Information

1992; Lee et al. 2004; Thong et al. 1996; Wang et al.

Technology Service Management (ITSM) support

2008; Wu et al. 2007). On the other hand, they also

services such as organization, staff, technologies, and

operate as troubleshooting persons who assist and

processes to manage relationships between the dif-

solve IT problems in particular areas which require

ferent levels of an organization, and provide solutions

exceptional knowledge and specific skills (Bajwa et

to original problems, and identify services which are

al. 1998; Gefen 2004; Thong et al. 1996; Wang et al.

able to solve problems for businesses in different

2008), especially most stand-alone IT systems (Ko et

phases (Forte 2007). ITIL have been adopted in dif-

al. 2005; Markus et al. 2000; Sedera et al. 2003; So-

ferent organizations and requires stakeholders in-

mers et al. 2003). Further, organizations have experts

volved in the team to implement functions by sup-

with abundant experiences at their sites in supporting

porting a logical approach to operate and enhance

IT systems and elevating information quality as they

information technology services which aim to reduce

are reliable, dependable, cooperative, and knowled-

costs, develop customer satisfaction, boost productiv-

geable (Attewell 1992; Gefen 2004; Ifinedo 2011;

ity and measure outcomes clearly. ITIL also addresses

Markus et al. 2000; Ndubisi et al. 2003; Wang et al.

physical assets such as the service lifecycle linked

2008). Thus, organizations which hire outsourcing

with the project, adding value for an organization

vendors/ consultants are likely to have high levels of

(Cervone 2008). ITIL implementation requires offi-

organizational maturity with positive opportunities of

cial agreement and unofficial management for main-

performance evaluation in IT governance implemen-

taining and developing business objectives by fol-

tation.

lowing ITIL implementation adoption issues, such as
IT services quality, costs control, labour and errors

4. Conclusion and Future Research

reduction, quick decision making, effective solutions,

This research presents a proposed research

information accuracy, greater analysis and better

framework to examine vital determinants which af-

model acknowledgement (Mohamed 2008). It, there-

fect the effective IT governance implementation. In

fore, presents that organizations which meet external

terms of research objective, the Duality of Technolo-

regulations and standards in IT governance imple-

gy model and the AST model in the Structuration

mentation will benefit to have better organizational

Theory are selected to integrate and develop as the
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proposed research model. This research chose both of

[1] Amoako-Gyampah, K. "Perceived usefulness,

these theoretical frameworks because they have been

user involvement and behavioral intention: an

applied in the foregoing researches, in particular so-

empirical study of ERP implementation," Com-

cial interaction (Pozzebon 2004; Whittington 1992),

puters in Human Behavior (23:3) 2007, pp

with IT integration (Orlikowski et al. 1991; Orli-

1232-1248.

kowski 1992; Orlikowski 2000). These lead to scru-

[2] Armstrong, C.P., and Sambamurthy, V. " Infor-

tinize people and IT interactions which affect their

mation technology assimilation in firms: the in-

relationship quality by engaging people performances

fluence of senior leadership and IT infrastruc-

in making more sense to achieve sustainable business

tures," Information Systems Research (10:4)

operations (Orlikowski 2000). Moreover, it identifies

1999, pp 304-327.

that technology can adapt different performances and

[3] Attewell, P. "Technology diffusion and organiza-

various activities through organizational structures

tional learning: the case of business computing,"

(DeSanctis et al. 1994), and communication through

Organization Science: A Journal of the Institute

internal interactions (DeSanctis et al. 1994; Güney et

of Management Sciences (3 1) 1992, pp 1-19.

al. 2012; Poole et al. 1990; Poole et al. 1992; Poole et

[4] Avison, D., Jones, J., Powell., P. and Wilson., D.

al. 1991; Taylor et al. 2007). This research aims to

"Using and validating the strategic alignment

benefit the proposed research framework by present-

model " The Journal of Strategic Information

ing the constituent elements in IT governance imple-

Systems (13:3) 2004, pp 223 - 246.

mentation which reflects a structural, top-down un-

[5] Bajwa, D.S., Rai, A., and Brennan, I. "Key an-

derstanding between organization, people, and IT in

tecedents of executive information system suc-

gaining better internal relationships within organiza-

cess: a path analytic approach," Decision Support

tion. This appears to influence organizational maturi-

Systems (22:1) 1998, pp 31-43.

ty through the performance evaluation phase.

[6] Barlow, J., Giboney, J., Keith, M.J., Wilson, D.,

This research employs an interpretive perspec-

Schuetzler, R., Lowry, P.B., and Vance, A.

tive (Myers et al. 2002) to investigate comprehension,

"Overview and Guidance on Agile Development

performance, and experience of participants who

in Large Organizations," Communications of the

work in IT governance implementation areas. Induc-

Association for Information Systems (29:2) 2011,
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pp 25-44.
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with,

qualitative

and
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Tech-

Information Tech-

Semi-structured interviews and survey questionnaires
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Australian and Thai organizations which have im-
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plemented IT governance. At this stage, data analysis

investment vs. risk of incarceration," Communi-

has not completed yet. However, the findings from

cations of the ACM (48:4) 2005, pp 15-20.
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publications.
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Relationship Quality through Social Network: A Confirmatory Factor Analysis
Siriluck Rotchanakitumnuai
Thammasat Business School, Thammasat University
Abstract: This research aims to confirm the compo-

panded for business purposes such as communicating

nents of relationship quality of social network. The

with customer, sharing creative perspectives to get

online survey was conducted with Thai Facebook

feedback related to price, products, and customers,

users. The result confirms that the components of

and promoting public relations for a good relationship

relationship quality of social network consist of trust

between organizations and their customers.

in social network service providers, trust in social

Relationship quality among social network users

network users, commitment, conflict reduction, and

may be created through trust and satisfaction of those

satisfaction of social network usage.

social network users.

Keywords: Social network, relationship quality

relationship quality is a concept for success factors of

Prior studies indicated that

the organizations (Palmatier et al., 2006; Williams,

1. Introduction

1998; Zhang et al., 2011).

Social network allows individuals to create their pro-

that the relationship quality is comprised of not only

files and the name list of their acquaintances, and to

trust and satisfaction but also the commitment which

establish their connections with their friends and their

indicated relationships of the two parties.

friends of friends. The popularity of Social network

either buyer and seller, or service provider relation-

usage is widespread dramatically and expands to the

ships, or person to person relationships. Past studies

development of their features. It enables social net-

used relationship quality approach to determine the

work users to create the web page and information

intention to repurchase, or loyalty to the service pro-

integrating various media such as texts, graphs, art-

viders.

Williams (1998) stated

It can be

works, voices, animations, and videos in their own

In the social network context, there are both pos-

space. Some social network systems can also search

itive and negative aspects for the development of re-

virtual groups based on common interests, add, or

lationship quality.

delete the links connected to other users.

tionship quality through trust, commitment, and sa-

Social network is one of the channels to share

The first aspect is creating rela-

tisfaction of social network usage.

The second as-

information, ask for help, or send information during

pect is conflict reduction of social network usage.

the critical circumstances, which lead to relationship

This article aims to report the perspectives of social

creation among people worldwide. Currently, social

network users about the relationship quality and the

network sites grow.

There are also new social net-

components of relationship quality of Facebook, the

work sites, which create the wider spread of social

most popular social network site in the world and in

network rapidly. In 2011, there are 11,916,420 face-

Thailand.

book users out of 18.1 million Thai internet users
(Facebook, 2011).
Moreover, Social network is developed and ex
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2. Literatures Review
Prior studies related to relationship quality found that
there were different components reflected to relationship quality. For example, Dwyer et al. (1987)
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explained that good relationship quality needs high

between service quality and relationship quality by

levels of satisfaction and trust (Dwyer et al., 1987).

analyzing and studying the concepts of the above re-

Williams (1998) determined relationship quality using

searchers to find the components of relationship qual-

satisfaction, trust and commitment. Crosby et al.

ity between service providers and customers in ser-

(1990) studied two dimensions of relationship quality
which were trust and satisfaction. Findings from
Morgan and Hunt (1994) showed that trust and commitment were key success factors for marketing that
can build customer loyalty.
Roberts et al. (2003) studied the relationships

vice industries.

They found that there were 5 com-

ponents as follows: trust in terms of integrity, trust in
terms of benevolence, commitment, affective conflict,
and satisfaction.

Table 1 represents the examples of

the past research about components of relationship
quality.

Table 1: Examples of the past research about components of relationship quality
Researchers
Component
Dwyer et al. (1987)
Satisfaction, Trust, and Opportunism
Crosby et al. (1990)
Trust and Satisfaction
Williams (1998)
Satisfaction, Trust, and Commitment
Roberts et al. (2003)
Trust in terms of Integrity, Trust in terms of Benevolence, Commitment, Affective Conflict, and Satisfaction
Sanchez-Franco et al. (2009)
Trust and satisfaction influence to commitment
Cater and Cater (2010)
Trust, Positive Commitment, Negative Commitment
Zhang et al. (2011)
Trust and Satisfaction
Trust is one component of marketing relation-

components of social network is about the trust com-

ship creation. Trust in relationship will occur when a

ponent.

person is ensured by the reliability, the benevolence,

fulfilled by the service providers. The trust compo-

and the integrity of the other party.

Trust in the or-

nent can be considered from the integrity and reliabil-

ganization that sell products or services will occur

ity of the service providers or the partner who is

when customers or users gain good experiences and

going to respond.

good attitudes to maintain the relationship with that

and concerned about their happiness, as well as will

specific organization (Morgan and Hunt, 1994; Foster

be given reasonable benefits even there was no

and Cadogan, 2000). Further, trust plays an impor-

agreement. This research covers both trust in Face-

tant role for information technology readiness.

The

book service providers and trust in Facebook users

capability to manage reliable systems, good service,

(Carter and Carter, 2011; Gounaris, 2005; Moorman

and honesty to users helped to create trust in elec-

et al.,1992)

tronics service providers (Gefen et al., 2003; Rotchanakitumnuai and Speece, 2009).

It is the users’ needs to be responded and

The users will be taking care of

Commitment is the need to maintain the valua-

This research aims

ble relationship. Commitment has several dimensions,

to study about relationship quality development of

including the emotional/affective commitment which

Facebook.

comes from the familiarity.

There are 2 types of interactions, which

This commitment may

are the interactions between social network service

be unreasonable (Gilliland and Bello, 2002; Gounaris,

providers and social network users; and, between us-

2005).

ers and users or communities in social network.

al/affective commitment was a positive commitment

The

scope of this research about relationship quality

Many researchers found that the emotion-

(de Ruyter et al., 1996; Gounaris, 2005).

The other
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dimension of commitment was the calculative com-

be satisfied (Forenell, 1992; Giese and Cote, 2000;

mitment or the negative commitment, which needed

Zhang et. al., 2011).

reasonable conditions (Farelly and Quester, 2005;

cur before receiving the service.

Cater and Cater, 2010)

actual service usage.

Satisfaction is the overall feeling evaluation

Customer satisfaction can ocThis will lead to

Besides, satisfaction after us-

ing the service may lead the appreciation to repur-

from which the customers use and their experiences

chase.

from the services.

Satisfaction will be compared

services, including conflict from unfriendly interac-

from the service experiences and the service expecta-

tion, grievance, and antagonism which are threats for

tion.

If the individual receives something that are

relationship quality development (Roberts et al.,

not sufficient or lower than his/her expectation, that

2003). Good relationship will occur if there is conflict

individual will be dissatisfied.

reduction among service users.

If the service is sim-

It is also important to reduce conflict from

ilar to what the individual hopes, that individual will
Table 2 : Respondents profile
Gender
Female
Male
Age
Below 25
25 – 30
Above 30 – 40
Above 40 – 50
Above 50- 60
Above 60
Education
Below bachelor
Bachelor
Master
PHD
Occupations
Students/ no work
Private sector employee
Government sector employee
State own enterprise employee
Non governmental organization’s employee
Self employment/ entrepreneur
Housewife/ no salary
Retirement from government agencies or other
organizations
Average of Facebook usage per week: 17 hours/ week

3. Research Methodology
Online questionnaire was developed by

Google Documents.

Pre-testing had been done be-

fore conducting the online survey.

%

205
97

67%
32%

95
88
67
27
19
6

31%
29%
22%
9%
6%
2%

48
151
89
14

16%
50%
29%
5%

86
112
38
5
12
38
7
4

28%
37%
13%
2%
4%
13%
2%
1%

naire was separated into 2 parts.

The online survey was conducted in this research.

N.

The question-

The first part was

the questions to measure the variables of the components of relationship quality in this research.
5-level rating scales were used.

The

Level 1 meant

“strongly disagree” while Level 5 meant “strongly
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The second part was questions about gener-

al information of the respondents.

The variable with the lowest

mean score were trust in the Facebook service pro-

Samples of this research were Facebook users
because the empirically statistical data illustrated that
Facebook was the most popular social network site in
Thailand.

tween 3.74–2.94.

Compared with other social networks,

Facebook users were a high proportion. Convenient
Sampling was used by sending emails to samples via
the online survey URL that was created by Google
Documents. The online survey URL created by
Google Documents was also sent to Thai popular

viders that they have reliable safety systems (mean
scores = 2.94).
Another component of trust was trust in social
network users.

The mean scores of this component

were between 2.52 – 3.11.

The only 1 variable with

the mean score greater than 3 was Facebook social
network users are benevolent (mean scores = 3.11).
Variables with mean scores lower than 3 were Face-

websites, such as pantip.com and thaiticketmajor.com

book social network users always have ability to

asking for their cooperation to promote their users to

solve other people’s problems (mean scores =2.69);

answer the questionnaire.

Facebook social network users are trustable (mean

Data collection period

was approximately 2 months.

Respondent back-

scores = 2.60); and Facebook social network users
provide true information (mean scores = 2.52).

grounds were presented in Table 2.

The greatest mean score in the satisfaction

4. Analysis of Data

component was the satisfaction when using Facebook

Program LISREL 8.5 was used for analyzing the con-

social network. It had a high level of mean scores

firmatory factor analysis in this research. This was to

(mean scores = 3.83). Liking to use Facebook so-

confirm that how much each exogenous variable was a

cial network had mean scores of 3.80.

good component to explain the relationship quality
components of Facebook.

The greatest mean score in the commitment
component was enjoyment when communicating with

The confirmatory factor analysis of the exogen-

users in Facebook social network (mean scores =

ous variables in the relationship quality components

3.74), feeling that communicating with users in Fa-

found that all exogenous variables have their loadings

cebook social network can do something you are sa-

greater than 0.5 (Table 3).

Furthermore, all compo-

tisfied with (mean scores = 3.26), commitment to

nents have their average variance extracted (AVE)

maintain the relationship with users in Facebook so-

greater than 0.5.

cial network (mean scores = 3.20) and commitment

It showed that overall the mea-

surement has the Discriminant Validity.

In other

words, each exogenous variable of each component
can explain the details of that specific component.

to communicate with users in Facebook social network (mean scores = 3.09).
The mean scores of the component of conflict

In addition, the Composite Reliability was also great-

were between 3.20-3.89.

er than 0.8, which represented the reliability of the

greatest mean scores was happiness to contact with

measurement in each component.

users in Facebook social network (mean scores =

Results from Table 3 presented that the mean

3.89).

The variable with the

The second greatest mean scores was always

scores of the exogenous variable in the component of

no conflict with users in Facebook social network

trust in social network service providers were be-

(mean scores = 3.87); and not serious to contact with
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users in Facebook social network (mean scores =

3.20).

Table 3: Confirmatory factors of relationship quality enhancement through social network
Average
Factor
Composite
Exogenous variable
Mean
Variance
Loading
Reliability
Extracted
0.53
0.82
Factor 1: Trust in social network service providers
- You trust in the Facebook social network service pro2.94
0.68
viders that they have reliable safety system
- You trust in the Facebook social network service pro3.75
0.75
viders that they can develop useful applications for users
- You trust in the Facebook social network service providers that they are honest to comply with the agreements 3.23
0.86
that they have made with users.
- You trust in the Facebook social network service pro3.42
0.59
viders that they can provide quality service consistently
0.61
0.86
Factor 2: trust in social network users
- Facebook social network users provide true information 2.25
0.69
- Facebook social network users are trustable
2.60
0.99
- Facebook social network users are benevolent
3.11
0.70
- Facebook social network users always have ability to
2.69
0.71
solve other people’s problems
0.72
0.91
Factor 3: Satisfaction
- You like to use Facebook social network
3.80
0.86
- You are appreciated to contact with users via Facebook
3.51
0.78
social network
- You are satisfied using Facebook social network
3.83
0.86
0.51
0.80
Factor 4: Commitment
- You are committed to communicate with users in Face3.09
0.88
book social network
- You enjoy communicating with users in Facebook social
3.74
0.59
network
- You feel that communicating with users in Facebook
3.26
0.57
social network can do something you are satisfied with
- You are committed to maintain the relationship with
3.20
0.76
users in Facebook social network
0.63
0.87
Factor 5: Non conflict
- You are not serious to contact with users in Facebook
3.20
0.84
social network
- You are happy to contact with users in Facebook social
3.89
0.88
network
- You don’t have any conflicts with users in Facebook
3.87
0.56
social network

5. Conclusion

consists of trust in Facebook social network service

According to the confirmatory factor analysis, this

providers and trust in social network users. Trust in

research provides academic contribution in terms of

service providers consists of trust in the Facebook

the details about relationship quality component of

social network service providers that they have relia-

social network. Trust is one component of relation-

ble safety system, trust in their abilities to develop

ship quality component of social network.

useful applications for users, trust in their honest to

Trust
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comply with the agreements that they have made with

work and to develop their services to enhance conti-

users, and consistent quality service provision. Trust

nual relationship quality in long term.

in social network users comes from the trust that Fa-

search can be expanded to the effects of relationship

cebook social network users provide true information,

quality components on business value creation or the

Facebook social network users are trustable and be-

effects of relationship quality components on valua-

nevolent, as well as the ability to solve other people’s

ble knowledge sharing to the society.

Future re-

problems.
Satisfaction is another important component for
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Abstract: E-government is a concept which requires

[5]. In the past ten years, Thai government has im-

management in order to implement successfully. This

plemented e-Government to encourage the web usage

research presents the factors of IT risk management

of citizens interacting with the government agencies

and level of trust for e-government success. It aims to

[26]. However, e-Government in Thailand is still in-

examine the components of IT risk management and

effective and inefficient in present. Moreover, an in-

their impacts on creating integrated trust. In addition,

vestment for the e-Government is not critical issues in

the

to

the Thai Government Agencies. Therefore, we focus

e-government success are tested. A survey was con-

on study in field of e-Government success in Thailand.

ducted with Thai government officers. There are five

E-Government contains several risks of implementing

IT risk management factors which are IT infrastructure

failure, e.g. IT infrastructure risk, change management

risk, economic risk, legal and regulation risk, change

risk, performance risk [16]. Information technology

management risk and performance risk. Integrated

risk management

trust includes individual based trust and institutional

e-Government implementation success [34, 35]. IT is

based trust.

significant constituent to provide more government

Keywords: E-Government, IT risk management, In-

efficiency and better service, particularly increasing

dividual based trust and Institutional based trust

citizen trust in management of government [21]. The

relationships

of

the

integrated

trust

plays

an

important

role in

important type of trust is frequently labelled institution

1. Introduction

based trust. Institution based trust refers to an indi-

Many organizations have adopted information tech-

vidual’s perceptions of the institutional environment

nology (IT) to enhance operational efficiency, cost

[19]. This research, therefore, aims to develop the

reduction, quality of services, convenience, innovation

systematic framework of IT risk management to en-

and

hance integrated trust for achieving e-Government

learning

[25].

In

government

sector,

e-Government has been implemented to transform the

implementation success.

traditional processes of providing information and
services to citizens and businesses [21]. As spending

2. Literature Review

on IT increases sharply, technology is increasingly

E-government has been conceptualized as the use of

taken part in organizations, for this reason, they be-

information technologies in government for the public

come highly vulnerable to the risks of IT failure [2].

services, and managerial effectiveness [12]. Because

Risk factors are conditions that can cause a serious

of the increased complication, IT management of

threat to implementation e-Government successfully

government agencies is confronted with risks [31].
E-Government implementation in some countries has
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take advantage of new technologies tools. Many de-

affects organization competitiveness (Weill and

veloping countries do not have the infrastructure ne-

Broadbent,

cessary to implement e-Government infrastructure and

e-Government have struggled to develop a basic in-

services throughout their country [25]. Therefore, IT

frastructure to take advantage of new technologies

risk management has become an important issue for IT

tools. Many developing countries do not have the

implementation success. Simultaneously, government

infrastructure necessary to implement e-Government

practitioners have worked to improve their chances for

services throughout their country (Reffat 2003).

1998).

All

countries

implementing

success by reducing IT Risk Management for responding to challenges to their IT initiatives [11]. Spe-

2.2 Economic risk

cific to e-Government, government agencies have to

Prior research shows that there are risks emerg-

concern of IT risk management, such as IT infra-

ing from the financial operations and management of

structure risk, economic risk, legal and regulation risk,

the business. From an internal perspective on operat-

change management risk, and performance risk [4].

ing costs are reduced by carrying out assessments

Risk factors are conditions that can pose a serious

while agencies can optimize operating and mainten-

threat to the successful completion or accomplishment

ance costs (Pollard, Strutt, Macgillivray, Hamilton

of e-Government [5]. Research focused on managing

and Hrudey, 2004). Economic risk is defined as risk

of IT Risk Management dimensions have all contrib-

related to economic issues, e.g. financial issues cause

uted to integrated trust [30]. Government practitioners

to supply interruptions and possibly insolvency, fail-

have worked to improve their chances for success by

ure to comply with legal regulations, and strategic

reducing IT Risk Management for responding to

issues that ensure competition and strategy imple-

challenges to their IT initiatives [11].

mentation (Matook, Lasch and Tamaschke, 2009).
Financial risk is the potential loss of benefit or money

2.1 IT infrastructure risk

because a product or service does not satisfy the cus-

IT infrastructure is defined as a set of shared IT

tomer’s expectation (Rotchanakitumnuai 2007). The

resources which is a foundation for both communica-

internet application cannot effectively ensure the cer-

tion across the organization and the implementation

tainty and reliability of transactions. Therefore, such

of present/future business applications. IT Infrastruc-

transaction sectors must endure a certain level of risk.

ture composes of computer, communicating technol-

There may be a number of fraud and unreliable ser-

ogy, database, shared technology platform and so on.

vice. It seems that wrong decisions may result in

IT infrastructure more precisely is through the quali-

transaction failure, and cause some economic losses

ties of scalability, connectivity, compatibility, mod-

(Ruizhong, Xiaoxue and Zixian, 2010). The current

ularity, rapidity, modularity, facility and Modernity.

financial services research context expands this facet

Briefly, IT infrastructure is the ability of the hardware

to include the recurring potential for financial loss

and software to make internal and external electronic

due to fraud (Featherman and Pavlou, 2003).

linkages [7]. In the e-Government domain, the fundamental IT infrastructure must be integrated with the

2.3 Legal and regulation risk

front-end applications that are implemented for users

There are the importance of changing relation-

(Esteves and Joseph, 2007). Therefore, IT infrastruc-

ship between government and its stakeholders and the

ture becomes an increasingly important factor that

difference of new structure of communication and
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interaction between traditional government and

sider that change management concerns all human

e-Government. One of the major differences of

and social related to changes and cultural improve-

e-Government includes the legal structure of the ac-

ment techniques required by management to the im-

tivities in government from the need of the com-

pletion of newly-designed processes and structures

pliance of the Constitution and other laws in order to

into working practice and to cope effectively with a

assure social performance (Montagna 2005). Pre-

resistance [1]. For the level of organizational and

viously developing laws and regulations or in ignor-

official competences required for an effective and

ance of technologies related to e-government have an

efficient e-Government implementation, it shows how

impact on the success of projects. Investing in

the organization is arranged to manage the change

changes of the regulatory is one of responses for

and its cultural impact. Moreover, it plans to reduce

these challenges that consider or enable for adoption

the general opposition to change and facilitate the use

of technologies (Gil-Garcia and Pardo, 2005). The

and consolidation of new technologies and systems

legal risk refers to the likelihood of loss owing to vi-

[15].

olation of the rights of citizens through the use of IT
[2]. When reviewing of risk management, it can be

2.5 Performance risk

considered between risk analysis and techniques used

The term “performance risk” is used to consider for

by law enforcement. The potential for lawsuits or

the possibility and consequences. Performance risk is

other legal action in the information leaks can also be

defined as the possibility of the product malfunction-

considered an important barrier or challenges that

ing and not performing. It was designed and failed to

must be overcome [28]. The law and policy limitation

deliver the desired benefits [10]. It is the possibility

requests the action conducts with relevant laws, reg-

that a product or service will not work as expected by

ulations, and policies within the power of government.

the customer [26]. Therefore, performance risk has to

Regulations may limit government powers to institute

do with failure of the performance objectives [24]. The

and complete e-Government projects [8, 4].

performance is considered in the process performance
by operational efficiency, responsiveness and flexibil-

2.4 Change management risk

ity. When environmental uncertainty is high, it seem to

E-Government consists of various problems

occur from likely adverse government regulations,

from technical aspects to organizational problems

market volatility and a lack of stakeholder competence,

such as implementation, process change. Deeper

thus managers will perceive that performance risk is

changes cause larger resistance. Governmental activi-

high. However, when performance risk is low, output

ties require changes through information technology.

controls will monitor overall performance (Lang-

Change management involves effectively balancing

field-Smith 2008).

forces in a change of resistance [20]. The organiza-

Risk management is a systematic process of

tion is arranged to manage the change and its cultural

identifying and assessing company risks to protect

impact. Moreover, it plans to reduce the general op-

agencies. However, agencies need risk management

position to change and facilitate the use and consoli-

to analyse risks for balancing potential gains against

dation of new technologies and systems [15]. Risk is

potential losses and avoid mistakes. It is the best use

a relatively new facet to be explored within the scope

as a preventive measure rather than as a reactive

of IT change management [3]. Prior researches con-

measure. In this study, we present the IT risk man-
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agement regarding systematic process in five dimen-

cept, based on the work as “an individual employee’s

sions. We use this process systematic approach in

expectations with regard to the employer organiza-

order to manage and reduce all five factors risks in

tion’s capability and fairness” [29].

electronically government service. (Figure 1)
2.7 E-government success
[36] suggests that e-Government can be defined
as “the method for governments to use the innovative
ICT; web-based Internet applications in order to proFigure 1: IT risk management for e-government im-

vide citizens and businesses for more convenient

plementation success

access and improve the quality of the services more-

2.6 Integrated trust

over, it can be provided greater opportunities to par-

Institutional trust is defined as the “subjective

ticipate in democratic institutions and processes”.

beliefs with which organizational members jointly

Successful e-Government makes approach citizens

assess that are contributed to transaction success”

who connected to the Internet however they are able

(Pavlou, 2002). The perceived effectiveness of insti-

to move people online. To achieve this situation, the

tutional mechanisms engenders trust. The positive

important key is the ability to provide value added

aspects of governance mechanisms cannot be ignored

services to citizens and businesses, hosted on the

in factors risk and generating a positive trust response

e-Government infrastructure [25].

(Bannister and Connolly, 2011). The interested part of
institutional focus is a primary construct contained in

3. The Methodology and Model

the multifaceted trust model, as institution-based trust

The

has developed into the first indicator of on-line trans-

e-government officers who have ever involved in

actions (McKnight and Chervany, 2002). Institutional

e-government implementation. Judgment sampling

trust refers to confidence in institutions under condi-

was used to select the respondents. Measurement

tions of risk. It means that in a situation where one

items of the questionnaire measured by a five-point

does not have full information about the intentions

Likert type scales, ranging from 1=strongly disagree to

and outcomes of governance, the one is still confident

5=strongly agree.

survey

research

was

conducted

with

that the government would not misuse its power and
would not willingly harm one.

4. The findings

We consider an individual employees’ attitude

An exploratory factor analysis with varimax rotation

based on their perception that operates on the indi-

was conducted to determine the five IT risk manage-

vidual level. Therefore, the level of an individual’s

ment factors including change management risk, IT

trust may cover with the level of governmental per-

infrastructure risk, performance risk, legal and regu-

formance and with the interpretation of the informa-

lation risk and economic risk, and integrated trust

tion about government performance by the individual.

factors including individual based trust and institu-

An individual who is frustrated and disappointed with

tional based trust. Three measurement items of IT risk

governmental services is seem to report a low level of

management with factor loading lower than 0.5 are

confidence in governmental services, while the oppo-

dropped. All constructs of IT risk management factors

site is true of those who are satisfied [33]. The con-

and integrated trust have the high level of reliability

Enhancing Trust through IT Risk Management
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the average mean between 3.00 and 3.12. The lowest
mean score was 3.00 on ‘Lower compliance levels
with internal and external law and procedure’, while

4.1 IT risk management
Firstly, change management risk factor includes
the items: No reform processes by simplifying regu-

item ‘No legal structure to protect from problems on
internet’ had the highest mean score of 3.12

No plans to reduce opposi-

Finally, economic risk factor constitutes the

tion to change the use of new systems, No responsi-

items: Over maintenance costs, Uncertainty of future

bility to change effort, No analysis impact of change

funding to sustainability, and No control of IT costs

program, and No benefit from changing traditional

and cost predictability. These items had the average

process to e-Government. These items had the aver-

mean between 3.24 and 3.42. The lowest mean score

age mean between 2.99 and 3.34. The lowest mean

was 3.24 on ‘No control of IT costs and cost predict-

score was 2.99 on ‘No benefit from changing tradi-

ability’, while item ‘Over maintenance costs’ had the

tional process to e-Government’; while item ‘Lower

highest mean score of 3.42.

lations and procedures,

performance-to-price ratio’ had the highest mean
score of 3.34.

4.2 Integrated trust

Secondly, IT infrastructure risk factor comprises

Firstly, individual based trust factor includes the items:

the items: No security from using database manage-

Trust in data from electronic system, Trust in elec-

ment systems, No electronic linkages among depart-

tronic system , and Trust in electronic system for

ments or external, No design IT infrastructure to han-

benefit of user. These items had the average mean

dle an increase in users, workload and transactions,

between 3.20 and 3.32. The lowest mean score was

and User-unfriendly applications. These items had the

3.20 on ‘Trust in electronic system’; while item ‘Trust

average mean between 2.99 and 3.12. The lowest

in electronic system for benefit of user’ had the highest

mean score was 2.99 on ‘No securities from using

mean score of 3.32.

database management systems’, while item ‘No de-

Secondly, institutional based trust factor includes

sign IT infrastructure to handle an increase in users,

the items:

Trust in agency for security of electron-

workload and transactions’ had the highest mean

ic system, Trust in agency for efficiency management

score of 3.12.

electronic system, Trust in management of agency for

Thirdly, performance risk factor is composed of

reliable and accurate information systems, Trust in

the items: Slow response time, Difficult to access

internet protection, Trust in management of agency

service, No security to protect privacy, and No accu-

for benefit of user, and Trust in management of

racy information. These items had the average mean

agency for reliable and accurate information systems.

between 2.98 and 3.27. The lowest mean score was

These items had the average mean between 3.30 and

2.98 on ‘Difficult to access service’, while item ‘Slow

3.58. The lowest mean score was 3.30 on ‘Trust in

response time’ had the highest mean score of 3.27.

internet protection’; while item ‘Trust in agency for

Fourthly, legal and regulation risk factor includes the items: No procedure to enforce law and

security of electronic system’ had the highest mean
score of 3.58.

regulation, Lower compliance level with internal and
external law and procedure, and No legal structure to

5. Summary and Conclusions

protect from problems on internet. These items had

This study develops IT risk management as a deter-
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minant of e-Government implementation success. The

Government. Moreover, this study can assist gov-

components of IT risk management consist of change

ernment agencies to prioritize important risk factors

management risk, IT infrastructure risk, performance

for achieving e-government success. The limitation of

risk, legal and regulation risk and economic risk. The

the research is that it focused on the government

result of five variables is assessed by mean scores.

agencies involved with government to citizen (G2C)

Firstly, change management risk factor shows that

and government to business (G2B). Future research

item on ‘no analysis impact of change program’ is

can expand to other group of respondents such as

ranked as first. This suggested that respondents

government to government (G2G) for analyzing the

viewed the analysis impact of change program as most

full range of Thai government agencies.

important impact on change management risk. Secondly, IT infrastructure risk factor presents that item
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Abstract: Currently, the exploration, improvement,

ognized the advantages of using the Internet medium

and application of knowledge management and se-

to preach health information. Health 1.0 information

mantic technologies to health care are in a revolution

has observably been available in an “e-pamphlet” with

from Health 2.0 to Health 3.0. However, what accu-

the approach of one-size-fits-all [14]. However, Health

rately are knowledge management and semantic

1.0 has not emphasized with the user interaction and

technologies and how can they improve a healthcare

the cooperation, personalized and the use of Web 2.0

system? The study aims to review what constitute a

information tool though it has included the informa-

Health 3.0 system, and identify key factors in the

tion exchange. The Health 2.0 tools are interactive and

health care system. First, the study analyzes semantic

deliver personalized, more valuable information that is

web, definition of Health 2.0 and Health 3.0, new

geared specifically to the user’s input. Hence, the

models for linked data: (1) semantic web and linked

concept of Health 2.0 emerged [10]. People have been

data graphs (2) semantic web and healthcare informa-

actively searching for more effective ways to utilize

tion challenges, OWL and linked knowledge, from

the Internet and the new movement to achieve se-

linked data to linked knowledge, consistent know-

mantic web to enhance health services, has led to the

ledge representation, and Health 3.0 system. Secondly,

notion of Health 3.0. Pew Internet and American Life

the research analyzes two case studies of Health 3.0,

Project report that greater than 90% of young adults

and summarizes six key factors that constitute a Health

and nearly three quarters of all Americans access the

3.0 system. Finally, the study recommends the appli-

internet on a regular basis. 80% of internet users

cation of knowledge management and semantic

search for health-related information [1]. Definitive

technologies to Health 3.0 health care model requires

evidence of health benefit from interaction with

the cooperation among emergency care, insurance

health-related virtual communities is currently lacking

companies, hospitals, pharmacies, government, spe-

as further research needs to be performed [9]. There-

cialists, academic researchers, and customer (pa-

fore, the study explores the future potential for Health

tients).

3.0.

Keywords:

Knowledge

management,

Semantic

Currently, the exploration, improvement, and

Technology, Health 3.0, Healthcare, Information

application of knowledge management and semantic

Technology

technologies to health care are in a revolution from
Health 2.0 to Health 3.0. However, what accurately

1. Introduction

are knowledge management and semantic technolo-

Since the birth of Internet, health care providers rec-

gies and how can they improve a healthcare system?
The study aims to review what constitute a Health 3.0
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system.

health information. To get meaningful data into the
system in the first place is the biggest bottleneck in the

2. Literature Review
2.1 Semantic Web and health care

health care information equation.
Many different illnesses can present similar

Tim Berners-Lee, et al. [3] defined the Semantic Web

symptoms, and medicine is full of nuance in deci-

as "a web of data that can be processed directly and

phering such complex issues with many variables.

indirectly by machines." The World Wide Web Con-

The linked data model will allow for vastly greater

sortium (W3C) promotes common formats for data on

intelligence in the system and for the first time will

the World Wide Web, the Semantic Web is a colla-

enable more research on the root causes of most of

borative movement [24].

the healthcare spending: the lifestyle and behavior.

Regarding semantic technology and health care,

In the healthcare IT debates happening on the

the following key points is reviewed [21]:

health information technology policy committee

a.

Computers can start to understand the meaning of

meetings, the risks which have become apparent. And

the words and numbers that they process via se-

we will further enable new and better, simpler and

mantic technologies.

less expensive models for representing and using the

Computers can make connections between dif-

explosion of health information and knowledge. We

ferent pieces of information that wouldn’t oth-

need a new model for complex health information

erwise be brought together when they have

challenge. Semantic technology is not only a better

enough information from which to work.

way to link existing data, but also can start to expand

This is very valuable in a health care environment,

horizons beyond the existing silos. [22]

b.

c.

because it’s simply not possible for any one

d.

medical practitioner to have enough knowledge

2.3 Definition of Health 2.0 and Health 3.0

to recognize every symptom or pattern of illness

According to [10], Health 2.0 are terms representing

and connect it to every available cure.

the possibilities between health care, eHealth and Web

Semantic technologies for data linking can

2.0, and has come into use after a recent spate of ar-

greatly reduce the time to make the correct di-

ticles in newspapers, and by Physicians and Medical

agnosis and perhaps curtail the patient’s uncer-

Librarians [23]; [11]. The reason for that Health has

tainty and pain from months to a few days or

generated its own "2.0" term is its applications across

hours as computers can process information

health care in general, and in particular it potential in

much faster than people.

public health promotion. Crespo describes the potential as "limitless."[4]. Hughes, Joshi, Wareham [12]

2.2 Semantic Web technology and Healthcare In-

defines Health 2.0 as the use of a specific set of Web

formation Challenges

tools (blogs, Podcasts, tagging, search, wikis, etc) by

According to [22], the semantic web and technologies

actors in health care (doctors, patients, and scientists),

is a model for linking data, information and

using principles of open source and generation of

representing knowledge, and they will be a vital tool in

content by users, and the power of networks in order to

solving the healthcare information challenge. They

personalize health care, collaborate, and promote

were designed accurately for such a challenge as in-

health education.

tegrating the complex and fast changing universe of

Health 3.0 is a health-related extension of the
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concept of Web 3.0 whereby the users interface with

through social media, in an attempt to obtain

the data and information available on the web is per-

reassurance, support, and validation [13].

sonalized to optimize their experience [2]. Health 3.0

f.

Utilize the collected information and imparted

will utilize the data access which is based on the

data through the web-based technologies via the

concept of the Semantic Web, wherein websites’ data

expert system, connect consumers and experts

is accessible for sorting in order to tailor the presenta-

via virtual reasoning tools [14].

tion of information based on user preferences [3] to
enable individuals to better retrieve. And contribute to

2.5. Health 3.0 system of USA

personalized health-related information within net-

According to Tony Shaw [20] the nation’s health

worked electronic health records, and social net-

care system of USA will become increasingly digi-

working resources [21]; [16]. A similar idea of se-

tized and semantically organized in an effort to

mantically organizing digitized health records to

achieve an open health care information architecture:

create an Open Healthcare Information Architecture,

Health 3.0, it would take shape, creating greater col-

was defined as health 3.0 [17]. Health 3.0 is the use

laboration, visibility, and accountability in one’s

of social media and incorporation of virtual tools for

health care system which will ultimately lead to a

enhanced interactions between health care providers

healthier nation.

and consumers/patients [19].

The digitization of the nation’s health records
would improve access, quality, and affordability of
health care across the board as it combined with the

2.4 Goals of Health 3.0
The main goals of health 3.0 are described as the

widespread utilization of semantic technologies. The

follows:

interconnected wealth of facts and resources could

a.

Foster the creation and maintenance of suppor-

lead to a greatly accelerated and heightened diffusion

tive virtual communities within which individu-

of knowledge, a promotion of public health and pre-

als can help one another understand, cope with,

paredness, improved quality of care for all, as well as

and manage common health-related issues [16].

significant decreases to the general cost of health care

Increase patient self-management, preventative

[20].

b.

c.

care and enhancing health professional expertise,

Currently, Health 3.0 implements systems for

facilitate an improved understanding of health

maintaining the security of EHRs (electronic health

issues through improved access to health related

records) and other proprietary information such as

information on the web via semantic and net-

government standards like “The Health Insurance

worked resources [21]; [16].

Portability and Accountability Act of 1996 (HIPAA)

Improve acceptance, understanding and adhe-

Privacy and Security.” [21].

rence to best therapeutic options through personalized social networking resources [16]; [19].
d.

e.

2.6 OWL and Linked Knowledge

Serve as a medium for health professionals to

According to [8], the Web Ontology Language

improve individuals’ access to healthcare exper-

(OWL) draws from the well understood area of de-

tise,

scription logics and provides a substantially more

and

to

facilitate

health

profession-

al-to-many-patients communication [16]; [19].

expressive vocabulary to axiomatically describe enti-

Digitally heals and exploits the idea of interaction

ties for enhanced reasoning. Building these kinds of
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ontologies not only requires domain expertise to

developing a foundational ontology (types + relations)

properly define describe the entities, but also requires

to represent a more diverse array of knowledge, in-

a keen understanding of formal knowledge represen-

cluding that which is already found in linked data.

tation so that knowledge is properly captured and

The W3C HCLS subgroup implemented a recent

becomes intuitive to query using an information sys-

work on translational medicine has produced a

tem. Several projects have now demonstrated the use

knowledge base composed of the Translational Medi-

of OWL-based information systems.

cine Ontology, which provides 75 core classes

The HCLS knowledge base contains a collection

mapped to 223 classes from 40 ontologies, and acts

of instantiated ontologies used to identify interesting

as a global schema over a set of fake patient data and

molecular agents in the treatment of Alzheimer’s [18].

linking open data (LOD) resources. They featured

With consideration of how genetics plays a role in

queries that span bedside to bench by not only

effective drug treatment, the Pharmacogenomics

matching patients to clinical trials, but also in finding

Knowledge Base (PGKB) offers depression-related

trials for which their drugs had different mechanisms

pharmacogenomic information that facilitates addi-

of action so as to potentially avoid common side ef-

tional knowledge duration beyond the PharmGKB

fects [8].

database [7]. Thus, ontologies can play an important
role both in semantic data integration as well as guide

2.8 The model of Health 3.0 system
The study constructs the model of Health 3.0

duration activities with well established use cases
towards populating a specialized knowledge base.

system through above literature review as figure 1:

The integration of electronic health records with

Knowledge management and semantic technol-

public data provides new avenues for clinical re-

ogy is mutual link and commonly support the Health

search and improved health care. With increased in-

3.0model.

terest in building smarter health care systems using

A Health 3.0 system could be utilized to create

electronic health records, Semantic Web technologies

enhanced medical and clinical correlations, monitor

can play a pivotal role in incentivizing interoperabili-

public health, determine health practice efficacy, and

ty between health care providers by linking valuable

conduct cost-benefit analysis of various modalities of

to public data [8].

treatments.
Knowledge Management:

2.7 Consistent Knowledge Representation
According to [8], the patterns should be coherent,

a.

OWL and Linked Knowledge.

b.

Consistent Knowledge Representation.

intuitive and well specified such that non-experts can

Semantic technology:

read, understand and apply the guidelines found there

a.

Personalize the users interface with the data and

in getting users to learn about and deploy standard

information available on the web to optimize

patterns which they can apply to their own data.. Im-

their experience.

portantly, these patterns should specify the relations

b.

Utilize such data access to enable individuals to

that hold between instances, and for this reason hav-

better retrieve and contribute to personalized

ing a coherent, well founded set of types and basic

health-related information within networked

relations supported by formal ontology is of critical

electronic health records, and social networking

value. This necessitates significantly more effort in

resources.

Knowledge management and Semantic Technology
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Health 3.0:

coded knowledge to an internally developed

a.

portal.

Take shape, create greater collaboration, visibility,
and accountability in one’s health care system.

b.

c.

b.

Implement Documentum eRoom and content

Enhance interactions between healthcare pro-

management server solutions to support virtual,

viders and consumers/patient via the use of social

collaborative updating of decision support con-

media and incorporation of virtual tools

tent as well as robust life-cycle management at

Create enhanced medical and clinical correlations,

the meta-knowledge level.

monitor public health, determine health practice

c.

Implement new knowledge-encoding editors for

efficacy, and conduct cost-benefit analysis of

ontologies and rules which they will integrate

various modalities of treatments.

with Documentum to support life-cycle management of in-production encoded content, inheritance/propagation of content across dependent
knowledge bases, and better visualization of
content-interrelationships for knowledge editors
and subject matter experts alike.
PHS recognizes that the arrival of personalized
medicine will exponentially increase the rate of

Figure 1: The model of Health 3.0 system

3. The Case Study
3.1 Partners Healthcare Systems on Clinical
Knowledge Management
According to [15], Clinical Informatics Research
and Development established a Clinical Knowledge
Management Group in a division of Partners Healthcare System (PHS) to:
a.

Implement content management infrastructure.

b.

Support the management of the vast amount of
knowledge encoded in clinical systems across the
enterprise.

c.

Leverage this knowledge via workflow portals
including the EHR for care-givers and consumers,
quality performance management, and clinical
research.
Clinical research is separated as three phases

[15]:
a.

Perform an inventory of encoded knowledge
assets and publish a meta-knowledge document
library of the knowledge specifications for en-

change of clinical knowledge that drives research and
clinical care. The innovation adoption curve for
healthcare greatly depends on a robust knowledge
management infrastructure is mission to [15]:
a.

Translate medicine.

b.

Reduce the cost.

c.

Increase the speed of knowledge discovery

d.

Acquire knowledge via the clinical decision
support systems.
They were going beyond classical Clinical

Pathways to dynamically create a path via a decision
support system, execution of procedures to create
new data to calculate the next steps in the path.
3.2 Agfa on 'Connected Knowledge'
Knowledge is based on uniquely defined linked
concepts, as a higher form of information, the Semantic Web is a way of implementing 'connected
knowledge', Agfa make use of the fact that ontologies
can be merged and connected to leverage existing and
fragmented but highly specific pieces of knowledge,
as they believe that one system cannot contain all
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tion of drug interaction, (b). ensuring the proce-

medical knowledge [5].

dure performed has a supporting diagnosis.

According to [15], based on the current and constantly changing clinical information of the patient

Active Semantic Electronic Medical Record

and environment, Agfa play a role of a healthcare IT

(ASEMR) application exemplified a practical imple-

vendor, they recognize the high importance of the

mentation of ASDs. The abilities of ASDs are [5]:

Semantic Web to achieve their goals: a. Make sys-

a.

Display the semantic and lexical annotations in
document displaced in a browser.

tems that cross the borders of departments, hospitals,
home, universities and governments. b. Give all

b.

Show results of rule execution.

stakeholders intelligent tools, using knowledge and

c.

Provide the ability to modify semantic and lexical

guidelines, to obtain a higher quality and more cost

components of its content in an ontolo-

effective health care.

gy-supported and otherwise constrained manner.
To fix broken rules due to the above abilities to

3.3 An application of Active Semantic Documents

offer practical suggestions resolving the problem is

(ASDs) in health care: Active Semantic Electronic

time saving.

Medical Record.
According to [5], Semantic Web technology

4. Conclusions and Recommendations

helps achieve the goals of ASDs in an ontology dri-

The study comprehensively reviews the related lite-

ven process:

ratures of semantic technology, knowledge manage-

a.

Reduce medical errors.

ment, Health 2.0 and Health 3.0. Moreover, the re-

b.

Improve physician efficiency.

search analyzes two case studies of Health 3.0, and

c.

Improve patient safety and satisfaction in medical

identifies the following six key factors that constitute a

practice.

Health 3.0 system:

This involves multiple populated ontologies,

1.

Making publicly accessible for personal infor-

automatic semantic annotation of documents, and rule

mation once it has been depersonalized, and

processing [5]:

utilize to create enhanced medical and clinical

a.

Automatic semantic annotation of documents:

correlations, monitor public health, determine

ASDs are typically in XML based format of

health practice efficacy, and conduct cost-benefit

documents, and semantic, since they are seman-

analysis of various modalities of treatments.

tically annotated using one or more relevant

The "health graph" has to be patient-centric. The

OWL ontologies which provide the nomenclature

"health graph", connecting all the participants

and conceptual model. They are optionally an-

around common data structures and standards.

notated using lexically significant concepts and
b.

2.

3.

Using artificial intelligence techniques to find out

phrases.

information not otherwise visible. Use a focused

Automatic Rule processing: ASDs actively ex-

semantic healthcare database over a generic

ecute rules on semantic annotations and rela-

search engine that built-in taxonomies and a

tionships that span across ontologies because

thesaurus to expand and refine the user queries.

they support automatic and dynamic validation

4.

Implementing a robust knowledge management

and decision making on the content of the doc-

infrastructure for translational medicine and

ument. This Semantic rules include: (a). preven-

content management infrastructure and support

Knowledge management and Semantic Technology

5.

6.
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the management of the vast amount of knowledge

ble Features of Rule Based Systems for Medical

encoded in clinical systems across the enterprise.

Knowledge", Position paper for W3C workshop

Establishing a decision support system, going

Rule languages for Interoperability.

beyond classical Clinical Pathways to dynami-

[6] Dumontier, M., & Hoehndorf, R. (2010). Realism

cally create a path, and a execution of procedures

for Scientific Ontologies. In 6th International

to create new data to calculate the next steps in

Conference on Formal Ontology in Information

the path.

Systems (p. 12). Toronto, Canada.

Making use of the fact that ontologies can be

[7] Dumontier, M., & Villanueva-Rosales, N. (2009).

merged and connected to leverage existing and

Towards pharmacogenomics knowledge discov-

fragmented but highly specific pieces of know-

ery with the semantic web. Briefings in Bioin-

ledge.

formatics, 10(2), 153-163.

Finally, the study recommends the application of

[8] Dumontier Michel (2010), Building an effective

semantic technologies to health care of Health 3.0

Semantic Web for health care and the life

requires the cooperation among emergency care, in-

sciences. Semantic Web 1(1-2): 131-135., IOS

surance companies, hospitals, pharmacies, govern-

Press.

ment, specialists, academic researchers, and customer
(patients).

[9] Eysenbach G, Powell J, Englesakis M, Rizo C,

Stern A. (2004), Health related virtual communi-

It will require to fully realize a considerable

ties and electronic support groups: systematic

amount of time and legislation to achieve this coop-

review of the effects of online peer to peer inte-

eration. But once partnerships are formed, the open

ractions. BMJ. 2004;328(May):1-6

health care information architecture of Health 3.0

[10] Eysenbach G. (2008), Medicine 2.0: Social

would be able to take shape, creating greater visibility,

Networking, Collaboration, Participation, Apo-

accountability and collaboration in one’s health care

mediation, and Openness. J Med Internet Res.

system.

2008; 10(3): e22. http://www.jmir.org/2008/3/
e22/.
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Abstract:



This research aims to develop the

to prepare for e-Readiness. The e-ASEAN Task Force

e-ASEAN readiness assessment framework, and ana-

(EATF) is formed to study for the guidelines for

lyzing whether Thailand is ready to be the leader of

ASEAN countries cooperation in information tech-

e-ASEAN when compared to other ASEAN Member

nology, to prepare for the effects and to enable

States. This research will reflect the issues aligned

ASEAN to benefit from the opportunities offered by

with the e-Readiness framework that Thailand needs

the revolution in information technology and elec-

to urgently improve when comparing to other ASEAN

tronic commerce. This initiative also aims to liberal-

Member States for its country, economy, and society

ize trade in information technology under the WTO

development. The result shows that Thailand was

framework.

ranked by several institutes at the lower level than

ASEAN Member States agreed and signed the

Singapore and Malaysia in every index concerning

e-ASEAN Framework Agreement. This framework is

e-Readiness Assessment. Moreover, Thailand is

for preparing the readiness in terms of Information

ranked in the lower position than Brunei in several

Technology Infrastructure, e-Commerce, e-Society,

indexes.

and e-Government (IBM, 2001).

Keywords: e-readiness, ASEAN, AEC, Thailand

In 2000, the government leaders of

However, there are several tools to measure
e-Readiness Assessment including Bridges (2001),

1. Introduction

Dada (2006), and Vaezi and Bimar (2009) which

In the digital economy, it is indisputable that the in-

share some dimensions in common.

formation and communications technology (ICT)

research is aimed at developing the e-ASEAN readi-

plays an important role in the ways of life, communi-

ness assessment framework, and analyzing whether

cation, and work, especially, the capabilities of the

Thailand is ready to be the leader of e-ASEAN when

information technology that are continuously devel-

compared to other ASEAN Member States. This re-

oped. These capabilities also have an influence on

search will reflect the issues aligned with the

the country, business, and society development. As a

e-Readiness framework that Thailand needs to ur-

result, governments in most countries are aware of

gently improve when comparing to other ASEAN

identifying clear strategies and policies to push the

Member States for its country, economy, and society

country’s readiness in information technology and

development.

Therefore, this

communication (E-Readiness), especially among
ASEAN countries, which have to prepare themselves
before AEC opening in 2015 (ICT2020, 2011).

2. Review of literature and conceptual
framework

The ASEAN Information Summit, hosted in the

In the past, several electronic readiness (e-Readiness)

Philippines, agreed the e-ASEAN Initiative in order

Assessment tools were developed. The e-Readiness
Assessment is used for analyzing the degree to which
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the society and/or the economy of the specific country
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is prepared to get the benefit from the information

rankings.

technology. This readiness has an influence on social

for the study. Then, the e-Readiness rankings are be-

and

ing renamed as the Digital economy rankings.

economy

development

of

that

country.

Until in 2010, EIU cooperated with IBM
The

E-Readiness Assessment is named differently with

rankings categories and their weights of indicators

different details of its ranking indicators as follows:

have been revised to better reflect the digital era that
has an influence on consumers and organizational

2.1 e-Readiness Economist Intelligence Unit (EIU)

behaviors. The assessment criteria for rankings are

Economist Intelligence Unit (EIU) is famous for

categorized into 6 factors. Each factor and their dif-

studying political, economical, and social research of

ferent weights in overall scores are described as fol-

the Economist Group. EIU used the framework of

lows (Table 1):

e-Readiness Assessment in terms of e-Readiness
Table 1: Assessment criteria for digital economy rankings by EIU
Factors

Weight (%)

Connectivity and technology infrastructure

20

Consumer and business adoption

25

Business environment

15

Social and cultural environment

15

Legal environment

10

Government policy and vision

15

Source: Economist Intelligent Unit, Digital economy rankings, 2010.
2.2 e-Government Development Index United Na-

conducted by the Department of Economic and Social

tions (UN)

Affairs at the UN. EGDI is ranked every 2 years.

E-Government Development Index (EGDI) is an
index to indicate the development of electronics in
the government sector.

EGDI separated the criteria into 3 factors and
weighted each factor as shown in Table 2.

Since 2008, EGDI has been

Table 2: Assessment criteria e-Government Development Index (EGDI) by UN
Factors

Weight

Online service index

1/3

Telecommunication infrastructure index

1/3

Human capital index

1/3

Source: United Nations, United Nations E-government Survey, 2010.
2.3 Networked Readiness Index World Economic

structure, the readiness of business sector, govern-

Forum (WEF)

ment sector, and person, as well as information tech-

Networked Readiness Index (NRI) is developed

nology and communication usage. Networked Rea-

by World Economic Forum (WEF). NRI is a ben-

diness Index is composed of 3 factors as shown in

chmarking study of the networked readiness, which

Table 3.

assesses political environment, marketing and infra-
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Table 3: Assessment criteria for Networked Readi-

measures the competitiveness of several countries,

ness Index (NRI) by WEF

prepared by World economic forum or WEF. There

Factors

Weight

are 3 main factors for considering the Global Compe-

Environment

1/3

titiveness Index; namely, basic requirement, efficien-

Readiness

1/3

cy enhancers, and Innovation and sophistication fac-

Usage

1/3

tors.

Technology readiness is one of the sub-factors

Source: World Academic Forum, The Global Tech-

of the efficiency enhancer factor.

It measures tech-

nology Report 2010-2011.

nology and ICT usage. These factors are weighted
according to the assessment in 3 stages as shown in

2.4 Digital Access Index (DAI) International Tele-

Table 6.
Table 5: Assessment criteria for ICT Development

communication Union (ITU)

Index (IDI) by ITU

Digital Access Index (DAI) is ranked by the In-

Factors

Weight (%)

ICT access

40%

It also becomes the center to develop the

ICT use

40%

networks and services for governmental and private

ICT skill

20%

ternational Telecommunication Union (ITU).

It is

the leading organizations of UN in information technology.

sectors worldwide. DAI is an index to measure the

Source: International Telecommunication Union,

capabilities in accessing the overall information

Measuring the Information Society 2011.

technology usage of each country.

DAI considers

main factors that have an influence on information

Table 6: Assessment criteria for Global Competitive-

technology access as follows (Table 4).

ness Index (GCI) by WEF

Table 4: Assessment criteria for Digital Access Index
(DAI) by ITU

Factors

Factors

Weight (%)

Infrastructure

20

Affordability

20

Knowledge

20

Source: World Academic Forum, Global Competi-

Quality of broadband

20

tiveness Report 2011-2012.

Internet Usage

20

Source: http://www.itu.int/ITU-D/ict/dai

2.7e-ASEANreadiness IBM
In ASEAN context, an IT infrastructure frame-

2.5 ICT Development Index (IDI) ITU
This index is developed by the International

work has been established for the assessment by the
e-ASEAN

Framework

Agreement

(http://www.

It is composed of

aseansec.org/17972.htm). This is for establishing

3 factors; namely, ICT access, ICT use, and ICT skill,

high-speed direct connection between their national

as shown in Table 5.

information infrastructures with a view to evolving

Telecommunication Union (ITU).

this interconnection into an ASEAN information in2.6 Global Competitiveness Index (GCI) WEF
Global Competitiveness Index is an index that

frastructure backbone. This framework hoped to develop ASEAN cooperation in digital libraries and
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tourism portals. The framework also aimed at facili-



e-Government: examples of its indicators are

tating the setting up of national and regional Internet

availability of online public services for citizens

exchanges and Internet gateways.

and businesses; digital development strategy;

Next topic in the development of e-ASEAN is

e-Government strategy; government spend on

e-Commerce readiness. It involved with electronic

ICT as a proportion of GDP; human capital de-

commerce transactions, recognition of digital signa-

velopment etc.

ture, electronic payment, intellectual property rights



Consumer and business adoption/ e-Commerce:

and personal data protection. Furthermore, e-Society

examples of its indicators are use of Internet by

must also be assessed. It involved with

consumers and their online purchasing activity;

enhancing

IT competitiveness of the ASEAN workforce, nar-

level of e-business development etc.

rowing the digital divide within the country and

This study collected the readiness assessment

among Member States, facilitating freer flow of IT

framework for information and communications

knowledge workers, and fostering the usage of IT to

technology from the above formats. The research

develop ASEAN community to be e-Society.

used these five categories as e-ASEAN leader as-

E-Government readiness is also important in promot-

sessment framework that was aligned with several

ing the use of ICT applications in the government

institutes.

sector such as in the delivery of government services

marized as shown in Table 7.

These criteria for rankings can be sum-

and their procurement of goods.
When gathering the readiness assessment for-

3. Methodology

mats above, it was found that some assessment tools

Literature was studied and reviewed in order to de-

were similar whereas some were different depending

velop

on the assessment objectives. Vaezi and Bimar (2009)

e-Readiness Assessment in the context of e-ASEAN.

proposed that the e-Readiness Assessment should

Secondary data and previous research about ASEAN

cover the information technology infrastructure,

Member States were gathered. Other statistics data

economy and society, and public sector management.

sets about e-Readiness reported by several institutes

the

detailed

conceptual

framework

for

There were many indicators in each factor that

including EIU /UN / WEF / ASEAN were collected.

can be used as the readiness assessment for informa-

The information and communications technology

tion and communications technology. For example:

master plan of each country was also revealed in order



Connectivity and Technology infrastructure:

to develop the framework for analyzing and assessing

examples of its indicators are broadband pene-

the readiness to be the leader in information and

tration; mobile-phone penetration; broadband

communications technology.

quality; broadband affordability; Internet user




penetration etc.

4. Analysis and conclusion

General environment: examples of its indicators

From the previous ranking information, it is found that

both in business and political and legal envi-

Thailand was ranked by several institutes at the lower

ronments are

level than Singapore and Malaysia in every index

macroeconomic environment;

overall political and legal environments etc.

concerning

e-Readiness

Assessment.

Moreover,

e-Society: examples of its indicators are literacy

Thailand is ranked in the lower position than Brunei in

level; educational level; internet usage level etc.

several indexes as shown in Table 8.
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Furthermore, the analysis of information about

thermore, Thailand is considered as a country with

general environment of ASEAN countries found that

very low political stability (Table 10), which will

Thailand has poorer economic conditions than Brunei,

have an influence on concretely and continuously

especially

pushing the ICT Master Plan and become the leader

when

considering

on

the

highest

Gross Domestic Product or GDP (Table 9).

of e-ASEAN in 2015.

Fur-

Table 7: Readiness assessment framework for information and communications technology
Digital Economy
Factors

Ranking

1 Connectivity and Technology infra-

NRI

EGDI

e-ASEAN

DAI

IDI















2 General environment









3 e-Society











4 e-service/ e-Government)





















structure

5 Consumer and business adoption/
e-Commerce



Table 8: Summary of ranking index from several institutes
Summary of ranking index from several institutes
Digital Economy RankCountry

ings
(2010)

NRI

EGDI

IDI

GCI

DAI

e-ASEAN

(2012)

(2012)

(2010)

(2012)

(2011)

(2001)

Very

Singapore

1

1

1

1

1

Malaysia

2

2

2

3

2

high

2

Thailand

3

4

6

5

4

high

3

Brunei

N/A

3

3

2

3

high

5

Vietnam

5

6

4

4

6

medium

7

Philippines

4

7

5

6

7

medium

4

Indonesia

6

5

7

7

5

medium

6

Cambodia

N/A

8

9

8

8

low

8

Laos

N/A

N/A

8

9

N/A

low

10

Myanmar

N/A

N/A

10

N/A

N/A

low

9

high

1
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Table 9: Information for general environment of the ASEAN countries
adult literacy / ICT afforda-

Population (million

Country

GDP per capita (USD)

people)

bility

2012

2013

2014

2012

2013

2014

2011

Singapore

5.2

5.2

5.2

54,194.4

59,232.5

64,858.3

92.5 / .99

Malaysia

29.2

29.6

30.0

10,292.2

10,815.8

11,534.7

87.9 /.97

Thailand

70.2

70.8

71.3

5,266.6

5,867.9

6,333.0

95.7 / .96

Brunei

0.42

0.42

0.43

39,355.5

37,879.9

37,692.3

91.6 / .99

Vietnam

89.1

90.2

91.3

1,374.1

1,508.9

1,674.3

92.7 / .45

Indonesia

245.1

247.8

250.5

3,805.9

4,322.0

4,846.7

87.3 / .62

Philippines

29.0

97.5

98.9

2,526.8

2,737.1

2,996.3

95.1 / .80

Myanmar

48.7

51.7

52.1

854.6

908.6

954.8

85 / N/A

Cambodia

14.7

14.9

15.2

951.3

1,048.3

1,154.6

68.7/ N.A.

Laos

6.5

6.6

6.7

1,563.1

1,718.5

1,898.1

65.6 / N/A

Source: ITU, 2011; http://www.itu.int/ITU-D/ict/dai/index.html
Table 10: Percentiles of political stability
Country

2008

2009

2010

Brunei

91.8

95.3

92.9

Singapore

96.2

90

89.6

Malaysia

47.6

43.1

51.9

Vietnam

50

52.6

51.4

Laos

45.7

40.3

36.3

Cambodia

15.9

24.2

18.9

Indonesia

15.9

21.3

18.9

Thailand

12.5

12.3

12.7

Myanmar

13.9

10.9

11.3

Philippines

8.7

7.6

6.6

Source: Kaufmann et al. (2010)
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Abstract: How to survive and grow has always been a

been widely accepted and applied. Therefore, a large

serious problem faced by the small and medium sized

number of new SMEs on B2B platforms appear [1]. A

enterprises (SMEs) on a B2B platform. A lot of re-

B2B environment is quite different from traditional

searches in entrepreneurship field have proved the

business, and the different game rules lead to serious

positive effects of entrepreneurial orientation on firms’

obstacles to the growth of SMEs. So, a majority of

performance, but few researchers studied how entre-

new ventures created in the B2B environment grow

preneurial orientation influences performance. Based

slowly and have a short life cycle. There are some

on the institutional theory, this paper introduces legi-

other new ventures developing quickly. They make

timacy and reputation to try to explain how competi-

full use of the Internet and apply the concept of

tive aggressiveness affects SMEs’ performance in a

e-commerce to business operations successfully. As a

B2B environment. Based on the analysis of data from

consequence, their business efficiency improved, and

400 SMEs on a B2B platform, several interesting

their competitiveness was enhanced. In a word, the

findings are concluded. Competitive aggressiveness

emergence of e-commerce has deeply affected the

has a very significant positive influence on SMEs’

SMEs’ growth, and it is important for SMEs to study

performance. It is more important to firms on a B2B

how to survive and grow on B2B platforms.

platform than traditional firms. Both legitimacy and

At present, there have been a lot of researches

reputation plays a moderator role in this process; the

about traditional enterprises’ growth. Some mature

better corporate legitimacy and reputation are, the

theories were proposed about entrepreneurial orienta-

stronger this influence is.

tion, legitimacy and performance. Lumpkin and Dess

Keywords: competitive aggressiveness; reputation;

pointed that entrepreneurial orientation consisted of

legitimacy; performance

five parts: autonomy, innovativeness, risk-taking,
proactiveness, and competitive aggressiveness. Some

1. Introductions

scholars proved that proactiveness was closely related

Since e-commerce arose in the 1990s, it has been ac-

to a company’s growth. High proactiveness helps the

cepted and promoted by more and more traditional

company to obtain first-mover advantage. Thus, it

companies because of its convenience and low cost.

can obtain a better performance. While the institu-

With the rapid development of Internet, e-commerce

tional theory suggests that companies with high

platform develops quickly, and the B2B model has

proactiveness are likely to face legality obstacles.
Actually, the traditional theory may not apply to
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platforms are special. Firstly, the enterprises on B2B

lated to the success of the transaction, because repu-

platforms are very easy to set up, resulting in greater

tation is a prerequisite for the transaction. As has been

competition, so the impact of competitive aggres-

pointed, reputation can guarantee the success of the

siveness is more obvious. The relationship between

transaction in a space-time point without face-to-face.

competitive aggressiveness and performance is rarely

On the contrary, if the buyers and sellers do not trust

involved in the existing researches. Secondly, on B2B

each other, no transactions can be achieved except

platforms, buyers can obtain less information about

real-time transactions in a space-time point [2].

the products and sellers than traditional face-to-face

Given the particularity of the SMEs on B2B

trade, so that they urgently require more specific in-

platforms, this article is going to study the growth of

formation of the transaction environment. This means

these SMEs from the following four aspects: compet-

the impact of legitimacy on performance has become

itive aggressiveness, legitimacy, reputation and en-

pivotal. Thirdly, the particularity of e-commerce

terprise performance. The research model is proposed

makes an enterprise’s reputation become closely re-

as Figure 1.

Legitimacy

Entrepreneurial
Orientation

Control Variables
Size
Age
Member

Performance
Reputation

Figure 1. Research Model

2. Literature Review

Knight (1997) thought the entrepreneurship or entre-

2.1 Entrepreneurial Orientation and Competitive

preneurial orientation is a characteristic attitude and a

Aggressiveness

series of behavior and process of organizations [6].

In the 1970s, scholars in strategy management field

What’s more, the entrepreneurial orientation can

started to study on the entrepreneurial orientation [3].

also be regarded as an enterprise-level strategic deci-

Miller (1983) argued that entrepreneurship could be

sion-making process through which enterprises

explained as the process by which organizations renew

achieve organizational goals and create competitive

themselves and their markets by pioneering, innova-

advantage. And this view has been generally recog-

tion, and risk taking [4]. Lumpkin and Dess (1996)

nized by the academia [7].

hold the idea that the essence of entrepreneurship is

Above all, we think the entrepreneurial orienta-

new entry, which can be accomplished by entering

tion is a kind of strategy making process on the in-

new or established markets with new or existing goods

ternet platform where e-business companies run their

or services [5]. Then they pointed out that the entre-

business. During this process, the e-business enter-

preneurial orientation refers to the processes, practices,

prises achieve their goals and create competitive ad-

and decision-making activities that lead to new entry.

vantage. In addition, the intention and behavior of
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key persons who create the business are of great im-

described the Marketing warfare tactics [10]. Lie-

portance to this process.

berman and Montgomery (1988) developed some

In order to get precise measurements of entre-

typical methods used for companies to attain compet-

preneurial orientation, its dimension must be defined

itive advantage, such as being “first mover” [11].

reasonably, while there is some debate about it.

However, these scholars left out the competitive ag-

Mintzberg (1973) suggested adaptive, entrepreneurial,

gressiveness as one dimension of entrepreneurial

and planning modes of strategy making [8]. Miller

orientation.

(1983) suggested innovativeness, risk-taking and

Miller (1983) pointed out that entrepreneurial

proactiveness, which is widely accepted. Among the

enterprises pay much attention to the innovation of

dimensions, innovativeness means companies en-

product market, taking risk, and putting forward fore-

courage new ideas and practice that are likely to

sighted innovation to beat competitors. According to

create new products, service or techniques. And

this theory, competitive aggressiveness was put for-

risk-taking means that companies are interested in

ward. Then Lumpkin and Dess (1996) applied this

assuming liability, promising large scale of resource

dimension to measure the reaction of a company in

and obtaining high return by seizing opportunity in

front of threats, and regarded competitive aggres-

market. Proactiveness means rapid innovation and

siveness as a supplement of elements of entrepre-

quick introduction of a product or service to the mar-

neurial orientation.
Chen Linfen (2007) defined competitive aggres-

ket.
Lumpkin and Dess (1996) developed the three

siveness as a degree that a company exceeds its com-

dimensions of entrepreneurial orientation to five: au-

petitor, that is, an aggressive attitude to the behavior

tonomy, innovativeness, risk-taking, proactiveness

of its competitors [12]. Covin and Slevin considered

and competitive aggressiveness. Autonomy means

that proactiveness and competitive aggressiveness are

individuals or groups come up with new ideas or vi-

equal. Knight (1997) stated that the proactiveness is

sion and try to put them into effect autonomously.

to be more aggressive to face competitors, so the

Competitive aggressiveness means that companies

proactiveness here is similar to the competitive ag-

challenge competitors directly and frequently on the

gressiveness. However, Lumpkin and Dess (2001)

purpose of entering a certain market or improving

pointed out in Linking two dimensions of entrepre-

present position.

neurial orientation to firm performance that the dif-

Entrepreneurial enterprises usually pay much at-

ferences between proactiveness and competitive ag-

tention to opportunities and threats in the external

gressiveness cannot be left out and they are indepen-

environment, which is closely related to the existence

dent and not covariant based on the data of 94 com-

and development of a company. In some early re-

panies in 13 industries, therefore they cannot become

search, scholars put forward some behavior about the

one [13]. Consequently, Yang Yuli pointed out in Re-

diversity of competitive aggressiveness and how

search on entrepreneurial orientation of New Enter-

companies react to those opportunities and threats

prise that the proactiveness describes the active reac-

during their entrepreneurial process. MacMillan

tion of companies to opportunities, while the compet-

(1983) discussed how the preemptive strategies and

itive aggressiveness stresses on the passive action to

competitive initiative work when a company occupies

threats [14]. The former is how to strive for future

an advantageous position [9]; Kotler and Singh (1981)

market with potential competitors, and the latter is
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limited rationality and the law of environmental un-

how to strive for the present market.
In conclusion, we define the competitive aggres-

certainty in decision-making, it is difficult to directly

siveness as a degree measuring the attitude to oppor-

determine the value and acceptability of the organiza-

tunities and threats, in other words the reaction to the

tion, so people often judge the organizational legiti-

competition from present competitors. While on the

macy according to the consistency of organization

platform of the internet, performance and criterion of

and system.

change.

The existing system constrains the behavior of

Marketing and purchasing of traditional companies

new enterprises, making the system itself become the

rely on people (salesman and buyer for example), and

legitimacy constraints for new enterprises. About le-

source of cost is diverse. However, in terms of inter-

gitimacy constraints, scholars have different divi-

net, information is more transparent and cost is more

sions.

competitive

aggressiveness

enormously

or less the same among different enterprises. Suc-

Aldrich & Fiol (1994) took the lead in dividing

cessful trade depends on operations on the platform

legitimacy into social and political legitimacy and

of internet. The competition transfers from reality

cognitive legitimacy. The social and political legiti-

into virtual world, the internet. The information, at

macy includes the recognition from key stakeholders

the same time the background and metrics of the rela-

and government

tionship of competitive aggressiveness and perfor-

and forms are consistent with laws, rules and norms;

mance has changed. So for the development of a new

the cognitive legitimacy includes the extent to which

company, it is meaningful to explore whether we can

the enterprises has been accepted by public, which is

improve performance by enhancing the competitive

determined primarily by

aggressiveness.

derstanding about the enterprise’s knowledge[16].

officials that enterprises’ behaviors

the external world’s

un-

Suchman (1995) proposed three kinds of legiti2.2 Legitimacy

macy: pragmatic legitimacy, moral legitimacy and

Legitimacy is a core concept of the institutional-

cognitive legitimacy. Pragmatic legitimacy comes

ism. Max Webber is one of the scholars first to pro-

from the self-interested consideration of stakeholders,

pose the concept of legitimacy. When discussing the

which is the reason for their support to the organiza-

bureaucratic administrative activities, Weber pro-

tion’s policies. Accordingly, the enterprises should

posed the concept of organizational legitimacy,

show their credibility and concern with the interests

namely, organizational activities staying consistent

of stakeholders. Moral legitimacy arises from that the

with the mandatory rules and the structure. After

enterprises should do right things. Cognitive legiti-

Weber, many scholars did in-depth researches about

macy constraints derive from the community’s as-

legitimacy from organizational and management

sumption about what the organization should be.

perspectives. After that, the so-called new institutio-

At present, the division of Scott is widely recog-

nalism in the organization and management studies

nized, which divided the legitimacy constraints into

gradually formed [15].

regulative legitimacy, normative legitimacy and cog-

New institutionalism develops the concept of le-

nitive legitimacy. First, the regulative legitimacy in-

gitimacy, extending it to the general organizational

cludes not only government regulation, but also rules

systems from the power system and highlighting the

and standards created by a variety of credit associa-

social cognition system. It argues that because of the

tions, professional groups and leading organizations.
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For example, new enterprises can obtain consumers’

enterprise provided on the internet. Compared with

recognition by getting quality certification. Second,

SMEs’ self-descriptions, people are more likely to

the normative legitimacy constraints root in social

believe the B2B platform’s description and evaluation

norms and values or a level of social environment of

of

new enterprises. For instance, new enterprises on the

e-commerce platform provide a channel for SMEs to

internet can win the trust of customers by joining the

get the trust of stakeholders. Concretely speaking, the

security system on B2B platforms. At last, the cogni-

SMEs do what norms ask, and then the platform pro-

tive legitimacy constraints result from the widely held

vides some recognition to the enterprise so that it

public beliefs and assumptions taken for granted, and

enables the enterprises to gain normal legitimacy.

the belief system disseminated by knowledge group,

When the norms on e-commerce platform are widely

etc [17].

recognized, SMEs should actively comply with the

At a certain stage, system/social structure, norms,
values, beliefs and the framework of definition are

the

enterprises.

Therefore,

the

norms

on

rules to get legitimacy recognition and support from
stakeholders.

stable. So, people will make the general perception or
assumption about the appropriateness, fitness and

2.3 Reputation

desirability of organizational activities according to

Reputation is a comprehensive judgment and

the institutions, namely, the level of the legitimacy

assessment of various economic organizations’ credi-

[18].Organizations should concern about the institu-

bility and ability to fulfill their commitment. Fom-

tional viewpoints of resource holders who are critical
to the organizations’ reputation and viability, and take

brun (1996) described corporate reputation as an
overall reflection of its past behavior and results，

the initiative to get legalized instead of being pas-

which shows its ability to create value for stakehold-

sively obedient to obtain legitimacy [19]. Legitimacy

ers [21]. Caves and Porter (1977) proposed that ex-

is useful for new enterprises to get access to resources

cellent corporate reputation is not only an intangible

for growth. Furthermore, legitimacy itself is a key

asset, but also a strategic competitive advantage to

resource for a new enterprise’s growth and is benefi-

improve long-term profitability [22].

cial for enterprises to obtain other required resources

Williamson in modern institutional economics
presented that people are born with opportunism.

[20].
In summary, new enterprises should take lega-

Since the individual doesn’t have exact knowledge of

lizing actions to get a clear idea of the social defini-

when and where opportunism will take place, he has

tion of corporate identity and meet the legitimacy

to take protective measures to keep its hazards away.

requirements of the stakeholders. New SMEs on the

Opportunism has made transaction process consume

B2B platform may face a higher legitimacy threshold

more resources.

than traditional enterprises in the traditional context.

for all participations to get access to resources with

The latter can show their strength by displaying

low cost and acquire the surplus without any resource

business entity in order to obtain the recognition of

allocated in the contract and execution, which cannot

stakeholders. But in the B2B environment, since en-

get through contract originally due to the presence of

terprises’ stakeholders can not directly investigate the

information costs.

However, reputation makes it easy

enterprise and its products, their acceptance of enter-

During an online transaction, it’s difficult for

prise largely depends on the information about the

buyers and sellers to meet each other, so buyers will
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have no choice but to rely on the description about

market status. Ventures often take non-traditional

goods given by the other side, which further increases

tactics to challenge the market leader, analyze the

the information asymmetry and highlights the role of

target opponent's weaknesses and develop high val-

reputation. Zhang Weiying (2001) considered reputa-

ue-added products. In addition, the findings of Jeffrey

tion as a lower-cost mechanism instead of law to

G. Covin and Teresa Joyce Covin (1990) showed that

guarantee transactions in some cases, especially in the

in a hostile and competitive environment, companies

field beyond the law [23]. Taking Taobao.com as an

with high performance often show a positively ag-

example, Li Weian and Wu Desheng (2007) empha-

gressive orientation, while the poor performers tend to

sized the role of personal and collective reputation in

be more passive.

the governance of transactions when the legal system

In fact, the theory above also works when it

and social credit system are absent, indicting private

comes to companies on B2B platforms. Generally,

order can be an alternative of public order [24]. Based

companies with high competitive aggressiveness are

on the online transaction data, Yang Juzheng, Zhang

often able to give competitors a serious blow, because

Weiying and Zhou Li’an (2008) suggested reputation

it is vital for new entrants to compete with a positive

can substitute surveillance to a certain extent [25].

attitude and a strong competitive behavior [26]. To

They hold that large enough future benefits are

gain a certain market share, they will take proactive

needed as an incentive to maintain the cooperation

means to compete with their competitors in all as-

when short-term breach of contract cannot be timely

pects. Otherwise, the new ventures can fail easily.

punished for the absence of favorable surveillance,

Companies with strong competitive aggressiveness

hence reputation will become more necessary.

don’t take conservative and enduring strategies, but to

In conclusion, reputation is actually a comple-

make use of their strengths to launch an active offen-

mentation and alternative of formal institutions. It can

sive to their opponents, so that they can capture the

reduce buyers’ expectation about sellers’ opportunism

market share. In order to achieve this purpose, the

and transaction cost brought about by the information

enterprises have to pay close attention to market

asymmetry.

changes, and quickly solve problems about the operation and management of enterprises. With the prob-

3. Hypotheses

lems solved, they will have good performance. Ac-

3.1 Competitive aggressiveness and performance

cording to the discussion above, this study hypothe-

Competitive aggressiveness is closely related to en-

sizes:

terprises’ performance. On one hand, competitive

H1: The competitive aggressiveness is positively

aggressiveness is a response to threats. Companies

related to the performance of SMEs in a B2B envi-

focus on the interaction of both competitors and the

ronment.

market, manifested as participating in the competition
decisively and effectively. Therefore, they tend to

3.2 Moderating effect of legitimacy

directly response to competitors in the form of a

Studies based on institutional and organizational

face-to-face way, in attempting to destroy the com-

relations find the legitimacy constraints rather than

petitors. On the other hand, competitive aggressive-

internal coordination and management factors is the

ness can be regarded as the tendency of taking

main reason for liability of newness and a high mor-

non-traditional competitive means to consolidate the

tality rate of new enterprises. Aldrich & Fiol (1994)
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pointed out that many enterprises failed not because

of seller’s reputation has a significant positive influ-

of the lack of market potential, but for the legitimacy

ence on the probability of successful auctions [27].

issues such as failure to establish a relationship of

Based on the analysis of data from Taobao.com,

trust with stakeholders, deal with competitive indus-

Zhang Xianfeng (2009) also stressed the importance

try successfully and acquire institutional support, etc.

of reputation to promote selling probability and quan-

The essence of growth of new enterprise is the

tity [28]. These studies mostly focus on direct im-

process to embed system through choosing legitimiz-

pacts of reputation on online-business performance,

ing strategy, overcoming the legitimacy threshold,

neglecting indirect effects.
Besides, some scholars focus on the moderator

and attaining resources.
As new entrants with high proactiveness in the

role of enterprise resources when they study the rela-

market, new enterprises on the internet face higher

tionship between entrepreneurial orientation and per-

legitimacy barriers than existing competitors in their

formance. Wiklund and Shepherd (2005) investigated

field. High competitive aggressiveness reflects the

the moderation of financial resources and pointed out

strong desire for growth, however, if the enterprises

that an appropriate matching and interaction of entre-

fail to obtain legitimacy recognition and support from

preneurial orientation, financial resources and envi-

stakeholders, they can get little resource due to the

ronmental dynamics could affect the performance

lack of credibility and reliability and the higher com-

[29]. Chow (2006) found that human resource, espe-

petitive aggressiveness cannot be effectively trans-

cially the level of employees’ education, also mod-

formed into a better performance.

Enterprises with

erates the relationship between entrepreneurial orien-

legitimacy will have an obvious competitive advan-

tation and performance [30]. Taking reputation as a

tage compared with others since the legitimacy itself

strategic corporate resource like human resource and

is a key resource for the growth of a new enterprise,

finance, this study conjectures its moderator role in

even greater than capital, human resources, customer

the relationship between competitive aggressiveness

wishes, technology, network, etc, and it can help en-

and performance.

terprises to obtain the other required resources as

Meanwhile, the completion of transaction is attributed to both buyers’ and sellers’ intention to con-

well.
Legitimizing provides an important foundation

tact and transact. Any unilateral action can’t reach a

for new enterprises to get additional resources, and it

successful trade. In a B2B environment, enterprises

also effectively affect new enterprises’ resource inte-

with aggressiveness aim to provide service to cus-

gration and the transformation from competitive ag-

tomers in a timely manner, and take the initiative to

gressiveness to performance. Accordingly, we pro-

establish relationship with customers. However,

pose the following assumption:

whether this competitive aggressiveness could im-

H2.1: For SMEs with higher legitimacy in a

prove performance or not depends on the customers’

B2B environment, the competitive aggressiveness has

willingness and behavior to contact the sellers. Dur-

a stronger influence on business performance.

ing this process, enterprises with better reputation
could appeal to more customers and then complete

3.3 Moderating effect of reputation

the two-way link and final deal. On the contrary,

In the study about online auctions, Zhou Li’an

those less reputable companies, even equipped with

and Zhang Weiying (2006) found that the evaluation

competitive aggressiveness, find it hard to attract
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customers since they have left a bad impression,

90.609%. So the reliability of this result is relatively

which makes them unable to encourage customers to

strong. Then, according to the results of factor analy-

patronize. In accordance with above discussions, this

sis, we can extract a factor, the competitive aggres-

study proposes a hypothesis that:

siveness.

H2.2: For SMEs with better reputation in a B2B
environment, competitive aggressiveness has a
stronger influence on business performance.

4.3 Performance
Based on the operating characteristics of B2B
enterprises on the internet, this research selected the

4. Data and variables

amount of exposure, clicks and feedback as the indi-

4.1 Sample selection and data collection

cators of corporate performance. The amount of ex-

This research investigates the SMEs on B2B platforms,

posure and clicks mean how many times the enter-

so we selected Alibaba.com which is the biggest B2B

prises’ products and information have been seen and

platform in China. The data were directly extracted

clicked by buyers within specified time. The amount

from data warehouse of Alibaba.com. We randomly

of feedbacks is the number of the inquiry of enter-

selected 200 member enterprises and 200 non-member

prise’s products information within the specified time

enterprises for study. The results show that the cor-

and it is a statistics of buyers’ feedback which enter-

porate average registration age was 2.14 years, the

prises can get from the B2B platform. The larger the

average registered capital was 3.379 million Yuan and

amounts of impressions, clicks and feedbacks are, the

the average number of employees was 4.16.

greater final trading volume is and the better performance is. Table 2 shows the results of exploratory

4.2 Competitive Aggressiveness

factor analysis on performance, and the KMO test

Competitive aggressiveness is the response to

value is 0.696,the Bartlett test of sphericity value is

threats. Enterprises focus on the interaction of both

707.008(P<0.01), and ANOVA cumulative contribu-

competitors and the market, manifested as participat-

tion rate is 80.87%. So the reliability of this result is

ing in the competition decisively and effectively.

strong. According to the results, we can extract a fac-

Generally, on B2B platforms, companies with high

tor named performance.

competitive aggressiveness actively participate in the
competition, and their business operations on the

4.4 Reputation

platform will be more frequent, for example, releas-

There are mainly two approaches to evaluate the

ing the transaction information more frequently. So

reputation of online enterprises: professionals and

how often and how long companies operate on B2B

customers. Firstly, some professionals collect infor-

platforms can reflect their competitive aggressiveness

mation, get directly involved in a number of online

to some degree. Therefore, this study selects log in

transactions

time length and log in frequency on B2B platforms to

e-commerce reputation based on various indicators

measure competitive aggressiveness. Table 1 shows

with their expertise. Secondly, customers review, in-

the result of exploratory factor analysis of competi-

cluding voting, scoring and leaving messages. Neither

tive aggressiveness. We can see the KMO test value

method can avoid subjectivity: the professionals may

is 0.5, the Bartlett test of sphericity is 267.813 (P

be driven by interest to speak highly of the sellers’

<0.01), and ANOVA cumulative contribution rate is

reputation on purpose; some sellers may attempt to

and

then

make

a

judgment

on
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promote their reputation grade in improper ways,

consumers. Therefore, neither of them can objectively

such as false information published online or a vote

reflect the real level of corporate reputation.

by anonymously registered internal staff or incited
FACTOR ANALYSIS OF COMPETITIVE AGGRESSIVENESS

TABLE I.

Items

Max

Min

Mean

Standard

Factor

Reliability

Value

Deviation

Loading

Coefficient
0.896

Log in Frequency

89

0

37.13

21.183

0.952

Log in Time

36661.3

0

10539.146

8727.857

0.952

FACTOR ANALYSIS OF PERFORMANCE

TABLE II.

Items

Max

Min

Mean

Standard

Factor

Reliability

Value

Deviation

Loading

Coefficient
0.881

Impressions

229621

0

7173.49

26514.982

0.902

Clicks

13769

0

422.96

1494.717

0.938

Feedbacks

542

0

20.44

46.819

0.855

Resnick (2000) presented that a good reputation

conditions of a good reputation evaluating system.

evaluating system must satisfy three basic conditions:
to provide information for buyers to distinguish be-

4.5 Legitimacy

tween sincere and insincere sellers; to motivate sel-

This research selected whether a B2B enterprise

lers to be sincere; to punish the sellers’ insincerity

joining the integrity security system and the amount

[31]. Summarizing previous views, Dholakia (2005)

of integrity security payment as a measure of the

also suggested that the score of reputation feedback

normal legitimacy of enterprises. Integrity security

system could play at least two roles: to help buyers

services are the sellers’ commitment to safeguard the

recognize the difference between different sellers and

interests of buyers in the transaction in the shape of

make a choice; to predict, since the reputation score

security payments (or Ali Baba granting security

got from past transactions is the basis to determine

payments) above 2,000 Yuan and signing the agree-

whether future successful transactions can be reached

ment about integrity security service. Buyers trade

or not [32].

through Ali Pay or the security contract, so they can

This study selects the credibility index of online

be compensated preferentially according to the rules

enterprises as a measure of corporate reputation. It is

when the sellers do not meet commitments. Enter-

a third party evaluation of real corporate identity

prises’ joining the integrity security by paying the

through business certificates, corporate door, office

integrity security payments reflects their efforts to get

space, product display and honors, etc. Difference in

normal legitimacy by complying with the norms of

scores is a clear distinction between sellers’ sincerity.

e-commerce platform. By joining the integrity secu-

Buyers can see the corporate credit history through

rity, enterprises obtain the normal legitimacy.

the link to understand its historical transactions. A
higher score can be an incentive to sellers since it

4.6 Control Variables

means a front rank and a greater opportunity to make

This research selected the number of employees,

a deal. Therefore, the credibility index can be taken

the registration year and whether the enterprise is a

as a standard of corporate reputation for it meets the

paid member as control variables. The number of
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employees shows the enterprise’s size, and it may

competition, the enterprises with more employees

affect the level of service and the subjective evalua-

generally have more strength and may have greater

tion of customers to a certain extent. In the fierce

legitimacy and reputation [33].

TABLE III.

Mean

Standard
deviation

CORRELATION COEFFICIENT MATRIX OF VARIABLES
1

2

3

4

5

6

7

1

0.5

0.501

1

2

2.34

1.367

.262**

1

3

4.16

2.15

-0.008

0.021

1

4

0

1

.142*

0.062

0.136

1

5

34.7

48.247

0.049

.197**

0.089

.263**

1

6

0.49

0.501

0.01

0.109

0.097

.160*

.305**

1

7

0

1

.226**

0.086

0.034

.395**

.543**

.275**

1

Note: 1. number of employees, 2. years of registration, 3. paid members or not, 4. competitive aggressiveness, 5.
reputation, 6. legitimacy, 7. performance; *means P < 0.10, ** means P <0.05, the same below.
TABLE IV.

MODERATED REGRESSION ANALYSIS OF LEGITIMACY AND REPUTATION ON COMPETITIVE
AGGRESSIVENESS AND PERFORMANCE
Dependent variable: performance
Model 1

Model

Model

2-1

2-2

Model 3-1

Model 3-2

Number of employees

-0.017

-0.126

-0.124

0.042

-0.091

Years of registration

-0.067

0.035

0.021

0.033

0.033

Paid members or not

0.165*

-0.033

-0.021

0.28

0.038

Competitive aggressiveness

0.424***

0.412**

0.306**

0.324***

Legitimacy

0.185*

0.168
0.013***

0.003

Reputation
Competitive aggressiveness*

0.155**

Legitimacy
Competitive aggressiveness*

0.507***

Reputation
R square

0.025

0.143

0.156

0.39

0.466

Adjusted R2

0.01

0.116

0.123

0.37

0.446

0.118***

0.013***

0.365***

0.076***

R2 change
F-value

1.674

5.160***

4.727***

19.907***

22.587***

N, df

197, 3

154, 5

153, 6

156, 5

155, 6

Note: *** means P <0.01.
The registration year may be positively related
to both legitimacy and reputation. Older organizations have established roles, a history of successful

accomplishments, and are more deeply embedded in
networks of economic and social relationships.
Whether the enterprise is a paid member reflects
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its efforts to get more trading opportunities. Paid

Besides, the interacted term of competitive ag-

members can get more information and also improve

gressiveness and reputation also has a significant pos-

its recognition of stakeholders to some extent thus

itive effect on corporate performance (β = 0.507, P

influencing the performance of the enterprise.

<0.01, model 3-2), H2.2 supported. This indicates
that reputation plays a moderator role in the relation-

5. Data analysis and results

ship between competitive aggressiveness and perfor-

Table 3 shows the descriptive statistics, correlation

mance, and for enterprises with better reputation,

coefficient matrix and AVEs of main variables.

competitive aggressiveness has more impact on performance. So, it’s also vital for SMEs to establish a

5.1 Competitive aggressiveness and performance

good image among customers.

The regression results in Table 4 shows a significant positive relationship between competitive ag-

6. Conclusions

gressiveness and performance (β = 0.424, P <0.01; β

In this research, we studied how legitimacy and

= 0.306, P <0.05, model 2-1, 3-1), largely supporting

reputation impact the relationship between the com-

H1. This suggests that competitive aggressiveness of

petitive aggressiveness and performance of new en-

SMEs on a B2B platform can result in better perfor-

terprises on B2B platforms, proposed the conceptual

mance. In the fierce competition, enterprises with

model of the relationship of competitive aggressive-

strong competitive aggressiveness won’t take a con-

ness, legitimacy and reputation, and carried out the

servative strategy. On the contrary, they will compete

empirical analysis by using the data warehouse of the

effectively, launch an offensive to competitors in or-

e-commerce platform as a data source. Two conclu-

der to capture more market share, respond quickly to

sions can be made from the results. First, in a B2B

the competitors’ action, identify the key resource ad-

environment, the level of SMEs’ competitive aggres-

vantages and solve problems in the operation, thus

siveness plays an important role in the performance

demonstrating good performance.

and growth of the enterprise. Second, the different
level of the legitimacy or reputation causes different

5.2 Moderating effect of reputation and legitimacy

performance even if the enterprises have the same

As shown in the results, the interacted term of

level of competitive aggressiveness. Both legitimacy

competitive aggressiveness and legality has a signifi-

and reputation have moderating effects on the rela-

cant positive effect on corporate performance

tionship between competitive aggressiveness and

(β=0.155, P<0.05, model 2-2), H2.1supported. This

performance.

indicates that legitimacy plays a moderator role in the

This research is a first step towards an analysis

relationship between competitive aggressiveness and

of the performance of SMEs on B2B platforms. Li-

performance, and for enterprises with legitimacy, and

mited by time and energy, the method of data acquisi-

competitive aggressiveness has more impact on their

tion is single, so that this research selected only one

performance. So, it’s vital for SMEs to establish a

dimension of legitimacy without investigating the

good relationship with stakeholders and get norma-

cognitive legitimacy and regulative legitimacy, which

tive legitimacy, which can help enterprises get critical

may affect the significance of associated findings. In

resources in the transform from competitive aggres-

order to deepen the results of this research, the me-

siveness to performance.

thod of data acquisition should be diverse.

Future
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research could examine whether other dimensions of

[10] P. Kotler & R. Singh. Marketing warfare in the

legitimacy have different impacts on the relationship

1980's. Journal of Business Strategy, 1981,

between competitive aggressiveness and performance,

1(3):30-41.

and whether other dimensions of entrepreneurial

[11] M.

B.

Lieberman.

D.

B.

Montgomery.

orientation have a significant positive influence on

First-mover advantages. Strategic Management

SMEs’ performance on B2B platforms.

Journal, 1988, 9 (Summer):41-58.
[12] Chen Linfen. A Study on the relationship be-
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Abstract: Online reviews have drawn the attention of

1. Introduction

the MIS community. According to a survey conducted

Online reviews have drawn the attention of the MIS

by an e-tailing group, 63% of consumers repeatedly

community (Mudambi et al. 2010). According to a

collect product information online before making

survey conducted by a consulting group (e-tailing

purchases. Half of them spend at least 10 minutes

group 2011), 63% of consumers repeatedly collect

searching for product information. Similarity, airline

product information online before making purchases.

passengers should read reviews before booking tickets,

Half of them spend at least 10 minutes searching for

because the outcome of taking a plane with an un-

product information. However, we have little infor-

known airline cannot be anticipated by inexperienced

mation about why consumers interact with these re-

passengers. However, we have little information about

views differently. Long searches are especially likely

why passengers interact with these reviews differently.

for popular products, where consumers often face

Long searches are especially likely for popular air

information overload. Consumers may also give more

routes or airlines, where passengers often face infor-

weight to negative reviews (Chevalier and Mayzlin

mation overload. Passengers may also give more

2006) and reviews written by someone with strong

weight to negative reviews and reviews written by

social tie or similar background with them (Brown and

someone with strong social tie or similar background

Reingen 1987). In addition, they may give the most

with them. In addition, they may give the most weight

weight to the reviews they read first (Pennington

to the reviews they read first. Thus, we want to know

2000). These observations are important because they

(a) does the order in which reviews are read matter and

implicitly indicate that reviewers’ background (ho-

(b) does the reviewer’s background matter? If they do

mophily), arrangement of review scores (valence) and

matter, how? The current study designs an experi-

review orders (frame) can affect consumers’ buying

mental flying review website, using the concepts of

decisions. If we can prove this causation, firms can

“consumer affinity” and “review arrangement”. We

design more effective review systems to facilitate

aim to explore the best way for passengers under-

consumers’ decision making and to improve profita-

standing the performance of the airline, saving their

bility. Thus, we want to know (a) does the order in

cognitive efforts to process reviews, and provoking

which reviews are read matter and (b) does the re-

their receptions of social presence.

viewer’s background matter? If they do matter, how?

Keywords: Online review, consumer affinity, review

For example, Amazon.com’s favorable and critical

arrangements, airline passenger

reviews at the top of each product review page are
known to be particularly helpful to consumers as they
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have no knowledge of products at all, but other types
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to which reviews facilitate a sense of understanding

of review presentation need more study.

and intimacy between the consumer and the reviewer.

2. Theoretical background

Whereas social presence is one party’s awareness of

2.1 Review Format

the other party in the communication interaction

The characteristics of the review format have a

(Sallnas and Sjostrom 2000), para-social presence is

major effect on both the attitude and the behavior of

the consumer’s affinity with the reviewer, which is

the reader (Enis and Roering 1980, Kang and Herr

created by awareness of the reviewer’s identity.

2006). They can be textual comments (qualitative
information) or ratings (quantitative information).

2.3 Review arrangement
According

Another important attribute that current websites tend

to

the

theory

of

conformity

to ignore is homophily (Rogers and Bhowmik 1970),

(Burnkrant and Cousineau 1975), individuals in a

the degree to which the conveyers of the information

group tend to comply with the group’s norms. In

are similar to the recipients of the information with

consumer research, conformity is defined as the ex-

respect to both demographic attributes (e.g., age,

tent to which a consumer’s behavior is affected by the

gender, and occupation) and psychological attributes

behavior of the majority of the other relevant parties

(e.g., experience, values, lifestyle, and beliefs). The

(Lascu and Zinkhan 1999). We postulate that con-

importance of homophily in dyadic communication is

sumers who read the reviews are likely to be affected

widely accepted in sociology (Dorothy 1985). When

by the favorability of those reviews. The effect of this

consumers read online reviews written by other con-

influence is termed “review valence.” Framing refers

sumers, they create a basic dyadic communication. As

to the order in which information is presented

in a regular social network, these online reviewers

(Crowley and Hoyer 1994). Generally speaking, per-

and readers rely to some extent on geographical and

suasive information can be framed in two orders:

temporal propinquity. Hence, it is reasonable to posit

positive information followed by negative informa-

that online consumers tend to believe those reviewers

tion (positive framing) or vice versa (negative fram-

who are psychologically and demographically similar

ing). It is unclear whether the primacy effect (the in-

to themselves.

formation received first having the greatest impact) or
the recency effect is predominant (Pennington 2000).

2.2 Review helpfulness
We distinguished three measures of consumers’

3. Hypotheses

cognitive processes in absorbing and evaluating a

Figure 1 below depicts our research model. The model

review:

ef-

postulates that review formats affect helpfulness. The

fort-saving, and para-social presence. Product under-

association between review formats and helpfulness is

standing is defined as consumers’ perceptions of the

affected by the review arrangement. The following

extent to which reviews help them understand the

addresses the hypothesis development.

product

understanding,

cognitive

products sold on the website (Jiang and Benbasat
2007). Cognitive effort-saving refers to the psycho-

3.1 The effect of review formats of review helpful-

logical costs of processing the reviews (Wang and

ness

Benbasat 2009). Similar to Kumar and Benbasat

Sellers hope that online reviews create value

(2002), we define para-social presence as the extent

(helpfulness) for consumers and hence increase their
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profits (Yang and Peterson 2004). Rogers and

the following hypotheses:

Bhowmik (1970) suggested that consumers tend to

H1a. Review presentations lead to greater product

feel pleasure when interacting with others who are

understanding by consumers if they have a ho-

similar to them in certain respects, such as social sta-

mophily format than if they have a value format.

tus and educational background. Likewise, Lef-

H1b. Review presentations lead to more cognitive

koff-Hagius and Mason (1993) maintained that ho-

effort-saving by consumers if they have a ho-

mophily reveals how the use and ownership of a

mophily format than if they have a value format.

product link consumers with a desired group, role, or

H1c. Review presentations lead to greater para-social

self-image. What would be the consequence of in-

presence between consumers and the reviewer if

cluding homophily information in addition to textual

the presentations have a homophily format than

comments and ratings in online reviews? We propose

if they have a value format.

Experimental
treatments

Moderators
(1) Review valence
(2) Review framing

Dependent
variables
Product understanding

Reviews without homophily design

Cognitive effort
saving
Reviews with homophily design

Social presence

Figure 1. Research model
3.2 The moderating roles of review valence and

When there is information overload, websites often

framing

utilize valence or framing to make their reviews more

Format may combine with other (moderating)

helpful. Standifird (2001) and Yao et al. (2009) found

factors to affect the helpfulness of online reviews. For

that consumers were influenced more heavily by

example, Henning-Thurau and Walsh (2003) main-

predominantly negative reviews than by predomi-

tained that consumers tend to adjust their purchasing

nantly positive ones. Consumers tend to weigh nega-

decisions after they read reviews dominated by posi-

tive stimuli more heavily than positive stimuli to

tive or negative ratings. Other researchers reached

avoid mistakes and reduce regret (Mitchell and

similar conclusions from their studies (Huang et al.

McGoldrick 1996, Standifird 2001). Thus, we pro-

2009, Park and Han 2008). Consumers may also use

pose these hypotheses:

how reviews are framed to adjust their decisions.
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H2a.

H2b.

H2c.

H3a.

H3b.
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The superiority of the homophily format over

finishing too quickly (not taking the survey seriously)

the value format in terms of product under-

or participating in the experiment twice (tracked by IP

standing will be greater when the reviews are

addresses) – will be excluded from the formal ana-

predominantly negative.

lyses.

The superiority of the homophily format over

Each of the two experimental treatments con-

the value format in terms of cognitive ef-

tains 10 reviews, as suggested by the results of the

fort-saving will be greater when the reviews

focus group interview. The reviews are short and of a

are predominantly negative.

fixed-length (three lines) to avoid possible bias from

The superiority of the homophily format over

length variability (Chevalier and Mayzlin 2006). To

the value format in terms of para-social

provide ecological validity (Viswanathan 2005), all

presence will be greater when the reviews are

materials on the experimental website are taken from

predominantly negative.

a real shopping website. Positive valence is defined

The superiority of the homophily format over

as 6 reviews having a positive rating of 4 or 5, 1 hav-

the value format in terms of product under-

ing a neutral rating of 3, and 3 having a negative rat-

standing will be greater when the reviews are

ing of 1 or 2. Negative valence is defined as 6 re-

negatively framed.

views having a negative rating, 1 a neutral rating, and

The superiority of the homophily format over

3 a positive rating. To test for the framing effect, the

the value format in terms of cognitive ef-

order of the positive and negative reviews is counter-

fort-saving will be greater when the reviews

balanced across participants (see Table 1).

are negatively framed.
H3c.

The superiority of the homophily format over

4.2 Experimental procedure

the value format in terms of para-social

The participant recruitment will be announced

presence will be greater when the reviews are

on three popular websites in Taiwan: PTT (a BBS

negatively framed.

forum), Facebook, and Plurk. The advertisement introduces the purpose of the experiment and asked

4. Research method

participants to click on a hyperlink that bring up the

4.1 Experimental design

experimental shopping website. Participants are in-

To test research hypotheses, we plan to conduct an

formed that their task will be to evaluate the product

experiment. The experimental design will be a 2 (re-

and make a purchase decision. Before the experiment,

view format: value or homophily) × 2 (review valence:

the participants are requested to complete a demo-

positive or negative) × 2 (review framing: positive or

graphic questionnaire. To control for the confounding

negative) full factorial. Potential participants are ran-

effect of prior knowledge of the product (e.g., partic-

domly assigned to one of the eight experimental

ipants may have been familiar with an older model of

treatments. To avoid potential biases from the online

the same camera) and thus improve internal validity,

environment that can compromise research validity,

we include a question on prior product knowledge.

several screenings are employed to define eligible

Participants are randomly assigned to the experimen-

participants. For example, participants who are in-

tal treatments. To ensure that they pay attention to the

volved in the task for an unreasonable amount of time

treatment, they are requested to provide the answers

– taking too long (reflecting a lack of concentration),

to questions regarding the number of reviews, the
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proportions of positive and negative reviews, and the

understanding, cognitive effort-saving, and perceived

review order. They cannot go to the next page until

social presence. All items in the questionnaire are

they answer all these questions correctly. After they

measured using 7-point Likert scales, where 1 is

read the reviews, the participants are presented with a

“strongly disagree” and 7 is “strongly agree.”

post-experiment questionnaire evaluating product
Table 1. Deployment of reviews in each experimental treatment
Value homophily
Positively dominated

Value-status homophily

Negatively dominated

Positively dominated

Negatively dominated

Positively

Negatively

Positively

Negatively

Positively

Negatively

Positively

Negatively

framed

framed

framed

framed

framed

framed

framed

framed

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

＋

－

－

＋

＋

－

－

＋

＋

－

－

＋

＋

－

－

＋

＋

－

－

＋

＋

－

－

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

－

＋

×

×

×

×

×

×

×

×

Note: ＋ positive review － negative review × neutral review

5. Expected contributions
In tourism, consumers consult online reviews before

Based on the experiment, the current study expects to

making travel plans (Vermeulen and Seegers 2009)

identify the best way in which passengers can effor-

and the world’s biggest hotel companies (e.g., Four

tlessly gain insight into the performance of the airline

Seasons, Hilton, Holiday Inn) offer online reviews of

service, and at the same time transform their senses of

their hotels to their own websites (DeLollis 2012). The

homophily into social presences (Short et al., 1976).

momentum of online reviews introduces the opportu-

That is, whether the reviews with homophily have

nity to tourism industries (e.g., airline, hotel, travel

higher impact on passengers’ cognitive process of

agency, etc.) interacting with travelers. To date, there

review helpfulness than the ones without homophily

are many airline review websites created by either the

will be identified. The conditions under which the

third-party organizations (e.g., Skytrax) or the organ-

association between review homophily and review

izations commercially cooperated with several airlines

helpfulness will contingent upon the review arrange-

(e.g., AirwayReview.com). Instead of review objec-

ments are also disclosed. In addition, the aggregated

tivity, the point here should be whether the passengers

ratings of review helpfulness commonly adopted in

can read the reviews they really look for.

practices may not clearly indicate in what aspects the
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reviews are helpful (e.g., helpful in product under-

2.0: Customer Trust and Online Shopping,

standing, cognitive effort saving, or perceived social

Available

interaction). Our prospective findings have potentials

www.e-tailing.com/content/?p=1310. Last ac-

to assist consumers confirming the helpfulness of a

cessed July 21, 2012.

review without reading through the details of that
review.
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Abstract: In this research, we aim to investigate the

Resnick, 2001; Saks, 2006). However, there are only

impacts of customer engagement on service innova-

few marketing and service literature that bring out the

tion practices and identify the influence factor of

issue of customer engagement (Brodie, et al., 2011).

management support, service provider characteristics,

Thus, this study aims to define customer engagement;

customer characteristics. A multiple level analysis

identify the influencing factors of customer engage-

approach will be adopted to empirically examine the

ment and examine the relationships with service in-

proposed model and corresponding hypotheses. From

novation. Moreover, there have been some studies on

the results of analysis, we suggested the insurance

in-purchase behavior (Marsha L. Richins, 1986) or

companies need to provoke a customer oriented work

after purchase behavior (Hoyer, 2010) of customer

atmosphere and encourage customers to participate in

engagement. Yet, we hardly find researches that study

the service/purchasing processes.

on pre-purchase behavior of customer engagement, or

Keywords: customer engagement, service innovation,

study

insurance service, management support

ter-purchase of customer engagement at the same

on

pre-purchase,

in-purchase,

and

af-

time.

1. Introduction
Service is highly important to the global economy
nowadays. Service industry is counted for more than

2. Literature review and hypotheses development

70% of Gross Domestic Product (GDP)for many de-

This research focuses on the concept of customer en-

veloped countries in recent years. Service Dominant

gagement, which is based on the foundational propo-

Logic (SDL) (Vargo and Lusch, 2004, 2008) has be-

sitions states (Vargo and Lucsh, 2004, 2008). The

come more important in service and marketing re-

research is extended by the concept of Service

search. One of the major fundamental propositions of

Dominant Logic (SDL) by Vargo and Lusch in 2004

SDL emphasizes “the customer is always a co-creator

and 2008. SDL focuses on the new idea of service of

of value”, which stress out the service relationships are

intangible resources, relationships, and the value

given by service providers that are rather interactive

co-creation. In this research, we focus on the

and co-creative nature of value creation (Brodie,

intangible resource and value cocreation. This re-

Hollebeek, Jurić, & Ilić, 2011).

search is grounded on three theories, which are Ser-

Engagement is a terminology that has been dis-

vice Dominant Logic, Customer Engagement, Service

cussed in various academic areas, such as sociology,

Innovation, and the extended views. The research is

psychology, political science, and organizational be-

developed based on the concept of Doorn (2010) and

havior in the last ten years (Achterberg et al., 2003;

Brodie et. al. (2011).
2.1 Service Dominant Logic (SDL)


Proceedings of the Twelfth International Conference on Electronic Business, Xi'an, China, October 12-16, 2012, 154-159.

The concept of SDL has gradually become im-
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portant in the research of marketing in current years.

the concept of SDL in the current literature. Most of

The viewpoints of SDL are resulted from the concept

them are discussed in 2007, which around 65% dis-

of Good-Dominant Logic, which focuses on if the

cussed about business to consumer (B2C) relation-

goods are tangible resources; if the goods can be sold;

ships, and others are discussing about busi-

if the firm can offer a better products and value than

ness-to-business (B2B) relationships. The terms "en-

their competitors. Meanwhile, SDL focuses on if the

gage" and/or "engagement" mostly discussed about

firm has clear core competences, essential knowledge,

processes, co-creation, interactions, and market-

and skills that leads to win competitive advantages; if

ing-related forms of service exchange (Brodie, et al.,

the firm has continuous improvement in order to meet

2011). In this research, we focus on B2C relation-

customers/potential customers needs; if the firm ana-

ships and focus on co-creation, interactions, and ser-

lyze their financial performance and come back to

vice exchange.

adjust their ways of offerings to enhance their financial performance.

2.2 Customer Engagement

SDL is quite potentially foundational for a gen-

The role of customer engagement (CE) is nowa-

eral theory of the marketing (Vargo & Lusch, 2008;

days increasingly concerned due to the dynamic and

Venkatesh, 2006). There are ten foundational premis-

interactive environment of business. The importance

es (FPs) in SDL, which are FP1: Service is the fun-

of customer engagement is drawn attentions to both

damental basis of exchange. FP2: Indirect exchange

of the researches and businesses. (Brodie, et al.,

masks the fundamental basis of exchange. FP3:

2011). Customer engagement plays a vital role under

Goods are a distribution mechanism for service pro-

the dynamic and radical environmental changes to

vision. FP4: Operant resources are the fundamental

enhance organizational performance, which includes

source of competitive advantage. FP5: All economies

sales growth (Neff, 2007) and profitability (Voyles,

are service economies. FP6: The customer is always a

2007). Customers also play a major role in terms of

co-creator of value. FP7: The enterprise cannot deliv-

engagement in a marketing activity through intro-

er value, but only offer value propositions. FP8: A

ducing or recommendations the particular service,

service-oriented view is inherently customer oriented

brands, or products to other potential customers in a

and relational. FP9: All social and economic actors

new service/product development (Hoyer, 2010; Ko-

are resource integrators. FP10: Value is always uni-

thandaraman, 2001; Nambisan & Nambisan, 2008)

quely and phenomenological determined by the bene-

and to co-create experience and value (Brakus, 2009;

ficiary (Vargo, 2008). This research is developed base

Prahalad, 2004). Customer engagement behavior is

on FP1 FP6, and FP8, which emphasize the direct

caused

character of service in exchange, and the use of ope-

word-of-mouth

rant resources (knowledge and skills) is the basis in

er-to-customer (C2C) interactions are included (van

service for all exchange; which emphasize value cre-

Doorn et al., 2010).

from

motivational
(WOM)

driven,
activity,

which

the

custom-

ation is interactional; emphasize service-centered

The concept of engagement is now not a new

view is inherently customer oriented and relational

word, which has already existed in business for some

(Vargo, 2008).

ten years (Haven, 2007) and being largely mentioned

There are a number of studies that discussed

in business situation e.g., seminars, conference,

about the phrases "engage" and/or "engagement" with

roundtables, meetings. In the last twenties years, the
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term engagement has been used in several fields, in-

2.3 Organizational Support

cluding psychology(Achterberg, 2003; Social, 2010),

Since he emergence of internet-based social me-

sociology(Jennings, 2003; Morgan, 1994), political

dia is booming, companies can provide products and

science, organizational behavior, and student en-

activities to engage hundreds or thousands of other

gagement(Bryson, 2007; Hu, 2010). Furthermore,

people to participate their events. Although, social

there are several researchers studied on defining and

media is customer to customer communications, it

measuring the concept of customer engagement

can also be considered and integrated to be a part of

(Brodie, et al., 2011). In this research, we focus on

companies’ strategies, which is called integrated

customer engagement.

marketing communications (IMC) strategies. Manag-

The 2011 Journal of Service Research titled

ers and subordinates must learn how to do to be co-

“Customer Engagement: Conceptual Domain, Fun-

herent with firm’s mission, objectives, and goals

damental Propositions, and Implications for Research”

through applying the technique to engage customers

is specifically developed a the theoretical model

e.g., social media tools and promotional tools. Social

linking customer engagement behaviors to certain

media can be thought to be a hybrid element of pro-

customer, firm, and antecedents and consequences

motional mix. The use of social media has two major

(Brodie, et al., 2011). Customer engagement is The

functions: (1) socials media enables organization to

following five foundational propositions (FPs) can

talk to their customers, (2) social media enables cus-

mainly define the customer engagement and the re-

tomers to talk to other people(Mangold, 2009). Sales

lated concept of participation and involvement

promotion has categorized into two kinds: one is to

(Brodie, et al., 2011). FP1: CE illustrates a psycho-

customer, which is consumer sales promotion; anoth-

logical situation, which happens through interactive

er one is to sales people, which is called trade promo-

customer experiences within specific service rela-

tion. In this study, we aim to focus on the firm level,

tionships under a focal agent/object. FP2: CE hap-

which is the trade promotion. Trade promotion aims

pens within a dynamic, repeated process of service

at employers encourage to teach sales people to pro-

relationships that co-creates value. FP3: CE is a cen-

mote their own products or brand.

tral part within a nomological network of service re-

while,(Landy, 1989) claims that most managers agree

lationships. FP4: CE is a multidimensional concept

with the planning of training programs are needed.

subject to stakeholder expression of related cognitive,

Besides, the importance of the evaluation of sales

emotional, and behavioral dimensions. FP5: CE hap-

training programs has become comprehensive and

pens within a particular set of situational conditions

intuitive (Cascio, 1987). On the other hand, it is

generating different levels of CE. These above five

heavily agreed that the IT will become lower cost,

foundational propositions are the present studies that

faster, cheaper, and easier way to communicate. Also,

are seen as the core of defining customer engagement.

IT can be improved its system in order to enhance the

Therefore, the role of repeated customer experience

efficiency and quality for a better customer-personnel

and a co-created value are the basis of conceptual

relationship performance(S. O. Kimbrough, 1992).

foundations of CE. In this study, we focus on cus-

Therefore, base on these, we infer:

tomer co-creation and interaction(Brodie, et al.,

H1: Organizational Support has positive impact on

2011).

customer engagement

Mean-

H1a: Promotion has positive impact on customer en-
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People become easy to communicate when they

gagement
H1b: IT system has positive impact on customer en-

are rapport, which is a behavior of subconscious ra-

gagement

ther more than conscious. In the meaning of recent
customer relationship management, rapport stands for
knowledge can make you and others have somewhat

2.4 Service Provider Characteristic
It is claimed that researches should not simply

similarity and synergy. Customer rapport stimulates

discuss customer satisfaction data since they are not

the cycle of customer engagement and interaction.

adequate and could be misguiding, rather it is sug-

Consequently, customer rapport leads to positive re-

gested that customer engagement should have include

sult of customer engagement. (Djavanshir & Agresti,

a more sufficient measurement to evaluate the rela-

2007)There are a variety of researches contribute to

tionship between customers and employees

since

customer-employee relationships. In this study, we

their relationships are based on emotional feeling.

focus on the customer engagement and customer’s

The emotional feeling can be gauged by integrity,

characteristics e.g., social rapport. Customers who

confidence, pride, and passion(Chrusciel, 2006;

connect or have rapport with service provider will

McEwen & Fleming, 2003). Integrity is evaluated by

become loyalty(Price, 1999). Hence, the more rapport

using the Human Sigma framework and to have posi-

of the customer, the tighter the relation bond as well

tive

customer

as the stronger for the relationship between customer

engagement(Thompson, 2008). People are influenced

and service provider(Lewicki, 1995). Meanwhile,

by perceptions of their service providers if their

people can through dialogue. Therefore, the hypothe-

words and actions are consistent (Simons, 2002). Al-

sis infers that customer has positive effect on cus-

so, the characteristic of integrity includes judg-

tomer engagement.

ment(Cummings,

H3: Customer characteristic has positive effect on

effect

on

the

1996),

level

and

of

interpersonal

justice(Bies, 1986). The dialogue or conversation is

customer engagement

so vital since it stimulates groups or teams to really
share why they have to support each other and what

2.6 Service Innovation

they depend on one another in the win-win informa-

There are many researches that discuss and ex-

tion. The result of updating the related information

plore the similarities and differences between new

and status can be expected to increase the engage-

product development and service innovation at the

ment (Hutchings & Knox, 1995) Therefore, the study

same

aims to hypothesize service provider has positive ef-

Easingwood, 1986; Griffin, 1997). Service innovation

fect on customer engagement.

is defined as innovations in processes or/and innova-

H2: Service provider characteristic is positive associ-

tions in firm for existing service products (Gadrey,

ation with customer

1995). Innovation is the development and appropriate

engagement

time

(Brentani,

2001;

Cooper,

1994;

H2a: Integrity is positive association with customer

application of new and creative ideas(Daft, 1978;

engagement

Nayak, Agarwal, & Director; Van de Ven, 1986).It

H2b: Dialogue is positive association with customer

consists of six various models of innovation that are

engagement

divided by Gallouj and Wenstein (1997), which are
radical innovations, improvement innovations, in-

2.5 Customer Characteristic

cremental

innovations,

ad

hoc

innovations,
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re-combinative innovations, and formalization inno-

vation has already been recognized (Toivonen &

vations, respectively. Innovation is developed as a

Tuominen, 2009).

main driver for companies in order to survive.

Customer engagement can increase the co-create

Therefore, companies are encouraged to be innova-

innovation of a company(Fleming, 2005). Customers

tive. However, the abilities are needed to adjust the

need to engage in the innovation process. All of the

technique

of

customer engagement (EC), collaborative agility

innovation(Benner & Tushman, 2003; Henderson &

(CA), entrepreneurial alertness (EA), and collabora-

Clark, 1990). Service innovation have to be thought

tive innovation can have effect on service innovation

based on development process and interaction of a

result (Agarwal & Selen, 2009). Therefore:

variety of design elements(Bitran & Pedrosa, 1998).

H4: Customer engagement has positive impact on

base

on

different

types

There are many service innovation researches

service innovation

have been studied. For instance, Barras’ model is

Companies should put in more efforts in innova-

based on technological innovation. Also, Barras

tion to be accepted by customers and to enhance their

(1986) found that the innovation approach is opposite

performance (Kuo, Y, 2006). Continuous improve-

to that of manufacturing approach. Therefore, Barras

ment on billing service system can generate more

summarizes that innovations are described as a re-

income (Buellingen, F, 2004).

verse product cycle (RPC). There are three phases for

market, companies should investigate and do the

RPC: (1) the investment in new technology in order

business model and keep enhancing their technology

to enhance the efficiency of delivery of contemporary

to meet the rapid change market (Coursaris, C, 2003).

services called improved efficiency phase, (2) the

Therefore, in this hypothesis, we infer:

technology is implemented to improve the service

H5: Service innovation has positive impact on finan-

quality called improved quality phase, (3) the forma-

cial performance

tion and production of new services called new prod-

Financial Performance

To get the potential

Engagement is a collection of customized in-

ucts phase(Barras, 1986).
The researches about innovation have generated

formational and financial transactions that can en-

in a new and wider perspective about the nature of

hance customers’ value to the company and increase

innovations, which are radical technological innova-

the companies’ value to the customers at the same

tions are not only thought to be a single type of inno-

time(Peppers, 2005). Researches show that customer

vations, and it also not considers as the only way to

engagement can lead to better financial performance.

create something innovative. Moreover, the incre-

Also, the level of customer engagement has effect on

mental and less tangible or intangible improvements

the percentage of people who re-purchase services or

are seen as parts of innovations in recent years.

who introduce the firm to other people. The engaged

Therefore, to every company, the creations of innova-

customers are the most profitable capital to the com-

tions have become their daily issue that need to be

pany itself(Thompson, 2008) Moreover, companies

pay

1999;

with an appropriately interaction of employee en-

Schienstock & Hämäläinen, 2001). Meanwhile, these

gagement and customer engagement can generate

concepts are important for every type of innovations.

more financial revenues(Fleming, 2005). Therefore,

They are only seen as important in service arena.

in this hypothesis, we can infer that:

Consequently, the essential to improve service inno-

H6: Customer engagement has positive impact on

attention

to(Lundvall;

Schienstock,

Customer Engagement and Service Innovation

financial performance
One of the major purpose of this research is to
explore if the characteristics of organization, the
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The results will be examined from empirical evidence
from all the measurement items and there are some
secondary data found from the official website.

characteristics of customer, and the characteristics of
service provider influence the degree of customer

3.2 Sampling

engagement. Therefore, we sepeate them into two

Data of this research are planned to collect from

parts, one is individual-based level, which is

22 insurance companies and 28 insurance broker

customer and service provider. Another one is

companies in Taiwan. Each insurance company are

organizational-based level, which is organization.

going to have 5 to 10 respondents based. The res-

Another main purpose of this research is to find out

pondents are sales people from insurance companies

the relationship among customer engagement, service

and insurance broker companies. One way of the

innovation, and financial performance.

sample gathering are to get the email contacts from
internet and their own office website. Salesperson

3. Research Methodology

receive the research questionnaire after one email was

To verify the conceptual model and the hypotheses

sent to ask salespersons’ whether they are willing to

that proposed in this research. A questionnaire was

fill out their questionnaire. Another way of gathering

developed to find the relationships between the ante-

the respondents is to visit their sales representatives

cedents and its effects on customer engagement and its

of the insurance companies and insurance broker

impact on service innovation and financial perfor-

companies.

mance. This analyzed base in this study focus on both
individual level and organizational level in insurance

4. Conclusion

industry in Taiwan.

In this research, we aim to investigate the impacts of
customer engagement on service innovation practices

3.1 Instrument Design

and identify the influence factor of management sup-

The questionnaire was developed and designed

port, service provider characteristics, customer cha-

according to the academic and empirical study to

racteristics. A multiple level analysis approach will be

form the research framework. We developed the

adopted to empirically examine the proposed model

questionnaire carefully through six constructs, which

and corresponding hypotheses. This research is still

include organization, customer, service provider,

underway and we are in the data collection stage. We

customer engagement, service innovation, and finan-

have now received more than 240 valid responses

cial performance. All the constructs were measured

from 43 insurance companies.

with 5-point Likert type scales ranging from 5

HLM statistical technique and expect to have the re-

(strongly agree) to 1 (strongly disagree). The ques-

sults and discussion presented at the conference.

tionnaire consists of a total sixty three statements.

We will adopt the
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Abstract:Knowledge sharing is critical for modern

issue. Only when employees share their knowledge

organizations. Besides in-role knowledge sharing,

can an organization own and use said knowledge.

there exists knowledge sharing beyond one’s role,

Furthermore, the more knowledge employees want to

which is called extra-role knowledge sharing. This

share, the more resources the organization can gather,

study investigates the antecedents of the extra-role

and the more value the organization can generate from

knowledge sharing from the perspective of organiza-

said knowledge.

tional citizenship behavior (OCB). Previous studies on

Researchers have explored the intention to share

OCB and works on knowledge sharing were reviewed

knowledge or information using different theories and

to develop a model explaining the factors behind ex-

contexts (Kolekofski Jr. and Heminger 2003; Bock,

tra-role knowledge sharing. Willingness to help that is

Zmud et al. 2005; Chiu, Hsu et al. 2006; Chen and

hypothesized to be influenced by procedural justice,

Hung 2010; Du, Lai et al. 2010; Cui and Du 2012).

job satisfaction, and employee personality (extraver-

Those studies help understand knowledge sharing in

sion and agreeableness) is believed to influence ex-

organization. For example, Cui and Du (2012) found

tra-role knowledge sharing. Empirical data confirmed

that there are two types knowledge sharing existing in

most of the hypotheses of this study.

organizations, namely, in-role and extra-role know-

Keywords: extra-role knowledge sharing, organiza-

ledge sharing. Besides the knowledge sharing re-

tional citizenship behavior, willingness to help

quired or expected by each job role, employees in
organization may share more with each other in reali-

1. Introduction

ty. Extra-role knowledge sharing can generate addi-

The world has come to an information explosive era,

tional resource sharing in organizations, enhancing

in which knowledge, an intangible asset of companies,

the effectiveness of the use of knowledge. Therefore,

is extremely important. Knowledge is believed to be

investigating extra-role knowledge sharing, i.e., why

the most important resource for creating core compet-

people are willing to share more than what is required,

itive advantages of an organization (Liu and Lai 2010).

is important. The need to do such an investigation is

To leverage this resource, knowledge management

the reason for this study.

systems have been applied to organizations and were

This study aims to examine the extra-role know-

made to benefit them (He and Wei 2009). However,

ledge sharing from the perspective of OCB. Findings

whether employees are willing to share their know-

of previous studies on OCB were reviewed for the

ledge, an act on which achievement of effective

development of the model that explains the factors

knowledge management partly depends, is a critical

affecting OCB. Willingness to help is believed to influence extra-role knowledge sharing. Willingness to
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help is hypothesized to be influenced by procedural
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justice, job satisfaction, and employee personality

ing), and value for feelings (how the requester treated

(extraversion and agreeableness). Empirical data con-

the information holder in the past) (Kolekofski Jr. and

firmed most of the hypotheses of this study.

Heminger 2003).

This study is organized as follows. Section 2 in-

Ardichvili et al. (2003) believe that when know-

troduces the research background, including that on

ledge is viewed as a public good belonging to one

knowledge sharing in organizations and OCB. Sec-

whole organization, it flows much more easily.

tion 3 presents the development of a research model

Therefore, various types of trust, ranging from know-

based on previous literature. Section 4 discusses the

ledge-based to institution-based, are suggested to be

methodology, while Section 5 presents results of data

developed in organizations to remove the barriers to

analysis. Finally, Section 6 provides further discus-

knowledge sharing.
However, trust was shown to be insignificant in

sions, and presents the limitations and conclusion of
the study.

the study by Chow and Chan (2008). In their study,
social capital (including social network, social trust,

2. Literature review

and shared goals) were combined with the theory of

2.1 knowledge Sharing

reasoned action. Data from 190 managers in Hong

Knowledge sharing in organizations is believed to be

Kong confirmed that a social network and shared

affected by the relationship between organizational

goals significantly influence knowledge sharing and

structures and information systems (IS) structures.

the perceived social pressure of the organization.

Researchers believe that knowledge sharing is deter-

However, the social trust failed to show direct effect

mined by task characteristics, technological interde-

of knowledge sharing on the attitude and subjective

pendency, work teams, and networked structures of

norms.

organizations. Therefore, IS structures are said to

In addition to people’s belief, the knowledge

possess capacities for matching information sharing

sharing itself has also been investigated. Constant

requirements to make information sharing effective

(1994) believe that the attitude toward information

(Lee and Leifer 1992).

sharing depends on the form of the information to be

In addition to IS structure, belief of individuals

shared. Sharing tangible information depends on

on the knowledge is important for knowledge sharing.

pro-social attitude and norms of organizational own-

Researchers have applied the theory of reasoned ac-

ership. Sharing expertise depends on self-expressive

tion (TRA) in knowledge sharing and believe that

needs of people. On knowledge sharing management,

attitude toward knowledge sharing is important (Ko-

Van den Hooff and Huysman (2009) argue that there

lekofski Jr. and Heminger 2003) in making them en-

are two important approaches: an emergent approach

gage in such activity. In their study, information ste-

that focuses on the social dynamics between organi-

wardship attitude of employees (i.e., treatment of in-

zational members and the nature of their daily tasks,

formation as a corporate, rather than personally

and an engineering approach that focuses on man-

owned, resource) is believed to determine the extent

agement interventions to facilitate knowledge trans-

of knowledge sharing in organizations. In addition,

fer.

they suggest combining two additional attitudes in the

Motivators, like monetary or intrinsic rewards,

information sharing model, instrumentality (physical

are also investigated in relation to organization

measures of the information and the impact of shar-

knowledge sharing behavior. Bartol and Srivastava
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(2002) suggest four mechanisms in encouraging

specific persons) and generalized compliance (a more

knowledge sharing in organizations. The first me-

impersonal form of conscientious citizenship) (Smith,

chanism involves the most amenable rewards to the

Organ et al. 1983).

knowledge sharing databases. Second involves the

Later, general compliance is deconstructed, and

rewards based on collective performance for formal

the new model consists of five dimensions, namely,

interaction. Third entails the trust between individuals

altruism, courtesy, conscientiousness, civic virtue,

and organizations for informal interactions. Fourth

and sportsmanship (Organ 1988). This model later

covers the intrinsic rewards for the building of exper-

was found robust when assessing OCB. In addition to

tise and for recognition as the most appropriate means

altruism that kept its original definition, the other

of fostering the feeling of competence among em-

dimensions were also clearly defined. Conscien-

ployees.

tiousness refers to behaviors that go beyond the

According to the study by Bock and Kim (2002),

minimum role requirements. Civic virtue indicates

expected rewards do not have significant effect on the

deep concerns of employees and their active interest

intention to share knowledge. In their follow-up study,

in the life of the organization. Courtesy refers to be-

anticipated extrinsic rewards even exert a negative

haviors preventing work-related conflicts with others.

effect on knowledge-sharing attitude of individuals

Sportsmanship is characterized by the willingness to

(Bock, Zmud et al. 2005). They found that the intrin-

accept changes occurring within the organization

sic motivators, such as anticipated reciprocal rela-

even if they do not like or agree with those changes.

tionships and sense of self-worth, affect knowledge

In addition to its dimensions, antecedents of

sharing attitudes that, in turn, affect the intention to

OCB were also investigated by researchers. For ex-

share knowledge together with the subjective norms

ample, in the study by Smith et al. (1983), rural

and organizational climate. Their research findings

background was found to have direct effects on citi-

indicate that different types of information sharing

zenship behavior. However, the predictive power of

need different reward mechanisms.

other variables, including leader supportiveness, personality, and job satisfaction, varied across the two

2.2 Organizational citizenship behavior (OCB)

dimensions of citizenship behavior.

Organizational citizenship behavior (OCB) in

Perception of fairness was also investigated as

the area of management long has been investigated.

one of the antecedents of OCB. In the study by

Researchers found that this behavior is different from

Moorman (1991), equity theory and other theories of

in-role behavior. OCB is defined as “individual beha-

social exchange were applied to develop a research

vior that is discretionary, not directly or explicitly

model, including on relationships between procedur-

recognized by the formal reward system, and that in

al/distributive justice and OCBs. Results of the em-

the aggregate promotes the effective functioning of

pirical data analysis showed that procedural justice

the organization” (Organ 1988).

has significant effect on four of the five OCB dimen-

Research tried to discover the dimensions of

sions. The excluded dimension was civic virtue.

OCB to thoroughly assess it. For example, a study of

However, distributive justice was found not to influ-

422 employees and their supervisors from 58 depart-

ence any OCB.

ments of two banks found that OCB includes at least

In addition to these attitudinal factors, the per-

two separate dimensions, namely altruism (helping

sonality factors were suggested to be given emphasis
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by Organ and Ryan (1995) in determining OCB. Later,

ship of social capital with OCB was also studied. Bo-

person-organization fit was considered as the antece-

lino et al. (2002) suggest that citizenship behaviors

dents of leadership support and job satisfaction,

contribute to the development of social capital in or-

which then influenced OCB (Netemeyer, Boles et al.

ganizations, including the creation of structural, rela-

1997). The “big five” personality model were also

tional, and cognitive forms of social capital. In this

introduced to OCB studies. The linkages between

way, the manner by which a firm functions is en-

personality and OCB was investigated by a field

hanced.

sample (Kumar, Bakhshi et al. 2009). The regression
results showed that four of the “big five”， including

3. Model and hypothesis development

conscientiousness, extraversion, agreeableness, and

This study aims to explore the antecedents of ex-

neuroticism, can validly predict OCB. Openness to

tra-role knowledge sharing from the perspective of

experience showed no significant effect on OCB.

OCB. Findings of research on OCB were applied to

Furthermore, researchers also examined the

construct the model that is indicated in Figure 1. Ex-

consequences of OCB. For example, Organ (1988)

tra-role knowledge sharing is determined by willing-

argues that organizational citizenship behavior is

ness to help that is influenced by procedural justice,

critical for organizational effectiveness. The relation-

job satisfaction, extraversion, and agreeableness.

Procedural justice

H2

H1
H3
Job satisfaction
H4

Willingness
to help

H6

Extra-role
knowledge sharing

Extraversion
H5
Agreeableness
Figure 1 Research model of extra-role knowledge sharing
Equity theory argues that employees compare

of its variance. There are two types of justice, namely,

the outcomes of a job in relation to their inputs and

distributive and procedural. Procedural justice is the

then compare the inputs/outcomes ratio with relevant

perceived fairness of the process used to determine

others (Adams 1965). Justice perceived by employees

the distribution of rewards (Robbins and Coulter

influences their job satisfaction, as confirmed by pre-

2009). When examined independently from the dis-

vious research. For example, Moorman (1991) found

tributive one, procedural justice is found to affect job

that the perceptions of organizational justice posi-

satisfaction (McFarlin and Sweeney 1992). Moorman

tively influences job satisfaction. Tansky (1993) con-

et al. (1993) confirmed the effect of procedural jus-

firmed that perceptions of overall fairness is posi-

tice on job satisfaction in their study. Therefore,

tively associated with job satisfaction and explains 20%

H1: Procedural justice is positively associated
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with job satisfaction of employees.

the most popular instrument for personalities to in-

Research identifies that OCB has several dimen-

vestigate their effects. However, not all the personali-

sions, and altruism is always one of them. Altruism,

ties affect all the OCBs. Some research suggests that

sometimes called helping behavior, involves volunta-

different sets of personality traits predict different

rily helping others on, or preventing the occurrence of,

OCBs (Organ and Ryan 1995). Specifically, personal-

work related problems (Podsakoff, MacKenzie et al.

ity traits related to interpersonal interactions (e.g.,

2000). Although all the dimensions of OCBs are

extraversion and agreeableness) might be expected to

usually investigated simultaneously, they seem dif-

have strong relationships with OCB (Small and Dif-

ferent in terms of antecedents and consequences

fendorff 2006). Therefore, in this study, extraversion

(Smith, Organ et al. 1983; Tansky 1993). For example,

and agreeableness are believed to have an effect on

in the study by Tansky (1993), regressions for all the

willingness.

OCBs were run, but only the result of the regression

Extraversion refers to the degree of orientation

for altruism was found significant to perceptions of

of an individual to interact with others. It is the ten-

overall fairness (Tansky 1993). Researchers have

dency to be outgoing and gregarious, and to have a

confirmed that there is a significant relationship be-

strong need for sensory stimulation (Neuman and

tween procedural justice and some of the OCBs, in-

Kickul 1998). Mount et al. (1994) found that extra-

cluding altruism (Moorman, Niehoff et al. 1993).

version accounted for some of the variance in job

Another study also supports the relationship between

performance. People with high extraversion tend to

procedural justice climate and the help OCB (Ehrhart

interact more with others, thus having more chances

2004) that actually is altruism. The more procedural

to help others. Therefore,

justice some employee perceives in the organization,
the more willing he/she is to help others in the organ-

H4: Extraversion is positively associated with
willingness to help.

ization. Therefore, we believe there is a significant

Agreeableness describes skills of an individual

relationship between procedural justice and willing-

to form relationships with others as well with an or-

ness to help.

ganization (Neuman and Kickul 1998). Through cor-

H2: Procedural justice is positively associated
with willingness to help of employees.

relation analysis, Ahmadi (2010) showed that agreeableness is correlated with altruism. Moorman (1991)

In addition to procedural justice, job satisfaction

confirmed that agreeableness is a significant predictor

is an important antecedent of OCB. The willingness

of OCB of an employee. Therefore, it is believed that

of employees who are satisfied with their jobs to per-

people with the ability to form a relationship with

form extra-role behavior, such as helping others, is

others have high tendency to help others. Therefore,

easy to understand. Previous research also found that
job satisfaction is positively and significantly related

H5: Agreeableness is positively associated with
willingness to help.

to altruism (Tansky 1993). Smith et al. (1983) dis-

Cho et al. (2010) empirically found altruism is

covered a direct predictive path from job satisfaction

positively related to knowledge sharing in the context

to altruism but not to other OCBs. Therefore,

of Wikipedia. He and Wei also found enjoyment in

H3: Job satisfaction of employees is positively
associated with willingness to help.
The research on OCB introduced “big five” as

helping is one factor influencing the positive attitude
toward and the intention to engage in knowledge
contribution in knowledge management system (He
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and Wei 2009). It is believed the rationale can be ge-

use to knowledge sharing in organizations. Together

neralized to the extra-role knowledge sharing beha-

with the measures of altruism cited in the study by

vior in organizations. Extra-role knowledge sharing is

Netemeyer et al. (1997), three items describing the

a behavior beyond in-role responsibility of an indi-

willingness to help others were given. The measures

vidual. The willingness to help may be needed to

for the two personality traits, namely, extraversion

conduct such a behavior. People who are willing to

and agreeableness, were adapted from the measures

help others is believed to share more knowledge with

for “big five” (John, Donahue et al. 1991). To keep

others even it is not required. This study seems to just

the questionnaire short, only the positive descriptive

put a variety of prior studies into one research model

items were kept. The reversed items were excluded

and to apply the model to new context (i.e., extra-role

from the questionnaire.

knowledge sharing). Therefore,
H6: Willingness to help is positively associated
with extra-role knowledge sharing.

The questionnaire was pre-tested by five business professors. Based on their comments, the authors
modified the questionnaire, particularly the wording,
the grammar, and the structure. The questionnaire

4. 4. Methodology

was first developed in English and then translated

4.1 measurement development and validation

into Chinese for data collection.

The measures in this study were developed based on
previous studies on OCB and knowledge sharing. All

4.2 Data collection and data analysis method

the measures were composed of multi-statements.

The data were collected by sending copies of the

Respondents were asked to indicate their opinions by

invitation letter containing the description of the sur-

making a choice from 1 (“strongly disagree”) to 7

vey to 200 EMBA students, most of who were from

(“strongly agree”) for each statement.

Taiwan. Questionnaires were sent as attachments to

The measures for extra-role knowledge sharing

emails. The respondents were asked to invite one of

were adapted from Cui and Du’s study (2012). The

their colleagues to fill up one questionnaire, if possi-

readiness to share knowledge beyond required, the

ble. After two rounds of sending out of the reminder,

eagerness to share new knowledge, and the volunta-

86 questionnaires were filled up and sent back. After

riness to share knowledge to enhance job perfor-

excluding two incomplete ones, 84 valid question-

mance were used to measure extra-role knowledge

naires were used for data analysis.

sharing.

The data were analyzed first through exploratory

The concept of job satisfaction was directly

factor analysis (EFA) to test the measurement model.

adopted from the study by Netemeyer et al. (1997).

AVEs and covariance among the variables were cal-

Three items describing satisfaction with work when

culated to test the construct validity. Partial least

all aspects were considered were given. Procedural

squares (PLS) structure equation modeling (SEM)

justice was adopted from the study by Niehoff and

was applied to analyze the data because it allows

Moorman (1993), and all the original five items on

small sample size.

justice when job decisions are made were kept.
The measure of willingness to help was adapted

5. Results and analyses

from the study by Hsu and Lin (2008). The context

In total, 84 questionnaires were completed.

was changed from knowledge sharing through blog

Among the corresponding respondents, 56 were male
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and 28 were female. They were all above first-line

each variable and comparing it with the shared va-

managers. Exploratory factor analysis (EFA) was run

riance between variables. The values of the AVEs of

first to test the measurement. Principal component

the variables range from 0.678 to 0.854, all higher

analysis and Varimax rotation were selected for the

than the required threshold, 0.5, indicating strong

data analysis using SPSS 15.0. Based on the number

convergent validity of the measures. In addition, they

of target factors cited in the hypothesized model, the

are all higher than the shared variances with other

number of the factors was set at six. Six factors,

variables. Therefore, the discriminant validity of the

which this study intended to generate, were exacted.

measures is established.
The reliability of the measures was assessed by

All the items loaded higher to their own target factors

Cronbach’s alpha and composite reliability that are

than to others.
Then, the validity of the measurement model

above 0.84 and 0.89 respectively, indicating the

was assessed. The content validity was verified by an

measures are reliable. The weights and loadings of

interview of some senior managers. Convergent va-

the measures model are all significant on their path

lidity and discriminant validity were assessed by ex-

loadings at the level of 0.01.

amining the average variance extracted (AVE) of
Procedural justice

0.164*

0.597**
0.040
Job satisfaction
（R2=35.6%）

0.344**

0.620**

Willingness
to help
（R2=53.9%）

Extra-role
knowledge sharing
（R2=38.46%）

Extraversion
0.406**
Agreeableness
Figure 2 Data analysis results of the research model
The PLS results of the structure model were
shown in Figure 2 with the standardized coefficients

ported). Willingness to help is positively associated
with extra-role knowledge sharing (H6 is supported).

and the R-square of the endogenous variables. As

In order to test the mediating effect of willing-

shown in the figure, except for H3, all the other hy-

ness to help (Baron and Kenny 1986), two extra

potheses are supported. Procedural justice has signif-

models are performed. The first model removes wil-

icant effect on job satisfaction (H1 is supported) and

lingness to help and tests the direct effect of OCBs on

on willingness to help (H2 is supported). However,

extra-role knowledge sharing. The second one adds

there is no significant relationship between job satis-

willingness to help back together with all the links

faction and willingness to help (H3 is not supported).

from the OCB factors to it. The results show that

Both extraversion and agreeableness have significant

extraversion and agreeableness are significantly asso-

effect on willingness to help (H4 and H5 are sup-

ciated with extra-role knowledge sharing in the first
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model. However, when willingness to help is con-

vert and agreeable persons are the ones inclined to

trolled, their significance level dropped in the second

help others and share more knowledge in organiza-

model, which indicates that willingness to help has

tions. The results are consistent with the research

some mediating effect between the personality va-

findings of de Vries et al.’s (2006) study that ex-

riables and extra-role knowledge sharing.

amines team communication style and team members’
willingness to share knowledge. In their study, team

6. Discussions and conclusions

extraversion and team agreeableness are positively

The result showing that job satisfaction does not have

related to team members’ willingness to share know-

significant effect on willingness to help is interesting.

ledge.
This study has some limitations. The major one

However, further examination is needed to determine
the underlying reasons for this observation. This study

is

the

common

method

variance

caused

by

not only investigated job satisfaction but also proce-

self-ratings of all the questions. Researchers have

dural justice. These two variables have a relationship

found that self-ratings are associated with higher cor-

that may affect their individual effect on willingness to

relations, suggesting spurious inflation due to com-

help. Actually, researchers found that job satisfaction

mon method variance (Organ and Ryan 1995). In the

does not show any significant effect on OCB when

future, peer evaluations or supervisor-ratings should

perceptions of fairness were also measured in one

be applied. The sample size is another limitation of

model (Moorman 1991). Another explanation comes

this study. In order to meet the recommended mini-

from the meta analysis of the existing literature by

mum subject to item ratio (5:1) in EFA (Gorsuch

Organ and Ryan (1995). They indicated that job sa-

1983), more data should be collected in the future.

tisfaction is more related to in-role performance than

To conclude, this study brings up a research

to OCB. This argument may explain why job satis-

question for modern management about extra-role

faction has not shown any significant effect on wil-

knowledge sharing in organizations. Through the li-

lingness to help.

terature review on knowledge sharing and OCB, a

Although the hypothesis on the relationship be-

research model is proposed. Empirical data and anal-

tween job satisfaction and willingness to help (H3) is

ysis help confirm the validity of the model, which

not supported, this study achieves its original goal of

shows its academic and practical contributions.

investigating the extra-role knowledge sharing from

However, this study is simply an exploratory one, and

the perspective of OCB. Willingness to help also

further investigation of the topic using better and

takes the mediating role between personality factors

more rigorous procedure is advised.

(extraversion and agreeableness) and extra-role
knowledge sharing, thus providing a new direction
for future research on this area. For managers, this
study emphasizes the role of OCB in knowledge
sharing. To enhance the effectiveness of knowledge
sharing, managers need to provide more justice to
their existing employees. This research also indicates
that managers should consider personality of applicants in their recruitment. They must note that extra-
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Abstract:Social virtual worlds (SVW) base their

Life (SL) (www.SecondLife.com), a virtual environ-

success on continued usage. However, there is a

ment (within which real-life experiences can be at-

paucity of investigation on SVW continuance. Espe-

tained) that has a wide range of artificial domains

cially, hedonic value beyond purely utilitarian con-

with user avatars encompassing aspects of visualiza-

cerns should be taken into consideration in under-

tion and a sense of presence, as well as text and audio

standing SVW continuance. In this study, drawing on

interaction. Different from online games that are

a satisfaction-based perspective and the notion of

normally purely entertainment driven, SVWs are al-

experiential value from the consumer behavior litera-

ways designed with various functions and values,

ture, we developed a research model regarding the

open up many new possibilities for applications in

role of experiential value (including both utilitarian

various domains, and have become important tools for

and hedonic value) in predicting SVW users’ conti-

both organizations and individuals to do education,

nuance intention through satisfaction. In order to em-

business endeavors, entertainment, communicating

pirically test the proposed model and hypotheses, data

and collaborating, among many other socio-economic

were collected using a questionnaire survey from real

activities (Mennecke et al. 2008; Zhou et al. 2011).

users of Second Life, one of the most popular and

Just like many other information technologies, the

typical SVWs in the world, and analyzed via LISREL

long-term viability and eventual success of an SVW

8.70. Theoretical and practical implications are dis-

depend largely on continuous post-adoption SVW

cussed.

usage (Deng et al. 2010). On the one hand, the benefit
or value of an SVW can only be achieved when there

1. Introduction

are a significant number of persistent participants who

In recent years, Internet-based social virtual worlds

adopt and continue using the SVW (Zhou et al. 2010).

(SVWs) have attracted global attention from both

On the other hand, for many companies and organiza-

academia

a

tions that are using an SVW, understanding why res-

three-dimensional immersive virtual environments

idents are using the SVW is crucial to attract potential

“wherein customers use their virtual representatives

customers and generate long-term profitability. Al-

(i.e., avatars) to interact with, and within, these envi-

though it is important to identify what factors affect

ronments for various purposes” (Zhou et al. 2012).

residents’ decision to continue using an SVW, to the

One of the most typical SVWs in the world is Second

best of our knowledge, there is a paucity of specific

and

practitioners.

SVWs

are

investigation of SVW continuance.
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The body of research on information technology

Experiential Value, Satisfaction, Social Virtual Continuance

171

continuance has generally established satisfaction as

analysis. Finally, we conclude with the theoretical

an important factor leading to continuous usage. Be-

and practical implications of the study.

ing predominantly concerned with the instrumental or
utilitarian value whereby information technologies

2. Theoretical Background and Hypotheses

are seen as providing useful functionalities, these stu-

2.1 User Satisfaction

dies have focused mainly on the cognitive sources of

The past few years have seen an increasing number of

satisfaction and continuance usage, such as perceived

studies that have been performed to explain informa-

usefulness and perceived ease of use (Bhattacherjee

tion system (IS) continuance. This body of research

2001b; Davis 1989; Davis et al. 1989). These cogni-

has emphasized user satisfaction as a central con-

tion-oriented behavioral models are thought to be

struct in measuring user attitude about information

insufficient to understand SVW continuance, as they

technologies and predicting user behavior or beha-

heavily on productivity-oriented or instrumental fac-

vioral intention (Deng et al. 2010). Satisfaction refers

tors, which may be important for mandatory usage of

to favorable feelings toward a service in question

a productivity-oriented technology (e.g., word pro-

(Seddon 1997). Satisfaction is a central factor pre-

cessor) in an organizational setting where cost of

dicting continuance intention in the IS continuance

adoption and usage for it is borne by the organization

model (Bhattacherjee 2001b), one of the most suc-

and where most users are employees of the organiza-

cessful models to understand continued usage of in-

tion. In such settings, personal affective experience

formation systems in behavioral IS research. Based

factors may not be important (Kim et al. 2007).

on the expectation-confirmation theory, the IS conti-

However, in the context of SVWs where residents

nuance model presumes that individuals’ intention to

normally participate voluntarily for personal purposes

continue using an IS is predominantly determined by

and the cost of usage is borne by the individuals,

satisfaction and perceived usefulness, both of which

SVW residents are not only technology users but also

are derived from the degree to which user expecta-

service customers (Deng et al. 2010). In such settings,

tions about the IS are confirmed. Satisfaction is a

both utilitarian value and hedonic value are believed

function of confirmation and expectation. Expectation

to be important. Therefore, there is a need for inves-

provides a baseline level against which confirmation

tigators to place more emphasis on hedonic value

is assessed by users to determine their evaluative re-

beyond purely utilitarian concerns in the SVW conti-

sponse or satisfaction. The better the expectations are

nuance literature.

met, the more useful the IS appears to the users, and

In this study, we adopt a satisfaction-based

the more satisfied the users are.

perspective and the concept of experiential value

The uses and gratifications (U&G) paradigm al-

from consumer behavior literature, in order to devel-

so theorizes user satisfaction as a critical factor in

op a conceptual model to explain SVW continuance.

motivating individuals’ usage of media. U&G para-

The model is tested empirically with data collected

digm is used to explain the reasons that people

from real users of SL. The remainder of the paper is

choose a specific medium over alternative communi-

organized as follows. We first review prior relevant

cation media, and to elucidate the psychological

work in the literature, followed by a presentation of

needs of people who use a particular medium. As a

the research and hypotheses. Then, we discuss the

media use paradigm from mass communications re-

research methodology and report the results of data

search that focuses on individual use and choice of
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media (Katz et al. 1974), this paradigm suggests that

2.2 Experiential Value

people use certain types of media to satisfy their

One concern of using the IS continuance model

needs. In other words, users’ decisions to use a me-

to interpret SVW continuance is that the model is a

dium are determined by the functions for which the

cognition-oriented framework that relies on users’

medium serves its users. U&G has been successfully

cognitive beliefs to predict usage behaviors (Kim et al.

demonstrated as a useful lens to understand user mo-

2007). However, in the context of SVW services,

tivations in various IT-related settings, including

residents are not only technology users but also ser-

email (Dimmick et al. 2000) and the Internet services

vice consumers. As technology users, they are more

(Stafford et al. 2004), among others. This fact sug-

concerned with instrumental values (e.g., usefulness),

gests that U&G paradigm is relevant to a broad range

while as service customers, they also pay attention to

of information technologies, and can be applied to

affective or emotional values. In this sense, the cog-

explain users’ underlying motivations and decisions

nition orientation of the IS continuance model may be

to use a new technology whenever this technology

limited to comprehensively explain users’ conti-

enters the stage of mass communication (Elliott et al.

nuance intention in the context of SVWs due to the

1987). Further, U&G is suggested to be useful to ex-

work and play motif in these settings (Vogel et al.

plain the continued usage of social media (Dholakia

2008).

et al. 2004; Sangwan 2005; Stafford et al. 2004).

To address the insufficient power of cognitive

Conceptualized by some scholars as a form of social

models in explaining SVW continuance, we draw on

media (Kaplan et al. 2010), SVWs represent a new

the consumer behavior literature and integrate the

form of Internet-based services that offer a rich inter-

notion of experiential value with the perspective of

active and immersive environment in which active

satisfaction. We propose in general that experiential

users join for various purposes. A SVW may not have

value serves as a determinant of satisfaction and

its predefined goals or missions, but normally, users

SVW continuance, as it reflects users’ general per-

have their own purposes they want to satisfy by par-

ception of the value or benefits of using an SVW,

ticipating in a specific SVW. In this sense, the U&G

derived from their past usage experience. These per-

paradigm is a relevant and useful lens for investigat-

ceived benefits or values of using an SVW are critical

ing SVW users’ motivations.

predictors of user satisfaction, as demonstrated in

A large number of studies demonstrates the role

prior studies (Bhattacherjee 2001b; Caro et al. 2007;

of satisfaction as a direct antecedent of continuance

Chea et al. 2008; Hassenzahl 2001; Hong et al. 2006;

intention (Bhattacherjee 2001b; Hong et al. 2006;

Hsu 2006; Oliver 1993; Thong et al. 2006). The im-

Jones et al. 2006; Thong et al. 2006). Specifically, in

pact of perceived benefits on satisfaction is in essence

an online service setting, satisfaction positively im-

consistent with the U&G paradigm which posits that

pacts on continuance intention (Bhattacherjee 2001a;

users’ gratifications (i.e., satisfaction) are derived

Chea et al. 2008; Kim et al. 2009). As SVWs are a

from their perception of the extent to which their

special type of online services, it is likely that indi-

needs are fulfilled by using a system (i.e., perceived

vidual users’ satisfaction will influence their conti-

benefits). The more a user’s needs are fulfilled, the

nuance intention positively. We thus propose:

more he will get satisfied (Au et al. 2008).

H1: A SVW user’s satisfaction is positively associated with his or her continuance intention.

Online experiential value is defined by Mathwick et al. (2001) as “a perceived, relativistic prefe-
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rence for product attributes or service performances

Many scholars have noticed the importance of he-

arising from interaction within a consumption setting

donic value in the adoption and usage of IS. Some

that facilitates or blocks achievement of customer

researchers have acknowledged the difference in user

goals or purposes” (p. 53). It basically has two dif-

acceptance models for utilitarian and hedonic IS, and

ferent dimensions or components, namely, utilitarian

established an acceptance model of hedonic IS by

value and hedonic value (Mathwick et al. 2001; Wet-

integrating an affective factor (i.e., perceived enjoy-

zels et al. 2009). Utilitarian value, also called extrin-

ment) into the original technology acceptance model

sic benefit in some cases (Mathwick et al. 2001), re-

(Van der Heijden 2004). Specifically, referring to the

fers to cognitive evaluation of the utility of using a

literature on hedonic consumption, research models

system in terms of purpose fulfillment and problem

are proposed to explain SVW acceptance from a he-

solving (Babin et al. 1994a). Utilitarian value is con-

donic perspective (Holsapple et al. 2007). Similarly,

ceptually similar with perceived usefulness (Davis

in the IS continuance literature, there is an increasing

1989; Davis et al. 1989), performance expectation

concern of integrating utilitarian and hedonic factors

(Venkatesh et al. 2003), and IS performance (Au et al.

and studying the interplay between cognition and

2008). In some cases, perceived usefulness is used as

emotion. Affective or pleasant-oriented (i.e., hedonic)

a surrogate or measurement of utilitarian value (Hsieh

factors such as perceived enjoyment (Thong et al.

et al. 2008; Venkatesh et al. 2001). A large number of

2006), affect (Chea et al. 2008), pleasure and arousal

studies suggest a positive impact of utilitarian value

(Caro et al. 2007) are integrated into the IS conti-

on user satisfaction (Bhattacherjee 2001b; Chea et al.

nuance model to predict users’ continuance intention.

2008; Cheung et al. 2009; Hassenzahl 2001; Hong et

Specifically, in the context of online services such as

al. 2006; Oliver 1993; Thong et al. 2006). Therefore,

SVWs which can be treated as “dual” systems

we propose:

(Chesney 2006), it is important to integrate factors

H2: A SVW user’s perception of utilitarian value
is positively associated with his or her satisfaction.

that are beyond utilitarian value into the IS continuance model, in order to get a more comprehensive

In addition to utilitarian value, researchers have

understanding of online service continuance. This is

noticed the salience of hedonic value in consumer

because Internet-based services provide not only uti-

behavior. While utilitarian value represents extrinsic

litarian value but also hedonic value (Stafford et al.

value and cognitive evaluation, hedonic value cap-

2004), both of which are components of experiential

tures the intrinsic value and affective evaluation. He-

value (Mathwick et al. 2001). Similar with utilitarian

donic value refers to a user’s positive emotions or

value, hedonic value is suggested to impact positively

feelings towards using a system, representing an

on satisfaction. Thus, we propose:

overall judgment based on the usage experience itself
(Babin et al. 1994b). Hedonic value has multiple

H3: A SVW user’s perception of hedonic value
is positively associated with his or her satisfaction.

sources and dimensions, including enjoyment, escap-

The research model of this study is shown in

ism, and entertainment (Mathwick et al. 2001; Wet-

Figure 1. In general, our model implies that satisfac-

zels et al. 2009). Wetzels et al. (2009) demonstrate

tion mediates the effects of utilitarian value and he-

the construct validity of hedonic value as a higher

donic value on continuance intention. However, prior

order reflective factor, as well as its nomological va-

research has suggested direct effects of various per-

lidity in predicting attitudinal and behavioral e-loyalty.

ceived benefits on continuance intention, in the ab-
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sence of satisfaction (e.g., Lin and Bhattacherjee

for the relationships between experiential value and

2008). In order to check whether perceived benefits

continuance intention in testing the research model.

impact on continuance intention over and above sa-

Lack of such direct effects will add to the validity of

tisfaction, we take into account not only the hypothe-

our claim that satisfaction has played a mediating role

sized relationships but also the direct effects of per-

between perceived benefits and continuance inten-

ceived benefits (utilitarian, hedonic, and social) on

tion.

continuance intention. Specially, we explicitly control

Experiential Value
Utilitarian
Value

Hedonic
Value

H2

H1

User Satisfaction

Continuance
Intention

H3

Figure 1.

Research Model

3. Methodology

venting repetitive submission of the questionnaire

The theoretical model above was assessed through

from the same respondent based on hyperlinks and IP

online surveys of individual users of SL, which has

addresses. Invitation messages were distributed to as

been suggested in previous research as representing a

many SL users as possible through multiple channels,

“typical” social virtual world (Davidson 2008). As

including: emails, SL forums, SL “in-world” messag-

one of the Internet’s largest user-created, 3D virtual

es, Facebook and Twitter posts. To encourage a high-

world communities, SL was opened to the public in

er response rate, we used economic incentives and

2003 and has since attracted a very large number of

managed several rounds of reminders.

registered users (also known as residents) and active

A total of 464 valid responses were received for

users, constituting a valuable source of data for aca-

data analysis. Among the 464 respondents, 43.1%

demic research. Taking this into consideration, this

were male and 56.9% were female. Respondents’

empirical study is conducted in SL focusing on SL

mean age is about 35; mean work experience is 15.17

users.

years. About 30% were aged between 21 and 30, and
6.9% aged 56 or above. 31.9% had 5 years' work ex-

3.1 Data Collection
An online questionnaire survey containing ques-

perience or below, 11.6% had more than 30 years'
work experience. A quarter of the respondents held a

tions about all the constructs was posted on Ques-

certification of high school or below, while nearly 60%

tionPro (www.questionpro.com), a widely used online

held undergraduate degrees or above. Regarding real

survey service website, and activated for access from

life occupation, 22.4% were business manager or em-

all over the world. Real users of SL were asked to

ployees, 5.2% worked for government, 30.6% were

report their beliefs, feelings and intentions toward

teaching

SVW usage. QuestionPro has the function of pre-

un-employed or retired. In addition, we collected in-

staff

and

students,

and

9.7%

were
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use intention.

with SL. In terms of the length of residence in SL,
48.7% of the respondents had one year experience

3.2 Measures

with SL or below, while only 12.5% had 3 years' ex-

All of the constructs were modeled in this study

perience or more. Most of the respondents used SL

as first-order reflective constructs with multiple items

heavily. Only 8.6% of the respondents used SL less

adapted from previous research (see Table 1). All

than once per week, while 63.6% used SL once per

measures were pretested prior to use on a sample of

day or more. Only 11.2% of the respondents stayed in

SL users. Nineteen items in total were generated. The

SL for one hour or below each time they used it,

four items of satisfaction were measured using sev-

while 73.1% stayed for two hours or more. In general,

en-point semantic differential scales, e.g., from “ex-

while our sample is balanced across various demo-

tremely dissatisfied” (1) to “extremely satisfied” (7).

graphic features, it primarily reflects the opinions of

All of the other items were measured using sev-

experienced and heavy users. The sample appears to

en-point Likert scales anchored from “extremely dis-

fit the objective of the study: investigating repeated

agree” (1) to “extremely agree” (7).

Table 1. Measurement Scales
Utilitarian value: Adapted from (Griffin et al. 2000)
UV1: While using Second Life, I finished just the tasks I initially intended to.
UV2: I could do what I really needed to do in Second Life.
UV3: I accomplished just what I initially wanted to in Second Life.
Hedonic value: Adapted from (Griffin et al. 2000; Sweeney et al. 2001)
HV1: Compared to other things I could have done, the time spent in Second Life was truly enjoyable.
HV2: The use of Second Life gave me pleasure.
HV3: I have chosen features offered by Second Life to suit my style of use.
Satisfaction: Adapted from (Bhattacherjee 2001b)
How do you feel your overall experience with Second Life?
SAT1: Extremely dissatisfied / satisfied
SAT2: Extremely displeased / pleased
SAT3: Extremely frustrated / contented
SAT4: Extremely terrible / delighted
Continuance intention: Adapted from (Bhattacherjee 2001b)
CI1: I intend to continue using Second Life rather than discontinue its use in the next few months.
CI2: I expect my use of Second Life to continue in the next few months.
CI3: If I could, I would like to continue my use of Second Life in the next few months.

4. Data Analysis and Results

checked with an additional analysis procedure via

This study used a structural equation modeling (SEM)

AMOS and PLS. As these additional analyses indi-

technique via LISREL 8.7 to examine the measure-

cated similar results to those from the LISREL analy-

ment model and structural model in sequence (Hair et

sis, for the sake of brevity, we primarily report on the

al. 1998). The results of data analysis were double

results of the LISREL analysis in this paper.
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we compared the χ2 of the original measurement

4.1 Measurement Model
To assess the psychometric properties of the

model with its ten latent variables against the alterna-

measures, a LISREL-based confirmatory factor anal-

tive measurement models with only four latent va-

ysis (CFA) was performed. As the first item of utilita-

riables “where every possible combination of two

rian value (UV1) had a poor loading (0.27) and a high

constructs was examined, thus considering every

error variance (0.93), we removed it from later analy-

possible pairwise discriminant validity check” (Gefen

sis following the practice in prior research (Thatcher

et al. 2003). The results indicated that the χ2 of the

et al. 2004). After that, all of the constructs in the

original model was significantly better than any

model were of good reliability, and had good conver-

possible combination of any two latent variables (the

gent and discriminant validity. As shown in Table 2,

details of the analysis are omitted here due to the

composite reliability (CR) and average variance ex-

page number limitation but are available from the

tracted (AVE) values for all of the constructs ex-

correspondent author upon request), further validating

ceeded 0.70 and 0.50, respectively, demonstrating

adequate discriminant validity of all constructs.

good construct reliability (Fornell et al. 1981;

The overall fit of the measurement model was

Thatcher et al. 2002-3); all of the t-tests of item load-

evaluated using multiple fitness indices, including χ2,

ings were significant (t>1.96; p < 0.05), indicating

goodness of fit index (GFI), Adjusted GFI (AGFI),

high convergent validity for all of the indicators (Ge-

normed fit index (NFI), non-normed fit index (NNFI),

fen et al. 2005).

comparative fit index (CFI), and root mean square

The constructs also exhibited sufficient discri-

error of approximation (RMSEA). As shown in Table

minant validity (Table 3) as the square root of AVE

4, the measurement model fits well with the data in

for each construct was higher than 0.70 and greater

general (Bentler et al. 1980; Hair et al. 1998; Segars

than all of the correlations between constructs (Gefen

et al. 1993).

et al. 2005). To further validate discriminant validity,
Table 2. Confirmatory Factor Analysis Results Using LISREL
Construct

Item





T-value

Notes

UV2

0.91 0.17 18.78

(CR=0.80, AVE=0.67) UV3

0.72 0.49 14.98

 represents item loading;
 represents standard error;

HV1

0.85 0.28 21.92

CR 

(CR=0.86, AVE=0.68) HV2

0.88 0.23 22.91

HV3

0.74 0.46 17.82

Utilitarian Value
Hedonic Value

Satisfaction

SAT1 0.89 0.21 24.27

(CR=0.93, AVE=0.77) SAT2 0.91 0.17 25.19
SAT3 0.82 0.32 21.41
SAT4 0.89 0.21 24.11
Continuance Intention CI1

0.92 0.16 25.69

(CR=0.96, AVE=0.88) CI2

0.98 0.04 28.98

CI3

0.92 0.15 25.95

(  ) 2

(  )2   ( )

AVE 

( 2 )

( 2 )   ( )

tracted.

represents composite reliability;
represents average variance ex-
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Table 3. Correlation Matrix with Square Root of the AVE in the Diagonal
UV

HV

SAT

Utilitarian Value (UV)

0.82

Hedonic Value (HV)

0.60** 0.83

Satisfaction (SAT)

0.52** 0.72**

0.88

Continuance Intention (CI)

0.33** 0.62**

0.52**

CI

0.94

Notes: * p<0.05; ** p<0.01.
Table 4. Overall Fits of the Measurement Model and Structural Model
Fit Index

Measurement Model

Structural Model

d.f.

48

50

152.47

214.92

As small as possible (Segars et al. 1993)

GFI

0.95

0.93

>0.90 (Segars et al. 1993)

AGFI

0.92

0.89

>0.80 (Segars et al. 1993)

NFI

0.98

0.97

>0.90 (Bentler et al. 1980)

NNFI

0.98

0.97

>0.90 (Bentler et al. 1980)

CFI

0.99

0.98

>0.90 (Bentler et al. 1980)

RMSEA

0.07

0.08

<0.08 (Hair et al. 1998)

χ

2

Recommended Criteria

4.2 Structural Model: Hypothesis Testing

influences continuance intention significantly and

Overall, the structural model fits well with the data

positively (β=0.55, t=12.23, p<0.01, H1 supported).

(Table 4). Multicollinearity is not a major concern as
the squared correlations between constructs in the

4.3 Test of Mediation

correlation matrix did not exceed 0.8 and variance

To establish the mediating role of user satisfac-

inflation factors in the collinearity diagnostics did not

tion between experiential value (utilitarian and he-

exceed the accepted threshold of 3.33 (Diamanto-

donic) and continuance intention, we used nested

poulos et al. 2006). Also, common method variance

model comparisons following the procedures sug-

was assessed with a post hoc Harman’s Single-Factor

gested in prior research (Qureshi et al. 2009). As

Test, which provided no evidence for common me-

shown in Table 5, we compared the fits statistics for a

thod variance (Malhotra et al. 2006; Podsakoff et al.

full model (base), which includes all of direct and

2003).

indirect effects, to two constrained models (Model-1

As shown in Figure 2, 30% of the variance in

and Model-2) described below. To test the mediating

continuance intention is explained by the model, and

effect of user satisfaction on utilitarian value  con-

54% of the variance in user satisfaction is explained

tinuance intention, Model-1 was created by con-

by utilitarian value and hedonic value. In particular,

straining the coefficient between utilitarian value and

both utilitarian value (β=0.13, t=2.52, p<0.05, H2

continuance intention to “zero.” Model-1 was then

supported) and hedonic value (β=0.65, t=11.64,

compared to the base model. Model-1 shows accept-

p<0.01, H3 supported) have significantly positive

able

impacts on user satisfaction, which in consequence

NNFI=0.98, CFI=0.99, RMSEA=0.07). The nested

fit

(GFI=0.95,

AGFI=0.92,

NFI=0.98,
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model comparison indicated that the addition of this

continuance intention path did not provide any addi-

constraint did not significantly deteriorate the model
(△χ2=1.50, df=1, p>0.1) compared to the base model,

tional information. Hence, user satisfaction fully me-

meaning that the presence of the utilitarian value 

continuance intention.

Utilitarian
Value

diates the relationship between utilitarian value and

0.13* (2.52)
0.55** (12.23)

User Satisfaction
Hedonic
Value

0.65** (11.64)

Continuance
Intention

R2=0.54

R2=0.30

Notes: The figures in brackets are t-values; * p<0.05; ** p<0.01.
Figure2.

Structural Model Assessment

Table 5. Test of Mediation: Nested Model Comparison
Base Model

Model-1

Model-2

Satisfaction  continuance intention (β1)

0.18 **

0.17 **

0.49 **

Utilitarian value  satisfaction (β2)

0.13 *

0.14 **

0.13 *

Utilitarian value  continuance intention

-0.09

@

0.10

Hedonic value  satisfaction (β4)

0.64 **

0.64 **

0.65 **

Hedonic value  continuance intention (β5)

(β3)
0.54 **

0.49 **

@

2

152.47

153.97

210.50

d.f.

48

49

49

GFI

0.95

0.95

0.93

AGFI

0.92

0.92

0.89

NFI

0.98

0.98

0.97

NNFI

0.98

0.98

0.97

CFI

0.99

0.99

0.98

RMSEA
△χ2

0.07

0.07

0.08

--

1.50

58.03

p-value

--

>0.1

<0.01

χ

Notes: @ signifies path was constrained to “zero”; * p<0.05; ** p<0.01.
To test the mediating effect of user satisfaction
on hedonic value  continuance intention, Model-2
was created by constraining the coefficient between
hedonic value and continuance intention to “zero.”

Model-2 was then compared to the base model. Although the fit indices for Model-2 were acceptable
(GFI=0.93, AGFI=0.89, NFI=0.97, NNFI=0.97,
CFI=0.98, RMSEA=0.08), the nested model compar-
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ison indicated that the addition of this constraint significantly deteriorated the model (△χ2=58.03, df=1,
p<0.01) compared to the base model. The analysis
thus suggested that user satisfaction partially mediates the relationship between hedonic value and
continuance intention.

5. Discussion
5.1 Implications
The study contributes to the literature on IS continuance in general, and studies of SVWs in particular.
Our research model provides a comprehensive understanding of the roles of experiential value in predicting SVW users’ satisfaction and continuance intention. The results shed lights on further investigations
on SVWs and their continuance. Especially, our research finding suggests the importance of hedonic
value in SVW usage. Prior research has extensively
investigated the effect of utilitarian value (e.g., perceived usefulness) on users’ intention to continue
using an information system, but paid less attention to
hedonic value. The results in this study indicate that,
apart from utilitarian value, hedonic value also has
positive effect on user satisfaction and continuance
intention (either directly or indirectly) of SVW users.
This makes good sense because, as a typical Web 3.0
service, SVWs provide users not only functionalities
supporting instrumental applications (which enhances
utilitarian value), but they also provide users with
experiences of immersion (which enhances hedonic
value). In general, the result implies that people are
motivated to participate in SVWs by various motivations; as a special type of online service, SVWs have
attracted a large number of users with various purposes and concerns not only because of the features
and functions they provide to the users for fulfilling
functional values such as education, learning and
business, but also because users come in-world for
playfulness and aesthetics that they can achieve by
using this service.
Further, we find that user satisfaction has partially mediated the effect of hedonic value on conti-
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nuance intention, whereas the effect of utilitarian
value on continuance intention has been completely
mediated by satisfaction. This finding suggests that
various components of experiential value impact differently on SVW users’ continuance intention either
directly or indirectly. For example, it is plausible to
argue that, relative to utilitarian value, hedonic value
is a deeper-level user perception that parallels user
satisfaction and has a direct effect on intention. It is
also possible that other deeper-level feelings (e.g.,
delight), apart from satisfaction, will mediate the effect of hedonic value (Chitturi et al. 2008).
The study has some implications for practice as
well. The findings provide hints to SVW companies
on how to attract different users to continue participating in worlds. Given the typicality of SL, our research findings can benefit SVW operators in general.
For example, our study suggests the important role of
hedonic value in encouraging SVW users’ persistent
usage. Hedonic value highlights the managerial importance of providing these users with holistic optimal experiences or flow experience (Csikszentmihalyi
1990; Koufaris 2002). Users who have such experiences in their usage are highly likely to go back for
continued use.
5.2 Limitations and Future Research
A potential bias in this study is that we have only collected the beliefs, opinion, intention, and behaviors from SVW users, but no information from the
perspective of non-users (or who used to be users but
then became non-users). However, in order to get a
comprehensive understanding of SVW success, it is
important to understand not only why users would
like to continue using but also why people discontinue. Therefore, further studies could investigate
non-users or users’ intention and behavior of discontinuance, resistance or withdrawal to better understand this issue.
One possible threat to internal validity in this
study is that only cross-sectional data were used for
analysis. The use of cross-sectional data can only
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conclude correlationships rather than causal relationships. In this study, as all causal relationships proposed were based on well-established theories which
provide clear causal relationship between constructs,
therefore, in general, the threats of internal validity
are not serious. Future research can use longitudinal
design to further validate the causal relationships in
this study.
In addition, this study shows potential threats to
external validity because all data were collected in a
single SVW, namely, SL. However, as SL is one of
most popular and typical SVW in existence, this
threat has been controlled to some extent. In addition,
scholars have acknowledged similarities between SL
and other SVWs such as HiPiHi, Active Worlds and
Blue Mars in terms of purpose, place, platform, population, and profit model, among others (Messinger et
al. 2008; Novak 2009). This evidence provides preliminary support for generalizing the findings in this
study to other SVWs. In order to further validate the
external validity of the research findings in this study,
future research should replicate the study in other
SVWs.
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Abstract: Many mobile applications rely on the

These benefits are desirable for all mobile applica-

‘cloud’s’ vast computing power, but fail to exploit its

tions, but can be technically complex to achieve be-

full capability. Some application techniques facilitate

cause applications must account for changing hard-

this objective, but individual application requirements

ware conditions at runtime. This problem is solved in

often present degrees of inflexibility. In this paper we

the form of software systems known as computational

propose a more flexible and dynamic computational

offloading frameworks [4]. Although the develop-

offloading approach that enables deeper integration

ment of computational offloading frameworks is a

with mobile applications. We discuss how this is of

relatively mature field [9], there are still limitations

benefit to mobile application developers and users.

imposed by the design of existing implementations.

Keywords: Computational offloading, mobile appli-

In this paper we propose a model to address what we

cations, profiling.

perceive to be the most significant of these limitations.

1. Introduction

This paper is structured as follows: the first part

Mobile applications have become big business. Sta-

of the paper describes the function and design of ex-

tistics published in July 2011 by Apple show that total

isting computational offloading frameworks based on

downloads from the iOS App Store, the most popular

relevant literature. The second part of the paper de-

smartphone application repository, have exceeded 15

scribes the motivations and design of our proposed

billion [7]. In 2012, Google reported that over 400

model for improving computational offloading

million Android devices had been activated [8]. The

frameworks. We conclude the paper by examining the

applications for these mobile platforms often rely on

advantages and limitations of our proposed model,

an internet connection to provide rich and dynamic

and discuss ideas for future work.

user experiences. Hence, it is in application developers' best interests to maximise the benefits from this

2. Computational Offloading Frameworks

connection to ensure the richest and most robust user

As modern mobile devices becoming increasingly

experience possible.

more powerful, user expectations rise in tandem.

There are a number of benefits that mobile ap-

However, mobile devices such as smartphones will

plications can receive when developers exploit the

always be restricted by limited or otherwise con-

ability to communicate with remote servers. The most

strained resources, such as finite battery life, memory,

prominent technical benefits are extended battery life

and processing power. By comparison, traditional

and significantly improved execution speed [4].

server hardware remains powerful and relatively unbounded. With the increasing ubiquity of cloud com-
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offloading is becoming extremely popular [4]. Com-

provide mechanisms to allow developers to customise

putational offloading is a technique whereby a portion

the behaviour of the solver [1] [5]. This allows appli-

of an application's processing is offloaded and per-

cation developers to modify the behaviour of the

formed by a remote server in the cloud. When har-

framework to better suit the unique characteristics of

nessed by a mobile application, computational of-

their applications, or even provide customisation op-

floading allows developers to effectively augment the

tions to the end user [1].

abilities of any smartphone by several orders of magnitude [10].

Application

A popular area of research has been the development of computational offloading frameworks [2]
[3] [4] [6] [10]. These are low-level systems that sit
as a layer beneath smartphone applications to facili-

Environmental
Sensors

tate the conditional offloading of their processing.
These frameworks allow an application to adapt dy-

Profiler

(network, server
availability, etc.)

namically to changing runtime conditions, such as
server availability and network bandwidth, and make
offloading decisions to optimise performance and
resource use [4]. At an abstract level, offloading
Solver

frameworks function based on the interaction between two key components: the profiler and the solver. The relationship between these components is depicted in Figure 1.

Figure 1: Data flow between key components of an
offloading framework

The first component is the profiler. This component collects data on the resource usage and execution
that are candidates for offloading are profiled – me-

3. Business Value of Offloading Frameworks

thods that make use of resources unique to the client,

Computational offloading frameworks are designed to

such as GPS location, camera, or microphone, are

work with any mobile application, requiring develop-

ineligible for execution on the remote server [2].

ers to perform relatively little modification in order to

time of the application's methods [4]. Only methods

The second component is the solver. The solver
is the component responsible for making offloading

integrate the framework into a newly developed mobile app [4] [2].

decisions, based on the data collected from both en-

Utilising an offloading framework represents a

vironmental sensors and the profiler [1]. The solver

significant saving in both development time and cost

supplies the profiler data to a prediction mechanism,

for mobile applications. Offloading frameworks can

which attempts the determine the resource usage and

provide sophisticated and flexible offloading beha-

processing time for a given method based on the pre-

viour that would require a significant investment of

viously collected data [4].

time for developers to produce themselves. Those

Although the profilers in existing frameworks

frameworks that provide support for behaviour cus-

tend to be non-customisable, a number of frameworks

tomisation represent the best return on a developer's
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investment, providing a way to optimise the frame-

profiling and prediction cannot account for the unique

work for an individual application's needs in ex-

execution characteristics of individual methods in an

change for relatively little extra effort.

application. This is because the resource demand of
any given function may vary drastically, given dif-

4. Existing Methodology

ferent sets of input [10]. Processing complexity for

The solvers in existing frameworks utilise a histo-

certain types of data will also depend on the com-

ry-based resource demand prediction mechanism [1]

plexity of the data itself, in addition to its length [10].

[2] [3] [4] [5] [6] [10], where resource demand and

These characteristics are highly application-specific,

execution time is predicted based on data collected at

and may prove difficult to determine through runtime

runtime. The benefit of this online learning mechan-

analysis [1].

ism is that it allows offloading frameworks to adapt to
actual runtime conditions as execution progresses, and

5. Proposed Model

it’s device-agnostic – an important consideration given

With the shortcomings of method-level profiling in

the sheer number of heterogeneous mobile devices in

mind, we proceeded to develop a new model to ad-

the modern market.

dress these limitations. In the following sections we
describe the goals and design of the proposed frame-

4.1 Granularity
The focus of an offloading framework's solver is

work, followed by a discussion of its advantages and
limitations.

to determine whether or not to offload a method.
Methods are the individual functional units of an ap-

5.1 Goals

plication. A method is comprised of an execution se-

In developing a model to improve profiling and

quence of instructions which perform a single task.

prediction mechanisms we were guided by two goals,

The execution flow of a method is influenced by two

designed to address the shortcomings of existing me-

factors. The first factor is conditional evaluation,

thod-level models:

whereby different subsets of a method's instructions

Increase the accuracy of prediction by increas-

will be executed based on a condition. The second

ing method profiling granularity. Existing implemen-

factor is repetition, whereby subsets of a method's

tations consider each method as a whole, which limits

instructions will be repeated multiple times, also

their accuracy. We believe that the potentially varied

based on a condition.

nature of a method's execution cannot be captured

The profilers in existing implementations [1] [2]

unless the granularity of the profiler is increased.

[3] [4] [5] [6] profile the resource usage of applica-

Adapt to input data characteristics. The inability

tions at a method level. Method-level profiling con-

to account for the interaction between a method's in-

siders each method as a whole, ignoring the details of

puts and its unique processing characteristics was the

its execution flow. This approach is convenient due to

most significant limitation of method-level profiling

its conceptual simplicity, and has a low processing

identified in our study of existing implementations.

overhead [4].

Although this relationship is difficult to capture and
express as an input to existing models, a new model

4.2 Shortcomings
In spite of its advantages, method-level resource

can be designed with this consideration as an inherent
factor. This goal instructed the design of both the pro-
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filer and solver in the new model.
5.2 Model
To achieve our stated goals, we propose a model
that significantly increases the granularity of both the
profiling and prediction mechanisms. The key technique is to partition a method into blocks based on its
control flow, as shown in Figure 2.
Profiling is performed based on each block in a
method, instead of the method as a whole. In order to
do so, profiler "probes" are inserted at the beginning
of each block, which are then activated at runtime
when the corresponding block is executed. If a block
is not executed, its associated probe will not be activated. This allows the profiling runtime to determine
exactly which execution paths have been invoked and
correlate the collected resource usage and timing data
accordingly.
To allow the prediction mechanism to take this
fine-grained data into consideration, unique prediction functions need to be generated for each method.
These prediction functions are based on the control
flow of the corresponding method, and take the same
input data. The prediction function accumulates predicted demand by mimicking the execution of the
source method, based on the input data given. For
example, if a block of the source method is only ex-

Figure 2: Breakdown of a method into blocks
The key elements of the proposed model are:

ecuted when the input data possesses a certain cha-

Source-to-Source Modification Tool. This tool

racteristic, the prediction function will only factor in

analyses the source code of each method that has

the collected data for that block if the input data pro-

been marked as an offloading candidate. The tool

vided to it also possesses the required characteristic.

then modifies the source code by inserting the profiler

The combination of block-level probes and

probes for each block. The static analysis performed

unique prediction functions for each method provide

by this tool is also used to generate the corresponding

the mechanism by which the unique execution and

prediction function for each processed method.

processing characteristics of an application's methods

Prediction Functions. Generated based on the

can be captured and utilised. The interactions be-

analysis performed by the Source-To-Source Modifi-

tween the key elements of the model are depicted in

cation Tool, these functions predict the resource de-

Figure 3.

mand for their corresponding source method, based
on the input data given to them.
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Profiler Runtime. The runtime interacts with the
profiler probes and resource monitors to collect resource usage and timing data for the invocations of

by this tool is also used to generate the corresponding
prediction function for each processed method.
Prediction Functions. Generated based on the
analysis performed by the Source-To-Source Modifi-

methods.
The combination of block-level probes and

cation Tool, these functions predict the resource de-

unique prediction functions for each method provide

mand for their corresponding source method, based

the mechanism by which the unique execution and

on the input data given to them.

processing characteristics of an application's methods

Profiler Runtime. The runtime interacts with the

can be captured and utilised. The interactions be-

profiler probes and resource monitors to collect re-

tween the key elements of the model are depicted in

source usage and timing data for the invocations of

Figure 3.

methods.
5.3 Advantages
The primary advantage of the proposed model
over existing implementations is that the unique execution characteristics of an application's methods
can be captured, and subsequently utilised by the prediction mechanism. This allows an offloading
framework to provide dynamic adaption on two
fronts – both in response to the current environmental
conditions and in response to the input data to the
application.
5.4 Implications for research
We are currently working to integrate the proposed

model

into

a

prototype

solver

as

a

proof-of-concept. Once this is complete, we believe a
logical next step would be to modify an existing offloading framework. If the source code for an existing
framework could be obtained, it could be modified to
utilise the proposed model.
Figure 3: Interactions between key elements of the
proposed model
The key elements of the proposed model are:
Source-to-Source Modification Tool. This tool
analyses the source code of each method that has
been marked as an offloading candidate. The tool
then modifies the source code by inserting the profiler
probes for each block. The static analysis performed

In future, we believe that the developers of new
computational offloading frameworks could benefit
from the ideas outlined in our model. The proposed
model is only one technique for capturing and utilising data on the unique execution behaviours of an
application's methods. The underlying ideas of the
model have the potential to provide numerous benefits to computational offloading frameworks. These
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include increased flexibility, deeper integration with

Computational offloading is an increasingly important

application code, and context-sensitive behaviour for

technique. Offloading allows mobile applications to

profilers and solvers. The authors eagerly anticipate

fully exploit the capabilities of cloud computing. This

further improvements on the techniques presented

maximises the benefits that an application receives

here, as well as new approaches to achieve the same

from its connection to the internet. Computational

goals. The authors particularly look forward to new

offloading frameworks allow mobile applications to

computational offloading frameworks that account

adapt dynamically to changing runtime conditions, to

for the unique execution characteristics of applica-

ensure the best user experience possible. We have

tions' methods.

identified key limitations in existing implementations
of computational offloading frameworks which utilise

5.5 Limitations
The primary limitation of the suggested model is
the way in which demand prediction functions are

method-level profiling and prediction. The primary
limitation is an inflexibility in adapting to an application's individual requirements.

designed. Because prediction functions mimic the

Based on the identified limitations of me-

execution flow of the source method, portions of the

thod-level profiling and prediction, we have proposed

processing from the source method must be replicated

a model for a block-level profiling and prediction

– this is the key to determining which blocks will be

technique. This model allows an offloading frame-

executed based on the input data. This makes the

work to capture and utilise data on the unique execu-

model well-suited to methods which perform only

tion characteristics of an application's methods. The

light processing in their conditional evaluations, and

utilisation of this data allows for more flexible and

have no dependencies between a conditional evalua-

dynamic offloading behaviour. The ideas from the

tion and heavy processing performed in a prior block.

model will benefit future computational offloading

Methods which feature heavy conditional evaluation

frameworks' flexibility and integration with applica-

processing or feature such dependencies will be un-

tions. Future work will continue to optimise and ex-

suitable for block-level profiling, since the prediction

pand this model to maximise its performance.

function would replicate this heavy processing and
incur an unacceptably high overhead.

The development of computational offloading
frameworks is of benefit to all mobile application

To mitigate this issue, we plan to look at ways to

developers. There are a number of exciting opportun-

improve the Source-To-Source Modification Tool's

ities to improve on the existing designs and imple-

static analysis methods so that dependencies between

mentations of offloading frameworks. Future frame-

condition evaluations and processing in prior blocks

works utilising techniques similar to those of our

can be identified. In the cases that a dependency is

proposed model will represent even greater value to

identified, the method could then be marked for use

mobile applications.

with method-level profiling instead. This can be easily facilitated by the insertion of a different set of
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Abstract: Business executives are paying large bills

not always enhance firm performance. It often re-

on information technologies every year hoping to stay

quires complementary IT and organization resources

competitive in the network era. According to the lite-

to take effect (Powell and Dent Micallef 1997, Cle-

rature, IT paradox still exists.

We are not sure the

mons and Row 1991; Powell and Dent Micallef 1997;

big investments on IT will result in positive returns.

Weill and Aral 2006). Hence, IT paradox, a clash of

An improved event study methodology is proposed to

expectations of IT investment and IT productivity

address the suspected causes for the paradox, such as

existed. Just as Nobel Laureate, Robert Solow once

mismeasurement of performance, time lags for gains

said "we see computers everywhere except in the

to show up, mismanagement of IT and redistribution

productivity statistics."

of benefits. Using investment on e-channel as a con-

While we cannot denial IT plays an important

text, a research model based on long-term event study

role in firm performance, we have yet to be able to

is proposed to investigate performance gains at dif-

verify corresponding productivity gains. Various ex-

ferent levels.

planations have been suggested which can be grouped

Keywords: IT investment, IT business value, IT pa-

into four categories (Erik Brynjolfsson, 1993, 1996),

radox, E-channel

namely mismeasurement of outputs and inputs; time
lags due to learning and adjustment, redistribution of

1. Introduction

profits, and mismanagement of information or tech-

Information technology (IT) has enabled organiza-

nology. The redistribution argument suggests that

tional transformation, cost cutting and efficiency im-

those investing in technology often gain private bene-

provement (Jifeng Luo, 2012). In the network era

fit at the expense of others, so no net benefits at the

today, even more investments are rushing onto IT

aggregate level. On the other hand, mismanagement

hoping to create capabilities as competition becomes

suggests that firms often invest on IT without proper

more intense. Therefore, whether IT investments im-

IT and/or organization resources. IT investments

prove firm productivity, if so, how would it happens

when complementary with favorable conditions, such

and what are the necessary conditions for it to happen

as competitive strategy, finance, and human resources,

are crucial questions that ought to be addressed.

can improve firm performance.

IT researchers try to establish a direct relation-

In the attempt to investigate whether IT invest-

ship between IT investment and firm performance,

ment generate business value we consider e-channel

but findings are mixed (Murali D. R. Chari, 2008).

as an of IT investment in this study. We then pro-

Instead, a consensus is reached that IT in itself does

posed a modified event study and a comprehensive
research model to re-examine the IT paradox.
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2. Literature Review

resources, such as IT staff, IT infrastructure, IT

2.1 Findings in Empirical Survey Studies

spending; the first order complementary organiza-

In survey studies, researchers use questionnaire to

tional resources involve firm’s strategic level, opera-

measure the IT business value, which could assess the

tional level or department level (financial, human

performance from such as customer side (RongRuey

resource, production, business process),and supply

Duh, 2006), quality improvement (Sarv Deva-

chain level.

raj,2000), competitive position (Shutao Dong 2009),

As for the research model, it is suggested that

not only evaluate the financial performance of IT in-

the integrative model of the IT investment business

vestment. Because of the flexibility of the measure-

value can show the process of IT performance. IT

ment, there are more factors involved in the empirical

payoff firstly is shown at business process level,

studies based on questionnaire surveys than the re-

which is the specific application context of the port-

searches using secondary data.

folio of IT resources and complementary organiza-

The extend and dimensions of IT business value

tional resources, then the business process perfor-

are dependent on internal and external factors, in-

mance or capability may lead to the firm performance.

cluding IT resources and complementary organiza-

This model comprehensively considers the factors

tional resources of the firms and competitive and ma-

that could affect the IT business value, but few of the

cro environment (Melville, 2004). The IT resources

survey verified the integrative model. They proved

mean the technological IT resources (such as IT in-

parts of the whole model by missing the mediate

frastructure, shared technology and technology ser-

business process performance or considering the

vices across the enterprise) and human IT resources

process performance as the dependent variable in

(such as technical skills and managerial skills). Com-

their model.

plementary organizational resources refer to the

As for the time lag issue, questionnaire surveys

non-IT resources in firms (non-IT physical resources,

have the advantage of assessing current outcomes, but

non-IT human resources, and organizational re-

not future performance contributing to the IT after the

sources

organizational

survey conducting time. That is to say, addressing the

structure policies and rules, workplace practices, cul-

time lag issue, questionnaire survey is not a better

ture, etc.), which could improve the IT resources

option. Researchers compensate its shortage with

performance when they co-present with IT resources.

combination of questionnaire data and secondary data.

(Barney,1991),

including

Based on this view, we categorize the factors
discussed in the surveys into IT resources, comple-

We will discuss this method in the following part in
this paper.

mentary organizational resources. The resources are
sorted into two levels, first order resources is the

2.2 Findings in Secondary Data Studies

higher level classification in our research; the second

The IT business value studies using secondary

order is the sub-level of the first order resources, and

data can be sorted into two groups: one uses market

all the constructs involved in the second order are

value to evaluate overall firm performance; while the

from the related literatures. The first order IT re-

other assesses performance by accounting data, such

sources include the IT assets, Technology IT re-

as revenue, costs, or profits.

sources, Human IT resources, and IT-enabled intangibles, which are composed of the second-order IT

2.2.1 Event Studies
In an event study, the objective is to examine the
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stock market’s response to events that are often re-

The event study results show that IT investment

lated to the release of information to the stock market,

may not experience firm value improvement, while a

which is an unbiased estimate of risk and return on IT

specific IT investment, such as IT applied into some

investments. It allows the measurement of stock

business process, such as e-commerce or e-channel

market reactions to the release of information about

can give investors more positive expectation. In addi-

IT investments. In other words, if rational investors

tion, at the strategy level, when the IT investment

value both tangible and intangible aspects of IT in-

transformational, or innovative, which means the IT

vestments, a change in stock price should approx-

application is not only a simple replace manual labor

imate the true contribution of IT to the firm’s value

or offer information, but also a decision support.

not only in cost reductions, but also in increased va-

These are examples of IT investments complementary

riety, timeliness, and quality. (Kun Shin Im, et al,

with organizational resources. They also have reached

2001)

the same conclusions as those in IT business value

The validation of this methodology depends on

empirical studies. IT in itself cannot improve firm

two necessary important underpinnings. In an effi-

performance, IT business value is contingent on the

cient stock market, the IT investment announcement

presence of complementary factors or contexts (Cle-

should be a whole new information for all the inves-

mons and Row 1991; Powell and Dent Micallef 1997;

tors, and the stock market should immediately react

Weill and Aral 2006; Murali D. R. Chari, 2008; Sunil

to the announcement. In this case, the change of

Mithas,2011; Jianliang Chen,2012).

market value during the event day could reflect the

However, by the limitation of the typical re-

change of the firm performance attributing to IT in-

search model of the event study, event study only

vestment. And the market value not only considers

focuses on the direct relationship between IT invest-

the current investment status, but also includes the

ment and firm performance, and the firm-level or

cash flow in the future, so it takes the future effects of

industry-level factors which moderate the direct link.

IT investment into account to address time lag.

Actually, the effect of IT investment firstly appears

The related event study discusses how the stock

on business process level at early stages, or the firm

price--the consensus expectation of all the investors

performance improvement sources from the organiza-

for firm’s market value, reacts to IT-related invest-

tional capabilities, which is formed by the application

ment announcements. So the typical research model

of the portfolio of IT resources (such as IT infra-

tries to find out the direct link between IT investment

structure and IT assets) with the complementary or-

and firm business value.

ganizational resources (such as firm strategy and fi-

However, not all the studies using event study

nancial resources) .These mediating factors, business

find significantly positive effect of IT-related initia-

process performance or organizational capabilities

tives on firm performance. In the 15 event studies, for

were not discussed in the existed event studies yet.

the full sample (which means the IT-related investments samples were not classified by industry or firm

2.2.2 Accounting data

characteristics, such as industry, firm size),only 9

Accounting data can be used for measuring firm

studies find significantly market value improved by

performance, IT resources and organizational re-

firm’s IT investment, 5 are insignificant, and one is

source. Accounting data are objective ways that can

negative.

show firm’s investment by some kinds of assets data,
operational performance by the data such as sales
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revenue, inventory turnover, and overall firm perfor-

their model.

mance by profits.
2.4 A Summary
As for the time lag consideration in these studies,

We find that different method has its advantages

researchers collect the financial data to measure firm

and disadvantages.

Indeed, measurement of per-

performance by using a certain period time lag.

formance is still an issue. In IT business value studies,

Though it is a simple way, it still can deal with the

the value could be shown not only in organizational

facts that the IT business value needs a period of time

tangible assets through revenue increasing and costs

to be applied into business process to form some cer-

decreasing, but also in intangible ways, such as cus-

tain capabilities, finally to be shown on firm perfor-

tomer satisfaction improvement. Surveys, event study,

mance.

and combined method could involve tangible and
intangible IT value, but as for the degree of the data

But unfortunately, there are only three paper
conduct their related studies in this way. The re-

objective, accounting has a prominent advantage over
other methods.

searches using accounting data to evaluate firm per-

Besides the Surveys, all the other methods can

formance and tackling with time lags reach a con-

resolve the time lag, one important explanation for IT

sensus: IT-related investment (Sarv Devaraj, 2000) or

paradox, but there are still few studies can tackle this

IT-enabled capacity (Jifeng Luo, 2012; Radhika San-

problem well.

thanam, 2003) significantly improves firm performance.

In addition, different research model has different level of ability to clarify the process of IT business value generation and what other complementary

2.3 Findings in Combined Methods Studies

factors and context can influence the firm perfor-

Besides the studies individually using the em-

mance. In this case, the typical event study method,

pirical and secondary data to measure IT input and

though it has the advantage in measurement, it only

output, there are some researchers combined use the

can verify whether there is direct link between IT

two kinds of data in a single study.

investment and firm performance, which is also one

As for time lags, for example, in a study of the

cause for the results inconsistency. Besides this, as for

synergistic effects of IT-enabled resources on organi-

the complementary factors and environmental factors,

zational capabilities and firm performance (Jianliang

the typical event study model only can regard them as

Chen,2012), all empirical data were collected in the

moderate factors, while we know that these organiza-

third quarter of 2010 to measure the constructors,

tional and environmental factors can also be com-

such as human IT resources, and operations capability,

bined with IT resources to generate capabilities or

whereas the financial performance was collected in

performance.

the second quarter of 2011 to measure the firm performance.

As for the other three methods, they should have
applied integrative model to study the process of how

But these researches have the same limitation

IT was converted into firm performance, but unfor-

with the questionnaire surveys, they only proved

tunately, based on our literature review, few re-

parts of the whole model by missing the mediate

searcher could verify the whole process that IT in-

business process performance or considering the

vestment improves firm performance by the mediate

process performance as the dependent variable in

effect of certain business process performance and
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Last but equally important, for the earlier entrants, the circumstance may more complicated. For

Therefore, despite many progress in the IT in-

the firms which already have some IT-related re-

vestment business value research, when considering

sources and IT-enabled capabilities, when they add

IT paradox resolutions in these study, there are at

new IT investments to keep up with the technology

least several areas we can improve:

cycles and gain new business opportunities from the

•

Using objective data to measure the IT inputs and

Internet, they should consider the effects of the ex-

outputs, and considering time lag to estimate all

isted IT resources or capabilities. IT capability could

the value attribute to IT investment.

improve other organizational capabilities and even

Further prove the process of how IT investment is

affect the new investment decision (for example the

converted into firm performance, in a specific

amount of the money invested in IT).

•

context :
–
–

–

In sum, in the network era, investment in IT is

What other organization resources comple-

meaningful no matter for the new entrants or the ear-

mentary to IT resources?

lier entrants. Applying IT into business process to

What kind of business process performance or

form unique capabilities with the support of comple-

organizational capability can mediate the IT

mentary organizational resources is equally important

performance relationship?

for both of them to have a position in competition,

What organizational or environmental factors

especially for the earlier entrants, how to make use of

can be as the moderator and control variables?

the prior IT-related capabilities can’t be ignored.

3. IT Investment in the Network ERA

3.1 e-Channel as an IT Investment

In the network era, IT plays a more important role on

In the network era, investing in online business

both sides of suppliers and demanders. On supplier

to broaden the channels to connect with market is

side, there are many new IT-enabled technologies and

commonly used by firms. With the development of IT,

their applications in business process, which make

the channel improved from the earlier IT applications,

firm to get more demand information from customers

such as EDI, e-mail, and Website with simple func-

and react to the market changes more quickly by var-

tions, to current ERP, online trade, and social network

ious means of, such as call centre and social network

services, such versatile IT applications. So the chan-

services, when compared with the earlier IT-enabled

nel, to some extent, is an information and technology

applications such as e-mail, website, and enterprise

(ICT) based channel dealing with products and ser-

systems. On the demand side, more customers are now

vices, which is called e-channel (Solveig Wikstrom,

accustomed to purchase products and services online.

2005). Electronic marketing channels use the Internet

In addition, customers even can take an active part in

to make products and services available (Rosenbloom

co-creating products or services from design to sales.

B, 1999). In this study, according to the nature of IT

This could greatly enhance customization and improve

based, e-channel can be viewed as a specific IT in-

customer satisfactory. There is no doubt that investing

vestment.

on IT is a strategic decision in the network era.

In the IT investment business value studies,

However, such move may only render temporary

e-channel business value is a research area that has

competitive advantages. Competitors may soon im-

the similar results with the summary of the literature

itate the innovative technologies.
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review in part 2 of this paper. The direct link between

search Model

Internet channel and firm market value was verified

As this paper analyses in literature review part, al-

by Inge Geyskens (2002), which was also moderated

though a few recent studies use survey data to examine

by some characteristics of firm-level (for example,

IT investment benefits, survey-based research imposes

direct marketing experience) and industry level (for

limitations, due to its self-reporting and subjec-

example, product-demand growth). Yusen Xia (2010)

tive-assessment nature. Specifically, the same survey

also found the positive effects of online sales imple-

respondents typically provide responses for both in-

mentation on sales, cost and inventory and return on

dependent and dependent variables, which could

investments, however, not all the performance me-

create a potential source of bias. Because of this con-

trics were significantly influenced by online sales

cern, there is an urgent need to confirm survey results

addition, for example, gross profit margin (GM). It is

by using more objective secondary data (Hsu, Kraemer,

not surprising to have the above results. E-channel is

& Dunkle, 2006; Yusen Xia, 2010). There are two

also an IT-related investment, just as we pointed out

kinds of secondary data, accounting data and market

above, so its firm level performance should be in ac-

value (stock price in event study).

cordance with the main explanation with IT paradox.

However, It is important to note the limitation of

In Inge Geyskens’s research on Internet channel per-

the use of stock market reactions as measures of the

formance, a traditional event study was applied to

business impact of information technology invest-

prove the positive consensus expectation of the

ments, because abnormal returns, especially over a

e-channel addition at a short term period. In addition,

short period of time, may not provide an accurate

due to the limitation of the research model of tradi-

assessment of the value of investments (Hendricks,

tional event study, it can’t clarify what organizational

Singhal, & Stratman, 2007; Yusen Xia, 2010).

resources play a complementary role and what

So we proposed an improved event study me-

process the e-channel investment was converted into

thodology, which retains the advantages of account-

business value. That is to say, it only verified a

ing data and the way of sample selection in event

short-term (10 days event period was discussed) per-

study. The improved event study methodology using

formance. Even considering a three years time lag,

publicly available financial data and other objective

some firm performance metrics were not significantly

information from the COMPUSTAT, not the stock

affected by online sales implementation in the study

price to assess the IT investment performance, and as

of Yusen Xia (2010). Our explanation for this is the

for the samples firms implementing IT investment,

lack of a mediate business process performance or

we searched the Factiva database with the key words

capability in the research model.

of the specific IT investment to find press releases or

In this case, in order to find out how e-channel
investment affects firm performance, we need im-

articles that described the implementation of the online channel.

prove the current related research in methodology and

With the above improved event study, we can

model to address the main explanations for IT para-

ensure the objective data collection to overcome the

dox. The research design is stated in the following

bias from the subjective measurement. Despite there

part with considering the characteristics of e-channel

are very few related studies use objective secondary

in the research model.

data to measure IT performance, but there are still
some area needs to be improved, which are mainly on

4. Designing an Event Study based Re-
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the research model. In the following part, our im-

time of the investment in the firm, there are two kinds

proved model is introduced with the e-channel as an

of them: one is newly invested in the firm or some

example.

business processes, the other is the firm invested before and already put into use for outcome, and some

4.1 The Research Model

of them even formed organizational capabilities. Ac-

Despite of many researchers using secondary

cording to the integrative e-channel business value,

data, there are few verifying the whole process how

investments occur in different time play different role

IT investment is converted into business value. Just

in the process of business value generation. In this

as our literature review pointed out that they only

paper, when we say the e-channel investment, we

verified parts of the integrative model, or mix the

refer to the new investment on e-channel.

conception of new IT investment and existed IT resources. These are just what we attempt to improve in
our event study based research model.

4.2 Independent variables
Firstly, in order to indentify the new investment

Since e-channel investment in this paper is re-

in E-channel, we introduce the concept of e-channel

garded as a specific IT investment , the integrative

commitment. By commitment, we refer to the propor-

model for IT business value that was suggested by

tion of the firm’s tangible resources devoted to build-

many literatures can be used to verify the process of

ing and maintaining the online channel. John Hulland

the e-channel performance: in the e-channel context,

(2007) proved that online channel commitment can

based on RBV, IT resources with the complementary

positively affect the firm online performance. In our

organizational resources are applied into the process

research model, we divided the investment into two

of using IT to connecting with market, and the

parts: e-channel establishment investment, and

e-channel investment outcome is firstly shown at the

e-channel maintaining investment. Establishment

business process level, then at the overall firm level

refers to the initial investment, such as website set up

with the organizational capabilities build in the

and software purchasing. The e-channel needs conti-

process of the e-channel implementation. The key

nuous investments, such as the online channel pro-

issues in our research model are as following:

motion, the system upgrade, and human resources

• What IT resources and complementary organiza-

training. And various investments occur at different

tional resources should be involved as indepen-

time, so it is necessary to differentiate them according

dent variables in the e-channel business value

to the time. More importantly, it also helps us to deal

model?

with the time lag issue by time series model analysis.

• What business process performance or capability

Besides the new investment may affect the firm

mediates the e-channel investment performance?

operations and performance, the existed resources or

• What internal or external environment factors can

capabilities can also influence the performance. We

be as moderate variables?

try to consider three factors in our model: IT capacity,

In the context of e-channel, identifying characte-

prior e-channel experience and prior financial per-

ristics of its specific implementation could help to

formance. Though each of them was proved respec-

answer the above questions. It is a notion that in the

tively to affect the IT business value, there is no re-

network era, investing in IT is a continuous behavior

search systematically considering the prior resources

to sustain the competition position, so it is necessary

or capabilities.

for us to indentify the investment. According to the

IT capacity is defined here as its ability to mo-
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bilize and deploy IT-based resources in combination

performance. Some researches use survey methodol-

or co-present with other resources and capabilities.

ogy to assess the firm performance, the other use

The ability can be used to control IT-related costs,

secondary data, includes accounting data and market

delivery system when needed, and effect business

value. In our research, we design to use the accounting

objectives through IT implementation ( Jeanne W.

data (such as profits/costs/ sales/revenue) to evaluate

Ross 1996) .IT leaders with high IT capability, which

the overall firm performance.

are effective and efficient users of IT have the superior firm performance when compared to the average

4.4 Mediating Variables

level in the respective industry(Radhika Santhanam,

Based on the integrative model of IT business

2003). So IT capability positively affects the firm

value, IT investment should manifest at the business

performance.

process level, that is to say, the business process of

Prior e-channel experience means the intensity

the IT investment application can be as the mediate

and scope of experience of the firm entered the net-

variables in the model. As for which process is in-

work market. The effect of direct channel experience

volved, it depends on the specific contexts the portfo-

was proved by an event study of online channel an-

lio resources or capabilities are applied into. In our

nouncements by Inge Geyskens (2002). Prior

research, the e-channel is the specific IT investment,

e-channel experience can help firm to decrease the

so the e-channel implementation is the business

length of period of learning new channel operation

process in our model.

techniques. Learning is also a reason for the time lag

It is suggested that mere online presence does

of the IT investment performance. In this case, prior

not necessarily yield significant performance im-

e-channel experience is not only considered as a

provement and that the sophisticated use of the Inter-

complementary factor, but also consider the time lag

net with integration of the existing channels could be

issue in the conceptual model.

key to achieving remarkable financial performance

Prior financial performance is suggested to be

(Yusen Xia, 2010). The existing established distribu-

considered when conduct the IT business value by

tion channels act as double-edged swords, with di-

some researchers (Radhika Santhanam, 2003; Jifeng

vergent effects on commitment and performance; the

Luo, 2012). Just as researchers suggest that IT re-

greater the established distribution, the weaker the

sources should be complementary with organizational

positive relation between online commitment and

resources, from this view, the IT capability can be

online performance (John Hulland, 2007). Therefore,

considered as IT resources; prior e-channel expe-

operational performance of e-channel depends on the

rience and prior financial performance can be re-

integration of e-channel and its existing channels. In

garded as the complementary resources. The portfolio

our research model, we define across-channel mar-

of these prior resources/capabilities could improve

keting capability as multichannel (e-channel and ex-

the business process performance, then finally the

isted traditional channel) marketing capability. This

firm performance in the specific context.

capability makes it possible to coordinate existing
channel and e-channel, which we called multichannel

4.3 Dependent Variables

synergy, the performance of multichannel marketing.

There are several levels of IT investment performance

The multichannel synergy includes super-additive

researchers: firm level, industry level, country and

value synergy and sub-additive cost synergy. The

economic level. In our research, we focus on firm level

former synergy means the value of multichannel op-
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eration are more than the sum of the value of each

integration of them; Vertical multichannel means the

channel individually. The latter synergy means the

customer have more than one channel options at

cost of multichannel operation are less than the sum

every stage of the customer purchase process, it is

of the cost of each channel individually.

possible for the occurrence of channel conflicts between two channels. The different multichannel may

4.5 Moderating Variables

affect the transfer of the e-channel investment into

The moderators affecting the process of IT

multichannel marketing capability.

business value come from the firm level and industry

E-channel type refers to different commercial

level. Firm-level involves strategy, financial, mana-

mode of the channel on Internet, firms may choose

gerial, technological and marketing factors; industry

B2C or B2B, and provide tangible goods or intangi-

level includes the moderate effect from competition,

ble goods to its customer through Internet. Competi-

demand and financial market.

tion intensity refers to the extent that the firm is af-

In our research, we discuss multichannel type,

fected by its competitors in online market.

e-channel type and competition intensity. We use Ho-

Based on the integrative IT business value mod-

rizontal/Vertical multichannel to define the multi-

el (Melville, 2004), and the above analysis of

channel type. Horizontal multichannel means cus-

e-channel context, our research model and the possi-

tomer have only one channel option (traditional

ble variables involved in this paper is illustrated in

channel or e-channel) at every stage of the purchase

the figure 1.

process (search-purchase-after sale service), there is
no conflicts between two channels, it may be easier to

Figure 1.

Research model for e-channel investment and performance
business value and clarifying how the portfolio of IT

5. Discussion

resources affecting firm’s performance and sustainable

Business value of Information Technology (IT) is one

competitive advantage today (Jianliang Chen, 2012).

of the most important issues in IS research (Jifeng Luo,

Though there are many progresses in the current re-

2012). When firms decide to invest in IT and imple-

lated studies, the IT paradox that obscures the truth of

ment the technology, it is crucial to assess the IT

IT business value still needs to be dealt with in IT
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business value studies. The main explanations for IT

5.2 IT and Organization Resources as Control Va-

paradox are not solved well in the current related stu-

riables

dies. Our proposed research model attempts to address
these problems in the following ways.

In addition to the factors in our research model
may affect the IT business value, there are also some
others factors influencing the firm performance,

5.1 Using Objective Accounting Data

which should be controlled in the research. There are

Use of accounting data could alleviate bias re-

internal and external control variables discussed in

sulting from subjective survey measurements and

the related literature. They can be sorted into three

avoid the arguments of using stock price to evaluate

levels: firm-level, industry-level, and country level.

the market value of firm performance. What’s more,

Because our data collection limitation, we don’t try to

we try to combine the way of data collection in event

conduct the across-country research currently, then

study, which we called improved event study (see

we consider the control variables at firm level and

section 4).This is also one of the contributions to IT

industry level. We will test our model after control

business value research area.

the effect of the firm size, industry type.

Time lag issue by

conducting long term improved event study
In the very few researches considering time lag

6. Conclusions

in IT business value, conducting a long term study is

An improved event study methodology is proposed. In

a common way to address this problem. In our re-

order to further understanding and implement the

search, we collect the IT input data from the fiscal

methodology, we show the research model and the

reports and the publicly announced information of the

variables in the e-channel context. We use accounting

sample firms at a given time, and collecting the per-

data to address the measurement, conducting a

formance data from the same secondary data source

long-term improved event study to consider the time

in a period of time lag. In this way, panel data can be

lag issue, and other factors affecting the firm perfor-

used in the time series analysis to test our research

mance are also controlled in our model.

model. This is also an improvement to the event study

Though this paper may contribute to the IT

methodology, after all, the short-term event study

business area by verifying the process of how IT in-

only test the immediate market reaction to IT-related

vestment is converted into firm performance with

investment announcements. As for the typical

improved means to deal with the IT paradox, and help

long-term event study, more confounding effects exist

manager to assess IT investment performance objec-

in a longer period.

tively to alleviate mismanagement issue, we also can

Besides this, the long term event study based

improve this study in the following areas: continually

methodology also can make it possible to test the

optimize the means for measurement or time lag;

mediate effect of the business process performance or

complete the whole research design and test the pro-

capabilities, which is not verified in the current re-

posed model in e-channel context; modify the pro-

search status. In this case, the long term improved

posed model based on the natures of other IT applica-

event study methodology is another contribution to IT

tions.

business value research area.
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Based on theories of transaction cost

transaction was 179.11 billion RMB, 20% of the

economics, this paper study up on the relationship

overall China online shopping market; Share of ap-

between product cognitive, transaction complexity

parels, digital and home appliance is over 50% in all

and transaction cost, and examined the impact of

sub-categories. Clothing, Shoes. , Hats, and. Bags.

product cognitive, transaction complexity on the

26.5%, 3C and Home Appliances. 24.2%, Cosmetics.

product suitable for E-commerce. Being difference

4.9%, Books, Audio and Video Products. 3.0%, Oth-

from the previous point of view that the product cog-

ers 41.4%. ( iResearch, 2012). As a new marketing

nitive would reduce transaction cost, and transaction

channel, e-commerce has changed the way of people

complexity would increase transaction cost, that

shopping and will bring new opportunities and

combination with previous researches, we conclude

chances for existing businesses. Hence we can con-

that transaction cost tends to influence product suita-

clude that different products adapt to e-commerce

ble for E-commerce; and with the product cognitive

differently, and whether the product is suitable for

increasing and transaction complexity reducing,

e-commerce largely depends on the features of product

transaction cost reduced so that the product are more

or service (Peterson, et al., 1997). It is important for

suitable for E-commerce.

the company to understand the effect of products’

Keywords: suitable for E-commerce, transaction cost,

typology on consumers’ online shopping behavior.

product cognitive, transaction complexity.

In the context of consumers’ online behavior,
there are many

1. Introduction

consumer

choice

models

of

According to the 29 Statistical Report on Internet

E-commerce , such as Technology Acceptance Model
(TAM ） (Davis, 1989; Davis, Bagozzi,and War-

Development issued by CNNIC(China Internet Net-

shaw,1989;Sejin and Leslie,2009), Theory of Rea-

work Information Center), by the end of December
2011, more than 194 million people made purchases

soned Action (TRA) (Verhoef and Fred,2001; Jinsook,2004) and Theory of Planed Behavior（TPB）

with e-tailers. while B2C made it to the mainstream

(Ajzen,1991;Paul and Mendel,2006)explain the con-

with the proliferation of B2C services like TMall,

sumer choice of E-commerce. The approach in this

360buy, Joyo, Dangdang and so on(CNNIC,2011).

paper uses the theory of Transaction Cost Economics

According to 2011 annual core data of E-commerce

to explain the consumer choice of E-commerce and

released by “iResearch”, the total amount of

what products is more adaptable to E-commerce. In

e-commerce trade in China in year 2011has reached 7

other words, this paper investigates the effect of

trillion RMB, with an increase of more than 46.4%

product characteristics on consumers’ perceptions of

over the last year. And transaction scale of B2C

E-commerce and consumers’ intention to adopt

th

E-commerce. Most importantly, this can answer the

Proceedings of the Twelfth International Conference on Electronic Business, Xi'an, China, October 12-16, 2012, 201-213.

questions of what products and services are adaptable
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to E-commerce and why they are adaptable.

sacrifice of productive value by alternative users.
This is related to the notion of sunk cost. But the full

2. Conceptual Framework and Hypotheses

ramifications of asset specificity become evident only

2.1 Transaction cost theory

in the context of incomplete contracting and went

A transaction is a process by which a good or service is

unrecognized in the pre-transaction cost era (Williamson, 1975) (Williamson, 1979 ； Klein, et al.,

transferred across a technologically separable interface (Williamson, 1975；Williamson, 1985).In classic

1978).And Williamson introduced six kinds of asset

economic theory, it is assumed that information is

specificity: site specificity, physical asset specificity,

symmetric in the market and the transaction can be

human asset specificity, dedicated assets, brand name

executed without cost. In reality, however, markets are

capital, temporal specificity (Williamson, 1991). A

often inefficient. In order to proceed with a transaction,

central premise of transaction cost theory is that

consumers must search for information and monitor

transaction cost increases as trans-actors make greater

the on-going process to ensure a favorable deal. The

asset-specific investments. When using electronic

costs involved in such transaction-related activities are

commerce, consumers need to invest some time or

called transaction costs (Coase, 1937). TCE theoreti-

energy to collect product information, even study

cally explains why a transaction subject favors a par-

some special skills of identifying the product with the

ticular form of transaction over others. The basic

goal of knowing more about the product or perceive

principle of TCE is that people like to conduct trans-

the goods better. And these investments seem to be

actions in the most economical way. TCE has been

specific, which means they cannot be fully utilized in

successfully applied in many domains. Among the

other situations. Hence, in order to describe the cost

well-known examples are TCE applications to facili-

paid by consumers when purchasing goods online, we

tate the make-or-buy and business integration deci-

replace the asset specificity with the asset-specific

sions. The market mechanism is popular when the

investment belonged to consumers.

transaction cost of buying outside is lower than man-

Uncertainty

causes

problems

because

of

ufacturing inside, while organizational hierarchy is

bounded rationality, information asymmetries and the

used other-wise. Since purchasing from electronic

danger of opportunism. The issue here is the difficul-

stores can be considered as a choice between the

ty to predict possible events that may occur during

electronic commerce and traditional commerce, it is

the course of a transaction. As such, the length of

reasonable to assume that the consumer will go with
the channel that has a lower transaction cost（assuming

time over which the transaction will happen becomes

other costs being equal）.

“spot markets” will have relatively little uncertainty

crucial (Williamson, 1981). Transactions that occur in

The transaction cost may be affected by three

because one does not have to predict the future. In

dimensions or variables that are employed to characterize any transaction (i.e., uncertainty，asset speci-

contrast, transactions that involve a commitment over

ficity, and transaction frequency) and two main as-

mental uncertainty refers to unanticipated changes in

sumptions of human behavior (i.e., bounded rational-

circumstances associated with an exchange (Noor-

ity and opportunism).

dewier, et al., 1990), behavioral uncertainty arises

time have more uncertainty built in. While environ-

Asset specificity refers to the degree to which an

from difficulties associated with assessing perfor-

asset can be redeployed to alternative uses without

mance and contractual compliance of exchange part-
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ners (Rindfleisch and Heide, 1997). In the real con-

fluence is increasing.

text of E-commerce, as the consumers do not hold

There is a high uncertainty when the consumers

perfect information and cannot process too much in-

are shopping online; the uncertainty mainly includes

formation, they are confronted with risks such as

product uncertainty and the uncertainty of the beha-

quality, quantity, or delivery delay and so on. In this

vior of the sellers. The communication between the

paper, we explore uncertainty to depict the cost paid

consumers and sellers is limited (mainly a simple

by customers when using electronic commerce.

communication online), hence it is easy to bring

Transaction frequency refers to the frequency

about an information asymmetry. This may cause an

with which transactions recur. According to William-

opportunism behavior of sellers, and the consumers

son, higher levels of transaction frequency provide an

may do not trust in the E-commerce. In addition, after

incentive for firms to employ hierarchical governance

purchasing the goods, the consumers may find it is

structures, as it will be easier for these structures to

not the goods they really want. And in this case, they

recover large transactions of a recurring kind [Wil-

may pay a lot of time to send the goods back. This

liamson, 1985]. However, TCE researchers have been

may increase the money cost. In order to decrease this

largely unsuccessful in confirming the hypothesized

uncertainty, the consumers have to spend more time

positive relationship between transaction frequency

to search on the internet, and this will bring about a

and

and

higher searching cost. For some goods whose price is

Heide,1997]. Further, John and Weitz considered

not transparent, the consumers may pay more money

transaction frequency as a dichotomous phenomenon

for the goods. Thus, the uncertainty of transaction

(distribution between one-shot exchange and recur-

makes the transaction cost increase. In addition, with

rent exchange) and controlled transaction frequency

the increase of the degree of uncertainty, the change

by examining only recurring exchanges (John and

of transaction cost will also increase. It follows that:

hierarchical

governance

[Rindfleisch

Weitz,1988). Consequently, we omit this variable

H1b: There is a positive relationship between

from our model as (Teo, 2004). So in the context of

uncertainty and transaction cost, and the influence

E-commerce, we include two types of asset specifici-

is increasing.

ty: specific physical asset and specific human asset.

In the context of E-commerce, researchers have

Specific physical asset refers to the asset which is

conducted studies using TCE to explain firm-level

invested for the online shopping, such as personal

and consumer-level issues. Liang and Huang devel-

computers and modems. These equipments are ne-

oped a model (with two antecedents of transaction

cessary to E-commerce, and cannot be replaced by

costs-uncertainty and asset specificity) based on TCE

some other stuff. Specific human asset refers to the

theory to explain the acquisition decision of consum-

investment in time and effort to accumulate online

ers (Liang and Huang,1998). Teo et al extended Liang

shopping experience [White, 2000]. All investments

and Huang’s work by examining more antecedents

mentioned above increase transactions costs. In addi-

(six instead of two, i.e. product uncertainty, behavior-

tion, with the increase of the degree of asset specific-

al uncertainty, convenience, economic utility, depen-

ity,

dability, and asset specificity) of transaction costs and

transaction cost led by asset specificity can be

increased. It follows that:

tested the model across two countries (i.e., the USA

H1a: There is a positive relationship between

and China)(Teo et al,2004). They also conducted in

asset specificity and transaction cost, and the in-

Singapore to test the model that consumers’ willing-
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ness to buy online is negatively associated with their

on whether the consumer can get enough product in-

perceived transaction cost, and perceived transaction

formation before the purchase, Girard found that the

cost is associated with uncertainty, dependability of

search category products are more likely to succeed

online stores and buying frequency(Teo andYu,2005).

than the experience and credence category prod-

The test conducted in China, USA, and Singapore all

ucts (Girard et.al, 2002). For search-goods such as

proved that transaction cost is negatively related to

CD, books, the consumers can get enough informa-

willing to buy online. And whether the product can be

tion before the purchase. Bei found that consumers of

suitable for E-commerce need the product will be

experience products tended to use more online infor-

bought by consumers. So we can think that whether

mation than those of search products (Bei, 2004).

the product or the product portfolio is suitable for

Because consumers cannot get enough information

E-commerce based on the transaction cost that con-

for experience before the shopping on the net, espe-

sumer perceived when they purchase online. The

cially when the important attribute of experience

lower the transaction that consumer perceived, the

goods is hard to be obtained via the network (Levin

more the product or the product portfolio is adaptable

et.al, 2005). For those goods whose description in-

to E-commerce.

formation cannot meet consumers’ satisfaction, only

H2: The lower the transaction cost that consumer perceived, the more suitable a product

is

for E-commerce.

when consumers have used or experienced the goods,
can they know if they get the right things. And this
will result in a higher product uncertainty (Hu,Liu
and Zhang, 2007). So we can conclude that whether

2.2 Product cognitive

the product can be experienced with and the product

In the E-commerce environment, goods—as

information can be available (useful and effective)

much service——are perceived to be intangible. This

will influence consumer decisions behavior. On the

is because consumers cannot touch, taste, feel, hear

other hand, the buyer hopes to increase price transpa-

and smell the goods before they make purchase deci-

rency in the market transactions, so that the seller

sions. In other words, consumers in the E-commerce

doesn't provide detailed price information, or doesn't

environment do not differentiate services from goods

provide price information, which intentionally reduc-

[Liu and Wei, 2003]. Xu and Chen pointed out con-

es price transparency, such as "Winner Curse" (Zhang,

sumers’ purchasing experience would influence pur-

2004). Then the complexity of consumer's price per-

chase decisions, which means consumers always

ceived is increased, let it difficult to know the real

recognize products by making use of one or several

price and fell uncertainty. Therefore, whether the

senses of sight, touch, taste and smell. Therefore, a
product that depends on the touch, taste and smell

consumer have clearly product cognitive, such as information transparency ， price transparency and

senses can’t be suitable for E-commerce, and a prod-

product experience, will influence consumers’ per-

uct depends on sight and listen senses can be suitable

ceived uncertainty and consumers specific asset in-

for E-commerce (Xu and Chen,2000). However,

vestment. The more clearly the product cognitive

Brown found that when the product tactile senses can

consumers have, the less uncertainty the consumer

be described on the Internet, consumers will be more

perceive and less asset investment they spend. We

likely to purchase (Brown, 2001). Comparing search

hereby assume that:

goods, experience goods and credence goods--based

H3a: Under a certain degree of transaction
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complexity, the product cognition that consumers

asset to reduce perceived risk(Hsiao,2009; Koyuncua

have will reduce the asset specificity, and has an

and Bhattacharya,2004). Different products need dif-

increasing influence to the latter.

ferent assessment knowledge. The complexity of

H3b: Under a certain degree of transaction

products requires professional assessment skills that

complexity, the product cognition that consumers

consumers need to invest specific asset, such as

have will reduce the uncertainty, and has an in-

health care products, since consumers cannot do ex-

creasing influence to the latter.

actly the assessment by themselves, and higher technology or profession skills to identify are needed.
Meanwhile, products such as books, electronic prod-

2.3 Transaction complexity
Product cognitive describes the idea that clearly

ucts, clothes are easy to be assessed. According the

recognized product is better for consumer to make

iResearch 2009 Research Report on the Behavior of
3C Online Shoppers in China，62.5% of Internet users

buy decisions. But whether the product can be transformed online partly depends on whether the transaction can be practiced，as transaction complexity. A

think that no purchase of large home appliances on-

typical characteristics of E-commerce is that con-

vice(iResearch,2009). Sun pointed that after the

sumer

“hu-

product purchase, the product return process, product

man-machine” model, which maks E-commerce dif-

assurance, and after-sales service are the main

ferent with traditional channel in several ways. First,

sources of consumers’ perceived risk (Sun et.al 2005).

for some commodities (such as real estate sales, luxury goods) or personal recommendations affect the

So we can assure that
H4a ： Under a certain degree of products

valuation goods (antiques) and personal skills great

cognition, transaction complexity will increase the

impact to the completion of the transaction of goods

asset specificity, and has an increasing influence to

(such as medical services, image consultant, etc.), the
involvement of sellers will raise the uncertainty of the

the latter.
H4b： Under a certain degree of products

product and the uncertainty of the sellers. Second,

cognition, transaction complexity will increase the

after paying for the product, consumers can generally

uncertainty, and has an increasing influence to the

receive it immediately if they purchase it at a physical

latter.

buying

behavior

is

conduct

by

line is because they are not sure about post-sales ser-

store, except for some special items such as furniture,
which need home delivery service, By e-shopping,

3. Mathematical Model

however, consumers will have to wait for the product

3.1 The relationship of transaction complexity and

delivery, unless the product is downloadable like

transaction cost

software and music (MP3), or certain kinds of service

Based on the assumptions H1 and H4, we derive

such as online banking and online consultation. A

the relationship between transaction complexity and

delay of delivery not only causes late satisfactio, but

transaction cost by establishing functional relation-

also creates uncertainty because consumers will find

ships between the transaction complexity, asset speci-

it difficult predicating the quality of the product (Liu

ficity, and uncertainty. In this paper, transaction com-

and Wei, 2003) (Hsiao, 2009). So the product deil-

plexity is replaced by ti, asset specificity is replaced

very increases the transaction complexity that leads to

by s, the level of uncertainty is replaced by u, trans-

high uncertainty,

action cost is replaced by tc; Set all functions in the

consumers may invest specific
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domain are continuous and second order differentiable（Xu et.al, 2008）.

Based on the assumption (H4b), the functional
relationship betweenof transaction complexity and

relationship between transaction complexity and asset

uncertainty can be described as follows:
u  u (ti ), ti  0 ,  

specificity can be described as follows:

And

Based on the assumption (H4a), the functional

s  s (ti ), ti  0, 

(1)

s ' ( ti )  0 ; s " ( ti )  0

(2)

u ' ( ti )  0 ; u " ( ti )  0

(3)
(4)

The functions (1) and (3) that meet attributes (2)

And,

and (4) are described as follows

Figure 1: the relationship between transaction complexity, asset specificity and uncertainty

tc '1 (u )  0 , tc "2  0

Based on the assumption H1a and H1b, the

(8)

functional relationships between transaction com-

Thus, according to function (1) and (3), the

plexity and various influencing factors can be de-

functional relationship between transaction complex-

scribed as follows:
tc  tc ( s , u ), s , u  0 ,  

In order to facilitate the derivation, we assume

ity and transaction cost can be described as follows:
tc  tc1 ( s )  tc 2 (u )  tc1 ( s ( ti ))  tc 2 (u (ti )) , (9)
where ti  0 ,   .

that the two factors that affect transaction cost are

Judge the nature and shape of function (9) as

(5)

independent of each other, then (5) becomes:
tc  tc ( s , u )  tc1 ( s )  tc 2 ( u ),
where, s , u  0,   . And

tc '1 ( s )  0 , tc "2 ( s )  0

follow:

tc ' ( ti )  tc '1 s ' ( ti )  tc '2 u ' ( ti ) ,

(6)
therefore,
(7)

tc " (ti )  tc "1 s ' (ti )   tc '1 s" (ti )  tc " 2 u ' (ti )   tc ' 2 u " (ti ) ,among, rc  0,  
2

2

According to formula (7), (2), (8) and (3), in the
domain

technical

the minimum.

complexity,

Therefore, proposition1: higher level of transac-

tc ' ( ti )  0 , tc " ( ti )  0 , therefore, this function in the

tion complexity will cause transaction cost to increase

is monotone increasing and the concave

gradually. The relationship between of transaction

0, 

of

(13)

function, and this function at the 0 point made only

complexity and transaction cost is shown in figure 2.
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3.2 The relationship between product cognitive and

proposition 2: the higher product cognitive will re-

transaction cost

duce the transaction cost. And the relation is shown in

By the same reasoning above we can reach to

figure3:

Figure 2: the relationship between transaction complexity and transaction cost

Figure 3: the relationship between product cognitive and transaction cost
3.3 Transaction complexity and product cognitive

lines) is lower than the upper part of the curve tc(ti).

on the impact of E-commerce adaptability

In other words, the higher transaction complexity, the

The relationships between transaction complex-

higher transaction cost. With the relationship between

ity and transaction cost (proposition 1), product cog-

transaction cost and E-commerce adaptability (H2),

nitive and transaction cost(proposition 2) are shown

we conclude in proposition 3 that: the higher degree

in figure 3. Under certain conditions, the transaction

the transaction complexity is, the less suitable it is for

cost below the curve tc(ti) (the area full of vertical

E-commerce. Under certain conditions, the product
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cognitive below the curve tc(pc) (the area full of dash

tability (H2), it is concluded in proposition 4 that: the

lines) is lower than the upper part of the curve tc(pc).

higher level the product cognitive is, the more suita-

In other words, the higher product cognitive, the low-

ble it is for E-commerce.

er transaction cost, and combined with the relationship between transaction cost and E-commerce adap-

Figure 4: the relationship between transaction complexity, product cognitive and transaction cost

Figure 5: Two dimensional analysis of adaptability to E-commerce
Based on transaction complexity and product

lower transaction complexity and the higher product

cognitive, we can find that it is most suitable for

cognitive makes a product more suitable for

E-commerce in the cross area. In other words, the

E-commerce.
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transaction cost, transaction complexity, and product

traditional channel to provide distributions, after-sale
support and services and national quality assurance。

cognitive, we draw a two-dimensional chart of prod-

So for these products, distribution channels of

ucts’ adaptability to E-commerce based on dimen-

E-commerce and chain stores are coexisting. But the

sions of transaction complexity and product cognitive

E-commerce is the development trend in future.
Phase 3. Petrol，Natural gas: High product

Based on the functional relationships between

as Figure5.
Phase 1. Virtual product, Books, Records and
Tickets：high product cognitive, low transaction

cognitive, high transaction complexity.

complexity.

because those products are credence goods which are

Those products have high product cognitive,

For the search goods such as virtual product,

national standard quality and standard price. However,

books, records and tickets, most of the key attributes

those product cannot deliver by existing logistics and

can be determined online. Consumers have clear cog-

need consumers’ professional knowledge to assess-

nitive of the product by the product information and
price parameter，the degree of price transparency for

ment it, so consumers perceived high transaction cost.

those goods is very high, consumers have no bar-

E-commerce. Consumers have to depend on the tradi-

gaining space, and they have no worry about distrib-

tional channel

Therefore,

those

goods

are

not

suitable

for

utors to raise the price deliberately and information

Phase 7. Cosmetics, Clothing: Moderate

asymmetry. Meanwhile, the transaction complexity of

transaction complexity, Moderate product cogni-

such goods is very low, the product doesn’t depend

tive

on the sellers, can be delivered online by existing

Those products are experience goods. Consumer

logistics, and doesn’t need consumers’ professional

are not certain about those products performance by

knowledge to assessment it, so consumers perceived

information or picture, and they need to use their

low transaction cost. Therefore, those goods are suit-

senses to evaluate. The level of uncertainty is high in

able for E-commerce.

this category. The degree of price transparency for

Phase 2. Mobile phones, home appliances, PC:

those goods is moderate, and consumers have some

Moderate transaction complexity, high product

bargaining space. Therefore, the product cognitive is

cognitive

moderate. On the other hand, since customers are not

Those products are also searching goods. Con-

able to access complete knowledge to assess the

sumer can have clearly cognitive of those product

product quality except for experience, consumers’

with effective and useful information, such as product

perceived moderate transaction cost, and those prod-

pictures, product parameter and third-part information.

ucts need the traditional channel to provide expe-

And the degree of price transparency for those goods

rience service. Hence for these products, distribution

is high, and consumers have litter bargaining space.

channels of e-commerce and chain store are coexist-

However, customers are not able to access complete

ing. And E-commerce is also the development trend

knowledge about how to assessment the product

in future.

quality, for some large home appliances, the existing
logistics

and after-sale support and services cannot

Phase 9. Medical services: Low product cognitive, high transaction complexity

meet the product requirement. Consumers perceive

The medical services require professional medi-

moderate transaction cost, so those products need

cal skills and knowledge, and depend on doctors’
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treatment. Difference usually exists when a consumer

Tan and Xie, 2002;Bae and Lee, 2011;Pana and

is diagnosed by different doctors. These factors make

Zhang,2011); which is more useful for search goods

a low product cognitive and high transaction complexity. However, nowadays many hospitals make

than experience goods. Amazon.com and Dangdang
sell search goods of books、CDs and DVDs, and

some online advertisements and reservation services

achieve great success. 360buy.com lowers the trans-

which are standard.

action complexity by well-designed price assurance

We therefore conclude that in this two dimen-

and return service, which ensures that consumers can

sional chart, the more near the product is to the Top

return the product and give back money if they aren’t

Left Corner, the more suitable the product is for

satisfied with the product ordered(Liu and Wei,

E-commerce, and that the more close the product is to

2003) . VANCL.com and Tmall.com sell experience

the Lower Right Corner, the less suitable the product

goods of clothes and cosmetic products by using en-

is for E-commerce. Firms can enhance the adaptabil-

hance product cognitive and transaction transparency

ity of product to E-commerce by enhancing the

to improve the payment and delivery process. eBay

product cognitive or by reducing the transaction

acquired PayPal in 2002 to enhance its payment func-

complexity, or change via both ways. For example,

tion (Wingfield, 2002).

online retailers in Taiwan started introducing a

tionships with UPS and the USA postal service to

so-called “online purchase, convenience stores pick-

arrange home pickup, online postage calculation,

ing-up” service several years ago. This kind of pick-

shipping label printing, and package tracking services

ing-up service enables consumers to take a purchase

(Boulton, 2003; Murphy, 2005). These are all suc-

order over the Internet, and then pick up the product

cessful practices of the two dimensional chart depict-

ordered at a nearby convenience store appointed by

ing

consumers. The density of convenience stores per

E-commerce.

the

typology

eBay also extended its rela-

of

products

suitable

for

person in Taiwan is the highest in Asia Pacific’s
(perhaps highest in the world’s), with 0.000357 stores

4. Conclusion

per person or one store per 2800 people(ACNielsen,

Based on the theory of transaction cost economics, this

2005), which makes such a service practicable. Con-

paper proposes a conceptual model with the two di-

sumers can even choose not to pay for the product

mensions of the degree of product cognitive and

until they pick it up at the convenience store, which

transaction complexity. We try to provide an insight

lowers the transaction complexity. Such a service has

into the question that what product is more adaptable

been well received in Taiwan, but it is still limited to

to E-commerce, and also theoretical explanations for

certain types of products such as those not perishable

successful practices. Examples of using online to sell

or small in size. On the other hand, firms can enhance

search goods are Amoazon.com and Dangdang.com

product cognitive by using difference display ways

which sell high cognitive and high transaction com-

such as detailed pictures, video and 3-D displays of

plexity goods, such as books, CDs, and DVDs online.

the product, or by using intangible information such

360buy.com sells 3C products which are highly

as product brand, credit and assurance, or third-party
information such as consumers’ reviews、WOM, and

product cognitive and moderate transaction complex-

so on. Those ways can enhance the product cognitive

viding national assurance, price assurance, return as-

by changing the experience goods to search goods(Li,

surance and so on. VANCL.com and Tmall.com sell

ity by enhancing transaction transparency and pro-

Cost Analysis on Products’ Adaptability to E-Commerce

211

moderate product cognitive and moderate transaction

[5] China Internet Network Information Center

complexity product—clothes and cosmetic product

(CNNIC). The 29th Statistical Report on Internet

through difference display ways and price assurance,

Development [R] 2012.

return assurance and so on. According to this paper,
the major obstacles for firms are to provide the products that consumer can cognitive though website and
the products which can be easily transformed.
The

model

concludes

with

[6] Cose, R. H., The nature of the firm. Economic,

1937(4). 386-405.
[7] D M Brown. Online and offline decisions: The

effect of product category and order of informathe

two-dimensional chart depicting that the more near

tion.Humannities and Social Sciences, 2001, 62
(2-A): 433-433

the product is by the Top Left Corner, the more

[8] Davis FD, Bagozzi RP, Warshaw PR. User ac-

adaptable the product is to E-commerce, and that the

ceptance of computer technology: a comparison

more near the product is by the Lower Right Corner,

Of two theoretical models.Management sciences,

the less suitable the product is for E-commerce. Firms

1989, 35(8):982-1003

can easily measure what product is more suitable for

[9] Davis FD. Perceived usefulness, perceived ease

E-commerce and how to transform a less adaptable

of use and user acceptance of information tech-

product to a more adaptable product. This model pro-

nology..MIS Quarterly,1989,13(3):319-340.

vides an easy and useful way for firms’ practices to

[10] Girard,T,Silverblatt, Rand Korgaonkar,P. Influ-

better use E-commerce in the future.

ence of product class on preference for shopping
on the Internet.Journal of Computer-Mediated
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Abstract: In this paper, on the basis of the classifica-

communication

tion of the market and customer, we set the basic as-

E-commercial

sumptions of participant in the EC cooperation. We

E-commerce bring with it great economic increase

take some of the assumptions which were used to

and as well E-commerce play more and more impor-

study grey marketing into the game analysis. And then,

tant

on the basis of the Hotelling model, we argue the co-

E-commerce inevitably face risks, it challenges tradi-

operation strategy choice mechanism between elec-

tional commercial activities, reshape the management

tronic distributors and traditional distributors in the
EC cooperation，explore the benefits and costs of all

and operation of enterprise and people’s attitude as

parties in the alliance, found that it can bring more

The research of E-commerce firstly focuses on

profit and cost advantage of the alliance is an impor-

its concept, mode and model, then the selection of

tant factor to decide whether or not ally with each

applied strategies and application of these strategies.

other.

Among them, the research of E-commerce strategies,

Keyword: Buying Risk; Reliability; E-Commerce;

particularly the channel strategies, mostly focus on

Cooperation Strategy; Hotelling Model

the

role

technology,
transaction

in

economic

the

scale

increase

activities.

of

yearly.

Meanwhile,

well.

choice

between

traditional

channel

and

E-commerce channel or the integration of multiple

1. Introduction

channels. In accordance with the research of Kumar

According to the report of CNNIC (China Internet

(2006) from the angle of producer’s strategies, he

Network Information Centre), till 2011, the number of

studied the reason and mechanism of the addition of

internet user in China is more than 500 million and

e-commerce channel to traditional retail channel.

amount to 513 million. CN-based registration and the

Chiang

number of website amount to 3.53 million and 2.296

e-commercial direct selling channel of suppliers can

million

biggest

increase the profits of suppliers and decrease dual

E-commercial market, the enormous amount of in-

marginalization. Similarly, a lot of researchers sup-

ternet surfers in China is the excellent base for

pose customers have a low utility estimation coeffi-

e-commerce activities. More and more customers
choose the internet for shopping, among all customers

cient for e-commercial product, for instance,
（Fruchter，2005）. Dumrongsiri A（2008）add

in China, E-commerce customer amount to nearly 200

demand uncertainty to Chiang’s utility function to

million.

construct random demand function, then by using of

respectively.

As

the

world’s

With the great development of internet and

(2003)

indicates

the

application

of

newsboy model to analyze the effect of demand uncertainty on producer’s choice of e-commerce direct
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selling and finally indicate a significant relationship
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between demand uncertainty and e-commerce direct
selling. Berstein （2008）indicates the necessity of

e-commercial distribution channel.

application of e-commerce channel in context of oli-

e-commercial mode, due to different customer prefe-

gopoly and further find out the combination of tradi-

rence, customers will balance various preference and

tional channel and e-commerce channel can get a balanced channel structure. Cai G G（2011）researches

conflict. For instance, customer probably prefer high

the effect of channel structure on retailers and the
whole channel. Huang W （ 2009 ） researches the

product is always product of high price, so customer

pricing strategies of single enterprise that based on

pay. In e-commerce situation, customer preference

the addition of e-commerce channel to traditional

may change due to the new transaction situation. For

channel and indicates mixed channel enterprise will

instance, when do online transaction, how can seller

take higher price on e-commerce channel to confront
new enter enterprise. Khouja M （2010）subdivided

optimize online customer’s concerned efficiency, low

customers into customers only consume in traditional

vital importance for formulation of e-commercial

channel and compound customers, and research the

strategies.

Whether in traditional commercial mode or

quality, low price product, actually, high quality
need to balance product quality and price they can

price, risks to attract more online purchasers is of

selection and coordination of three channels, namely,

The author will subdivide the selling channel

producer owned retailing channel, direct selling
channel, and independent channel. Cao W（2010）

and customers in the second part and provide the ba-

studied channel decision problem in context of de-

The third part of this paper will present the me-

mand uncertainty by using of game theory and get the

chanism for formulation of cooperation strategies

balanced channel structure.

between traditional distributors and e-commerce dis-

According to above researches, in most situa-

sic hypothesis.

tributors on the basis of hotelling model.

tions, the application of e-commerce channel no matter for suppliers or retailers, go without saying will

2. Market segmentation and basic Settings

have a positive effect on the increase of competitive

With the increasing uncertainty and personalization of

advantage.

consumer demands, e-commerce markets are increa-

Modern enterprise’s success lies on a new coop-

singly competitive. Consumers have risk preferences

erative relation evolved from antagonism and compe-

rather than rationality when they make decisions about

tition , sometimes we call it strategic alliance (Maloni
and Benton，1997). Cooperation relation is a kind of

buying goods or services. With different risk prefe-

quantization commercial relation build on trust,

different purchasing behaviors, and purchasing beha-

openness, risk sharing and benefit sharing. Coopera-

viors determine e-commerce strategies of companies.

rences and consumption strategies, consumers have

tion relation will bring more commercial benefits to

Previous researchers, such as Smith Wendell

partners than without such relation (Lambert, Em-

(1956), Suzanne Donner (1992), Marcus, Claudio

melhainz & Gardner, 1996, 1999, 2004, 2006, 2008).

(1998), Verhoef PC and Donkers B (2001), Stanislav

The research of this paper focus on whether or

D. Dobrev (2007), Silvia Sonderegger (2011), and

not the traditional distributors will cooperate or ally

Feng Zhu and Marco Iansit (2012), have classified

with e-commerce distributors when trying to enter

markets and consumers from different angles. This

e-commercial

paper focuses on the distributor cooperation in the

market

or

build

self-owned
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e-commerce environment. Online shoppers enjoy

goods at a lower price through the network reflects

lower price and higher efficiency brought by network

that these consumers are risk-takers who prefer to

channels, but they also face higher risks, such as

save more money. Therefore, the former buyers are

fakes, discrepancies between expectation and reality,

considered as the "risk avoidance" type, and the latter

risks of payment, and price frauds. In contrast, tradi-

is the "risk preference" type (or less risk avoidance).

tional sales have lower risks in spite of higher prices.

Here are the questions to be explored. Will tradi-

Therefore, this paper classifies consumers into two

tional distributors ally with e-commerce distributors

types based on their risk preferences: one prefers to

when they enter into the e-commerce market? If yes,

spend more money and insists on traditional sales for

what are consequences (consumer position and

security, and the other one likes the highly-efficient

chances of survival in the alliance)?

and less-expensive e-shopping.
In this study, we examine the alliance composed
by traditional and electronic distributors. Assume that

3. The Estimating Models of E-commerce
Cooperation

the traditional distributor can obtain a certain product

The electronic distributor E and the traditional dis-

with price advantage and sells it in traditional markets,

tributor T possibly heading for the alliance. Intuitive-

while the electronic distributor only has the advan-

ly, the reason of this alliance is adequate: On the one

tage of selling the product on the internet. In this case,

hand, from the interest of the traditional distributor T

the two types of consumers may change their choices.

with resources of traditional channel, it has to maintain

The former may become online shoppers because the

a low price of the commodity to compete with the

electronic distributor joints in the alliance; and the

electronic distributor which develops fast; Allying

latter may purchase from the traditional distributor

with electronic distributor can avoid such price war, at

for the similar reason.

the same time make more practical interests. On the

Assume that the traditional distributor T and the

other hand, from the interest of the electronic distrib-

electronic distributor E sell the same product and they

utor E which has advantage of electronic channel, it

build an independent alliance J (e.g.: a joint distribu-

faces huge competing pressure from distributors of the

tor), and prices of the product sold by T, E, and J are

same kind; however, allying with the traditional dis-

PT, PE, and PJ, respectively. Obviously, the price

tributor can gain resources of particular products in

relationship is as follows: PE  PJ  PT .

competition, improving brand and scale of its own

To control other conditions, this paper supposes
that products sold by both distributors are exactly the

electronic channels, and a beneficial stance while
competing with the distributors of the same kind.

same without structural or functional difference and

Now, we will analysis the detailed mechanisms

differences between traditional and e-commerce distributors are risks and prices during the purchase

formulating these two main reasons.
① The willing and limits of alliance for the traditional

process. In this paper, the reliability of purchasing

distributor

goods is set to R, which varies in different channels.

In the analysis above, the electronic distributor E

The behavior of purchasing goods at a higher price

and traditional distributor T, separately has stable

through traditional distributors reflects that these

market position in electronic and traditional sales

consumers prefer to pursue reliability at a higher cost,

market. Now we assume that there is another tradi-

lowering purchase risks; the behavior of purchasing

tional distributor T1 beside T, and T1 and T have the
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same resource advantage in traditional channel mar-

1） Do it alone

ket. The electronic distributor E frequently seeks op-

The traditional distributor T explores market

portunity allying with T or T1 for its motivation to

alone, the environment of competition it may face

develop. Besides, the electronic distributor E has

are:
A. the traditional distributor T1 and the elec-

access to purchase similarly reliable products provid-

tronic distributor E each explore the market alone

ing by T or T1 in the market.
Under these assumptions, there are three distrib-

In this situation, the electronic distributor E oc-

utors taking part into the competing game in the

cupies the electronic sales market, the traditional dis-

market: the electronic distributor E, the traditional

tributor T and T1 divide the traditional sales market

distributor T and T1. The electronic distributor E has a

equally. The electronic distributor E imports products

stable stance in electronic sales market; but the tradi-

alone (from upstream market), which may lead to

tional distributor T and T1 will probably individually

high-priced cost. It may be expelled from the market

take half of the traditional sales market (if they are

by T or T1 using low price. So it is unbelievable

evenly matched). At this point, the traditional distrib-

threat.
B. the electronic distributor E and traditional

utor T has several strategies to choose from as fol-

distributor T1 build strategic alliance J1

lowed:

PhR

Price P and cost C

Ph

PlR
Pl

P0

CER

CE

CJR
CTR
CT0
CJ0
CE0

CT and CT1

R*

R0
Reliability R

Picture3.1 games between alliance and do alone
The cost that J1 (may assumed as a joint venture

fore, driven by the benefit of parent company, J1 has

or franchise) sells particular products lies between E

the possibility to exist.

and T selling the same products. Seemingly T could
use low-price to expel J1 from the electronic sales

Concretely, Picture 3.1 could be used to describe
the condition of J1.As it shows in Picture 3.1，the

market. However, in fact, T1 and E, which are the

horizontal axis represents reliability of purchasing

parent companies of J1, can obtain profits and oppor-

products, and the vertical axis shows the price and

tunity of expanding scale from cooperation. There-

cost. The traditional distributor T has a higher initial
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cost, yet gets little increase on cost due to stable

lievable threat that T provokes a cannibalization price

supply of goods when providing products through

war. On the contrary, on the condition of inexistence

electronic market; The electronic distributor E has a

of a cannibalization price war, it is beneficial to all

comparatively low cost through electronic market,

parties.

but it will has a surging cost if it sells new products

There is a question remaining, why T1 want to

which has no stable supply. In addition, consumers

ally with E, other than pursuing cost advantage of

are divided into two parts: high risk aversion and low

highly internalization of building individual proprie-

risk aversion. Ph curve in Picture 3.1 represents price

torship? We will leave the question to be settled in

curve of consumers who prefer to spend a higher cost

following text.

(price) to get reliable guarantees; Pl curve is price

2) Ally with T1

curve of those who will pay less (lower prices) for
equal reliability guarantees（Khai Sheang Lee，2007）.

and avoid vicious competition when T and T1 make

According to the theory of Dunning (J. H. Dun-

an alliance organization. However, according to the

ning, 2001), it could save more transaction cost when

current partition of the market, T and T1 still share the

transnational distributor increases the level of inter-

traditional sales market.

nalization. Hence, the cost that firms of alliance sale a

3) Ally with the electronic distributor E

It will contribute to coordinate their behavior

certain product through traditional channel is higher

Explanation to the question also settles the re-

than T, but lower than T when sale product through

maining question above, which is why T1 want to ally

electronic channel due to the electronic distributor

with E?
To solve the question, Picture 3.2 is used to analyze market conditions. In Picture 3.1, the vertical
axis represents price and cost, the horizontal axis
represents performance of products. The difference
between picture 3.2 and picture 3.1 is the meaning of
the horizontal axis, the purpose of doing that is convenient to further divided the customers.

(here assumed that Along with the product purchase
reliability reducing, the sales status of alliance tending to the electronic distributors’ sales situation).
From Picture 3.1, relying on the cost advantage
of highly internalization of individual proprietorship,
the traditional distributor T can bring price down to
(CJR -ε)(εis a small positive number), which could
expel alliance J1 which was established by the elec-

As shown in the picture 3.2, when the coopera-

tronic distributor E and the traditional distributor T1

tion project has both market potential and profits

from E-sales market. But it will be revenged by E and
T1. On the one hand, the traditional distributor T1 has

space, on one hand, the potential customers are
enough；on the other hand, the price curve (Ph and Pl)

the same cost curve as T, and it may merge J1 when

lies above the cost curve (CE，CJ，CT and CT1), we

necessarily, falling into a cannibalization price war

can subdivide the customers according to the interac-

against T. It is mire which T and T1 don’t want to fall

tive relationship between distributors and the cus-

into. On the other hand, facing price attack of T and

tomers. Table 3.2 shows four typical customer types.

being unable to gain benefit from alliance, the elec-

In table 3.1, type I customer would pay higher

tronic distributor E would protect t E-sales market,

price for the pursuit of high purchasing efficiency,

use the low-price of (CF0 -ε) to compete for custom-

and its low risk aversion characteristics, making it

ers against T, and give active support to T1 to merge

does not pay attention to the reliability of the pur-

J1. Therefore, for a rational participator, it is unbe-

chase. Hence he is the relier of the traditional distributor that we discuss in this paper. The reason why he
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buys products from joint venture or other forms al-

type Ⅰ and type Ⅳ consumer are stable relier for

liance is his trust towards the traditional distributor.

traditional distributor and Electronic distributor ac-

Type II customer also pursues high purchasing efficiency，but they have high reliability requirement, in

cordingly, so, the competition between distributors, in
essence is the pursuit of type Ⅱ and type Ⅲ pro-

order to avoid the risk of purchase. Type III customer

ducer. In fact, the four types of consumer is barely

doesn’t pursue high purchasing efficiency, However,
because of low risk aversion，the price has significant

one abstract of the real consumer and it can regarded

effects on his purchase behavior. He always expects

distributors, and the real distributors can be one type

to gain higher purchasing efficiency with lower price.

of them or the combination of any type of them. So,
regarded the type Ⅱ and type Ⅲ consumers pursuit

as four types of typical representations of the real

Type IV also doesn’t pursue high purchasing efficiency，but its high risk aversion characteristics,

by distributors, we can imagine their characteristics to

making it pay more attention to the reliability of the

be very complicate. For instance, in "risk averse" de-

purchase. Hence he is the relier of the electronic dis-

gree, there may have many states from high to low; in

tributor that we discuss in this paper. The reason why

the reliability of purchase, may also have many states

he buys products from joint venture or other forms

from high to low. In this way, we can use the follow-

alliance is his trust towards the electronic distributor.

ing method to analyses.

According to situation mentioned above, for

Price P and cost C

Ph
Pl
CEPE

CE

P0

CJ
CT0

CJPE
CTPE

CT and CT1

CJ0
CE0

PE*

PE
Purchase efficiency PE

Picture 3.2 classification of consumers
Table 3.1 typical type of potential customers
Low risk aversion

High risk aversion

High purchasing efficiency

I

II

Low purchasing efficiency

III

IV

In order to compare different situations, we first

is a products which can be sold through traditional

analyze the situation without alliance. Suppose there

channel and electronic channel, the probability of risk
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that the consumers purchase products from T and T1

According to that, we generalize the distribution

f
are T ，the probability of risk that the consumers
f
purchase products from E is E. Do not lose the gene-

proposition in equation (3.1),that is, consumer’s pre-

f

f

rality, suppose T =0, 0< E<1；The loss of consumer is
W. We suppose consumers’ preference of purchasing

f

reliability distributed evenly in [0， E], if we suppose
there is no difference between consumers’ purchase
of products from T(T1) or E, and the preference of
purchasing reliability of consumers is
f  f * , 0  f *  fE ,

ference of purchasing reliability distributed evenly in
range of［0，fM］, so , the profit of E is

 E  ( PE  C E )

fM  f *
fM

(3.3)

The total profit of the firm who sale products
through traditional channel (including T and T1) are:

 2T  ( PT  CT )

f*
fM

(3.4)

Put equation (3.2) into equation (3.3) and equa-

So,
( f E  f * )W  PE  PT

tion (3.4), we get the first order condition of profits
(3.1)

We can explain the meaning of equation (3.1) as
follows: on the left side of the equation is the purchaser surplus decrease due to consumer purchase

f  f

E ) comproducts through electronic channel(
*
f  f  f E , however, we omit the purpared to

chasing product price when f  f , on the right side
*

of the equation is the purchaser surplus decrease
caused by consumer purchase products through tradi-

f  fT  0 ）rather than f  f * , we
*
omit the product price when purchase f  f as well.
tional channel（

On base of equation (3.1), we conclude
P  PE
f *  fE  T
W

(3.2)

Obviously, if the consumer’s require of pur*
chasing reliability is f  f , the optional purchase

object is the product sold by Tor T1. Suppose

f M  f E is the maximum the probability of risk

maximum

 E
1

( fMW  fEW  PT  2PE  CE )  0
PE fMW

(3.5)

 2 T
1

( f EW  2 PT  PE  CT )  0
PT
fMW

(3.6)

Solve equation (3.5) and (3.6); we get the Nash
equilibrium price
1
PEm  ((2 f M  f E )W  C T  2 C E )
(3.7)
3
1
PTm  (( f M  f E )W  2 C T  C E )
(3.8)
3
Put equation (3.7) and (3.8) to equation (3.3) and
(3.4) respectively, consolidate that with equation (3.2),
we get the profits under equilibrium condition:
 Em 
 2mT 

1
9 fMW
1
9 fM W

( 2 f M W  f EW  C T  C E ) 2

(3.9)

( f M W  f EW  C T  C E ) 2

(3.10)

So, under the proposition of evenly distributed
the probability of risk of consumer, both profits of

accepted by consumer, so , any consumer can only
purchase products in the range of [0，fM], otherwise

traditional distributor and electronic distributor are

there is no corresponding consumer. Obviously, for

mutual profits of traditional distributor T and T 1 ,

consumer

is

due to the same situation of T and T 1 , any consumer

f  f  f M , t the optional purchase object is the

make no difference purchase between T and T1 , thus,

product sold by E. So, the question we researched is

we can conclude the equilibrium profits of T equals to

require

the

probability

of

risk

*

just a price question by Hotelling price game theory.

less than zero. Among them, equation(3.10)is the

that of T 1 , that is
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1 m
1
( f M W  f EW  C T  C E ) 2
 2T 
2
18 f M W

(3.11)

product is
PTm1 

1
(( f M  f J )W  2 C T 1  C J )
3

(3.13)

In above analysis, equilibrium price equation
(3.7) and (3.8) indentify, the higher the probability of

In the above two equations, CT1 is unit cost of

f
risk Eof electronic distributor, the lower the equili-

product in T1, CJ is the unit cost of J’s product. We

m
E

P , and the higher equilibrium price of
traditional distributor’s product. It is asserted keep
other conditions unchanged, the higher the probability of risk of electronic distributor, the more detrimental to electronic distributor’s market place keeping, on the contrary, strengthen their counterparty’ s
market position. This conclusion conforms to our
intuition. In fact, from equilibrium profit equation
(3.9) and (3.10) we can get the similar conclusion: the
higher the probability of risk of electronic distributor

can see equation (3.12) and (3.13) respectively ana-

fE, the lower the profit  Lm , however, the competi-

structure as well analogous to equation (3.9) and

brium price

m
tor’s (traditional distributor) profits  F becomes

logous to equation (3.7) and (3.9).

The Nash equili-

brium price of T1 and J by Hotelling model analysis
is:
1

 Jm 
 Tm1

(2 f M W  f JW  CT 1  C J )2
9 fMW
1

( f M W  f JW  CT 1  C J )2
9 fMW

In the above two equations,
profits,

(3.14)
(3.15)

 Jm is alliance J’s

 Tm1 is traditional distributor T1’s profits, the

(3.10).
Now the question is: how electronic distributors

higher. Secondly, if market demand-based maximum

E and traditional distributors T to allocate alliance

probability of risk f M increases, all consumers

profits

benefit, it indicates market condition relaxing is
beneficial to all manufacturer；Thirdly, consumers’
profits are negatively related to its costs, while positively related to competitor’s costs.
Now, we study the situation that T and E establish an alliance. Here, we regard the alliance between
T and E as an independent enterprise J; we conduct
Hotelling price game theory analysis to J and T1.
Thus, we deal with research questions with the same
methods used above. Suppose the probability of risk
of alliance enterprise J’s products satisfy following
conditions:

0  fT 1  f J  f E  f M , fT1 is the

probability of risk of T1, accordance with Hotelling
price theory, the equilibrium product price of enterprise J is
1
PJm  ((2 f M  f J )W  C T 1  2 C J )
(3.12)
3
Equilibrium price of traditional distributor’s
(ventures exclusively with the high-end investment)

 Jm . For convenience, here using "profitabili-

ty" as criteria (Guidelines of the "profitability" is one
of the common assumption of the distribution of benefits of the alliance, the actual principle of interests
distribution of the alliance is often just close to these
guidelines, or criteria; In addition, environmental
change, organizational culture and characteristics of
decision-makers will have an impact on the distribution of benefits) to divide the alliance gains (Farok J
Contractor and Wonchan Ra, 2000). According to this
rule, the share of the profits of one partners of alliance depends on the ratio of its own profit ability in
total profit ability. Therefore, the profits that electronic distributors get from the alliance are:

 JL 

 Lm
 Jm
m
m
L F

(3.16)

And the profits that traditional distributors get
from the alliance are:
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 JF

 Fm
 m
 Jm
m
L F

(3.17)

The above two equations are determined by
(3.11) and (3.9).
In the above analysis, the profit value, such as

of ally with the electronic distributors. Traditional
distributors enter into the electronic sales through
cooperation with the traditional distributors; with relatively low cost opened the electronic sales market.
And electronic distributors ally with the traditional

equation (3.9), equation (3.10) (3.11) and (3.14) (3.15)

distributors, although the competition may aggravate,

and (3.16) and (3.17).Show that the profits not only

but really get a stable source of product, reduce the

related to the product failure rate of competitive par-

cost and improve the profit, and also may improve its

ties, but also more sensitive to differences of the cost;

original electronic sales network scale and brand ef-

For example, the difference between CF and CL in

fect.

equation (3.9) and the difference between CF1 and CJ

To analyze the specific mechanism of alliance

in equation (3.14) have a greater impact on profits.

cooperation, on the basis of Hotelling price competi-

Therefore, it can bring the cost advantage is the im-

tion game between traditional distributors and elec-

portant factors to decide whether ally with each other

tronic distributors, we argue the cooperation strategy

or not.

choice mechanism between electronic distributors
and traditional distributors in the EC cooperation，

Above result of cooperative or uncooperative
Hotelling price competition game between traditional
distributors and electronic distributors indicate that，

explore the benefits and costs of all parties in the al-

there may be "win-win" alliance program which

advantage of the alliance is an important factor to

beneficial to both partners.

decide whether or not ally with each other.

4. Conclusion
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Abstract:  In evaluating modeling quality, risk level

are quantified by these two parameters.

and general quality management "6 sigma rules" are

The way to specify "6 sigma rules" may be a too

popular among statisticians and quality engineers

easy and elementary to be ignored by statisticians. We

today. The "6 sigma rules" of Gaussian distribution are

should be fully aware that

very simple and elemental. If switching the working

rules" are composed of the foundation on which the

environment from the probability measure based to the

modern quality control and Markov pattern analysis

uncertain measure based, the simple "6 sigma rules"

are rooted.

the simplest "6 sigma

will be no longer simple. In this paper, we investigate

Figure 1 demonstrates the rules (i.e., the proba-

the problems when facing Liu's uncertain normal distribution which can only facilitate interval variance or

bility laws actually [9]) that the probability grades fall
between unit sigma  away from mean  . Table I

standard deviation. Consequently, the way to define

further emphasizes the probability rules that Figure 1

"uncertain 6 sigma rules" are described and discussed

shown.

and thus those to practical applications.

An example is the strange quality problems oc-

Keywords: uncertain measure, uncertain normal dis-

curred in Japanese car industry. If the traditional

tribution, Gaussian distribution, 6 sigma rules

probabilistic "6 sigma rules" really exist objectively,
then the out control (beyond 6 sigma) is 0.27% level.

1. Introduction

But what happened from time to time, the out control

In this paper, we will investigate "6 sigma rules" under

(beyond 6 sigma) risk level is much higher than that

uncertain normal distributions. The meaning of the 6

of probability law. These facts may imply that an in-

sigma rules is not in the sense as quality management

dustrial environment may be explained by Liu's un-

strategy "6 sigma" initiated by Motorola in 1986 [7].

certain measure theory [2, 3, 4, 5, 6, 7] because of the

Rather, we use term "6 sigma rules" to refer to as an

production system complexity and human behavior

elemental fact of a Gaussian (Normal) distribution. In

involvement.

probability theory [1] the Gaussian (Normal) distri-

However, what we are interested to ask is: does

bution plays a fundamental role and facilitates the

uncertain theory have the counterpart - "the uncertain

statistical modeling, estimation and inference. Practi-

6 sigma rules"? To address such a simple question,

cally no matter engineers in industries or statisticians

we have to review the relevant uncertain variable and

in various fields rely on the knowledge on mean and

distribution theory.

standard deviation because the risk level and quality

It is well known that the probability distribution upon which a random variable is fully defined, is
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equivalent to corresponding probability measure [1].
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But in uncertain theory [2, 3, 4, 5, 6, 7], an uncertain

because an uncertain variable can only completely

distribution cannot fully specify an uncertain variable

defined by an uncertain measure!

Figure 1: Area’s percentage (measuring grades) between sigma increments (standard deviations) under a Gaussian (normal density) curve
Table I: Area’s probability grades between sigma in-

distribution. Section IV serves the discussions on the

crements (standard deviations)

uncertain 6 sigma rules given Liu’s ([7]) uncertain

Area between

Probability grades of a

the interval

(standard) Gaussian (normal)

limits

distribution

 , 3

normal distribution.

Section V concludes the paper.

2. Uncertain Normal Variable

0.00135

Since an uncertain variable is fully defined by its un-

[-3,-2]

0.02140

certain measure, it is necessary to review the uncertain

[-2,-1]

0.13591

[-1,0]

0.34134

measure theory. Uncertain measure is an axiomatically
defined set function mapping from a  -algebra of a

[0,1]

0.34134

given space (set) to the unit interval [0,1], which pro-

[1,2]

0.13591

vides a measuring grade system of an uncertain phe-

[2,3]

0.02140

nomenon and facilitates the formal definition of an

0.00135

uncertain variable.
Let  be a nonempty set (space), and A   

3,  

The structure of the remaining sections is stated
as follows. Section II will be used to review Liu’s
axiomatic uncertain measure and uncertain normal
variable theory [7]. In Section III, we will derive the
interval variance given Liu’s ([7]) uncertain normal

the  -algebra on  . Each element, let us say,
A   , A  A    is called an uncertain event. A
number denoted as   A , 0    A  1 , is assigned
to event A  A    , which indicates the uncertain
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measuring grade with which event A  A    occurs.

(X, A (X), )

The normal set function   A satisfies following



  x           x

axioms given by Liu [7]:
Axiom 1: (Normality)    1 .



(1)

An uncertain variable is completely specified by
its uncertain measure, while an uncertain variable is

Axiom 2: (Self-Duality)  
 is self-dual, i.e.,

only partially defined by the corresponding uncertain

for any A  A    ,   A    Ac   1 .

distribution. In other words, using an uncertain dis-

Subadditivity)
Axiom
3:
(




  Ai      Ai  for any countable event se i 1  i 1
quence  Ai  .

tribution to specify an uncertain variable, certain uncertainty will be brought in.
Liu [2, 3, 4, 5, 6, 7] proposed his version of
normal uncertain variable with the uncertain distribu-

Definition II.1: (Liu [6, 7]) Any set function

tion different from that in probability theory. Let us

 : A (X)  [ 0,1] satisfies Axioms 1-3 is called an un-

review Liu’s [4] normal uncertain variable and its

certain measure. The triple (X, A (X) ,  ) is called the

distribution.
Definition II.4: (Liu [6, 7]) An uncertain variable  is called normal if its uncertain distribution

uncertain measure space.
ble

is

Definition II.2: (Liu [6, 7]) An uncertain varia
is a measurable mapping, i.e.,

takes the form

 :  , A       , B     , where B    denotes

1

  x 

the Borel  -algebra on    ,   .

1 e


x
3



,

x

(2)

Definition II.3: (Liu [6, 7]) The uncertain distribution  :    0,1 of an uncertain variable  on
Lambda0

1

0.75

0.5

0.25

0
-5

-2.5

0

2.5

5

Figure 2: The standard uncertain normal distribution (   0,   1 )
Definition II.5: (Liu [6, 7]) An uncertain normal distribution is standard if the uncertain distribution takes the form

0  x  

The standard uncertain normal distribution function (   0,   1 ) is plotted in Figure 2:
Remark II.6: The normal uncertain distribution

1
1 e




3

,
x

x

has a derivative function
(3)
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 x 


2 3

1
,x
 

1  ch 
 x   
 3
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general). The difference in Table III is that    and
(4)

We can establish that there is difference in areas
under the Gaussian density curve and Liu's normal
derivative function curve. Table II lists the area's

f   are called density function, while 0   and

   are called derivative functions.
Table II: Area’s measuring grades between unit increments under the standard normal derivative function

measuring grades between unit increments under the
uncertain standard normal derivative function curve. It
should be aware that we call   x  the derivative
function of an uncertain normal distribution function,
whose density function is undefined.

Area's grades be-

Uncertain standard

tween the interval

normal uncertain distri-

limits

bution

under derivative

Figure 3 demonstrates the area's measuring

curve

 , 3

0.004315

[-3,-2]

0.021577

see some similarity between Figure 1 and Figure 3,

[-2,-1]

0.114288

but we have to emphasize the terminology difference

[-1,0]

0.359820

because of the different measure systems. We utilize

[0,1]

0.359820

Table III to summarize the similarity between Liu's

[1,2]

0.114288

[2,3]

0.021577

grades between unit increments under the standard
normal derivative function curve. Immediately, we

normal uncertain variable (standard and general) and
Gaussian (normal) random variable (standard and

3,  

0.004315

Figure 3: Area’s measuring grades between unit increments (standard deviations) under an uncertain normal derivative function curve
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TABLE III: Basic comparisons between Liu's normal uncertain variable and Gaussian (i.e., normal) random variable
Normal Uncertain Variable
0
0  x  



1


2 3

3

  x 

x

   s  ds



f  x 


x   


1

Up to now, what we see is the high similarity
between Liu's normal uncertain variable and Gaussian (i.e., normal) random variable. Does the similarity lead us to have "6 sigma rules" in applying uncer-

  x2 
exp

2   2  
1

F  x 



x 
3

1 e
   0  

Link

x

X

1
 
1  cosh 
 3

  x 

General





 x2 
exp   
2
 2 
1

  x 

2 3 1  cosh(  x )
3

1 e

 x 

Z

1

0  x  

Standard

Normal Random Variable

x

 f  s  ds



X Z 

Proof:
2
      






tain normal variable? Section III will give further

     

2



 x dx

0

      x       x  dx



exposure.



0

3. Variance of An Uncertain Normal Distribution Given Distribution Function
Let us start with the general definition of the expectation of an uncertain variable, denoted by      .
Definition III.1: (Liu, [6], [7]) Let  be a uncertainty variable on an uncertainty measure space
 , A    ,   . The expectation  is defined by
   



  
0

 r  dr 

0

  

 r  dr

(5)



provided that one of the two integrals exists at least.
Theorem III.2: (Liu, [7]) Let  be an uncertain
variable with a given uncertain distribution function
  having a finite expectation  . Then the upper
bound of the variance of  is










  1     
0



x

       x  dx






 2  r 1     r            r   dr
0

By changing variable x  r .
Theorem III.3: (Liu, [7]) Let  be an uncertain
variable with a given uncertain distribution function
  having a finite expectation  . Then the lower
bound of the variance of  is

 2,l 
Proof:

(6)

(7)

0



 1      x   dx       x  dx







0

 2,u  2  r 1     r            r   dr
0

       x        x  dx





0

(8)
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tion. The parameter  2 has direct link with variance.

2
      










       x dx
2

0







 

   x    x



dx

0

 



 1     

x dx 







     x dx  dx 

0







    

0





(9)

      x dx



0









x dx



0

2
 ,l

Theorem III.4: Given the uncertain normal dis1

 x 
1 e

,

 x

3 

2

1

  ln u  ln 1  u  

2

du

(14)

0


3 
2
4
2
2




2 
6
 

2


 


2

should deserve further attention because there is no

x  ,

(10)

1 2
  , u  V     2, u
2

(11)

i.e., the variance of an uncertain normal variable is an
interval having the longest length  2,u 2 .
Proof: Based on Theorem III.3 and Theorem
III.4, the variance of an uncertain normal variable
takes an interval value:
2

Examining the ratio of 

(12)

2
 ,l



2
 ,u

under given uncer-

tain normal distribution function in Eq. (10):



0

  dx      


x

0


 1     

R.E. Moore [8] proposed interval algorithm theory in
1965. It involves inevitable the interval uncertainty
concept. We could not find a very strict definition of it,
rather, we would like interpret it intuitively. For example, V   is interval-valued, which can be ex-

that any value between the lower bound and the upper
bound of the interval variance could be the variance
with certain risk. In other words, the lower bound  2,l
could be the variance, or, the upper bound  2,u could

 2, l
 2, u

 1     

4. Uncertain 6 Sigma Rules

pressed as  2,l ,  2,u  . The interval uncertainty means

  , l  V      , u
2

counterpart in probabilistic statistics, in which a statistic is supposed be a scalar real-valued function.

Then the variance V   takes an interval form:



3 2






Nevertheless, the interval form of a variance

tribution



2
V    E     




1
2
  x   d 



 x  


 1  e 3

0


x

  dx      

be the variance too. Actually,  2,var   2,l ,  2,u 



x dx



(13)

x dx

0

1
2

The ratio is 1/2, which leads to the conclusion of
the theorem.
Remark III.5: In Liu's work, the variance of an
uncertain normal variable taking the distribution
function as shown in Eq. (10) is stipulated as upper
bound and denoted as  2 . It is definitely an advantage in theoretical developments to have the stipula-

could be defined as the variance of uncertain variable
 with certain degree of risk.
Theorem IV.1: Let an uncertain variable  defined by its uncertain distribution having two parameters. If the lower bound over the upper bound ratio
of the interval variance  2,l ,  2,u  ,  2,l  2,u  0.5 ,
then the uncertain distribution takes a form:
1

  x 
1 e




 x
3

, x  .

(15)

where  is the expectation and  2 is the stipulated
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which is the "unit". We calculate the sizes of measure

variance parameter.
Theorem IV.1 is a converse of

Theorem III.4.

As a matter of fact, among two parametric distribu-

grade under three different sigma units the lower
bound   ,u 2 , the midpoint 1  1 2   ,u 2 , and





tion family, the lower bound over the upper bound
ratio of the interval variance  2,l ,  2,u  reaches the

the upper bound   ,u for a given uncertain normal

minimum, 1/2. Therefore, the ratio of the two bounds

From Table III, it can claim that the stipulated
standard deviation     ,u as sigma "unit" will give

indicates the uncertain distribution.

distribution curve. Table III lists those values.

When discussing the uncertain 6 sigma rules, it

the highest coverage between -3sigma and +3sigma

is inevitable to engage interval-valued standard devi-

interval, 0.991371, while beyond  3sigma intervals,

ation.

the coverage is 0.008629. If we takes the standard
deviation     ,u 2 as sigma unit, coverage be-

Definition IV.2: Let the variance of uncertain
variable  be  2,l ,  2,u  . Then the standard devia-

  , Std    , 


2
 ,l

2
 ,u

tween -3sigma and +3sigma interval, 0.958231, while
beyond  3sigma intervals, the coverage is 0.041769,

tion interval is defined by
   ,   .
   ,l  , u 

(16)

which is 4.84 times larger than that of the stipulated

Theorem IV.3: Given an uncertain normal dis-

sigma unit. If we takes the standard deviation
    ,u 1 2  1 2 as sigma unit, coverage between

tribution with a form as Eq.(15), the standard deviation interval   ,Std can be expressed by

-3sigma and +3sigma interval, 0.980955, while

 1

  ,u ,   ,u  .

 2


which is 2.21 times larger than that of the stipulated

Therefore, the discussions of the uncertain 6





beyond  3sigma intervals, the coverage is 0.019045,
sigma unit.

sigma rules rely on the specification of the sigma
Table III. Values of the measuring grades under an uncertain normal distribution curve with three sigma values:
the lower bound, the midpoint, and the upper bound
Area coverage

 , 3 
 3 , 2 
 2 ,  
  , 0
 0,  
 , 2 
 2 ,3 
3 ,  

Lower bound
  ,u 2

Midpoint
1  1 2   ,u 2

Upper bound
  ,u

0.020884

0.009523

0.004315

0.050534

0.033736

0.021577

0.145698

0.132092

0.114288

0.282883

0.324650

0.359820

0.282883

0.324650

0.359820

0.145698

0.132092

0.114288

0.050534

0.033736

0.021577

0.020884

0.009523

0.004315





Remark IV.4: Because most of the statisticians

distribution. Nevertheless, a wrong choice of sigma

and engineers are familiar with probabilistic 6 sigma

unit could lead to a 4.84 times of higher risk level!

rules, sometimes it is unconscious to use probabilistic

Therefore, the identification of working environment

6 sigma rules into the environment under uncertain

is critical: is it governed by probability measure? Or,

6 Sigma Rules under Uncertain Normal Distributions

is it governed by the uncertain measure.
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Finally, we should stress that to apply the uncertain 6 sigma rules depends upon the observational

5. Concluding Remarks

knowledge of the variance or standard deviation of an

The purpose of this paper is actually a promotion of

uncertain distribution if the uncertain normal envi-

Liu's uncertainty theory [6, 7]. The angle is slightly

ronment is identified.

different from those involving mathematic treatments

the upper bound of the variance sequence if we are

of high level. In this paper, we first review the

able to obtain the sequence.

The right choice is to search

well-known "6 sigma rules" of Gaussian distribution
in order to trigger a simple question: does "6 sigma
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Uncertain Regression Modeling Given the Observational Distributions
Renkuan Guo
University of Cape Town, Private Bag, Rondebosch 7701, Cape Town, South Africa
Abstract:  In regression theory, the distribution of the

tain measure. The fundamental problem in switching

error terms occupies a critical position, particularly

working environment is necessary to define and cal-

when switching the data environment from probability

culate the variance-covariance matrix of the observa-

theory to uncertainty theory. On the probabilistic

tions.

platform, the variance-covariance matrix for standard

Dai et al [2] derived the upper bound of the auto

regression model is assumed by an identity matrix

covariance matrix of the uncertain canonical process

with a positive constant multiplier. On the uncertain

and Guo et al [6] further developed the upper bound

measure foundation, for given observational distribu-

of the auto covariance matrix of the uncertain integral

tions, the variance-covariance is an interval-valued

driven process. Based on those foundational efforts in

matrix. In this paper, we derive the interval-valued

[2] and [6], Guo et al [4] developed the scalar uncer-

variance for given uncertain normal distribution.

tain canonical regression models accordingly.

Further, we derive the interval-valued auto variance

Nevertheless, we have to aware that Guo's [4]

matrix for the observational error terms being the

uncertain canonical regression models are very spe-

members of an uncertain canonical process.

This

cial since the auto covariance matrix with members

new model may be regarded as an extension to the

being scalar numbers by taking the upper limits.

uncertain canonical process regression models, but its

Therefore the uncertain canonical process regression

interval-valued variance-covariance matrix is also

is not in its general form, because the uncertain ob-

intrinsic to the uncertain canonical process, which

servations could only facilitate interval-valued va-

results in an interval-valued weighted regression

riance logically.

model.

To a better understanding the nature of working

Keywords: Uncertain measure, uncertain normal

environment switching, let us review Liu's uncertain-

distribution, uncertain canonical process, auto cova-

ty theory which was founded in 2007 [7] and refined

riance matrix, weighted regression model

in [8], [9]. Nowadays uncertainty theory has become
a branch of mathematics with many decent applica-

1. Introduction

tions.

Linear regression models [1], [3], [4], [5], [12], [14]

The core concept in uncertainty theory is the

are the most familiar statistical models. It is also

uncertain measure, which is a set function defined on

well-known that in probability theory the Gaussian

a sigma-algebra generated from a non-empty set.

distributional theory plays a fundamental role and

Formally, let  be a nonempty set (space), and
A    the  -algebra on  . Each element, let us say,

facilitates linear regression modeling.
Linear regression models can work by switching

A   , A A    is called an uncertain event. A

the platform from probability measure into the uncer-

number denoted as   A , 0    A  1 , is assigned to



suring grade with which event A  A    occurs. The

Proceedings of the Twelfth International Conference on Electronic Business, Xi'an, China, October 12-16, 2012, 232-241.

event A  A    , which indicates the uncertain mea-
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normal set function   A satisfies following axioms

II reviews the classical regression model theory. In
Section III, we will derive the interval-valued va-

given by Liu [9].
Axiom 1: (Normality)    1 .
Axiom 2: (Self-Duality)  
 is self-dual, i.e.,
for any A  A    ,   A    Ac   1 .

riance for a given uncertain normal distribution. Section IV contributes the development of the intrinsic
interval-valued auto covariance matrix of a standard









uncertain canonical process. In Section V, we develop



i 1

an interval-valued version of uncertain canonical

Axiom 3: (  - Subadditivity)   Ai      Ai 
 i 1

for any countable event sequence  Ai  .

process regression model. The last section offers a

Definition I.1: (Liu, [7], [8], [9]) A set function

few concluding remarks.

 : A (X)  [0,1] satisfies Axioms 1-3 is called an un-

certain measure. The triple (X, A(X),) is called an

2. A Review of Basic Regression Model

uncertainty space.

In statistical linear regression theory, [3], [12], [14],

Definition I.2: (Liu, [7], [8], [9]) An uncertainty
variable is a measurable function  from an uncer-

the basic assumptions are:

tainty space (X, A(X),) to the set of real numbers, i.e.,

Assumption 1: The model takes a form:
yi = b0 + b1 x1,i + ... + b p,i x p,i + ei , i = 1, 2,,n

for any Borel set B of real numbers, the set
   :     B  B    A    , i.e., the pre-image of B

conditions:

is an event within X.

(1) zero mean

Definition I.3: (Liu, [7], [8], [9]) The uncertain
distribution  :    0,1 of an uncertain variable 
on (X, A (X) ,  ) is



  x           x



Assumption 2: The error terms satisfy several

E [ ei ] = 0, i = 1,2 , ,n

An uncertain variable is completely specified by
its uncertain measure, while an uncertain variable is
only partially defined by the corresponding uncertain
distribution. In other words, using an uncertain distribution to specify an uncertain variable, certain uncertainty will be brought in.
In this paper, we intend to extend the uncertain
canonical regression models developed by Guo et al
[4] from scalar version into interval-valued version.
The interval-valued models do not need to estimate
the weight matrix as in fitting the classical weighted
regression models using data replications. Rather, the
interval weight matrix is intrinsic to the uncertain
canonical process without data involvement of any
kind.
The structure of the paper are as follows: Section

(3)

(2) constant variance (homoscedasticity)
V [ei ] = s 2 , i = 1, 2, ,n

(1)

(2)

(4)

(3) mutually uncorrelated
E éëêei e j ùûú = 0 , i ¹ j, i, j = 1, 2 , ,n

(5)

Assumption 3: x1 ,x2 , ,x p are not random
variables. They are fixed values of explanatory variables, with

E[ y | x ] = x b .
t

(6)

d

Assumption 4: ei  N (0 ,s 2 ) , i = 1, 2 , ,n .
In matrix presentation, Eq. (36) can be written as

y = Xb +e
where the design or regressor matrix X is given by

(7)
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é1 x11  x1 p ù
ê
ú
ê1 x21  x2 p ú
ú = é1 x  x ù
X n´( p +1) = êê
1
p úû
ú êë
ê    ú
ê1 x
 xnp úúû
n1
êë
éb ù
é e1 ù
é y1 ù
ê 0ú
ê ú
ê ú
ê b1 ú
ê e2 ú
êy ú
and b = êê úú , e = êê úú , y = êê 2 úú .
ê ú
êú
êú
êb ú
êe ú
êy ú
êë n úû
êë n úû
êë p úû
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n

   i  Bi   min   i  Bi 
 i 1
 1 i  n

for any Borel sets B1 , B2 , , Bn  B    
(8)

Theorem III.2: (Liu, [7], [8], [9]) Let
 1 ,   2 , ,   n be uncertainty distributions for the

uncertainty variables 1 ,  2 , ,  n on
 , A    ,   respectively. Let 1 ,2 ,,n  be the joint

univariate

It is obvious that the regression model variance-covariance is  2 I nn . The ordinary least
square method will give the model estimation and

distribution of uncertainty vector

1 ,  2 , ,  n  . If

1 ,  2 , ,  n are independent, then
1 ,2 ,,n   x1 , x2 ,, xn   min i  xi 
1 i  n

(9)

analysis. The Gauss-Markov theorem guarantees the

for any real numbers x1 , x2 , , xn   

BLUE property [3], [13] of the coefficient estimators.

Definition III.3: (Liu, [7], [8], [9]) An uncertain
variable  is called normal if the uncertain distribu-

If the regression model variance-covariance is not
 2 I nn but  2Vnn , then the weighted least square
estimation is necessary. But the estimation of model
variance-covariance matrix Vn n requires sampling
replications at each specific explanatory

tion takes the form

1

  x  
1 e

variable




x
3

,

x

(10)

combination, which requires the model analyst to

Definition III.4: (Liu, [7], [8], [9]) An uncertain

plan and collect a large sample. Nevertheless, Gaus-

normal distribution is standard if the uncertain distri-

sian process regression, [12], [14], is a Bayesian re-

bution takes the form

gression model which take the intrinsic variance-possible remedy, whose variance-covariance

 0  x  

1 e

matrix uses the prior covariance of the members of a
delicate-chosen Gaussian process.

3. Interval Variance of an Uncertain Normal
Distribution
Differently from a probability distribution, which fully
specifies every measurable event, the uncertainty distribution can only characterize events and equiva,
lently, the events   z for any z   . In uncertainty theory, only uncertain measure, rather than uncertain distribution, can fully specify an arbitrary
measurable event.
Definition III.1: (Liu, [7], [8], [9]) The uncertainty variables 1 ,  2 , ,  n on  , A ,   are said to
be independent if

1



3

,

x

x

(11)

It is obvious that an uncertain normal variable  can
be expressed by an standard uncertain normal variable
0

   0  

(12)

Definition III.5: (Liu, [7], [8], [9]) Let  be a
uncertainty variable on an uncertainty measure space
 , A    ,   . The expectation  is defined by
   




0

   r dr 

0

    r dr



(13)

provided that at least one of the two integrals exists.
Theorem III.6: (Liu, [9]) Let  be an uncertain
variable with a given uncertain distribution function
  having a finite expectation  . Then the upper
bound of the variance of  is
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 2,u  2  r 1     r            r   dr

(14)



0



and the lower bound of the variance of  is














   1   x dx      x dx
2
 ,l

0

0

 2,l
 2,u

(15)





s 1     s     ds 



 s    s  ds

0


0


0

0

(18)

 s 1     s     ds   s    s  ds

Proof:
Remark III.8: The variance of an uncer-

2
      






     

2

tain variable given the uncertain distribution
function, denoted by V   , is no longer a



 x dx

0

      x      x  dx





scalar positive real-valued number. The spread

0

ratio,  , represents the uncertainty degree in

       x       x dx





0

  1     





x

0



2


  r    1  

(16)

       x  dx







0

0

distribution function. It is obvious that the
spread ratio

 r       2  r    dr



the variance of an uncertain variable given the

1 
2 

   ,1

 2  s 1     s     ds  2  s     s  ds
  2,u

It is also worthwhile to comment that according

By changing variable

x  r . On the other hand,

2
     






     
0

2



 x dx

tain risk level. Thus  represents the risk in the va-

      x      x dx

riance of an uncertain variable given the distribution
only.

0




      x dx   dx       x dx





0

0

(17)

 1      x   dx       x  dx





0

0





0

0

Theorem III.9: The variance of an uncertain
variable given the uncertain distribution function,
V   , is an interval-value:

 2,l   2,u  V     2,u

 2  r 1    r     dr  2  r     r  dr


to Moore [13], an interval number contains interval

uncertainty. For example, interval number   [1, 2]
means any element belonging to this interval

  1, 2 may be the representative of  with a cer-





(19)

Proof: The variance of an uncertain variable
2
V         



2
 ,l

Definition III.7: The ratio 

2
 ,l



2
 ,u

(20)

, denoted

by  , is called as the spread ratio of an uncertain

(21)

and according to Definition III.7,


variable, i.e.,

 2,l
 2,u

Therefore

 2,l   2,u
Combining the results of Theorem III.6, we can

236

Renkuan Guo
2
     



conclude that:

 2,l   2,u  V     2,u .



Theorem III.10: Let  be an uncertain normal
variable defined by Definition III.3, Eq.(11), then
1
 .
2

(22)

2
      



  1      





x

0

 1     





0

       x   dx






x dx 

    



x dx

0

1
 

   x      
 


   dx
   1  1  exp  


   

3

0 



  
 













2





 

       x      x dx
0

      x dx  dx       x dx







0

0

(23)

 1      x   dx       x  dx





0

0

1
1

  


   
  
 2 2   z 1  1  exp   z    dz   z 1  exp  z   dz 
 0  

 3   
 3 
0 



 2,l

Now, we need to show that






0

1
 
   
z  1   1  exp  
z    dz

3   

 





0

1





    x   
   1  exp  
dx


  

3
0 







0



Proof:



        x dx

1


  
z  1  exp 
z   dz
 3 


(24)

Therefore,
1
 
   

z
z



1
1
exp



  dz
0  
3   


1
 
 
 
 

1

  dz
  z 1  1 

 



0
  exp 
z 

 3   
 


i.e.,
2
      


1
 
   
2

  1  1  exp  
z    d  z 


3  


0 


1
 
 
 
2
  1  1  exp  
  z     d  z 

3

 

0 






1
 
   
 2 2  1  1  exp  
z    dz
 
3   

0 



0

1
 
   
2 2  1  1  exp 
z    dz
 
 3   
0 








0

  2,u





Furthermore,




0

Finally,


   
z 
exp 

 3   dz
z 1 

   
z  1
 exp 
 3  


z
0




   
z 
exp 

3  


z 1
dz

   

z
exp
1


 
 3  


1
  
z  1
exp 
 3 

dz

1


  
z 1  exp 
z   dz
 3 


(25)
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variance between two members Cs and Ct , denoted

 2,l
 2,u

by  Cs Ct  for s, t , s  t.

Theorem IV.3: Assuming that Ct , t  0 is a

1
 
   
0 1  1  exp   3 z    dz

 
1
 

   
2   1  1  exp  
z    dz
 
3   

0 
1

2


standard uncertain canonical process. Then for
s  t , the auto covariance for a standard uncertain
canonical process Ct , t  0 is
 st

Remark III.11: In the family of uncertain variables given the distributional form, the spread ratio
  1 2 ,1 and the length of the interval variance is
the spread ratio  reaches the min-

imum value 1/2. In other words,

the interval va-

riance of an uncertain normal variable defined by
Eq.(11)
enjoys
 2,u 2   2 2.

the

longest

length,

(27)

Proof: Notice that C   0 ,    0,   is an
arbitrary index. Thus it is logical to state that
Ct   s t  Cs because
Ct
t
t
 0 
Cs
s 0
s

1     2,u in general. When the uncertain distribution is normal,



 s , t   , st 
2


(28)

which implies the linear relation Ct   t s  Cs . Furthermore,
 C t    C s   0

i.e.,

(29)

Thus,
 C s C t 

4. The Auto covariance of an uncertain canonical process

 t 
  C s   C s 
 s 
2
t  
    C s  

s 
2
t 
      s 0  

s 

An uncertain process t , t  0 is a family of uncertainty variables indexed by t and taking values in the
state space    .
Definition IV.1:

(Liu, [7], [8], [9]) Let

Ct , t  0 be an uncertain process. If

(1) C0  0 and all the trajectories of realizations are
Lipschitz-continuous;
(2) Ct , t  0 has stationary and independent increments;
(3) Every increment Ct  s  Cs is a normal uncertainty
variable with expected value 0 and variance t , i.e.,
the uncertainty distribution of Ct  s  Cs is

(30)

 stV  0 

Recall for standard uncertain normal distribution, the
interval variance is
1 
V  0    ,1 
2 

(31)

 st

 C s C t    , st 
2


(32)

Finally,

2


  z 
 Ct  s  Cs  z    1  exp  

3t  



1

(26)

then Ct , t  0 is called an uncertain canonical
process.
Definition IV.2: The auto covariance is the co-

Remark IV.3: The linearity between any two
members of a standard uncertain canonical process
Ct , t  0 should be understood as the sense at
 Ct   t s  Cs   1 .

Definition IV.4: The auto covariance matrix
, of members Cs , Cs , , Cs in a standard
nn

 

   si s j

1

uncertain canonical process

2

n

Ct , t  0 is defined by
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   si s j

n n

V Cs 
 s1s2
  1
 
V Cs2 
  s1s2
 


 s2 sn
  s1sn

yi   0   2 x1i     m xmi   Csi



  s2 sn 


 

 V Csn  

s s



1 n

(33)

Theorem IV.5: The auto covariance matrix
   s s  , of members Cs , Cs , , Cs in a standard
nn
1

i j

2

uncertain canonical process

n

Ct , t  0 is an interval

matrix, whose element is

 

   si s j

n n

  si s j

,s s
 
 2 i j  
  n n


(34)

Proof: According to Definition IV.4, the auto
covariance matrix



   si s j

whose  i, j 



n n

element (at ith row and jth column) is

th

given by Theorem IV.2: Eq.(27):
 st



 s , t   , st  .
2


Thus we reach the conclusion.





variance derived in this paper sup  Cs Cs   si s j
i

j

is much simplified comparing to the expression derived by Dai et al [2]. Nevertheless the current result
still making intuitive sense if letting s j  si the limit
be

the upper bound of the variance
2

 sup    Csi    si2 . The elements of the in
 
 
terval auto covariance matrix    s s  , of members

 

2
Csi , u

i j

Cs1 , Cs2 , , Csn

where y is the response variable, x1 , x2 , , xm are m
explanatory variables without uncertain influences,
and  Cs , i  1, 2,, n are the uncertain error terms
i

from

a

Ct , t  0 .

standard

uncertain

canonical

process

The matrix version of (33) is
y  X C

(36)

where
 y1 
1 x11
y 
1 x
12
y   2, X  
  


 

 yn 
1 x1 n
  C s1 
 0 


 
 C s2 
1 

 
, C 
  
 


 
 C s n 
m 






x m1 
x m 2 
,
 

xmn 

(37)

Theorem V.1: The basic uncertain regression

Remark IV.6: The upper bound of the auto co-

will

(35)

si , i  1, 2, , n

nn

in a standard uncertain canonical

model in Eq. (36) or Eq. (37) have the following
properties:
(1)  C   0 ;
(2)   y   X  ;
(3) The variance-covariance matrix V C    CC t 
is the interval-valued auto covariance matrix  multiplying a constant positive multiplier  2 , i.e.,  2  .
Therefore the uncertain canonical regression is
an interval-valued

weighted regression model.

Ct , t  0 are consistent. Now we are ready

Proof: Based on the Definition IV.1 of a standard
uncertain
canonical
process
Ct , t  0 ,

to investigate the uncertain canonical regression

Cs1 , Cs2 , , Csn are members of the uncertain canonical

modeling issue.

process, whose indices are times si , i  1, 2,, n , and
therefore Cs  Cs  C0  si0 are uncertainty variables

process

i

5. The General Uncertain Canonical Process
Regression
The general uncertain regression model to be proposed will take a conditional form

i

with an uncertain normal distribution

  z 
 0  z    1  exp  

3 



1

(38)
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Then, the expectation  Cs   0 and the variance

V Cs    si2 2, si2  . Hence   C   0     y   X 

1
tor), i.e., ˆ   X t  1 X  X t  1 y is BLUE.

are proved 

is linear in response values y2 , y2 ,, yn as is obvious

i

i

As to Property (3) in the Definition IV.1, we noted
the error vector is composed of  Cs ,  Cs , ,  Cs
1

2

n

1
Proof: The estimator of  , ˆ   X t  1 X  X t  1 y ,

from the a  m  1  n matrix pre-multiplier. The unbiasedness follows from:

sequentially, according to Theorem IV.5, it is simple

  ˆ 

to establish that

1
    X t  1 X  X t  1 y 



 
2

1

 
  s s 2, s s  

  2  si s j


2

i

1

n n

j

i

j



rather is  2  si s j 2, si s j 
Remark V.2:



n n

Then, let us assume another unbiased estimator
n n

.

From the model formulation and

Theorem V.1 statement and proof, it should be emphasized that a key feature of this basic uncertain
regression model lies in the error term assumption:
errors  Cs ,  Cs , ,  Cs are members of an uncer2

n

tain canonical process, whose indices are
si , i  1, 2, , n . In classical regression model, the
error terms are not taken sequentially. In other words,
sequential order of error terms plays a fundamental
role in uncertain regression. In that sense, it is logical
to describe an uncertain regression model as a sequential regression model. Furthermore, if we define
a
scalar
variance-covariance
matrix
according to Moore's
     si s j 2, si s j 





n n

interval uncertainty [13], then the scalar matrix 
would facilitate an coefficient vector estimator with
BLUE property of the so-called scalar uncertain canonical regression in terms of the Gauss-Markov
Theorem, [3], [12], [15].
Theorem V.3:

  X t  1 X  X t  1 X   

(39)

The regression model is an interval-valued weighted
one since the variance-covariance is not  2 I nn but

1

(40)

  X t  1 X  X t  1  y 

  2  CC t 

(Gauss-Markov Theorem) The

estimator of the coefficient vector in the scalar uncertain regression defined by Remark V.2 is BLUE
(Best - minimum variance, Linear, Unbiased Estima-

  Ay 

 X 
t

1



X  X t  1  D y , then
1

   





1
    X t  1 X  X t  1  D y 



 X 
  X 


t

t



1

X  X t  1  D   y 

1

X  X t  1 X  DX 

1

1

(41)



  I  DX  

Then DX  0 is implied. Now, let us examine the
variance of  ,
V     V  X t  1 X  X t  1 y  Dy   V  ˆ  Dy 


t
t
 V  ˆ   D CC  D  V  ˆ   D 1D t  V  ˆ 
1

(42)

Remark V.4: More importantly, we should be
fully aware that the scalar variance-covariance matrix
 is an arbitrary one in the autovariance matrix de-

fined by the members in a standard uncertain canonical process Ct , t  0 , therefore in the general uncertain canonical regression with interval-valued auto
the BLUE propcovariance matrix  si s j 2, si s j 





n n

erty should be held for the interval-valued estimator
of the coefficient vector in certain sense. Furthermore,
it is important to emphasize that the auto covariance
interval matrix  is available according to Theorem IV.5. There is no need to estimate it by replicated
observations from each combination of the explanatory variables.

240

Renkuan Guo

Consortium for Uncertainty Theory.

6. Conclusion
Although the uncertain measure theory is very abstract,

[3] Draper, N. and Smith, H., Applied Regression

it is necessary to develop some uncertain statistical

Analysis, 2nd Edition, John Wiley & Sons Inc,

models for those practitioners in applied scientific or

New York, USA, 1966.

engineering fields. In this paper, we develop regres-

[4] Guo, R., Guo, D., Dunne, T. and Thiart, C.,

sion model given the error vector taken from a stan-

DEAR Model – The Theoretical Foundation,

dard canonical process with a positive multiplier. Due

Journal of Uncertain Systems, vol.3, no. 1, 36-51,

to interval variance fact, the covariance can only take

2009.

interval form accordingly, since the distribution func-

[5] Guo, R. and Guo, D., Random Fuzzy Variable

tions for members in a standard canonical process are

Foundation for Grey Differential Equation Mod-

given but the uncertain measures are not. The devel-

elling, Soft Computing, vol. 13, no. 2, 185-201,

opment takes the advantage in a standard canonical

January, 2009.

process, whose member can be represents by standard

[6] Guo, R., Cui, Y.H. and Guo, D., Uncertainty

uncertain normal variable, thus the linear relationship

Linear Regression Models, 2011, Journal of

between members is established. In general, for un-

Uncertainty Systems.

certain processes we can also develop the inter-

[7] Guo, R., Dai, W., Guo, D., Cui, Y.H. and Dunne,

val-valued auto covariance matrix as long as they are

T. Uncertain Canonical Process Regression

uncertain canonical process driven, similar to [8].

Models. In the Proceedings of the Second International Conference on Uncertainty Theory
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Two-stage Supply Chain Model with Uncertain Demand
Yufu Ning, Huanbin Sha, Lixia Rong
Department of Computer Science, Dezhou University, Dezhou 253023, China
yufuning@163.com

Abstract: Based on uncertainty theory, a two-

and solved it by Benders Decomposition. In [4], Co-

stage supply chain model is presented, where the

hen et al. presented a dynamic, nonlinear mixed inte-

customers’ demands are characterized as uncertain

ger programming model, in which the operation of a

variables. The objective is to minimize the com-

network of suppliers, manufacturers and customers

bined costs incurred in the manufacturing and lo-

is considered. Syarif et al. [19] formulated the lo-

gistics phases. When these uncertain variables are

gistic chain network problem as a 0-1 mixed integer

linear, the objective function and constraints can be

linear programming model, and proposed the span-

converted into crisp equivalents, then can be solved

ning tree-based genetic algorithm for optimal solu-

by traditional methods. An example is given to il-

tion. In order to improve the efficiency of genetic

lustrate the model and the converting method.

algorithm, the fuzzy logic controller concept is hy-

Keywords: Uncertain demand; Manufacturing; Lo-

bridized in the proposed method for auto-tuning the

gistics; Two-stage; Supply chain.

GA parameters[18]. Yan et al. [22] applied the mixed
integer programming modelling techniques to supply

§1

Introduction

chain design with consideration of bills of materials.
The majority of these researches studied the

A supply chain is generally viewed as a network

supply chain design problem with deterministic pa-

of some business entities including suppliers, plants,

rameters. In practice, however, it is usually diffi-

distribution centers and customers, who are orga-

cult to foretell the demands of customers and the

nized to covert raw materials into specified products

different operating costs to be crisp values, namely,

and distribute these products to customers. The sup-

these parameters are uncertain. Traditionally, in lit-

ply chain design is to determine how to choose the

eratures, these uncertain parameters in supply chain

entities and distribute goods to satisfy the demands

design are considered as random variables and have

of customers with minimum total cost. It provides

been modelled by probability distribution. Cohen

an optimal platform to manage supply chain effec-

and Lee [5] studied the whole supply chain design

tively and plays an important and strategic role in

by four stochastic sub-models. The optimal solution

supply chain management.

for each sub-model is solved individually under some

In recent years, the supply chain design has been
studied widely in the field of supply chain management. In 1974, Geoffrion and Graves [7] studied a
multi-commodity single-period distribution system

assumptions, and heuristic procedure was developed
for the optimal solution when these four sub-models
are integrated. Gutierrez et al. [8] proposed a robust
optimization framework to seek network configurations for network design in random environment and

Proceedings of the Twelfth International Conference on Elec-

modified the Benders decomposition algorithm [3] to

tronic Business, Xi’an, China, October 12-16, 2012, 242-251.

solve it. Alonso-Ayuso et al. [1] proposed a Branch
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and Fix Coordination approach for solving two-stage

When historical data are not available to esti-

stochastic supply chain design problems. Santoso et

mate a probability distribution, we have to invite

al. [20] proposed a stochastic programming model

some domain experts to evaluate their belief degree

for solving supply network design problems of a re-

that each event will occur. Since human beings usu-

alistic scale, and gave a solution algorithm integrat-

ally overweight unlikely events, the belief degree may

ing a sampling strategy with an accelerated Benders

have much larger variance than the real frequency.

decomposition scheme. As known, the probability

Perhaps some people think that the belief degree is

distribution is usually derived from history record.

subjective probability. However, it showed that it is

However, when these historical data is not available or unreliable, the probabilistic framework is not
suitable. In this case, uncertain parameters can be
given based on experience by a leader’s subjective
judgement.

These parameters are often given by

vague and imprecise phrase, namely, they are fuzzy
numbers. In this case, fuzzy set theory provides the
appropriate framework to cope with this kind of uncertainty. A few researchers studied the supply chain
with fuzzy parameters. Petrovic et al. [16, 17] developed a fuzzy isolated inventory model to determine
the order-up-to level for each individual site independently on the serial supply chain. And a simulation
approach was developed to evaluate the performance
of the entire supply chain. Wang [21] developed a
fuzzy decision methodology to determine inventory
strategies and evaluate the performances of a supply
chain with fuzzy parameters. In a real market, the
decision makers focus on different points to configure
their supply chain network.some the decision makers
want to minimize the expected cost, some the decision makers concern on the chance with which the
total cost is less than a given cost, and the others set
some confident levels as an appropriate safety margin to constrain the total cost of supply chain net-

inappropriate because probability theory may lead
to counterintuitive results in this case. Similar paradoxes will appear with fuzzy theory. For example, a
variable in fuzzy set theory should be characterized
by a membership function. Suppose it is a triangular fuzzy variable ξ = (0.4, 0.6, 0.9). Based on the
membership function, the variable is exactly 0.6 with
belief degree 1 in possibility measure. However, this
conclusion is unacceptable because the belief degree
of exactly 0.6 is almost zero. In addition, the variable being exactly 0.6 and not exactly 0.6 have the
same belief degree in possibility measure, which implies that the two events will happen equally likely.
This conclusion is quite astonishing and hard to accept. In order to deal with these phenomena, uncertainty theory was founded by [12] in 2007 and
refined by [13] in 2010. Nowadays uncertainty theory has become a branch of mathematics for modeling human uncertainty, and have been developed
and applied widely. Based on uncertainty theory, a
two-stage supply chain model is presented in this paper, where the customers’ demands are characterized
as uncertain variables. The objective is to minimize
the combined costs incurred in the manufacturing
and logistics phases.

work. In [9], Ji presented a model to maximize the

The rest of the paper is organized as follows.

credibility degree by dependent chance programming

For better understanding of the paper, some neces-

[10, 11] for supply chain network design, in which the

sary knowledge about uncertain variable will be in-

demands of customers and the costs of purchasing,

troduced in Sect. 2. In Sect. 3, uncertain supply

transportation and distribution are fuzzy numbers,

chain model which has been the basis of our work is

and designed an effective genetic algorithm based on

described, where the customers’ demands is charac-

fuzzy simulation to solve it.

terized as uncertain variables. Subsequently, a two-
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stage uncertain supply chain model is presented in

Definition 4 ([14]) Let ξ be an uncertain variable

Sect. 4. In Sect. 5, the objective function and

with regular uncertainty distribution Φ. Then the in-

constraints of the two-stage uncertain supply chain

verse function Φ−1 is called the inverse uncertainty

model are converted into crisp equivalents when the

distribution of ξ.

customers’ demands are characterized as linear uncertain variables. Then, the model can be solved by

Definition 5 ([14]) Let ξ be an uncertain variable.

traditional methods. In Sect. 6, a numerical exam-

Then the expected value of ξ is defined by

ple will be given. Finally, in Sect. 7, some conclusion

+∞

Z

0

M{ξ ≤ r}dr (3)

M{ξ ≥ r}dr −

E[ξ] =

remarks will be given.

Z

−∞

0

provided that at least one of the two integrals is finite.

§2

Preliminary
Theorem 1 ([14]) Let ξ be an uncertain variable
To better understand the proposed models for

uncertain supply chain, we will review some neces-

with regular uncertainty distribution Φ. If the expected value exists, then

sary knowledge about uncertainty theory in this secZ

tion.

E[ξ] =

1

Φ−1 (α)dα

(4)

0

Definition 1 ([14]) Let Γ be a nonempty set, τ a

Lemma 1 ([14]) Let ξ and η be independent uncer-

σ-algebra over Γ, and M an uncertain measure, M

tain variables with finite expected values. Then for

satisfies the conditions:

any real numbers a and b, we have

(1)M{Γ} = 1;
(2)M{Λ} + M{Λc } = 1 for any event Λ;
∞
∞
S
P
(3)M{
Λi } ≤
M{Λi } for every countable sei=1

i=1

quence of events {Λi }.
Then the triplet (Γ, τ, M) is called an uncertainty

E[aξ + bη] = aE[ξ] + bE[η].

Definition 6 ([14]) An uncertain variable ξ is called
linear if it has a linear uncertainty distribution

space.
Definition 2 ([14]) An uncertain variable ξ is
a measurable function from an uncertainty space
(Γ, τ, M) to the set of real numbers, i.e., for any
Borel set B of real numbers, the set
{ξ ∈ B} = {r ∈ Γ|ξ(r) ∈ B}

(5)

Φ(x) =











0,

if

(x − a)/(b − a), if
1,

if

x ≤ a,
a≤x≤b

(6)

x≥b

denoted by L(a, b) where a and b are real numbers
with a < b. The inverse uncertainty distribution of

(1)

linear uncertain variable L(a, b) is
Φ−1 (α) = (1 − α)a + αb

is an event.

(7)

Definition 3 ([14]) The uncertainty distribution Φ

Theorem 2 ([14]) Assume that ξ1 and ξ2 are in-

of an uncertain variable ξ is defined by

dependent linear uncertain variables L(a1 , b1 ) and
L(a2 , b2 ), respectively. Then the sum ξ1 + ξ2 is also

Φ(x) = M{ξ ≤ x}
for any real number x.

(2)

a linear uncertain variable L(a1 + a2 , b1 + b2 ), i.e.,
L(a1 , b1 ) + L(a2 , b2 ) = L(a1 + a2 , b1 + b2 ).

(8)
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The product of a linear uncertain variable L(a, b) and

Sets

a scalar number k > 0 is also a linear uncertain vari-

{i}

set of products

able L(ka, kb), i.e.,

{f }

set of product families

{j}

set of processing units

{s}

set of production sites

{t}

set of time periods

{c}

set of customers

kL(a, b) = L(ka, kb)

(9)

Theorem 3 ([14]) Let ξ thicksimL(a, b) be a linear
uncertain variable. Then its expected value is
Z

((1 − α)a + αb)dα = (a + b)/2.

E[ξ] =

Parameters

1

(10)

F Cf js

unit j at site s

0

§3

vijs

Problem statement

variable production cost for product
i on unit j at site s

The supply chain model was originally proposed
by McDonald and Karimi [15] in 1997. This model
was aimed at determining the optimal allocation
of an enterprise’s limited resources so as to satisfy

pis

price of raw material i at site s

tss

transportation cost from site s to s

0

0

tsc

transportation cost from site s to c

hist

inventory holding cost for product i
at site s in period t

the uncertain product demands in the most costeffective way. The supply chain network considered

ζis

potentially located globally, manufacturing multiple

µic
Rijst
βi0 is

0

λif
Hjst
M RLf js

minimum run length for family f on

dict

demand for product i at customer c

unit j at site s

into two distinct phases: the manufacturing phase
and the logistics phase. The manufacturing phase
focuses on the efficient allocation of the production
capacity at the various production sites with an aim

in period t
L
Iist

activities such as demand satisfaction and inven-

Variables
Yf jst

binary variable indicating whether
product family f is manufactured on

tory management are considered for effectively

unit j at site s in period t

The variables of

supply chain model are characterized as following.

safety stock for product i at site s in
period t

to determining the optimal operating policies. Subsequently, in the logistics phase, the post-production

production capacity of unit j at site
s in period t

ity of these processing units. The decision making
process at the tactical level can be decomposed

0-1parameter indicating whether
product i belongs to family f

capacity. The various products, which are grouped
into product families, compete for the limited capac-

yield adjusted amount of product i
consumed to produce i at site s

site is characterized by one or more single stage
semi-continuous processing units having limited

rate of production of product i on
unit j at site s in period t

in keeping with the midterm nature of the model,
ranges from around 1 to 2 years. Each production

revenue per unit of product i sold to
customer c

products. The demand for these products exists at
a set of customer locations. The planning horizon,

safe stock violation penalty for
product i at site s

in the model consists of multiple production sites,

meeting the customer demand.

fixed production cost for family f on

Pijst

production amount of product i on
unit j at site s in period t
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RLijst
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run length of product i on unit j at
site s in period t

F RLijst

run length of product f on unit j at
site s in period t

Cist

consumption of product i at site s in
period t

Wiss0 t

intersite shipment of product i from
0

site s to s in period t
Aist

amount of product i available for
supply at site s in period t

Iist

inventory of product i at site s in
period t

Sisct

and resource utilizations in the supply chain,
P
P
min f,j,s,t F Cf js Yf jst + i,j,s,t vijs Pijst
P
P
+ i,s,s0 ,t tss0 Wiss0 t + i,s,c,t tsc Siss0 t
P
P
∆
+ i,s,t hist Iist + i,s,t ζis Iist
P
P
−
+ i,c,t µic Iict
+ i,s,t pis Cist .

(11)

These manufacturing variables are constrained by
the manufacturing constraints given by (12)-(18).
The production amount of a particular product is
defined in terms of the rate of production and the
campaign run length by (12),

supply of product i from site s to

Pijst =Rijst RLijst .

(12)

customer c in period t
−
Iict

∆
Iist

shortage for product i at customer c

The input-output relationships between raw mate-

in period t

rials and final products, accounting for the bill-of-

deviation below safety of product i

materials, are given through (13),

at site s in period t
The objective function (11) of the deterministic

Cist =

X

βi0 is

X

i0

supply chain planning model, captures the combined

Pijst .

(13)

j

costs incurred in the manufacturing and logistics

Redundancy in the intersite shipment of intermedi-

phases.

The manufacturing phase costs include

ate products is eliminated by (14), which forces the

fixed and variable production charges, cost of

products shipped to a particular site in a particular

raw material purchase and transportation charges

period to be consumed in the same period,

incurred for the intersite shipment of intermediate
Cist =

products. The subsequent logistics phase costs are

X

Wiss0 t .

(14)

s0

comprised of the transportation charges incurred
for shipping the final product to the customer,

The allocation of products to product families is

inventory holding charges, safety stock violation

achieved through (15). Grouping of products into

penalties and penalties for lost sales. The decisions

product families is typically done to account for the

made in the manufacturing phase establish the

relatively small transition times and costs between

location and timing of production runs, length of

similar products,

campaigns, production amounts and consumption of
raw materials. Specifically, Pijst , RLijst , F RLf jst ,

RLijst .

(15)

λif =1

Aist , Cist , Wiss0 t , Yf jst constitute the manufacturing
variables, and uniquely define the production levels

X

FRLf jst =

(16) models the capacity restrictions while (17) provides upper and lower bounds for the family run
lengths,
FRLf jst =

X
λif ≤1

Hjst ,

(16)
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So, the supply chain model which aims to minimize
the combined costs incurred in the manufacturing

The amount available for supply in the logistics

and logistics phases can be characterized as follow-

phase following the manufacturing phase is defined

ing,

through (18). The decisions made in the logistics


(11)






s.t.







(12) − (23).

phase, termed the logistics variables, are Iist , Sisct ,
−
∆
Iict
, Iist
. The corresponding logistics constraints are

given by (19)-(22),
Aist = Iic(t−1) +

X

Pijst −

j

X
s

Wiss0 t .

(18)

(24)

0

The corresponding logistics constraints are given by
(19)-(22). The linking between the manufacturing
and logistics phases is captured by (19). The inventory level, which is determined by the amount avail-

§4

Two-stage supply chain model
with uncertain customer demand

able for supply and the actual supplies to the various
One of the most popular frameworks for plan-

customers, is defined by (19),

ning under uncertainty is two-stage programming
Iist = Aist +

X

Sisct .

(19)

c

[2, 6]. In this method, the decisions and constraints
of the system are classified into two sets. The first-

No overstocking is permitted at the customer (20)

stage variables, also known as design variables, are

and the customer shortages are carried over time

determined to the resolution of the underlying uncer-

(21),

tainty. Contingent on these ’here-and-now’ decisions
E[

X

Sisct0 −

s,t0 ≤t

X

dict0 ] ≤ 0,

(20)

and the realizations of the uncertain parameter, the
second-stage or control variables are determined to

t0 ≤t

optimize in the face of uncertainty. These ’wait-and−
E[Iic(t−1)
+ dict −

X

−
Sisct ] ≤ Iict
≤ E[

X

dict0 ],

t0 ≤t

c

(21)

see’ recourse decisions model how the decision maker
adapts to the unfolding uncertain events. The presence of uncertainty is reflected by the fact that both

where dict0 and dict are all uncertain variables.

the second-stage decisions as well as the second stage

(22) models the violation of the safety stock levels.

costs are probabilistic in nature. The objective is,

Establishing of safety stock targets for the inventory

therefore, to minimize the sum of the first stage costs,

level can be viewed as an aggregate deterministic

which are deterministic, and the expected value of

attempt to buffer against unpredicted contingencies

the second-stage costs. The classification of the de-

such as demand variations and production rate fluc-

cisions of the midterm planning model into manufac-

tuations,

turing and logistics naturally fits into the two-stage
∆
L
IL
ist − Iist ≤ Iist ≤ Iist .

(22)

following. The midterm production-planning model

The other constants are constrained by (23),
Pijst , RLijst , F RLijst , Cist , Wiss0 t ,
−
∆
Aist , Iist , Iict
, Iist
, Sisct

≥ 0, Yf jst ∈ {0, 1}.

stochastic programming framework as described as
under demand uncertainty is formulated as the fol-

(23)

lowing two-stage uncertain supply chain model. The
model of the first-stage is (25),
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Suppose that all the uncertain variables in
Model (26) can be characterized as linear ones, the


P
P
min f,j,s,t F Cf js Yf jst + i,j,s,t vijs Pijst



P
P



+ i,s,s0 ,t tss0 Wiss0 t + i,s,t pis Cist





+Eict [Q]




subject to :







(12) − (18).

model can be converted into crisp equivalent. It is
obvious that Model will be a nonlinear programming,
and can be solved by many traditional methods. The
steps will be introduced in the following.

(25)
The second-stage of the supply chain can be modeling as (26),

P

= min i,s,c,t tsc Siss0 t

 QP

P

∆

+ i,s,t hist Iist + i,s,t ζis Iist



P

−
 +
µ I
i,c,t

ic ict

§5

Crisp equivalents
In order to solve the proposed models by tra-

ditional methods, constraints (20) and (21) will be
converted into the corresponding crisp equivalents in
this section.
In accordance with the property of the expected
(26)




subject to :







(19) − (22).

In the above models, the manufacturing variables are considered as the first-stage, while the logis-

value of linear uncertain variables, we have the following theorem.
Theorem 4 Let dict0 and dict be independent uncer0

tain variables for all i, c, t and t . Then constraint
(20) is equivalent to the following deterministic constraint,

tics decisions are modeled as the second-stage. The
E[

manufacturing decisions are made prior to the real-

X

dict0 ] −

t0 ≤t

ization of the uncertain demand. The logistics de-

X

Sisct0 ≥ 0.

(27)

s,t0 ≤t

cisions, which essentially aim at satisfying the cus-

When the parameters dict0 is a linear uncertain vari-

tomer demand in the most cost effective way while

able L(aict0 , bict0 ), based on Lemma 1 and Theorem

accounting for inventory management, are postponed

3, the constraint (20) is converted into the following:
X
X
(
Sisct0 −
(aict0 − bict0 )/2) ≥ 0.
(28)

to after the demand is realized. The objective function of the model is composed of two terms. The first

s,t0 ≤t

t0 ≤t

term captures the costs incurred in the manufacturing phase. The second term quantifies the costs of
the logistics decisions and is obtained by applying the
expectation operator to an embedded optimization
problem. Two-stage uncertain supply chain model

Similarly, the constraint (21) is equivalent to the following deterministic constraint,
X
X
−
I−
Sisct ≤ Iict
≤ E[
dict0 ].
ic(t−1) + E[dict ] −
c

t0 ≤t

(29)

provides an effective tool for managing the risk exposure of an enterprise. The uncertainty in the prod-

When the parameters dict and dict0 are all linear

uct demand is translated into the uncertainty in the

uncertain variable L(aict , bict ), L(aict0 , bict0 ), respec-

logistics decisions through the second stage inven-

tively, based on Lemma 1 and Theorem 3, the con-

tory management problem. This implies that inven-

straint (20) is converted into the following:
P
I−
c Sisct
ic(t−1) + (aict − bict )/2 −
P
−
0
0
0
≤ Iict ≤ t ≤t (aict − bict )/2.

tory levels, supply policies, safety stock deficits and
customer shortages are contingent on the first-stage,
manufacturing decisions and the demands realized.

(30)
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The second-stage model (26) of the two-stage supply
chain planning can be converted into the following
crisp equivalent,

P

Q = min i,s,c,t tsc Siss0 t



P
P

∆

+ i,s,t hist Iist + i,s,t ζis Iist



P

−
 +
i,c,t µic Iict



subject to :







(19), (22), (28), (30).
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Table 2 Other parameters related to the model
F C111 = 600 F C112 = 500
υ111 = 5
υ112 = 4

p11 = 2

0

(31)

Then, the two-stage supply chain model with cus-

p12 = 2.5

0

t12 = 5

t21 = 5

t11 = 3

t12 = 2

t21 = 2

t22 = 3

h111 = 4

h121 = 5

ζ11 = 10

ζ12 = 9

µ11 = 15

µ12 = 20

R1111 = 0.6

R1121 = 0.4

λ11 = 1

H111 = 110

H121 = 120

M RL111 = 100

M RL112 = 80

L
I111

L
I121
= 100

= 110

tomers’ demands can be also converted into crisp
The constraints can be converted into the fol-

equivalent. It can be solved by traditional methods,

lowing,

for example, using LINDO or Matlab toolbox.

§6

I111 = A111 − S1111 − S1121

Numerical example

I121 = A131 − S1311 − S1321

In this section, we consider an example to illus-

S1111 + S1211 ≤ 110

trate the modeling idea and test the effectiveness of

S1121 + S1221 ≤ 100
−
110 − S1211 − S1111 ≤ I111
≤ 110

the proposed models. For simplicity, suppose that

(33)

−
100 − S1221 − S1121 ≤ I121
≤ 100

there are 1 product, 1 product family, 1 processing

∆
110 − I111 ≤ I111
≤ 110

unit, 2 production sites, 1 time period and 2 cus-

∆
100 − I121 ≤ I121
≤ 100

tomers. So, there are 27 constant and 2 uncertain

S1111 , S1121 , S1211 , S1221 , I111 , I121 ,

variables. The uncertain customers’ demands are

−
−
∆
∆
I111
, I121
, I111
, I121
, A111 , A121 ≥ 0.

given in Table 1. Table 1 summarizes the parameters dict as linear uncertain variables. In Table 2

Up to now, the model (26) can be converted into the

other parameters in this model are assumed to crisp

crisp one with the objective function (34) and con-

numbers.

straints (35). It is a nonlinear integer programming
and can be solved by traditional method. In this

Table 1 Uncertain customers’ demands
c
dict

paper, the software LINDO is applied to solve the

1

L(100, 120)

the optimal logistics plan solution is shown in Table

2

L(90, 110)

(3).

model. The optimal objective value is 1360.00, and

The objective function of the second-stage (26)
can be converted into the following form based on
data in Tables 1-2,
3S1111 + 2S1121 + 2S1211 + 3S1221 + 4I111
+5I121 +

∆
10I111

+

∆
9I121

+

−
15I111

+

−
20I121
.

(32)

Table 3 Optimal logistics plan
variable S1111 S1121 S1211 S1221 I111 I121
value

0

100

110

0

variable

∆
I111

∆
I121

−
I111

−
I121

value

0

0

0

0

110

100

A111 A121
210

210
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The objective function of the first-stage (25) can be
converted into the following form based on data in
Tables 1-2,
600Y1111 + 500Y1121 + 5P1111 + 4P1121
+2C111 + 2.5C121 + 5W1121 + 5W1211 .

Table 4 Optimal manufacturing plan
variable Y1111
value

(34)

variable W1211
value

The constraints can be converted into the following,

0
459

Y1121

C111

C121

W1121

1

0

4800

0

P1111 P1121 F RL1111 F RL1121
0

4800

variable RL1111 RL1121 H111
value

0

120

0

0

120

H121
120

P1111 = 0.6RL1111
P1121 = 0.4RL1121

chain model with uncertain customer’s demands is

C111 = P1111

proposed. When the uncertain variables are all lin-

C121 = P1121

ear, the model can be converted into a crisp equiva-

C111 = W1121

lent, then can be solved by software LINDO. An ex-

C121 = W1211

ample illustrates the effectiveness of the model and

FRL1111 = RL1111

the converting method. When the uncertain vari-

FRL1121 = RL1121

ables are irregular, uncertain simulation methods or

FRL1111 ≤ H111

hybrid Intelligent Algorithms will be introduced. In

FRL1121 ≤ H121

following papers, the uncertain supply chain models

80Y1121 ≤ F RL1121 ≤ 120Y1121

will be researched deeply.

100Y1111 ≤ F RL1111 ≤ 110Y1111
210 = P1111 − W1121
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Abstract: Information often distorts during the

usually be modeled as optimization problems with

process of transmission in a social network, which is

various objectives, such as maximizing the amount of

very common in many real-life applications. In this

individuals who will receive the information [19, 20],

paper, we study the problem of maximizing the infor-

maximizing the expected lift in the profit yielded by

mation authenticity of a social network. We propose

the information transmission [8, 30], minimizing the

a new model to characterize information distortion

size of the initial target set of individuals such that

during the diffusion of influence. In order to trade

the information is guaranteed to be transmitted to

off between optimality and complexity, we design a

everyone in the network [6], minimizing the duration

framework of greedy algorithms. Finally, we carry

of information transmission until all individuals re-

out a numerical experiment to show the effectiveness

ceive the information [28, 29].

of the proposed algorithms.
Keywords: social networks; information distor-

In practice, we find that information usually

tion; information authenticity; stochastic simulation;

changes during the process of transmission for some

greedy algorithm.

reasons, so it would be not the same as what it originally is, that is, information distortion happens. For

§1

Introduction
A social network is a general graphic model that

characterizes the relationships of a group of individuals. Social networks have been studied for many
years in different areas, such as epidemiology [9], sociology [15, 35, 36], economics [4, 14, 16, 25, 31, 34],
and computer science [3, 6, 8, 13, 18, 19, 24, 26, 30].
Recently, the research of information and influence
transmission through social networks has attracted
a lot of attention [6, 8, 26], which can provide suggestions for solving multitudinous problems in real
life. Generally, practical problems where information transmission in social networks is involved can

example, by word of mouth, the most primitive way
of information transmission, it is almost impossible
to keep the spread information precise all the way.
The game named “Happy Fax” provides good evidences, in which a number of people stand in a line
and transmit a piece of message one by one. Except
the one standing at the end of the line who read the
message from a paper card, everyone hears the message from only the one behind her. Everyone tells
the message to only the one in front of her, except
the one at the head who will report what she thinks
the message is. The game is usually funny because it
is almost always that what the last one reports is totally different from what the message really is. For
other popular online social networks such as Face-

Proceedings of the Twelfth International Conference on Elec-

book, information distortion still happens. Although

tronic Business, Xi’an, China, October 12-16, 2012, 252-262.

original message will stay the same all the way, due
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to the function of “share”, users can still add their

Information authenticity is set as a real number be-

own comments to the message, which will influence

tween 0 and 1, which roughly measures the extent

other users’ understanding of the message when it is

to which the information stays as what it originally

passed on and thus will lead to information distor-

is. The information authenticity of a piece of pre-

tion.

cise information is 1, while the authenticity of the
Although information distortion indeed exists

information that is totally different from the original

in information transmission through social networks,

one is set as 0. As highly distorted information is

the works mentioned above focus on only optimizing

meaningless for decision making, we set a threshold

the process of information transmission, and none of

between 0 and 1, such that information with authen-

them discusses information distortion in the trans-

ticity under the threshold is viewed as invalid and is

mission process.

not taken into account.

Information distortion has been

widely studied in areas such as accounting [7], supply

In this paper, we focus on the following decision-

chain management [1, 21, 23, 27, 37], decision mak-

making problem: how to find a fixed number of nodes

ing [10, 32, 33], organization management [2, 5, 22].

in a social network, to whom a piece of information

However, to our best knowledge, little attention has

is initially sent such that the information transmis-

been paid to information distortion in the area of

sion with the minimum information distortion is trig-

information transmission in social networks. In this

gered off. Such a problem is of great practical sig-

paper, we study the information distortion in infor-

nificance. For example, an environmental protection

mation transmission through social networks.

organization may want to advertise for a new low-

The main reason for information distortion is
due to the uncertainties in human communication,
such as the vagueness in expression by human language and the diversity of the understanding of information. In the game of “Happy Fax”, because all
the players express the message in their own words,
errors in expression accumulate and large difference

carbon lifestyle through a social network by exploiting the word-of-mouth effect. With limited budget,
the organization may have to advertise to only a limited number of individuals rather than all the people
in the social network. Information distortion may be
out of control of the organization, however its aim is
to minimize the distortion.

is yielded. In on-line social networks such as Face-

In this paper, in order to solve such a decision-

book, subjective comments are added to the original

making problem, we adopt the incremental chance

message continuously, which results in different un-

model [28] to characterize how information trans-

derstanding of different users and thus leads to dis-

mits. By measuring the information distortion by

tortion. Another reason for information distortion

information authenticity, we aim at maximizing the

is the oblivion that results from memory loss of hu-

total information authenticity of the valid informa-

man beings as time passes. One may not be able

tion when information transmission finishes. We de-

to express the message clearly enough, if the dura-

sign a series of greedy algorithms in which different

tion between the time she receives a message and the

heuristic functions are embodied in order to allevi-

time she transmits it to others. In view of the above,

ate computational burden. A numerical experiment

we define a model to describe information distortion

is performed to show that the proposed algorithms

that incorporates the above two reasons for informa-

can flexible trade off between optimality and com-

tion distortion, and introduce the concept of informa-

plexity.

tion authenticity to describe the degree of distortion.

The remainder of this paper is organized as fol-
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lows. In Section 2, we propose the concept of in-

assume that information transmits stochastically ac-

formation authenticity and present a new model on

cording to the incremental chance model [28]. At any

basis of the incremental chance model to character-

time, nodes are categorized into two classes: active

ize information distortion during information trans-

nodes who have received the transmitted information

mission. Section 3 describes a series of greedy al-

and thus are able to pass it to her neighbors, and

gorithms. We perform a numerical experiment in

inactive nodes who have not yet received the infor-

Section 4 to show the performance of the proposed

mation. Each inactive node has a chance of turning

algorithms. Conclusions are drawn in Section 5.

active only if she has an active neighbor. The probability that an inactive node i receives the information

§2

Information Distortion
In this section, we review the incremental

chance model, present the concept of information authenticity, and describe how information distorts in
a social network.
We denote a social network by an undirected
graph G = (N, E, W ). We let N be the set of nodes
in G, in which each node corresponds to an individual in the population we consider. Throughout this
paper, we denote by n the number of nodes in N .

at time t is defined by
P

j∈Nta (i)

pit = P

j∈N (i)

W (i, j)
W (i, j)

,

where Nta (i) is the set of i’s active neighbors at time
t. Specifically, the probability that an inactive node
i gets the information from her neighbor j at time t
is

W (i, j)

, if j is active at time t,
 X
W (i, k)
k∈N (i)


0,
otherwise.

Let E denote the set of edges, in which the edge con-

In the problem considered in this paper, we give the

necting any pair of nodes i and j can be written as

information directly to a given number of nodes at

either (i, j) or (j, i). Let W denote the weight func-

the very beginning. The set of nodes that we tar-

tion which assigns a positive weight to each edge to

get, denoted by S, is set as the information source

measure the relationship between the corresponding

that will trigger off the information transmission.

individuals the edge connects. For any edge (i, j),

Throughout the paper, we denote by k the number of

the associated weight W (i, j) quantifies the relation-

nodes in S. Throughout the process of information

ship between node i and node j. A node j is called

transmission, the value of pit for each node i increases

a neighbor of a node i, if there exists an edge (i, j)

as time goes on until it becomes 1. The incremental

in E. We denote by N (i) the set of neighbors of i.

chance model has been proved to have all the indi-

In real life, information arrives at an individual
usually at random. The chance one receives a piece of

viduals in the social network receive the transmitted
information with probability 1 [28].

transmitted information in a given period of time is

We denote by ti the time step when the trans-

actually the probability that she meets and commu-

mitted information arrives at node i. We are par-

nicates about the information with her friends who

ticularly interested in how much of the transmitted

have already known the information. Such a prob-

information has not distorted from what it originally

ability is believed to be proportional to the number

is until it has been received by each node. Therefore,

of the individual’s friends who have received the in-

the information authenticity of each node i is defined

formation and also to depend on how close friends

as a real number a(i) in interval [0, 1], which mea-

they are. On the basis of the above observations, we

sures the extent to which the information received
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by i at ti stays the same with the original. It is no-

both the factor of communication uncertainties and

ticeable that the information authenticity is defined

that of memory loss, the authenticity of node i is

for only active nodes. According to Ebbinghaus [11],

given as

the information with only a very small authenticity

a(i) = a(j) × (1 − γ) × (1 − δ)ti −tj −1 .

is naturally viewed as unreliable, thus we define a
threshold τ to indicate the level of reliability of the

For each node i in the target set S in the prob-

transmitted information and consider the informa-

lem we consider, we set her associated information

tion with an authenticity smaller than τ as invalid.

authenticity a(i) = 1 and let the time when she re-

Based on the threshold τ , we further classify active

ceives the information ti = 0. This assumption is

nodes at any time step t into two classes: valid nodes

natural because, as the information source, the nodes

whose information authenticity a(i) ≥ τ and invalid

in S get the information directly without any distor-

nodes whose information authenticity a(i) < τ .

tion at the very beginning. It is noticeable that, for

As information distortion almost always happens, we believe that the information authenticity
decreases while information transmits in a social network for the following two reasons: (1) Due to the
uncertainties in human communication, authenticity
decreases when information passes from one individual to another. (2) Because of memory loss, authenticity naturally decreases as time passes by. In order
to explain how the above two reasons are taken into
account in our model, we assume that node i gets the
information, at time ti , from her neighbor j who got
the information at tj . It is notable that tj is earlier
than ti , which means that ti − tj ≥ 1. When the
information transmits from j to i, we assume that
i’s information authenticity will decrease by a fixed
rate of γ ∈ (0, 1) due to the communication uncertainties. If we take only such communication uncertainties into account, the receiver’s information authenticity is 1 − γ times that of the sender. On the
other hand, to reflect how memory loss affects information authenticity, we assume that authenticity
diminishes by a fixed rate of δ ∈ (0, 1) as each unit of
time passes by. Since memory loss will never happen

each node who has received the information, there is
a chance that she may hear of the information again,
perhaps from another neighbor. The late receipt of
the information may update the authenticity that we
have already assigned to the node. We presume that
γ = δ, such that late receipt of the transmitted information will not lead to a higher authenticity. Therefore, we can focus on the information authenticity
that is initially assigned to each node.
According to Ebbinghaus [11], only information
with high authenticity is reliable, thus we focus on
only the valid nodes whose authenticity is higher
than τ . In summary, the problem we consider in this
paper is to find a set S consisting of a fixed number
k of nodes such that the expected sum of the authenticities associated with all valid nodes is maximized.
Formally, we aim at solving the problem


X
a(i) .
max E [σ(S)] = max E 
|S|=k

§3

|S|=k

a(i)≥τ,i∈N

A Framework of Greedy Algorithms

for the case of immediate transmission, information

In this paper, given a connected social network

authenticity will not decrease when ti − tj = 1. For

G and a positive integer k, we focus on the problem

cases where ti − tj > 1, a(i) will be equal to a(j)

of finding and targeting a set of nodes S consist-

ti −tj −1

times (1 − δ)

, if communication uncertainties

ing of k nodes, such that the expected total infor-

are not taken into account. By combining together

mation authenticity E[σ(S)] is maximized. A diffi-
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culty we face first is the lack of the analytical expres-

The other extreme in the framework is called the

sion of E[σ(S)]. In order to deal with this problem,

heuristic-based greedy algorithm, where we adopt a

we adopt the stochastic simulation technique to esti-

heuristic function to evaluate, at each step of the

mate E[σ(S)] as follows [12]: we independently gen-

algorithm, the fitness of putting each node to the

erate M samples {ω1 , . . . , ωM } and estimate E[σ(S)]
PM
by i=1 σ(S)(ωi )/M . To our knowledge, real social

target set, and then pick the one with the highest

network is large-scale, such that n, the number of

computational time because the heuristic functions

nodes in the network, is usually a large value. The

are computationally cheap, however the performance

problem we consider in this paper is difficult because

is usually dissatisfactory.

we attempt to find the optimal one among all

Ckn

fitness. This type of greedy algorithm indeed saves

pos-

In order to trade off between the value-based

sible sets of nodes, which is quite time-consuming. In

greedy algorithm and the heuristic-based greedy al-

addition, the time spent on stochastic simulation is

gorithm, we introduce an integer parameter r. At

also considerable, because the number of samples in

each step of the algorithm, we first evaluate the fit-

simulation is required to be large to reduce estima-

ness of adding each node to the target set by some

tion error. In this section, we design a framework

heuristic function and record the r nodes with the

of greedy algorithms to provide a flexible trade-off

highest fitness; then by adopting stochastic simula-

between performance and efficiency.

tion for evaluating the value of objective function,
we add the node, among the r nodes, to the current

§3.1

The Framework
As we mentioned, in real-life applications, Ckn is

target set if doing so results in the largest increase
of the total authenticity.

such a large number that it is not practical to em-

Table 1 presents the algorithm framework.

ploy brute-force search to solve the problem. In this

Given a social network G, the size of target set k,

view, we propose a framework of greedy algorithms

the trade-off parameter r and a heuristic function h,

by which a set of nodes is constructed incrementally.

the algorithm returns a target set S. When r = 1,

A greedy algorithm puts the nodes in the target set

the algorithm is a heuristic-based greedy algorithm

once a time, where each node we pick and add to the

with heuristic function h; when r is set to be depen-

set is believed to lead to the best performance of the

dent on l as r(l) = n − l, it becomes the value-based

solution. Under the framework, greedy algorithms

greedy algorithm.

distinguish from each other by providing different
ways of determining the node that is added to the
set at each step.

§3.2

Heuristic Function

The traditional greedy algorithm in the frame-

Before we introduce the details of the heuristic

work is named the value-based greedy algorithm, in

functions, we first propose the concept of the dis-

which a node is added to the target set only if doing

tance network of a social network. The distance net-

so leads to the largest increase of the value of ob-

work is exactly the same with the original social net-

jective function. Although the performance of the

work except that the weight function is replaced with

value-based greedy algorithm is relatively impres-

one that characterizes the distances between nodes.

sive, it suffers from the complexity of implementing

Base on the weight function W in the original so-

stochastic simulation for a large number of times,

cial network, we present the following alternatives of

which limits its scalability.

setting the weight function in the distance network.
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Table 1 A Framework of Greedy Algorithms
Input: G,k,r,h;
Output: S;
S = ∅;
l = 0;
while l < k
R = ∅;
c = 0;
while c < r
ic = arg maxi∈N \(S∪R) h(S, i);
R = R ∪ {ic };
c = c + 1;
ir = arg maxi∈R (E[σ(S ∪ {i})] − E[σ(S)]);
S = S ∪ {ir };
l = l + 1;
return S;

• W r (i, j) =

1
W (i,j) ,

whose reciprocal is the

weight function in the original social network.
• W o (i, j) =

max W (i′ , j ′ ) − W (i, j), where a

(i′ ,j ′ )∈E

§3.2.1

Degree Centrality (DC)

The degree centrality of a node is defined by its
degree, i.e. the number of its neighbors. So we define
the first heuristic function as

positive value is added to the opposite of W to
keep the weights non-negative.

At each step of the greedy algorithms, given the
current set of nodes S ⊂ N and any node i ∈
/ S, a

h1 (S, i) = |N (i)|.
Intuitively, we treat a node with large degree centrality as a social individual.

heuristic function returns the fitness h(S, i) of adding
i to S. In this section, we propose three heuristic

§3.2.2

Closeness Centrality (CC)

functions. The idea of the first two heuristic functions is to define the fitness of each node by its cen-

The closeness centrality of a node is defined as

trality. Different measures of centrality have been

the inverse of the sum of the distances between the

developed [17], each of which captures a particular

node and the other nodes. Note that the closeness

aspect of how “important” the role a node plays in

centrality is defined on the distance network. As the

transmitting the information. The idea of the third

weights on the distance network are all non-negative,

heuristic function is to select nodes that are likely to

a shortest path between any pair of nodes i and j

get the transmitted information late, because delay

exists. We denote the length of the shortest path

in the receipt of the information may lead to large

from i to j by SP L(i, j). By defining the value of the

distortion.

second heuristic function as the closeness centrality
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of i, we have

samples M is set to 5000 in the stochastic simula-

h2 (S, i) = P
§3.2.3

Maximin

1
.
j6=i,j∈N SP L(i, j)

Path

Length

tion. The experiment is performed on a Pentinum4
PC.

Reduction

(MPLR)

In the first experiment, we consider the results

By this heuristic function, we aim to put “the

of a series of greedy algorithms with different heuris-

farthest point” in the target set in order to reduce in-

tic functions, different weight functions in the dis-

formation distortion by shortening the duration the

tance network and different trade-off parameter r.

information transmits. For any node i and a cur-

Here, we set k = 8. By using the greedy algorithms,

rent target set S, we can define the distance be-

the results of the expected total information authen-

tween i and S in the distance network as SP L(S, i) =

ticity and the runtime are shown in Figure 1 and 2,

minj∈S SP L(j, i). The maximin path length associ-

respectively. In Figure 1 and 2, there are two ex-

ated with S is defined as maxj∈N SP L(S, j). Given

treme cases of r. When r = 1, the greedy algorithm

a node i and the current target set S, we let the

is the heuristic-based greedy algorithm, and stochas-

value of the heuristic function be the reduce of the

tic simulation is avoided; while when r = |N | − t, the

maximin path length if we add i to S, i.e.

greedy algorithm is the value-based greedy algorithm

h3 (S, i) = max SP L(S, j) − max SP L(S ∪ {i}, j).
j∈N

§4

without using any heuristic function.

j∈N

Numerical Experiment
As shown in Figure 1, for all the greedy algoIn this section, we perform a numerical experi-

rithms, the expected total information authenticity

ment to show the effectiveness and robustness of the

E[σ(S)] increases with r increasing. Especially, when

proposed algorithm framework. In the experiment,

r is relatively small, E[σ(S)] is improving fast as r

social networks are generated randomly. In order

increases. Besides, it is clear that heuristic func-

to construct a network, we set the number of nodes

tion of “DC” generates worse results than the other

N = 100 and predetermine a parameter p as the

two heuristic functions. In general, the weight func-

probability of connecting any pair of nodes with an

tion W o turns out to produce better solutions than

edge. The parameter p roughly indicates the density

the weight function W r when we set the heuris-

of the edges in the network. If p is close to 1, every

tic function as “CC” or “MPLR”. Figure 2 shows

node is connected to almost all the other nodes; while

that the runtime of the greedy algorithms increases

if p is small, the edges in the network are sparse and

as r increases, because stochastic simulation takes

each node is connected to only a few of other nodes.

more computational time for a large value of r. We

After the network is generated, we will check whether

can find that, compared to heuristic functions of

the generated network is connected. If the generated

“MPLR” and “CC”, “DC” consumes a little more

network is not connected, we add as few edges as

time for each setting of r. By combining both Fig-

possible to make it connected. In the numerical ex-

ure 1 and Figure 2, we find that by properly setting

periment, we set p = 0.002 to generate the social

the value of r, we can flexibly trade off between op-

networks. For each edge, we randomly generate an

timality and complexity by the framework of greedy

integer weight ranging from 1 to 5. The number of

algorithms we propose.
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Figure 1 The expected total information authenticities obtained by different settings of greedy algorithms.
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Abstract: In this paper, we study the problem of

product is promoted to only a small number of peo-

targeting a set of individuals to trigger a cascade of

ple, but can be adopted by a large proportion of the

influence in a social network such that the influence

population. This is because the recommendation of

diffuses to all individuals with the minimum time,

the product from one friend to another is actually a

given that the cost of initially influencing each in-

type of influence spread throughout the social net-

dividual is with randomness and the budget avail-

work. A variety of models characterizing how influ-

able is limited. We adopt the incremental chance

ence diffuses have been proposed, such as the linear

model to characterize the diffusion of influence, and

threshold model [15], the independent cascade model

propose three stochastic programming models that

[12], the voter model [10] and the incremental chance

correspond to three different decision criteria. Modi-

model [19]. Motivated by the need for solving prac-

fied greedy algorithms are presented to solve the pro-

tical problems, decision makers attempt to optimize

posed models efficiently. Experiments are performed

the target set of individuals to whom the influence

to show that the algorithms we present are effective.

is initially sent. A number of optimization problems

Keywords:

with different objectives have been investigated, in-

social networks; complete influence

time; stochastic costs; greedy algorithms.

cluding maximizing the total number of influenced
individuals [15, 16], maximizing the expected lift in

§1

Introduction

profit [9, 21], minimizing the size of the initial target
set of individuals that guarantees complete influence

A social network is a graphical model of the re-

[5]. A recently proposed problem is the complete in-

lationships within a group of individuals, in which

fluence time (CIT) minimization problem [19, 20],

each node represents an individual and each edge

which is to determine the set of individuals to target

denotes the relationship between the two individuals

initially such that the time taken to influence all the

it connects. Social networks have attracted much at-

individuals in the network is minimized.

tention from various areas, such as computer science
[9], economics [3], sociology [6, 22], epidemiology [8].
The diffusion of influence in social networks
plays an important role in many real applications
[14, 19, 20]. For example, in virus marketing, a new

The restriction of limited resources almost always exists in real world. For example, in the context
of this paper, the budget for influencing the initial
target set of individuals is almost always limited. In
a number of papers on influence diffusion in social

Proceedings of the Twelfth International Conference on Elec-

networks [15, 19], the restriction of limited resources

tronic Business, Xi’an, China, October 12-16, 2012, 263-272.

is represented by the assumption that the target set
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has a fixed size. In other works [10, 20], a more gen-

models. Section 4 describes the modified greedy al-

eral scenario is considered, where a predetermined

gorithm. We perform experiments in section 5 to

amount of budget is given and the cost of initially

show the effectiveness of the proposed algorithms and

influencing each individual may be different.

draw conclusions in section 6.

In real life, uncertainty always exists. In the
problem we are concerned with, the cost to initially

§2

The Incremental Chance Model

influence an individual may be uncertain because it
usually depends on many dynamic or vague factors
such as how the mood of the individual is when she
is influenced, to what extend the individual favors
the influence, as so on. It would be inappropriate to
quantify the costs as constants in such an uncertain
situation. However, uncertain costs of influencing
the target set of individuals have not been discussed
in any of the above works.
In this paper, we focus on the CIT minimization
problem where a predetermined amount of budget is
provided and the cost of initially influencing each individual is given as a random variable. We adopt
the incremental chance model to describe the diffusion of influence, because compared to that under
other models, the diffusion process is progressive under the incremental chance model, which guarantees
the complete influence that is required by the CIT
minimization problem.
Since random variables are involved in the optimization problem we study, we consider three different decision criteria in the theory of stochastic programming, and propose three stochastic programming models. In order to solve the stochastic programming models, we present a number of modified
greedy algorithms, which flexibly trade off between
solution performance and computational complexity.
A number of experiments are performed, by which we
show that the modified greedy algorithms are effective.

We denote a social network by a weighted undirected graph G = (N, E, W, ε). Each node in G represents one individual in the group we consider, and
N denotes the set of all nodes in G. Each edge in
G represents a relationship between the pair of individuals corresponding to the two nodes the edge
connects, and the set of all edges is denoted by E.
For any two vertices i and j in N , the edge connecting them, if there exists one, can be denoted by either
(i, j) or (j, i), since G is an undirected graph. In the
following of this paper, we call that i and j are neighbors if there exists an edge (i, j). We denote by W
the weight function which assigns a positive weight
to each edge to measure the strength of the relationship the edge represents. For example, a large weight
W (i, j) on edge (i, j) shows that i and j are closely
related.
The cost for initially influencing node i in G is
assumed as a random variable εi , and ε = {εi |i ∈ N }
is a random vector recording the stochastic costs for
initially influencing all the individuals. The target
set of individuals who are chosen to influence initially
is denoted by X, which we equivalently represent by
a binary vector x = {xi |i ∈ N }, where xi = 1 if node
i is initially targeted or xi = 0 otherwise. Therefore,
the cost for initially influencing the target set x is
C(x, ε) =

X

εi xi .

i∈N

According to the incremental chance model [19],
The rest of this paper is organized as follows.

at any time step, each node is in either of the two

Firstly, we briefly introduce some preliminaries of

states: “active” and “inactive”. At any time step,

the incremental chance model in section 2. Then in

a node that has been influenced is called an active

section 3, we propose three stochastic programming

node, or otherwise called an inactive node. At any

Influence Optimization in a Social Network with Stochastic Costs for Targeting Individuals
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time step t, an inactive node j turns to be active

the theory of uncertain programming [18], and pro-

with the probability
P

vide three stochastic programming models.
W (i, j)

i∈Nta (j)

pjt = P

i∈N (j)

W (i, j)

The first model is motivated by the natural idea
,

where N (j) denotes the set of neighbors of node j,
and Nta (j) is the set of active neighbors of j at time
step t. We call pjt the influence chance of j at time t.
Although the process of the diffusion of influence is
stochastic, it is still clear to describe. At the beginning, the nodes in the target set are influenced and
set active first. Then the cascade of influence is triggered, and inactive nodes get influenced according
to their influence chance. Note that the process is
progressive, that is, active nodes will stay active and
never turn to be inactive. Thus, the diffusion of influence will always terminate as all nodes in the social
network will turn to be active ultimately with probability 1 [19], which achieves the complete influence.
The duration of the process of influence diffusion is
called the complete influence time (CIT). We denote
the CIT by τ (x) given that the target set of nodes
is x.

that we may estimate a random variable by its expected value, which is commonly called the expected
value model (EVM). In the EVM model for our problem, the objective is to minimize the expected value
of the CIT τ (x), and a target set x is feasible if the
expected value of the cost C(x, ε) is below the budget B. The EVM model is as follows:

min E [τ (x)]







 subject to :









(1)

E[C(x, ε)] ≤ B,

x = {xi = 0 or 1 | i ∈ N }.

For many cases, estimating a random variable
by its expected value is not always appropriate, especially for random variables with large variances. For
our problem, when the variance of C(x, ε) is large, it
is quite possible that C(x, ε) exceeds B with a high
probability even though E[C(x, ε)] ≤ B holds at the
same time. Similarly, the CIT τ (x) can be much

§3

The

Stochastic

Programming

Models

greater than its expected value E[τ (x)] with a large
probability. In practice, decision makers often predetermine a confidence level α as a safety margin and

In this paper, we focus on the following prob-

solve problems in the sense that the constraints are

lem. Given a social network G and a predetermined

satisfied at least α of time. This idea is usually re-

amount of budget B, what is the target set of indi-

ferred to as chance-constrained programming (CCP)

viduals X, or equivalently x, to whom we initially

[4]. For our problem, the CCP model is as follows:

send the influence, such that the cost for initially influencing x is under the budget and the CIT τ (x)
is minimized. The solution to the problem is not
straightforward, because for a given x, both C(x, ε),
the cost for initially influencing x, and the CIT τ (x)
are random variables, which makes the problem a


min {τ | Pr{τ (x) ≤ τ } ≥ α}







 subject to :









(2)

Pr{C(x, ε) ≤ B} ≥ β},

x = {xi = 0 or 1 | i ∈ N },

stochastic programming problem. According to dif-

where α and β are two predetermined values between

ferent decision criteria of decision makers, solutions

0 and 1.

to the problem may be quite different. In this sec-

For some cases, decision makers may take a

tion, we adopt three well-known decision criteria in

third decision criterion, under which they attempt
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to maximize the chance to meet some stochastic

In real applications, a social network usually

In order to

contains a huge number of individuals, thus the com-

make decisions under this criterion, Liu provided the

putation for solving CIT minimization problems is

dependent-chance programming (DCP) [17]. In our

very time-consuming. An efficient approach to solv-

problem, there may be a deadline for the diffusion of

ing optimization problems in complex systems is the

influence such that exceeding the deadline will lead

greedy algorithm, which usually avoids the brute-

to a huge penalty. In this view, we may need to max-

force search and obtains satisfactory solutions [7].

imize the probability of the event that the CIT does

For the CIT minimization problems in social net-

not exceed the deadline τ0 . The DCP model is as

works, by the traditional greedy algorithm, we put

follows:

max Pr{τ (x) ≤ τ0 }







 subject to :

nodes in the target set once a time unless the con-

events that they expect to happen.










straints are violated [19]. Every time we add a new
node to the target set, we select the one that brings
(3)

E[C(x, ε)] ≤ B,

x = {xi = 0 or 1 | i ∈ N }.

the most improvement in the value of the objective
function. Whenever a node is put in the target set, it
will never be taken out of the set, and thus the target
set is efficiently constructed. However, traditional

where τ0 is a predetermined value representing the

greedy algorithm computes the values of the objec-

deadline.

tive functions in the proposed models by stochastic simulation, which can be still time-consuming for

§4

The Modified Greedy Algorithms

large-scale social networks.
In this paper, we modified the traditional greedy

In order to solve the stochastic programming
models that we propose above, we need to estimate
the values of a number of uncertain functions. Here,
we employ the stochastic simulation techniques to
estimate the following three types of uncertain functions:
• U1 : x → E[ξ(x)],

algorithm for the sake of saving the computation in
stochastic simulation. The idea is to introduce an
integer parameter r to trade off between solution
performance and computational complexity [19]. In
the traditional greedy algorithm, when we need to
add a new node to the target set, we compute, by
stochastic simulation, the change of the value of objective function for every node that is possible to

• U2 : x → min{f | Pr{ξ(x) ≤ f } ≥ α},
• U3 : x → Pr{ξ(x) ≤ f0 },

be selected. However, in the modified greedy algorithm, every time we add a node to the target set, we
first determine r nodes, each of which is potentially

where ξ(x) is an uncertain function. The functions

a good choice for being put in the target set; and

E [τ (x)] and E[C(x, ε)] in models (1) and (3) are two

then compute by stochastic simulation the change of

instances of U1 ; the objective function is a straight-

the value of objective function for adding each of the

forward instance of U2 ; and Pr{C(x, ε) ≤ B} in

r nodes. We design several efficiently-computable

model (2) and Pr{τ (x) ≤ τ0 } in model (3) are in-

heuristic functions to indicate which node is a po-

stances of U3 . We omit the details of the stochastic

tentially good alternative for being put in the target

simulation techniques, and interested readers can re-

set, thus the computational complexity of stochastic

fer to the book by Fishman [11].

simulation is alleviated.

Influence Optimization in a Social Network with Stochastic Costs for Targeting Individuals

In order to present the heuristic functions, we
first define the distance graph of a social network.
The distance graph of a social network is a directed
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Reduction” (MPLR) and define it by
h2 (x, i) = max SP (x, j) − max SP (x ∪ {i}, j).
j∈N

j∈N

graph that has exactly the same set of nodes with

Given the distance graph of a social network, it

the original social network. For each pair of nodes

is not difficult to generate a spanning forest with

that are connected by an edge in the social network,

the set of roots being x, such that each node in

there are two directed edges in opposite directions

the forest is connected to its closest root. Such a

connecting them in the distance graph. The weight

spanning forest is called the shortest path forest and

on each edge (i, j) in the distance graph represents

denoted by FSP (x). Let Edge(FSP (x)) be the set

the distance between i and j, which is defined by
P
l∈N (j) W (l, j)
d(i, j) =
.
W (i, j)

of edges in FSP (x). We present the third heuristic

For each set of nodes x and a node i, the heuristic function returns a non-negative value h(x, i)

function named “Shortest Path Forest Weight Reduction” (SPFWR) as follows.
X
h3 (x, i) =

quantifying the fitness of putting i in x in terms of

−

improving the performance of the solution. For ex-

three heuristic functions.
We define by SP (i, j) the length of the short-

X

d(l, j).

(l,j)∈Edge(FSP (x∪{i}))

ample, if h(x, i) ≥ h(x, j), then adding i to x is potentially better than putting j in x. Here, we present

d(l, j)

(l,j)∈Edge(FSP (x))

Finally, we present the modified greedy algorithms for solving the EVM model (1), the CCP
model (2) and the DCP model (3) in Table 1, 2 and
3, respectively.

est path from i to j in the distance graph and by
SP (x, i) = minl∈x SP (l, i) the shortest path length
from set of nodes x to i in the distance graph. If x

§5

Experiments

is an empty set, we define SP (x, i) as a sufficiently

In this section, we perform a number of experi-

large number, for example, the sum of the weights

ments on randomly-generated networks. By the ex-

on all the edges in the distance graph. The first

periments, we show the effectiveness of the modified

heuristic function is motivated by the intuition that

greedy algorithms and how they trade off between

it usually takes much time to spread the influence to

solution performance and computational complexity.

a node that is distant from the influenced nodes. We

In all the following experiments, we set the number

call the heuristic function “Shortest Path Length”

of nodes |N | = 1000 and the number of samples in

(SPL) and define it by

the stochastic simulation M = 500.

h1 (x, i) = SP (x, i).

In order to generate a social network, we define
a parameter p to specify how social the individu-

We define the maximin path length of a set of

als in the social network will be. Given the set of

nodes x by maxj∈N SP (x, j), which describes how

nodes N , for every pair of nodes in the network, we

far from the set to the farthest node in the network.

generate an edge between them with probability p.

The idea of the second heuristic function is that it

Therefore, a high value of p will result in a social net-

gives a high score to a node if adding it to the target

work where each individual is possibly connected to

set will highly reduce the maximin path length. We

a lot of other individuals. After we generate the so-

call this heuristic function “Maximin Path Length

cial network in such a stochastic way, we add as few
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Table 1 A modified greedy algorithm for solving the EVM model (1)
Input: G, C, B, r, h.
Output: x.
x = ∅;
T = {i ∈ N | E[C({i}, ε)] > B};
while |x ∪ T | < |N |
n = 0;
R = ∅;
while n < r and |x ∪ T ∪ R| < |N |
in =

arg max

h(x, i);

i∈N \(x∪T ∪R)

R = R ∪ in ;
n = n + 1;
j = arg max (E[τ (x)] − E[τ (x ∪ {i})]);
i∈R

x = x ∪ {j};
T = {i ∈ N \ x | E[C(x ∪ {i}, ε)] > B};
return x;

Table 2 A modified greedy algorithm for solving the CCP model (2)
Input: G, C, B, α, β, r, h.
Output: x.
x = ∅;
T = {i ∈ N | Pr{C({i}, ε) ≤ B} < β};
while |x ∪ T | < |N |
n = 0;
R = ∅;
while n < r and |x ∪ T ∪ R| < |N |
in =

arg max

h(x, i);

i∈N \(x∪T ∪R)

R = R ∪ in ;
n = n + 1;
j = arg max (min{τ |Pr{τ (x) ≤ τ } ≥ α} − min{τ |Pr{τ (x ∪ {i}) ≤ τ } ≥ α});
i∈R

x = x ∪ {j};
T = {i ∈ N \ x | Pr{C(x ∪ {i}, ε) ≤ B} < β};
return x;

Influence Optimization in a Social Network with Stochastic Costs for Targeting Individuals
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Table 3 A modified greedy algorithm for solving the DCP model (3)
Input: G, C, B, τ0 , r, h.
Output: x.
x = ∅;
T = {i ∈ N | E[C({i}, ε)] > B};
while |x ∪ T | < |N |
n = 0;
R = ∅;
while n < r and |x ∪ T ∪ R| < |N |
in =

h(x, i);

arg max
i∈N \(x∪T ∪R)

R = R ∪ in ;
n = n + 1;
j = arg max (Pr{τ (x ∪ {i}) ≤ τ0 } − Pr{τ (x) ≤ τ0 });
i∈R

x = x ∪ {j};
T = {i ∈ N \ x | E[C(x ∪ {i}, ε)] > B};
return x;
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Figure 1 Results of modified greedy algorithms with

Figure 2 Results of modified greedy algorithms with

different B for the EVM model.

different B for the CCP model.
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a result of the “randomly choosing nodes” heuristic

Pr{τ (x) ≤τ 0 }

1

is labelled “Random”. For the CCP model, we set

0.8

α and β both as 0.9; while for the DCP model, the

0.6

value of τ0 is set to be 12.

0.4
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200

B

300

400

500

E[ τ (x)]

12
11.8

Figure 3 Results of modified greedy algorithms with

11.6

different B for the DCP model.

11.4
11.2
1

10

50

edges as possible to make the network a connected

500

|N|−t

(a)

graph. In the following experiments, without loss

5

10

of generality, we randomly assign an integer weight
from {1, 2, 3} to each edge. The stochastic cost for

SPL
MPLR
SPFWR

4

10

initially influencing each node i is given as follows:
we first generate an integer ui in the interval [0, 20] at

100

r

runti me (Se c )

3

10

uniformly random, and then set the stochastic cost
εi as the random variable with uniform distribution

2

10

U(20, 20 + ui ).
1

10

In order to show the effectiveness of the pro-

1

10

50

r

100

500

|N|−t

posed algorithms, in the first series of experiments,
(b)

we solve the three stochastic programming models
with different budget B by the modified greedy algo-

Figure 4 The solutions and runtime of the modified

rithms. In addition, we compare the solution perfor-

greedy algorithms.

mance of the modified greedy algorithms with that of
a trivial heuristic method called “randomly choosing

From Figure 1, 2 and 3, we have some clear

nodes”. The heuristic “randomly choosing nodes”

observations. No matter what value the budget is,

randomly selects the nodes in the target set without

the modified greedy algorithms generate better solu-

exploiting any information of the network. In the

tions than the “randomly choosing nodes” heuristic.

first series of experiments, without loss of general-

The only expectation is that when solving the DCP

ity, we set p = 0.02 to generate the social network

model with B = 50, the modified greedy algorithm

and the trade-off parameter r = 50 in the modified

with heuristic function “SPL” has the same solution

greedy algorithms. The solutions for solving EVM

performance with the “randomly choosing nodes”

model, CCP model and DCP model are shown in

heuristic.

Figure 1, 2 and 3, respectively. In the three figures,

nodes in the target set when B = 50, and the power

a result of a modified greedy algorithm is labelled

of the modified greedy algorithm may be weaken in

with the heuristic function the algorithm adopts, and

searching such a small set. The second observation

This is because there are at most two
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is that, no matter which algorithm is employed, in-

shown that the algorithms we propose are effective

creasing the budget B will improve the value of the

and help decision makers get a good balance between

objective for every model, which coincides with our

solution performance and computational complexity.

intuition. In addition, we find that none of the three
modified greedy algorithms is better than the others
for all the problems.
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Abstract:

The paper studies single-machine

processed on the machine. Here, the processing time

scheduling to maximize number of batch of jobs

of each job is assumed to be a known constant. In

with uncertain processing times.

Firstly, an ex-

this paper, by using uncertainty theory initiated by

pected value model to maximize number of batch

Liu [18, 20, 23, 24], we shall study single machine

of jobs processed is given based on uncertainty the-

scheduling problems to maximize weighted number

ory. Then, the model is transformed into a deter-

of batches of jobs with indeterminate process-

ministic integer programming model and its prop-

ing times. It should be pointed out that uncer-

erties are provided. Further, its arithmetic, called

tainty theory has been applied in many places such

Man-computer Alternant Arithmetic, is presented.

as uncertain programming (Liu [19], Zhang[36, 37],

Finally, a numerical example on the model is given.

Gao[9, 10], Peng[14], Li[28]), uncertain risk analysis

Keywords: Integer programming, uncertainty the-

(Li[29]), uncertain logic (Chen[5]), uncertain process

ory, single machine, batch scheduling, Man-computer

(Yao[17]) etc [4, 8, 27, 30, 32].

Alternant Arithmetic

The rest of this paper is organized as follows.
In Section 2, some basic concepts and results about

§1

Introduction

uncertainty theory are recalled.

In Section 3, a

new model of uncertain batch scheduling on single
Recently, the topic of ”single-machine schedul-

machine, by assuming processing times of jobs are

ing for finite batches of jobs” becomes more and

uncertain variables with uncertainty distributing, is

more popular. In [1–3, 7, 11, 13, 22, 26, 31], the

presented. Then this model is transformed into a

scholars focused on minimizing weighted com-

deterministic integer programming model, and its

pletion times for batches of jobs based on de-

properties are provided. Further, a arithmetic on

terminate processing times for each job on single-

this model, called Man-computer Alternant Arith-

machine. Whereas, the processing times of jobs on

metic, is constructed. Finally, a numerical example

single-machine are often uncertain. Therefore, many

on the model is examined. At last, a brief summary

researches discussed the above question using prob-

is given.

ability theory [6, 12, 13, 15, 16, 21, 33]. Differed
from the above literatures, Zhou [34, 35] presented a
new model on single machine scheduling problems to
maximize weighted number of batches of jobs

§2

Preliminaries
In this section, we will introduce some basic con-

Proceedings of the Twelfth International Conference on Elec-

cepts and results about uncertainty theory.

tronic Business, Xi’an, China, October 12-16, 2012, 273-281.

Definition 2.1. (Liu [18]). The uncertainty distri-
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bution Φ of an uncertain variable ξ is defined by
Φ(x) =

dent uncertain variables with finite expected values.

M{ξ ≤ x}

Then for any real numbers a and b, we have
E[aξ + bη] = aE[ξ] + bE[η].

for any real number x, and we use ξ ∼ Φ(x) to denote
ξ has uncertainty distribution Φ.
Liu [20] gave some types of uncertainty distributions to describe uncertain variables. In the fol-

Theorem 2.2.(Liu [20, 23]) The zigzag uncertain
variable ξ ∼ Z(a, b, c) has a expected value

lowing we only state zigzag uncertainty distribution
since the paper only use it.

a + 2b + c
.
4

E[ξ] =

Definition 2.2 [20]. An uncertain variable ξ is
called zigzag if it has a zigzag uncertainty distribu-

Theorem 2.3. (Liu [20, 23])Let ξ be uncertain vari-

tion

Φ(x) =








0,

able with uncertainty distribution Φ. If the expected

if x < a

(x − a)/2(b − a),

if a ≤ x ≤ b


(x + c − 2b)/2(c − b), if b ≤ x ≤ c




1,
if x > c

value exists, then
(1)

denoted by Z(a, b, c) .

Φ−1 (α)dα.

0

§3

Definition 2.3.(Liu [20, 23]) An uncertainty distri-

Single

Machine

Scheduling

to

Maximize Number of Batch of

bution Φ of ξ said to be regular if its inverse function

Jobs with Uncertain Processing

Φ−1 (α) exists and is unique for each α ∈ [0, 1]. It is

Times

said to be inverse uncertainty distribution of ξ.
If ψ is regular, uncertainty distribution ψ is con-

1

Z
E[ξ] =

§3.1

Problem Statement

tinuous and strictly increasing at each point x satisfying 0 < ψ(x) < 1. Also, inverse uncertainty distri-

Firstly, we give the following hypothesis:

bution ψ −1 is continuous and strictly increasing in

(i ) There are n independent jobs need to pro-

(0, 1).

cess in one machine in turn. And these jobs are di-

Definition 2.4.(Liu [20, 23, 25]) Let ξ be an uncer-

vided into m batches

tain variable. Then the expected value of ξ is defined

G1 , G 2 , · · · , G m .

by
Z

+∞

E[ξ] =
0

M{ξ ≥ r}dr −

Z

0

−∞

M{ξ ≤ r}dr

Each batch Gk (k = 1, 2, ..., m) has nk (k = 1, 2, ..., m)
sub-jobs, respectively. And wk (k = 1, 2, ..., m) is the

provided that at least one of the two integrals is fi-

weight (or profit) of k−th (k = 1, 2, ..., m) batch,

nite.

respectively, where

Definition 2.5. (Liu [24]) The uncertain) variables
ξ1 , ξ2 , · · · , ξm are said to be independent if
(m
)
\
(ξi ∈ Bi ) = min
{ξi ∈ Bi }

M

i=1

1≤i≤m

M

m
X

nk = n.

k=1

(ii) The processing time of j−th (j = 1, 2, ..., nk )
job of k− batch (k = 1, 2, ..., m) on the machine is a

for any Borel sets B1 , B2 , · · · , Bm of real numbers.

uncertain variable ξjk (k = 1, 2, ..., m, j = 1, 2, ..., nk ),

Theorem 2.1.(Liu [20, 23]) Let ξ and η be indepen-

respectively, with uncertainty distributing Φkj (j =

Single Machine Scheduling to Maximize Number of Batch of Jobs with Uncertain Processing Times

1, 2, ..., nk , k = 1, 2, ..., m, j = 1, 2, ..., nk ) respeck

k
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denotes the truth value of batch Gxi (i = 1, 2, ..., m).

tively, and the consignment time of G is d (k =

That is, Ti (ηi (x)) values 1 if Gxi (i = 1, 2, ..., m) is

1, 2, ..., m), respectively.

completed in requested consignment times and 0 if

(iii) There is no delay time between two connec-

not.

tive jobs.

(iii) Let

(iv) The machine process only one job at each
time, and each job should be processed one time on

T (x) =

the machine.

m
X

wxi Ti (ηi (x))

i=1

In this paper, with the above hypothesis, we
will focus on the question to seek a processing order

denotes the weighted number of batches of jobs processed on the machine.

such that the weighted number of batches of jobs
is maximum according to the requested consignment

Summarize (i)-(iii) we obtain a new model for
uncertain batch scheduling on single machine:

time of each batch job.
§3.2

Model
Note that the above problem is related to un-

certain variable, therefore we can deal with it by using uncertainty theory. According to the hypothesis


m
P


max
wxi Ti (ηi (x))


x=(x1 ,x2 ,...,xm ) i=1




 s.t.
(
1, if
E[ηi (x)] ≤ dxi


T
(η
(x))
=

i
i


0, otherwise




x = (x1 , x2 , ..., xm ) ∈ D

and goal of the above problem, it is easily seen that
the optimization solution can be reduced to find a

§3.3

Property

order of batches {G1 , G2 , ..., Gm }. Now, we assume
that the processing order of n jobs on the machine is
x1

x2

{G , G , ..., G

xm

}, where x = (x1 , x2 , ..., xm ) is an

element of D, the set of all sequences of {1, 2, ..., m}.
We introduce the following symbols and param-

Theorem 3.3.1 If there exists a k0
{1, 2, ..., m} such that the batch G

k0

∈

satisfies the fol-

lowing conditions:
(1) E[tk0 ] = min{E[tk ]|k ∈ {1, 2, ..., m}};
(2) wk0 = max{wk |k ∈ {1, 2, ..., m}};

eters:

(3) dk0 = min{dk |k ∈ {1, 2, ..., m}};

(i) Let
t

xk

=

nxk
X

(4) E[tk0 ] ≤ dk0 .
ξjxk (k

= 1, 2, ..., m)

Then there exists a x = (x1 , x2 , ..., xm ), a solution of

j=1

denotes the uncertain processing time of batch
Gxk (k = 1, 2, ..., m), and

ηi (x) =

i
X

nxk
i X
X

solution. Suppose x = (x1 , x2 , ..., xm ) is a solution
ξjxk

of model (5), and k0 = xj0 (j0 ∈ {1, 2, ..., m}). If

k=1 j=1

denotes the uncertain completion time of batch
Gxi (i = 1, 2, ..., m), respectively.

Tk0 (ηk0 (x)) = 1, then conclusion of the Theorem
3.3.1 is true; or else, if Tk0 (ηk0 (x)) = 0, then we
assert that x∗ = (xj0 , x2 , ..., xj0 −1 , x1 , xj0 +1 , ..., xm )

(ii) Let

is also a solution of model (5) (Note that x∗
(

Ti (ηi (x)) =

Tj0 (ηj0 (x)) = 1.
Proof It is evident that Model (5) has at least one

txk =

k=1

model (5), such that j0 ∈ {1, 2, ..., m}, xj0 = k0 and

1,

if E[ηi (x)] ≤ d

0,

otherwise

xi

obtained by exchanging xj0 and x1 in x

=

(x1 , x2 , ..., xj0 −1 , xj0 , xj0 +1 , ..., xm )). In fact, because
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E[tk0 ] = min{E[tk ]|k ∈ {1, 2, ..., m}} we have

Note 3.3.2 From the senses of T (x) and T (x∗ ), we
know that if T (x∗ ) ≥ T (x) then we need to select x∗

E[ηi (x∗ )]

as the solution of Model (5). If not we reserve x as

= E[txj0 ] +

jX
0 −1

E[txk ] + E[tx1 ] +

k=2

i
X

E[txk ]

k=j0 +1

the solution of Model (5).
Theorem 3.3.3 For two batches scheduling x =
(x1 , x2 , ..., xm ) and x∗ = (y1 , y2 , ..., , ym ), where

≤ E[ηi (x)], i = 1, 2, ..., m.
Then it follows from dk0 = min{dk |k ∈ {1, 2, ..., m}}

xk1 = yk2 , xk2 = yk1 , xj = yj ,

that Ti (ηi )(x∗ ) = 1 if Ti (ηi )(x) = 1, for every

j = 1, 2, ..., k1 − 1, k1 + 1, ..., k2 − 1, k2 + 1, ..., m.

i ∈ {1, 2, ..., m}. Thus by wk0 = max{wk |k ∈

If they satisfies the following conditions:

{1, 2, ..., m}}, we have
T (x∗ ) =

m
X

(1) dxk1 ≤ dxk2 ,
(2) E[txk2 ] ≤ E[txk1 ],

i

wx Ti (ηi (x∗ ))

(3) Tk1 (ηk1 (x)) = 0,

i=1

≥

m
X

i

wx Ti (ηi (x)) = T (x),

then T (x∗ ) ≥ T (x).
Proof Note that

i=1

which means that x∗ is a solution of model (5) with

Tj (ηj (x∗ )) = Tj (ηj (x)), j = 1, 2, ..., k1 − 1.

the desired condition.
Note 3.3.1 The above theorem shows that when

Since dxk1 ≤ dxk2 and E[txk2 ] ≤ E[txk1 ], we have

Gk0 satisfies the given conditions (1)-(4), then Gk0

Tk1 (ηk1 (x∗ )) ≥ Tk1 (ηk1 (x)) = 0,

should be priority processing.
Theorem 3.3.2 For two batches scheduling x =

Tj (ηj (x∗ )) ≥ Tj (ηj (x)), j = k1 + 1, ..., k2 − 1,

(x1 , x2 , ..., xm ) and x∗ = (y1 , y2 , ..., , ym ), where

Tk2 (ηk2 (x∗ )) = 0.

xk1 = yk2 , xk2 = yk1 , xj = yj ,

Tj (ηj (x∗ )) = Tj (ηj (x)), j = k2 + 1, ..., m.

j = 1, 2, ..., k1 − 1, k1 + 1, ..., k2 − 1, k2 + 1, ..., m.

Thus, it follows from the senses of T (x) and T (x∗ )

If they satisfies the following conditions:
(1) dxk1 ≤ dxk2 ,
(2) Tk1 (ηk1 (x)) = Tk1 +1 (ηk1 +1 (x)) = ... =

that T (x∗ ) ≥ T (x).
Theorem 3.3.4 Suppose two batches scheduling
x = (x1 , x2 , ..., xm ) and x∗ = (y1 , y2 , ..., , ym ), where

Tk2 −1 (ηk2 −1 (x)) = 0,

xk1 = yk2 , xk2 = yk1 , xj = yj ,

(3) Tk2 (ηk2 (x)) = 1,

j = 1, 2, ..., k1 − 1, k1 + 1, ..., k2 − 1, k2 + 1, ..., m,

then T (x∗ ) ≥ T (x).
Proof Since xj = yj , j = 1, 2, ..., k1 − 1, we have

satisfies the following conditions:

∗

Ti (ηi (x )) = Ti (ηi (x)), i = 1, 2, ..., k1 − 1. Also,
from xk2 = yk1 , d

xk1

≤ d

xk2

(1) Tk1 (ηk1 (x)) = 1,

and Tk1 (ηk1 (x)) =

(2) Tk2 (ηk2 (x)) = 0.
xk1

≤ wxk2 , dxk1 ≤ dxk2 and E[txk2 ] ≤

Tk1 +1 (ηk1 +1 (x)) = ... = Tk2 −1 (ηk2 −1 (x)) = 0, we

If w

have Tj (ηj (x∗ )) ≥ Tj (ηj (x)), j = k1 , ..., k2 − 1. Note

E[txk1 ], then T (x∗ ) ≥ T (x).

fore, it follows from the senses of T (x) and T (x∗ )

If not we compare
Pk2
∗
T (x∗ ) with T (x) by calculating
j=k1 Tj (ηj (x ))
Pk2
∗
and
j=k1 Tj (ηj (x)). In fact, the relation T (x )

that T (x∗ ) ≥ T (x).

and T (x) is equivalent to the relation between

that Tj (ηj (x∗ )) = Tj (ηj (x)), j = k2 , ..., m. There-
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Pk2

j=k1

Tj (ηj (x∗ )) and

Pk2

j=k1

Tj (ηj (x)).
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By using Theorem 3.3.3, we arrange elements of

Proof Since Tk1 (ηk1 (x)) = 1 and Tk2 (ηk2 (x)) = 0

{x3j0 +1 , ..., x3m } and obtain a new sequence denoted

hold , T (x∗ ) ≥ T (x) is evident if wxk1 ≤ wxk2 ,

as x4 = (x41 , x42 , ..., x4m ) such that T (x) is a increasing

dxk1 ≤ dxk2 and E[txk2 ] ≤ E[txk1 ].

function.

It is easily seen that the case of if not holds by

Step 6 Suppose that we have obtained x4 =
(x41 , x42 , ..., x4m ) by Step 5 such that

the following fact
Tj (ηj (x∗ )) = Tj (ηj (x)), j = 1, 2, ..., k1 − 1,

Ti (ηi (x4 )) = 1, i = 1, 2, ..., p0 ,

Tj (ηj (x∗ )) = Tj (ηj (x)), j = k2 + 1, ..., m.
§3.4

Ti (ηi (x4 )) = 0, i = p0 + 1, ..., m.

Man-computer Alternant Arithmetic

By using Theorem 3.3.4 again and again, we arrange

Now we design a arithmetic ( called Man-

every two elements of x4r , x4s , r ∈ {1, 2, . . . , p0 }, s ∈

computer Alternant Arithmetic ) of the model (5)

{p0 + 1, . . . , m} and obtain a new sequence denoted

according to Theorem 3.3.1-3.3.4.

as x5 = (x51 , x52 , ..., x5m ) such that T (x) is a increasing

Step 1 Calculating execrated values E[tk ] of

function.

t (k = 1, 2, ..., m), respectively, by Theorem 2.1 and

Step 7 Report x5 , i.e., the optimal solution of the

2.2.

model (5).

k

Step 2 From small to big, d1 , d2 , ..., dm is arranged
1

1

1

as dx1 , dx2 , ..., dxm . Then select x1 = (x11 , x12 , ..., x1n )
as the initial approximate solution of the model (5).
Step 3 Suppose x1
k0 , x1j+1 , ..., x1m )
tions

of

and

Theorem

(x11 , x12 , ..., x1j−1 , x1j

=

k0

satisfies

3.3.1.

Then

=

condiwe

use

x2 = (k0 , x11 , x12 , ..., x1j−1 , x1j+1 , ..., x1m ) to substi1

tute x , by Theorem 3.3.1.

Repeat the above

step for {x11 , x12 , ..., x1j−1 , x1j+1 , ..., x1m } entail to the
Theorem 3.3.1 does not work.
Step

4

Suppose

that

have

obtained

By Theorem

3.3.2, we arrange the order of x2i (i = 1, . . . , m)
in x2 and obtain a new sequence denoted as
x3 = (x31 , x32 , ..., x3m ), repeat the above procedure
such that Ti (ηi (x3 )) = 1, i = 1, 2, ..., j0 , Ti (ηi (x3 )) =
0, i = j0 + 1, ..., m.
5

Suppose

Numerical Example
In the section we give a numerical example of

the model (4) or (5).
Suppose that we need to process 8 batch
=

3
3
16 , w
1
8
16 , w

=

1
4
16 , w

=
=

1
8

=

1
5
8, w

=

1
6
8, w

=

on a machine, respectively, and process-

variable. Their frondose indexes are given by the following table 1:
Note that Zkj (a, b, c) in the above table denotes zigzag uncertainty distribution of uncertain
processing times ξjk for j−th job of k−th batch.
Such as, date of 1− line in the above table tell us,
1−th batch contains two jobs, uncertain processing

that

we

have

x3 = (x31 , x32 , ..., x3m ) by Step 4 such that
Ti (ηi (x3 )) = 1, i = 1, 2, ..., j0 ,

obtained

times of its has a zigzag uncertainty distribution
Z11 (11, 12, 13), 2−th job has a zigzag uncertainty distribution Z21 (15, 16, 17), and their consignment time
is in 48 hour.

3

1
2
8, w
3
7
16 , w

{G1 , G2 , ..., G8 } of jobs with weights w1 =

ing times of jobs on the machine are zigzag uncertain
we

x2 = (x21 , x22 , ..., x2m ) by Step 3.

Step

§3.5

Ti (ηi (x )) = 0, i = j0 + 1, ..., m.

From the table 1, we have
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Table 1 Indexes of 8 batch of jobs
Distribution of ξ2k Distribution of ξ3k

Name

Distribution of ξ1k

1-th batch

Z11 (11, 12, 13)

Z21 (15, 16, 17)

no

48

2-th batch

Z12 (15, 16, 19)
Z13 (43, 45, 46)
Z14 (34, 35, 36)
Z15 (12, 14, 16)
Z16 (16, 18, 19)
Z17 (40, 45, 47)
Z18 (34, 36, 37)

no

no

24

Z23 (15, 18, 19)
Z24 (25, 28, 29)
Z25 (15, 16, 17)
Z23 (15, 17, 18)
Z27 (15, 17, 18)
Z28 (27, 28, 30)

3-th batch
4-th batch
5-th batch
6-th batch
7-th batch
8-th batch

Consignment time(hour)dk

no

240

Z34 (14, 16, 17)
Z35 (15, 18, 19)

294

no

96

no

250

Z38 (15, 16, 18)

300

95

t1 (x) = ξ11 + ξ21 , t2 (x) = ξ12 ,
t3 (x) = ξ13 + ξ23 , t4 (x) = ξ14 + ξ24 + ξ34 ,
t5 (x) = ξ15 + ξ25 + ξ35 , t6 (x) = ξ16 + ξ26 ,
t7 (x) = ξ17 + ξ27 , t8 (x) = ξ14 + ξ24 + ξ34 .
Thus we have a new model of uncertain batches
scheduling on single machine as follows:

8
P


max
wxi Ti (ηi (x))


x=(x1 ,x2 ,x3 ,x4 ,x5 ,x6 ,x7 ,x8 ) i=1




 s.t.
(
1, if
E[ηi (x)] ≤ dxi


T
(η
(x))
=

i
i


0, otherwise




x = (x1 , x2 , x3 , x4 , x5 , x6 , x7 , x8 ) ∈ D

Table 2 Indexes of scheduling x1
Name
ηi (x1 )
di
Ti (x1 )
2-th batch

16.5

24

1

1-th batch

44.5

48

1

5-th batch

92

95

1

6-th batch

216.5

96

0

3-th batch

188.75

240

1

7-th batch

249.75

250

1

4-th batch

328

294

0

8-th batch

408.25

300

0

New we design a Man-computer Alternant Arithmetic of model (7).
Step of Man-computer Alternant Arithmetic:
Step 1 By using Theorem 2.1 and 2.2 we gained the
execrated values of tk , k = 1, 2, ..., 8 are as follows,

Table 3 Indexes of scheduling x2
Name
ηi (x1 )
di
Ti (x1 )

respectively:

2-th batch

16.5

24

1

1-th batch

44.5

48

1

E[t1 ] = 28, E[t2 ] = 16.5, E[t3 ] = 62.25, E[t4 ] = 78.25,

5-th batch

92

95

1

E[t5 ] = 47.5, E[t6 ] = 34.5, E[t7 ] = 61, E[t8 ] = 80.25.

3-th batch

154.25

240

1

7-th batch

215.25

240

1

big,

6-th batch

249.75

96

0

as

4-th batch

328

294

0

choose

8-th batch

408.25

300

0

Step

2

From

small

to

48, 24, 240, 245, 95, 96, 250, 300

is

24, 48, 95, 96, 240, 245, 250, 300.

Thus

1

x

arranged
we

= (2, 1, 5, 6, 3, 7, 4, 8) as initialization approxi-

mate solution of the model (7). Thus we have the
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Table 4 Indexes of scheduling x2
Name
ηi (x1 )
di
wi
E[ti ] Ti (x1 )
2-th batch

16.5

24

3/16

16.5

1

1-th batch

44.5

48

2/16

28

1

5-th batch

92

95

2/16

47.5

1

3-th batch

154.25

240

1/16

62.25

1

7-th batch

215.25

240

1/16

61

1

4-th batch

293.5

294

2/16

78.25

1

6-th batch

328

96

3/16

34.5

0

8-th batch

408.25

300

2/16

80.25

0

indexes of scheduling x1 given by table 2.

Step

was transformed into a deterministic integer pro-

3 We can verify that k0 = 2 satisfies conditions of

gramming model and its properties were provided.

2

1

Theorem 3.3.1. Thus x = x = (2, 1, 5, 6, 3, 7, 4, 8).

The so called Man-computer Alternant Arithmetic

Step 4 We again and again use Theorem 3.3.2 to

on this model was established. The availability of

arrange the order of

x2i

2

(i = 1, . . . , m) in x and
3

obtain a new sequence x

= (2, 1, 5, 3, 7, 6, 4, 8).

the model and its arithmetic were checked by a numerical example.

Their indexes are given by table 3.
Step 5 By using Theorem 3.3.3, we arrange
elements of {6, 4, 8} and obtain a new sequence
denoted as x4 = (2, 1, 5, 3, 7, 4, 6, 8) such that T (x)
is a increasing function. The indexes of x4 are given
by table 4.
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Abstract: Uncertainty distributions for functions of

able. Nowadays, uncertainty theory has been ap-

uncertain variables in uncertainty theory play a sig-

plied to uncertain programming (Liu [9],Gao[4, 5],

nificant rote. The paper provides the arithmetics of

Sheng[16], Peng[6], Li[18]), uncertain risk analysis

uncertainty distributions for sum, difference, maxi-

(Li[19],Yu[23]), uncertain logic (Chen[2]), uncertain

mum and minimum of uncertain variables with ex-

process (Yao[7]) etc ([1, 3, 17, 20, 21]).

periential uncertainty distributions, and shows the

The uncertainty distributions of functions of un-

efficiency of these arithmetics by examples.

certain variables in uncertainty theory plays a signif-

Keywords:

Uncertainty theory, uncertain vari-

icant rote. Now the generic form of its inverse un-

able, uncertainty distribution, experiential uncer-

certainty distribution has been given by Liu[11](see

tainty distribution, arithmetic

Theorem 2.1 in the nether text).

However, the

generic form cannot apply to arithmetic of optimiz-

§1

ing straightway, and its corresponding uncertainty

Introduction

distribution still not been given now. Therefore, furProbability theory, fuzzy set theory, rough set

ther, the paper will provides the arithmetics of un-

theory, and credibility theory were all introduced

certainty distributions for sum, difference, maximum

to describe non-deterministic phenomena. However,

and minimum of uncertain variables with experien-

some of the non-deterministic phenomena expressed

,

tial uncertainty distributions based on the generic

big size , are neither

The rest of this paper is organized as follows. In

random and nor fuzzy. Liu [8, 10, 11] founded un-

Section 2, some basic concepts and knowledge about

certainty theory, as a branch of mathematics based

uncertainty theory are recalled. In Section 3, we will

on normality, self-duality, countable subadditivity,

provide the arithmetics of uncertainty distributions

and product measure axioms. An uncertain mea-

for sum, difference of uncertain variables with expe-

sure is used to indicate the degree of belief that an

riential distributions, respectively. Section 4 shows

uncertain event may occur. An uncertain variable

the efficiency of these arithmetics by examples. At

is a measurable function from an uncertainty space

last, a brief summary is given.

in the natural language, e.g.
0



approximately 39 C ,

about 100km



form of inverse uncertainty distribution.

to these to real numbers and this concept is used
to represent uncertain quantities. The uncertainty
distribution is a description of an uncertain variProceedings of the Twelfth International Conference on Electronic Business, Xi’an, China, October 12-16, 2012, 282-290.

§2

Preliminaries
First we recall the foundational concepts and re-

sults about uncertainty theory(Liu [8, 10]).

Arithmetics of Uncertainty Distributions for Some Functions of Uncertain Variables

Definition 2.1. (Liu [8]) Let Γ be a nonempty set,

Liu [10] gave four types of uncertainty distri-

L is

butions to describe uncertain variables. They are

→ [0, 1] is

linear uncertainty distribution, empirical uncertainty

called an uncertain measure if it satisfies the follow-

distribution, normal uncertainty distribution and

ing three axioms:

lognormal uncertainty distribution. We only con-

and

L a σ-algebra over Γ.

283

Each element Λ ∈

called an event. A set function

Axiom 1. (Normality Axiom)
Axiom 2.

(Duality Axiom)

M:L

M{Γ} = 1.

M{Λ} + M{Λc} = 1

for any event Λ.

sider empirical uncertainty distribution in the paper.
Therefore the empirical uncertainty distribution is
only stated in the following.
Let ξ be an uncertain variable. Assume that we

Axiom 3. (Subadditivity Axiom) For every countable sequence of events {Λi }, we have
(∞ )
∞
[
X
M
Λi ≤
M{Λi}.
i=1

i=1

The triplet (Γ, L, M) is called an uncertainty

have obtained a set of expert’s experimental data
(x1 , α1 , x2 , α2 , ..., xn , αn )
that meet the following consistence condition ( perhaps after a rearrangement)
x1 < x2 < ... < xn , 0 < α1 ≤ α2 ≤ ... ≤ αn ≤ 1.

space. In order to obtain an uncertain measure of

Based on those expert’s experimental date, Liu [10]

compound event, a product uncertain measure was

suggested the following empirical uncertainty distri-

defined by Liu [12], thus producing the fourth axiom

bution.

of uncertainty theory:
Axiom 4 (Product Axiom) Let (Γk ,

Lk , Mk ) be un-

certainty space for k = 1, 2, ..., n. Then the product
uncertain measure on Γ is an uncertain measure on
the product σ-algebra L = L1 ×

L2 × ... × Ln satis-

fying

M

(

n
Y

k=1

Λk

)

= min

1≤k≤n

Mk {Λk }.

Definition 2.2. (Liu [8]) An uncertain variable is
a measurable function ξ from an uncertainty space

Definition 2.4[10]. An uncertain variable ξ is said
to has an empirical uncertainty distribution if


0,





if x < x1





 α + (αi+1 − αi )(x − xi ) ,
i
xi+1 − xi
Φ(x) =


if
x
<
x
<
xi+1 , 1 ≤ i ≤ n

i





1,



 if x > x
n

(1)

denoted by ε(x1 , α1 , x2 , α2 , ..., xn , αn ) (see Figure 1).

(Γ, L, M) to the set of real numbers, i.e., for any
Borel set B of real numbers, the set
{ξ ∈ B} = {γ ∈ Γ|ξ(γ) ∈ B}
is an event.
Definition 2.3. (Liu [8]). The uncertainty distribution Φ of an uncertain variable ξ is defined by
Φ(x) = M{ξ ≤ x}
for any real number x, and we use ξ ∼ Φ(x) to denote
ξ has uncertainty distribution Φ.

Figure 1 Empirical uncertainty distribution

Definition 2.5. An uncertainty distribution Φ
of ξ said to be regular if its inverse function Φ−1 (α)
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exists and is unique for each α ∈ [0, 1]. It is said to

xm+1 , xm+2 , ..., xn , then ξ = f (ξ1 , ξ2 , · · · , ξn ) has an

be inverse uncertainty distribution of ξ.

expected value

Obviously, empirical uncertainty distribution
ε(x1 , α1 , x2 , α2 , ..., xn , αn ) has a inverse uncertainty
distribution














x1

R1

−1
−1
f Φ−1
1 (α), Φ2 (α), ..., Φm (α),

−1
Φ−1
m+1 (1 − α), ..., Φn (1 − α) dα.

E[ξ] =

0

Theorem

if α < α1
(xi+1 − xi )(α − αi )
xi +
,
αi+1 − αi
Φ−1 (α) =


if αi < α < αi+1 , 1 ≤ i ≤ n






xn ,




if αn < α

pirical
(2)

2.3.

(4)

(Liu [10]) Let ξ has em-

uncertainty

distribution,

i.e.,

ξ

∼

ε(x1 , α1 , x2 , α2 , ..., xn , αn ). Then,
n−1

E[ξ] =

X αi+1 − αi−1
α1 + α2
x1 +
xi
2
2
i=2
+(1 −

where x1 < x2 < ... < xn and 0 ≤ α1 ≤ α2 ≤ ... ≤
αn ≤ 1.

(5)

αn−1 + αn
xn )
2

where x1 < x2 < ... < xm and 0 ≤ α1 ≤ α2 ≤

If ψ is regular, uncertainty distribution ψ is con-

...αn ≤ 1.

tinuous and strictly increasing at each point x satisfying 0 < ψ(x) < 1. Also, inverse uncertainty distribution ψ −1 is continuous and strictly increasing in

§3

butions

(0, 1).
Definition 2.6. (Liu [12]) The uncertain variables
ξ1 , ξ2 , · · · , ξm are said to be independent if
(m
)
\
M
(ξi ∈ Bi ) = min M{ξi ∈ Bi }
i=1

Arithmetics of uncertainty distri-

In the Section, Our purpose is to find the arithmetics of uncertainty distributions for sum, difference, maximum and minimum of uncertain variables
with experiential uncertainty distributions.

1≤i≤m

for any Borel sets B1 , B2 , · · · , Bm of real numbers.
Theorem 2. 1. (Liu [10, 11]) Let ξ1 , ξ2 , · · · , ξn be
independent uncertain variables with regular uncertainty distributions Φ1 , Φ2 , · · · , Φn , respectively. If
f (x1 , x2 , ..., xn ) is strictly increasing with respect to
x1 , x2 , ..., xm , and strictly decreasing with respect to
xm+1 , xm+2 , ..., xn , then ξ = f (ξ1 , ξ2 , · · · , ξn ) has an
inverse uncertainty distribution

Let ξ has empirical uncertainty distributions, i.e., ξ ∼ ε(xi , αi , xi+1 , αi+1 ), then aξ ∼
ε(axi , αi , axi+1 , αi+1 ) is obvious, where a is a constant. In order to simplify representation, we not
relate to this problem in the discussing of the paper.
Theorem 3.1.

Let ξ and η have empirical un-

certainty distributions, i.e., ξ ∼ ε(xi , αi , xi+1 , αi+1 )
and η ∼ ε(yi , αi , yi+1 , αi+1 ). Then, ξ ± η ∼ ε(xi ±
yi , αi , xi+1 ± yi+1 , αi+1 ).

−1
−1
Ψ−1 (α) = f Φ−1
1 (α), Φ2 (α), ..., Φm (α),

−1
Φ−1
m+1 (1 − α), ..., Φn (1 − α) .

(3)

The conclusion of the above theorem is obvious
from Theorem 2.1. Thus, the following Deduction is
gained.

Theorem 2.2 (Liu [15]) Let ξ1 , ξ2 , · · · , ξn be

Deduction

independent uncertain variables with uncertainty

empirical

distributions Φ1 , Φ2 , · · · , Φn ,

ξ

respectively.

If

∼

3.1.
uncertainty

Let

ξ

and

η

have

distributions,

ε(x1 , α1 , x2 , α2 , , ..., xn , αn )
ξ

and
± η

f (x1 , x2 , ..., xn ) is strictly increasing with respect to

ε(y1 , α1 , y2 , α2 , , ..., yn , αn ).Then,

x1 , x2 , ..., xm , and strictly decreasing with respect to

ε(x1 ± y1 , αi , x2 ± y2 , α2 , ..., xn ± yn , αn ).

i.e.,
η

∼
∼
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Theorem 3.2. Let ξ and η have empirical uncertainty distributions, i.e., ξ ∼ ε(xi , αi , xi+1 , αi+1 )
and η ∼ ε(yi , αi , yi+1 , αi+1 ). Then,
ξ∨η ∼

















ε(xi ∨ yi = yi , αi , xi+1 ∨ yi+1 = yi+1 , αi+1 ),
if xi ≤ yi , xi+1 ≤ yi+1
ε(xi ∨ yi = xi , αi , xi+1 ∨ yi+1 = xi+1 , αi+1 ),
if yi ≤ xi , yi+1 ≤ xi+1


ε(xi ∨ yi , αi , zi(i+1) , βi(i+1) , xi+1 ∨ yi+1 , αi+1 ),





if xi ≤ yi , xi+1 ≥ yi+1






xi ∨ yi , αi , zi(i+1) , βi(i+1) , xi+1 ∨ yi+1 , αi+1 ),



if yi ≤ xi , yi+1 ≥ xi+1

where,

Figure 3 Intersectant empirical uncertainty distribution

respectively.
Since the solution of the following equation
xi +

βi(i+1) = αi +

(xi − yi )(αi+1 − αi )
.
(yi+1 − yi ) − (xi+1 − xi )

(xi+1 − xi )(α − αi )
(yi+1 − yi )(α − αi )
= yi +
(αi(i+1) − αi )
(αi(i+1) − αi )

is

(xi − yi )(αi+1 − αi )
,
(yi+1 − yi ) − (xi+1 − xi )
denoted by βi(i+1) , if (xi − yi )(xi+1 − yi+1 ) < 0.
α = αi +

and
zi(i+1) = xi +

(xi+1 − xi )(βi(i+1) − αi )
.
(αi+1 − αi )

Proof. It is obvious (see Figure 2) for ξ ∨ η ∼

Therefore, coordinate of point of intersection (see
Figure 3) for
x = xi +

(xi+1 − xi )(α − αi )
(αi(i+1) − αi )

y = yi +

(yi+1 − yi )(α − αi )
(αi(i+1) − αi )

and

is (βi(i+1) , zi(i+1) ), where

zi(i+1) = xi +
Figure 2 Parallel empirical uncertainty distribution

In
we

order

stipulate

to

(xi+1 − xi )(βi(i+1) − αi )
.
(αi+1 − αi )
give

that

a

generic

conclusion,

ε(xi , αi , xi+1 , αi+1 )

=

(xi , αi , ∅, ∅, xi+1 , αi+1 ). Thus the conclusion of
ε(yi , αi , yi+1 , αi+1 ), if xi ≤ yi , xi+1 ≤ yi+1 , and ξ ∨

Theorem 3.2 can be stated as

η ∼ ε(xi , αi , xi+1 , αi+1 ), if yi ≤ xi , yi+1 ≤ xi+1 .
Note that inverse empirical uncertainty distributions of ξ and η are

ξ ∨ η ∼ ε(xi ∨ yi , αi , zi(i+1) , βi(i+1) , xi+1 ∨ yi+1 , αi+1 ),
where

(xi+1 − xi )(α − αi )
x = xi +
(αi(i+1) − αi )
βi(i+1)

and
y = yi +

(yi+1 − yi )(α − αi )
,
(αi(i+1) − αi )


∅,





 if (xi − yi )(xi+1 − yi+1 ) ≥ 0
=
(xi − yi )(αi+1 − αi )

αi +
,


(y

i+1 − yi ) − (xi+1 − xi )


if (xi − yi )(xi+1 − yi+1 ) < 0

(6)

286

Xingfang Zhang, Guangwu Meng, Kai Hu

i = 1, 2, ..., n − 1 and

zi(i+1)



∅,





 if βi(i+1) = ∅
=
(xi+1 − xi )(βi(i+1) − αi )

xi +
,


(αi+1 − αi )



 if β
i(i+1) 6= ∅

(7)

i = 1, 2, ..., n − 1.
We have the following generic circs.
Deduction
pirical
ξ

∼

3.2

Let

uncertainty

ξ

and

η

have

distributions,

ε(x1 , α1 , x2 , α2 , ..., xn , αn )

and

emi.e.,

η

∼

ε(y1 , α1 y2 , α2 , ..., yn , αn ). Then,


















ε(yi , αi , yi+1 , αi+1 ),
if xi ≤ yi , xi+1 ≤ yi+1
ε(xi , αi , xi+1 , αi+1 ),
if yi ≤ xi , yi+1 ≤ xi+1


ε(xi ∧ yi , αi , zi(i+1) , βi(i+1) , xi+1 ∧ yi+1 , αi+1 ),





if xi ≤ yi , xi+1 ≥ yi+1






xi ∧ yi , αi , zi(i+1) , βi(i+1) , xi+1 ∧ yi+1 , αi+1 ),



if yi ≤ xi , yi+1 ≥ xi+1
(10)
i.e.,
ξ∧η ∼ ε(xi ∧yi , αi ; zi(i+1) , βi(i+1) , xi+1 ∧yi+1 , αi+1 )),
where,

ξ∨η ∼ ε(x1 ∨y1 , αi , z12 , β12 , x2 ∨y2 , α2 ; z23 , β23 , x3 ∨y3 , α3 ,
βi(i+1)

..., xn−1 ∨ yn−1 , αn−1 , z(n−1n) , β(n−1)n , xn ∨ yn , αn ),
where,

βi(i+1)


∅,





 if (xi − yi )(xi+1 − yi+1 ) ≥ 0
=
(xi − yi )(αi+1 − αi )

αi +
,


(yi+1 − yi ) − (xi+1 − xi )



if (xi − yi )(xi+1 − yi+1 ) < 0


∅,





 if (xi − yi )(xi+1 − yi+1 ) ≥ 0
=
(xi − yi )(αi+1 − αi )

,
αi +


(yi+1 − yi ) − (xi+1 − xi )



if (xi − yi )(xi+1 − yi+1 ) < 0

and
(8)
zi(i+1) =

zi(i+1)

Deduction
empirical
(9)

i = 1, 2, ..., n − 1.
We can gained the following conclusions by simulating Theorem 3.2 and Deduction 3.2.

ξ

∼

if β = ∅
(xi+1 − xi )(βi(i+1) − αi )
xi +
,
(αi+1 − αi )
if β 6= ∅

3.3.
uncertainty

Let

ξ

and

(12)

η

have

distributions,

ε(x1 , α1 ; x2 , α2 ; , ..., xn , αn )
Then,

and

i.e.,
η

ξ ∧ η

∼
∼

ε(x1 ∧ y1 , αi , z12 , β12 , x2 ∧ y2 , α2 , z23 , β23 , x3 ∧
y3 , α3 , ..., xn−1 ∧ yn−1 , αn−1 , z(n−1) , β(n−1)n , xn ∧
yn , αn ),
Where,

tainty distributions, i.e., ξ ∼ ε(xi , αi , xi+1 , αi+1 ) and

ξ∧η ∼

∅,

ε(y1 , α1 , y2 , α2 , ..., yn , αn ).

Theorem 3.3. Let ξ and η have empirical uncerη ∼ ε(yi , αi , yi+1 , αi+1 ).Then,

















i = 1, 2, ..., n − 1 and


∅,





 if βi(i+1) = ∅
=
(xi+1 − xi )(βi(i+1) − αi )

xi +
,


(αi+1 − αi )



 if β
i(i+1) 6= ∅

(11)

βi(i+1)


∅,





 if (xi − yi )(xi+1 − yi+1 ) ≥ 0
=
(xi − yi )(αi+1 − αi )

αi +
,


(y

i+1 − yi ) − (xi+1 − xi )


if (xi − yi )(xi+1 − yi+1 ) < 0

(13)

Arithmetics of Uncertainty Distributions for Some Functions of Uncertain Variables

i = 1, 2, ..., n − 1 and

∅,





 if β = ∅
zi(i+1) =
(xi+1 − xi )(β − αi )

xi +
,


(αi+1 − αi )



if β 6= ∅

(14)
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yt ,





 if γk = βt ∈ {β1 , β2 , βm }
vk =
(ye+1 − ye )(γk − βe )

βe +
,


βe+1 − βe



if βe < γk = αt ∈ {α1 , α2 , αn } < βe+1
(16)
and we call

i = 1, 2, ..., n − 1.

Definition 3.1. Let ξ has empirical uncertainty dis-

ε(u1 , α1 = γ1 , z2 , γ2 , ..., uh−1 , γh−1 , uh , αn = γh )

tributions, i.e, ξ ∼ εξ (x1 , α1 , x2 , α2 , ..., xn , αn ). Then
and

(α1 , α2 , ..., αn )

ε(v1 , α1 = γ1 , v2 , γ2 , ..., vh−1 , γh−1 , vh , αn = γh )

are said to be a measures vector of ξ.
Definition
pirical

3.2.

uncertainty

Let ξ

and η have em-

distributions,

ε(x1 , α1 , x2 , α2 , ..., xn , αn ) and η

i.e.,

as the expansions of

∼

ξ

∼ ε(y1 , α1

ξ ∼ ε(x1 , α1 , x2 , α2 , ..., xn , αn )

=

β1 , y2 , β2 , ..., ym , βm = αn ) respectively. Then

and η ∼ ε(y1 , α1 = β1 , y2 , β2 , ..., yn , αn = βm ), re-

(α1 = γ1 , γ2 , ..., γh−1 , αn = γ|W | )

spectively, where h is the cardinal number of the set

said to be dyad of measures vector of ξ and η, where,

W = {β1 , β2 , βm } ∪ {α1 , α2 , αn }.

γ1 , < γ2 < ... < γ|W | , i.e., it is a order of set

For example, if ∼ ε(3, 0.1, 6, 0.15, 7, 0.18, 19, 0.2)

W = {β1 , β2 , βm } ∪ {α1 , α2 , αn }, where |W | denotes

and η ∼ ε(6, 0.1, 7, 0.16, 8, 0.19, 20, 0.2). Then

cardinal number of the set W.
We can prove the following theorem.
Theorem
pirical

3.4.

uncertainty

Let

ξ

and

distributions,

ε(x1 , α1 , x2 , α2 , ..., xn , αn ) and η

η

have

i.e.,

(0.1, 0.15, 0.18, 0.2)

em-

ξ

∼ ε(y1 , α1

∼

is the measures vector of ξ, and (0.1, 0.16, 0.19, 0.2)

=

is the measures vector of η. It follows that

β1 , y2 , β2 , ..., yn , αn = βm ), respectively, then

ξ ∼ ε(u1 , α1 = γ1 , z2 , γ2 , ..., uh−1 , γh−1 , uh , αn = γh )
= ε(x1 , α1 , x2 , α2 , ..., xn , αn )

(0.1, 0.15, 0.16, 0.18, 0.19, 0.2)
is dyad of measures vector of ξ and η. Thus by Theorem 3.5
ξ ∼ ε(6, 0.1, 0.15, 7, 0.16, 0.18, 8, 0.19, 20, 0.2)

and
η ∼ ε(v1 , α1 = γ1 , z2 , γ2 , ..., vh−1 , γh−1 , vh , βm = αn

and
η ∼ ε(6, 0.1, 7, 0.16, 8, 0.19, 20, 0.2)

= γh ) = ε(y1 , α1 = β1 , y2 , β2 , ..., yn , αn = βm ),
where for







uk =







k =, 1, 2, ..., h,

are the expansions of

xt ,
if γk = αt ∈ {α1 , α2 , αn }
(xe+1 − xe )(γk − αe )
,
αe +
αe+1 − αe
if αe < γk = βt ∈ {β1 , β2 , βm } < αe+1 ,
(15)

ξ ∼ ε(3, 0.1, 6, 0.15, 7, 0.18, 19, 0.2)
and
η ∼ ε(6, 0.1, 7, 0.16, 8, 0.19, 20, 0.2),
respectively.
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Example

16, 0.5, 18, 0.6, 20, 0.7, 23, 0.8, 32, 0.9)

Suppose that workpieces 1 and workpieces 2 according to a schedule (1, 2) are processed on ma-

and
ξ11 + ξ21 ∼ ε(2, 0.1, 9, 0.2, 12, 0.3, 14, 0.4, 16, 0.5;

chines 1 and machines 2 in turn [22], and the times
18, 0.6, 20, 0.7, 25, 0.8, 30, 0.9).

that all workpieces are processed on all machines are
uncertain variables ξrk , r = 1, 2, k = 1, 2 with known

It from Deduction 3.2 that

experiential uncertainty distributions
(ξ11 + ξ12 ) ∨ (ξ11 + ξ21 ) ∼
ψξrk ∼ ε((x1rk , 0.1, x2rk , 0.2, x3rk , 0.3, x4rk , 0.4, x5rk , 0.5,

ε(3, 0.1, 5.5, 0.15, 9, 0.2, 12, 0.3, 14, 0.4, 16, 0.5;

x6rk , 0.6, x7rk , 0.7, x8rk , 0.8, x9rk , 0.9), r = 1, 2, k = 1, 2.
where xirk , r = 1, 2, k = 1, 2, i = 1, 2, ..., 9 are given
by table 1.
Note that the processing time for each given

18, 0.6, 20, 0.7, 25, 0.8, 27.5, 0.85; 33, 0.9).
Thus from Deduction 3.1 we have
X22 = (ξ11 + ξ12 ) ∨ (ξ11 + ξ21 ) + ξ22 ) ∼ ε(4, 0.1,

workpiece on different machines are unequal, hence

8.5, 0.15, 14, 0.2, 18, 0.3, 21, 0.4, 24, 0.5, 27, 0.6,

latency time may be bringed between two adjacent
workpieces on the same machine, where assume that

30, 0.7, 37, 0.8, 41.5, 0.85, 49, 0.9).

transfer times of workpieces on different machines are

It follows from Theorem 2.3 that E[X22 ] = 17.9175.

contained in the processing times. Now we calculate
the completion times of all workpieces processed on
all machines.

§5

Conclusion

We use to denote Xrk the completion time of

The paper provided the arithmetics of uncer-

workpiec r on k-th machine, r = 1, 2, k = 1, 2. Then

tainty distributions for sum, difference, maximum

the completion times Xrk of workpieces r on ma-

and minimum of uncertain variables with experien-

chines k, r = 1, 2, k = 1, 2 are, respectively

tial uncertainty distributions( see Figure 4 for pri-

(1) X11 = ξ11 .

mary results of the paper), and showed the efficiency

(2) X12 = ξ11 + ξ12 .

of these arithmetics by examples.

(3) X21 = ξ11 + ξ21 .
(4) X22 = (ξ11 + ξ12 ) ∨ (ξ11 + ξ21 ) + ξ22 .
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Abstract: As a mixture of randomness and un-

Liu [5] in 2010 based on normality, duality, subaddi-

certainty, uncertain random variable is a measur-

tivity and product axioms.

able function from a probability space to a collec-

In order to model dynamic uncertain phenom-

tion of uncertain variables. This paper will propose

ena, a concept of uncertain process was proposed

an uncertain random process as a generalization of

by Liu [2] in 2008. Following that, as an uncertain

both stochastic process and uncertain process. Spe-

counterpart of Wiener process, canonical process was

cial types of uncertain random process such as inde-

proposed by Liu [4] in 2009. It is a stationary inde-

pendent and stationary increment uncertain random

pendent increment uncertain process, and the incre-

process and uncertain random renewal process will

ments are normal uncertain variables. In order to

also be discussed.

model the sudden jumps in an uncertain system, an

Keywords: uncertain random variable, uncertain

uncertain renewal process was proposed by Liu [2]

process, stochastic process, uncertain random pro-

in 2008. After that, Liu [5] proposed uncertain re-

cess

newal reward process, and applied it to an insurance
model. In 2012, Yao and Li [9] proposed uncertain

§1

Introduction

alternating renewal process.
Sometimes, randomness and uncertainty exist

Probability theory has been used to model random phenomena for a long time. A premise of applying probability is that the obtained probability distribution is close enough to the real frequency. However, due to economic reasons or technical difficulties,
we are often lack of observed data to estimate the
distribution via statistics. In this case, some domain
experts are invited to evaluate their belief degree of
the possible events. However, the belief degree usu-

simultaneously in a complex system. In order to
model such a system, Liu [7] proposed uncertain random variable and derived its chance measure in 2012.
Meanwhile, Liu [7] defined expected value and variance for uncertain random variable. Following that,
Liu [8] presented the operational law of uncertain
random variable, and proposed uncertain random
programming as a branch of mathematical programming involving uncertain random variables.

ally has a much larger range than the true frequency,
and probability theory is not applicable by Liu [6].
In order to deal with this problem, an uncertainty
theory was founded by Liu [1] in 2007 and refined by

In this paper, we will propose uncertain random
process. The rest of this paper is structured as follows. The next section is intended to introduce some
concepts of uncertain random variable. Then uncer-

Proceedings of the Twelfth International Conference on Elec-

tain random process is proposed in Section 3. As a

tronic Business, Xi’an, China, October 12-16, 2012, 291-296.

special type of uncertain random process, stationary
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increment uncertain random process is proposed in

An uncertain variable is essentially a measur-

Section 4, and law of large numbers for uncertain

able function from an uncertain space to the set of

random variables is proved. After that, a concept of

real numbers. In order to describe an uncertain vari-

uncertain random renewal process is given in Section

able, a concept of uncertainty distribution is defined

5. At last, some remarks are given in Section 6.

as follows,

§2

Definition 2 (Liu [1]) Let ξ be an uncertain vari-

Preliminary

able. Then its uncertainty distribution is defined by
Φ(x) = M{ξ ≤ x}

Uncertainty theory is a branch of axiomatic
mathematics to deal with human uncertainty. In order to model a system with both randomness and uncertainty, a chance theory was founded by Liu [7, 8]
in 2012. In this section, we will introduce some useful definitions about uncertain variable and uncertain random variable.
§2.1

for any real number x.
An uncertainty distribution Φ is said to be regular
if its inverse function Φ−1 (α) exists and is unique
for each α ∈ (0, 1). Inverse uncertainty distribution
plays an important role in the operation of independent uncertain variables.

Uncertain Variable

Definition 1 (Liu [1]) Let

L

be a σ-algebra on a

nonempty set Γ. A set function

M:L

→ [0, 1] is

called an uncertain measure if it satisfies the following axioms:
Axiom 1: (Normality Axiom)
versal set Γ.
Axiom 2: (Duality Axiom)

M{Γ} = 1 for the uni-

M{Λ} + M{Λc } = 1 for

Definition 3 (Liu [4]) The uncertain variables
ξ1 , ξ2 , · · · , ξm are said to be independent if
(m
)
m
\
^
M (ξi ∈ Bi ) = M{ξi ∈ Bi }
i=1

k=1

for any Borel sets B1 , B2 , · · · , Bm of real numbers.
§2.2

Uncertain Random Variable

any event Λ.
Axiom 3: (Subadditivity Axiom) For every countable

Definition 4 (Liu [7]) An uncertain random vari-

sequence of events Λ1 , Λ2 , · · · , we have
(∞ )
∞
[
X
M
Λi ≤
M {Λi } .

to the set of uncertain variables such that

i=1

able is a function ξ from a probability space (Ω, A, Pr)

M{ξ(ω) ∈ B}

i=1

Besides, the product uncertain measure on the prod-

is a measurable function of ω for any Borel set B of

uct σ-algebre

<.

Axiom 4:

L is defined by Liu [4] as follows,
(Product Axiom) Let (Γk , Lk , Mk ) be un-

certainty spaces for k = 1, 2, · · · Then the product
uncertain measure

M is an uncertain measure satis-

fying

M

(∞
Y

)
Λk

i=1

=

∞
^

where Λk are arbitrarily chosen events from
k = 1, 2, · · · , respectively.

variables. Let η be a random variable, τ be an uncertain variable. Then η+τ and η×τ are both uncertain

Mk {Λk }

k=1

Random variables and uncertain variables can
be regarded as special cases of uncertain random

random variables.

Lk

for

Definition 5 (Liu [7]) Let ξ be an uncertain random variable on a probability space (Ω, A, Pr), and

Some Concepts and Theorems of Uncertain Random Process

let B be a Borel set of <. Then the chance of an
uncertain random event ξ ∈ B is defined by
Z 1

Pr ω ∈ Ω M{ξ(ω) ∈ B} ≥ r dr.
Ch {ξ ∈ B} =
0

Chance measure for an uncertain random variable agrees with the probability measure for a random variable and uncertain measure for an uncertain
variable, i.e., for any given Borel set B of real numbers, we always have
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§3

Uncertain Random Process
This section aims at proposing an uncertain ran-

dom process to model a dynamic uncertain random
system. Generally speaking, an uncertain random
process is in fact a sequence of uncertain random
variables indexed by time or space.
Definition 8 An uncertain random process is a
function Xt from an index set T to a collection of

Ch{η ∈ B} = Pr{η ∈ B}

uncertain random variables, i.e., for each t ∈ T , the
function Xt is an uncertain random variable.

for a random variable η and
Ch{τ ∈ B} = M{τ ∈ B}
for an uncertain variable τ . Besides, Liu [7] proved
that a chance measure satisfies normality, duality,
and monotonicity properties, that is
i) Ch{ξ ∈ <} = 1
ii) Ch{ξ ∈ B}+Ch{ξ ∈ B c } = 1 for any real number

Remark 1 Since

M{Xt (ω)

∈ B} is a measurable

function of ω, the function

M{Xt (·)

∈ B} is a

stochastic process.
Example 1 A stochastic process is a special type
of uncertain random process, because any real value
is a special uncertain variable.

set B.
iii) Ch{ξ ∈ B1 } ≤ Ch{ξ ∈ B2 } for any real number

Example 2 An uncertain process is a special type

set B1 ⊂ B2 .

of uncertain random process, because for any given

Definition 6 (Liu [7]) Let ξ be an uncertain ran-

time, it is a function from a probability space to an

dom variable. Then its chance distribution of ξ is

uncertain variable.

defined by
Φ(x) = Ch {ξ ≤ x}
for any x ∈ <.

Example 3 Let Yt be a stochastic process, and Zt
be an uncertain process. If f is a measurable function, then

The chance distribution of a random variable
is just its probability distribution, and the chance

Xt = f (Yt , Zt )
is an uncertain random process.

distribution of an uncertain variable is just its uncertainty distribution.

Definition 9 Assume Xt is an uncertain random

Definition 7 (Liu [7]) Let ξ be an uncertain random variable. Then its expected value is defined by
Z +∞
Z 0
E[ξ] =
Ch{ξ ≥ r}dr −
Ch{ξ ≤ r}dr
0

−∞

provided that at least one of the two integrals is finite.

process on a chance space (Ω, A, Pr) × (Γ, L, M).
Then for each fixed ω ∗ ∈ Ω and γ ∗ ∈ Γ, the function
Xt (ω ∗ , γ ∗ ) is called a sample path of the uncertain
random process of Xt .
Note that each sample path is a function of t.

For a random variable η and an uncertain vari-

An uncertain random process can also be regarded

able τ , Liu [8] proved that E[η + τ ] = E[η] + E[τ ]

as a function from a chance space to the collection

and E[η × τ ] = E[η] × E[τ ].

of all sample paths.

294

Kai Yao, Jinwu Gao

Definition 10 Assume Xt is an uncertain random

§5

Renewal Process

process and z is a given level. Then the uncertain
Definition 12 Let ξ1 , ξ2 , · · · be a sequence of posi-

random variable
ξz = inf{t ≥ 0 | Xt = z}

tive uncertain random variables. Define S0 = 0 and
Sn = ξ1 + ξ2 + · · · + ξn for n ≥ 1. Then

is called the first hitting time that Xt reaches the level
Nt = max{n | Sn ≤ t}

z.

n≥0

Theorem 1 Let Xt be an uncertain random process
and z be a given level. Then the first hitting time ξz

is called an uncertain random renewal process.

that Xt reaches the level z has an uncertainty distriExample 7 A stochastic renewal process is an un-

bution

Φ(s) =






Ch sup Xt ≥ z , if X0 < z


0≤t≤s




 Ch



certain random renewal process, because a random
variable is a special uncertain random variable.


inf Xt ≥ z , if X0 > z.

0≤t≤s

Example 8 An uncertain renewal process is an uncertain random renewal process, because an uncer-

§4

Stationary Increment Process

tain variable is a special uncertain random variable.

Definition 11 An uncertain random process Xt is
said to have stationary increments if, for any given
t > 0, the increments Xt+s − Xs are identically distributed uncertain random variables for all s > 0.

Theorem 3 Let η1 , η2 , · · · be a sequence of iid random variables with a common uncertainty distribution Φ, τ1 , τ2 , · · · be a sequence of iid uncertain variables, and f (x, y) be a positive measurable function

Example 4 Wiener process Wt is a stationary in-

and monotone with respect to y. Assume that Nt is

crement uncertain random process.

an uncertain random renewal process with interar-

Example 5 Canonical process Ct is a stationary

rival times f (ξ1 , η1 ), f (ξ2 , η2 ), · · · Then

increment uncertain random process.
Nt
→
t

Example 6 Let η1 , η2 , · · · be a sequence of iid ran-

Z

+∞

−1
f (x, τ1 ) dΦ(x)

−∞

dom variables, and τ1 , τ2 , · · · be a sequence of iid
uncertain variables. Assume f is a measurable func-

in the sense of convergence in distribution.

tion, then
Xn = f (η1 , τ1 ) + f (η2 , τ2 ) + · · · + f (ηn , τn )

Proof: It follows from the definition of renewal process that

is a stationary increment uncertain random process.

Theorem 2 Let Xt be a stationary increment uncertain random process. Then for any real number a
and b, the uncertain process
Yt = aXt + b

Ch

Nt
≤y
t


= Ch{Nt ≤ ty} = Ch{Nt ≤ btyc}

= Ch Sbtyc+1 ≥ t


Sbtyc+1
t
= Ch
≥
btyc + 1
btyc + 1

is also a stationary increment uncertain random pro-

for any y ∈ (0, 1) where btyc represents the maximal

cess.

integer less than or equal to ty. It follows from the

Some Concepts and Theorems of Uncertain Random Process

law of large numbers that

lim Ch
Z +∞

t→+∞

Nt
≤y
t




1
f (x, τ1 ) dΦ(x) ≥
=M
y
−∞
(Z
)

−1
+∞
=M
f (x, τ1 ) dΦ(x)
≤y
−∞

for almost all y ∈ (0, 1). Thus Nt /t converges in
distribution to
Z

+∞

−1
f (x, τ1 ) dΦ(x)
.

−∞

295

tion that


Rt
≤x
Ch
t


Z 1  
Rt
Pr M
=
≤ x ≥ r dr
t
0
!
)
)
Z 1 ( ( X
Nt
Nt
τi /Nt
=
Pr M
≤ x ≥ r dr
t
0
i=1
!
)
)
Z 1 ( ( X
Nt
tx
τi /Nt ≤
Pr M
≥ r dr
=
Nt
0
i=1

Z 1   
tx
≥ r dr.
=
Pr Φ
Nt
0
Since Nt is a random renewal process with iid interarrival times η1 , η2 , · · · , we have

§5.1

t
→ E[η1 ] a.s.
Nt

Renewal Reward Process

Definition 13 Let ξ1 , ξ2 , · · · be uncertain random

It follows from the Lebesgue dominant convergence

interarrival times, and ζ1 , ζ2 , · · · be uncertain ran-

theorem that

dom rewards. Then




Rt
≤x
t→+∞
t
  

Z 1
tx
=
lim Pr Φ
≥ r dr
Nt
0 t→+∞
Z 1
=
Pr {Φ (E[η1 ]x) ≥ r} dr
lim Ch

Rt =

Nt
X

ζi

i=1

is called an uncertain random renewal reward pro-

0

cess, where Nt is a renewal process with uncertain

=Φ (E[η1 ]x)

random interarrival times ξ1 , ξ2 , · · ·

which is just the uncertainty distribution of τ1 /E[η1 ].
Theorem 4 Let Nt be a renewal process with

The theorem is thus verified.

iid random interarrival times η1 , η2 , · · · and let
τ1 , τ2 , · · · be iid uncertain rewards. Then

Rt =

Nt
X

τi

i=1

§6

Conclusion
This paper first proposed a concept of uncer-

tain random process. As a special type of uncertain
random process, this paper also proposed stationary

is an uncertain random renewal reward process, and

increment uncertain random process. In addition,

Rt
τ1
→
t
E[η1 ]

this paper studied uncertain random renewal pro-

in the sense of convergence in distribution.
Proof: Let Φ denote the uncertainty distribution of
η1 . It follows from the definition of chance distribu-

cess, and proved the fundamental renewal theorem.
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From Retailing to E-tailing: Understanding Online Shopping Motivation and
Decision Making
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Abstract: Internet shopping has been widely accepted

pared with off-line consumer buying decisions, online

as a way of purchasing products and services. It pro-

shopping typical involves the same pre-purchase

vides consumer more information to compare product

stage, purchasing, and post-purchase stages. However,

and price, more choices and convenience, easier to

consumer behavior and decision making process are

find anything online (Butler and Peppard, 1998).

affected by external factors of risks and consumer

Meanwhile, online shopping has been shown to pro-

trusts (Comegys et al., 2009). For example, the

vide more satisfaction to modern consumers seeking

source risk comes in the stage of information search

convenience and speed (Yu and Wu, 2007). On the

and evaluation because the information in the web

other hand, some consumers still feel uncomfortable to

sites might contain some mistakes. Some websites

buy online. Lack of trust, for instance, seems to be the

require customers to register before searching their

major reason that impedes consumers to buy online.

website. As such, in addition to product risk, con-

Also, consumers may have a need to exam and feel the

sumers also face the risk of information security

products and to meet friends and get some more

(Comegys et al., 2009; Wang et al., 2005). Because of

comments about the products before purchasing. Such

the nature of online purchasing, customers take the

factors may have negative influence on consumer

risk as they are not able to examine the product be-

decision to shop online.

fore purchasing. They also take the risk in the pay-

Recent research has shown an interest in inves-

ment process because they may need to provide per-

tigating consumer motivations that affect the online

sonal information including their credit card number.

shopping behavior. It is yet to understand what fac-

Security problem does not stop at the purchase stage

tors influence online shopping decision process. The

but continues to the post-purchase stage because their

objective of this study is to provide an overview of

personal information might be misused.

online shopping decision process by comparing the

Second, it identifies some basic factors that drive

offline and online decision making process and iden-

consumers to decide to buy or not to buy through on-

tifying the factors that motivate online customers to

line channel. There are many reasons why people

decide or not to decide to buy online. This study is

shop online. For examples, consumers can buy any-

composed of three parts.

thing at any time without going to the store; they can

First it provides a theoretical and conceptual

find the same product at a lower price by comparing

background that illustrates the differences between

different websites at the same time; they sometime

offline and online consumer behavior process. Com-

want to avoid pressure when having a face-to-face
interaction with salespeople; they can avoid in store
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traffic jam, etc. These factors can be summarized into
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four categories—convenience, information, available
products and services, and cost and time efficiency.
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Abstract: Data mining is an emerging technology

in an attempt to establish meaningful and useful rela-

aimed at discovering patterns in the underlying his-

tionships between system's variables.

torical data. A new dimension has been added to data

Evolutionary data mining is an umbrella term for

mining by extending this technique to the realm of

any data mining using evolutionary algorithms. Evo-

electronic business. The mining of Web site and other

lutionary algorithm (EA) is one of generic popula-

transactional data using data mining techniques and

tion-based metaheuristic optimization algorithms and

tools is an attempt to recognize, anticipate and learn

the best one for finding a satisfactory solution in a

the buying habits and preferences of customers in the

responsible time for the NP-hard problems. Using

new economy. Data mining will be a critical process

EAs

impacting our client’s long-term electronic business

tion rules is that they perform a global search and

success, where failure to quickly react, adapt, and

cope better with attribute interaction than the gree-

evolve can translate into customer attrition in the click

dy rule induction algorithms

of a mouse.

data mining.

in

the

discovery

of

high-level predic-

often

used

in

Fuzzy models are constructs relying heavily on

In this plenary talk, we will address the applica-

qualitative domain knowledge and diverse optimiza-

tion of evolutionary algorithms and fuzzy models to

tion techniques. What makes them different from

data mining in electronic business. Firstly, we address

other models is their inherent embedding in the con-

overview of evolutionary data mining in electronic

text of nonnumeric set or fuzzy set-oriented informa-

business; then, we give fuzzy models, data mining,

tion. One can also look at the development of the

genetic-fuzzy data mining, and evolutionary subspace

fuzzy models from the perspective of data mining-a

clustering; finally concludes.

prudent and user-oriented sifting of data, qualitative

Keywords: Electronic Business, Data Mining, Fuzzy

observations and calibration of common-sense rules

Model, Multi-objective Genetic Algorithm
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