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Abstract
Google is said to have the most rigorous hiring system of any company in the history of business.
Besides, it has special trainings on its IT employees, which could also benefit other IT firms
through the mobility of these IT employees (i.e., IT spillovers). There is no existing study that
examined the IT spillover effects from Google. Motivated by this gap, we empirically examine the
IT spillover effects produced by the HR flows from Google. We obtained data of HR flows
between Google and U.S. public software firms from LinkedIn.com. Our study contributes to the
literature by (1) filling in the gap of a lack in firm-level IT spillovers from leading IT firms, (2)
differentiate IT labor into more types. The expected findings of this study will also help IT firms
have better understandings on the hiring of employees from Google.
Keywords: Human Resource Flow, IT Spillovers, IT Productivity, LinkedIn

1. Introduction
According to an article from Forbes (Schawbel 2012), Google is one of the most desirable
company to work for on the planet. Google has what is possibly the most rigorous hiring system
of any company in the history of business, and most people go through more than 10 interviews
before they are hired (Cope 2012). Getting hired by Google is very difficult. The company has
incredibly high standards for candidates, and turns away applicants who would make the grade at
almost any other company they chose (Vault.com 2011). Google’s training on its employees is
also different from other companies. For example, Google encourages its employees, specifically
its engineers, to spend 20 percent of their time dreaming up new ideas, instead of working on
current projects (Cope 2012). Besides, Google even uses statistics gathered from current and
former employees to recommend certain courses to managers at different points at their career
(Walker 2012).
If other information technology (IT) firms recruit IT employees from Google, the transfer of
knowledge from Google to other IT firms would lead to potential IT productivity spillovers due
to Google’s IT human resource (HR) investment. IT productivity spillover refers to the fact that
other firms may have productivity gain due to the IT investment of the focal firm. In other words,
other IT firms may also take advantage of these IT investments from Google. These IT firms
could benefit from the training and experience from Google, carried by the HR flow into them.
For example, it is said that Apple hired former Google engineers to fix its map application
(Wong 2012). Other examples include that Twitter hired Google’s former visual designer
(Lowensohn 2009).
Therefore, the objective of this study is to empirically examine the IT spillover effects of
Google’s IT HR investments on other IT firms. The mobility of these (former Google) IT
employees can be essentially viewed as HR flows between firms, i.e. interfirm HR flows. The
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flow of personnel across organizational boundaries is considered critical to organizational
knowledge transfer. It is because that a flow of tacit knowledge and skills into a firm changes the
firm’s knowledge stock (Madsen et al. 2003). In other words, changes in firms’ knowledge bases
are initially facilitated by individuals (Argote and Ingram 2000). Therefore, the flow of
personnel across firms would certainly influence knowledge transfer and incur spillovers
probably. However, the existing IT spillovers literature rarely examines firm-level IT spillovers,
neither do they examine the IT spillovers from HR flows.
The reason why there is a lack of firm-level IT HR spillover studies could be due to
unavailability of data. Fortunately, the emergence of professional social network has made
personal data of one’s career information publicly available on Internet. As of November of 2012,
a well-known professional social network, Linkedin.com, announced that it had 187 million
users in over 200 countries and territories (LinkedIn.com 2012). Users on Linkedin.com usually
post a public professional profile, which includes professional data such as education
background, employment history, patents, skills, as well as other career related information.
With this in mind, we are able to look at the HR flows between Google and other IT firms. We
use computer program to collect these data from Linkedin.com. We manage to construct a
firm-level panel dataset of HR flows. Later, we adopt standard Cobb-Douglas production
function to examine the IT spillovers effects from Google’s investments in IT human resource.
This paper contributes to the IT spillover literature by empirically examining the IT spillover
effects from Google’s investments in its IT human resource. We also study how the IT spillover
effects are affected by voluntary/involuntary, better educated, and longer IT experience HR
flows. In other words, we expect that HR flows from Google could still have difference in human
capital quality. As a result, the IT spillover effects could be affected by that. We limit the sample
to the HR flows between Google and U.S. public prepackaged software firms. The findings of
this study will add to the understandings of IT spillover effects from leading IT firms. Therefore,
it would help software firms to decide whether they should recruit former IT employees from
leading IT firms, and what types of personnel that they should recruit.

2. Literature and Research Background
2.1 IT Productivity and IT Spillover
There exist many studies examining the value of IT. Some older studies such as Loveman (1994)
and Barua et al. (1995) achieved similar findings that IT did not contribute significantly to total
output. In 1996, the seminal work of Brynjolfsson and Hitt (1996) examined the “productivity
paradox” of IT investment. They concluded that the productivity paradox disappeared by 1991
and IT investment significantly contributed to productivity.
Since then, researchers have continuously contributed to the understandings of IT productivity
and IT value. For example, Dewan and Min (1997) confirmed earlier findings of positive returns
to IT investment and further found excess returns on IT investment relative to labor input and
ordinary capital. Kudyba and Diwan (2002) analyzed firm-level investment in IT and also found
that IT investment significantly enhanced firm productivity over the period from 1995-1997.
Recently, Tambe and Hitt (2012) found that IT returns are substantially lower in mid-size firms
than in large-size firms (Fortune 500 firms), and the marginal product of IT spending was higher
from 2000 to 2006 than in any previous period. To the best of our knowledge, there is no existing
IT productivity study that examines the impact of incoming HR flows.
Researchers have also argued that IT investment of a firm or industry may also enhance the
productivity of other firms or industries, i.e. IT spillover. At the industry level, Cheng and Nault
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(2007) estimated the effects of upstream IT investments on downstream productivity and found
substantial supplier-driven IT spillovers. Han et al. (2011) also studied inter-industry IT spillover
and found that IT investments made by supplier industries increased the productivity of
downstream industries. In addition, they also examined the moderating effects of IT intensity and
competitiveness of the downstream industry. At the country level, Part et al. (2007) argued that
IT investment in a country had a positive influence on the productivity of its partner country
when IT products are traded across borders. However, there seems to be a lack in firm-level IT
spillover studies. In addition, these studies also didn’t study the IT spillover effects resulted from
IT human resource.
2.2 A Conceptual Model
There is both anecdotal and empirical evidence that organizations have come to rely more and
more on the acquisition of human assets from other organizations, as opposed to internal
development and promotion, to satisfy their human resource needs (Somaya et al. 2008). Besides,
Almeida and Kogut (1999) empirically showed that the interfirm mobility of engineers
influenced the local transfer of knowledge. HR inflow brings inflow of human capital.
A conceptual model of HR-inflow IT spillovers is shown in Figure 1. The production inputs and
output are also illustrated in the figure. IT Firm i uses capital, labor (exclude former employees
of Google) and incoming HR flow from Google to generate output. Therefore, the factor of labor
is actually divided into two parts: (1) HR flow from Google and (2) the remaining labor. By
splitting labor into these two parts, we are able to examine the IT spillovers produced by human
resource from Google.

Figure 1. The IT Spillovers from Google to the focal IT Firm

3. HYPOTHESES DEVELOPMENT
3.1 HR flows and Firm Performance
In practice, few organizations internally generate all the knowledge required for continuous
technological development (Song et al. 2003). Instead, they have to acquire the knowledge from
the outside world. A significant portion of the knowledge that organizations seek to acquire is
embedded in individuals, given the tacit and complex nature of most valuable knowledge (Song
et al. 2003). Therefore, firms often bring in personnel from rivals to gain tacit knowledge and
skills (Madsen et al. 2003). This “learning-by-hiring” strategy can greatly facilitate inter-firm
knowledge transfer (Song et al. 2003). In this way, the resulted knowledge spillover from the
incoming personnel will also improve the innovation activities of the IT firms. In other words,
HR inflow can be used as a mechanism to absorb externally developed knowledge and skills. As
a result, HR inflow could generally have a positive impact on firm productivity.
H1. IT spillovers resulted from the HR flow from Google have a positive effect on the production
output of the focal IT firm.

Besides, turnover (mobility) could be different because one’s leaving could be either voluntary
or involuntary. An instance of voluntary turnover reflects an employee’s decision to leave an
organization, whereas an instance of involuntary turnover reflects an employer’s decision to
terminate the employment relationship (Shaw et al. 1998). Jackofsky (1984) argued that
involuntary turnover was likely to be high among very poor performers because his/her
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organization was likely to push him/her out, while voluntary turnover was likely to be high
among the very best performers because he/she would have good job opportunities everywhere.
Therefore, we expect that the IT spillover effects will be stronger from voluntary HR flows.
H2. The IT spillover effects from voluntary Google HR flows are stronger than those from
involuntary Google HR flows.

3.2 Human Capital Attributes
Generally, higher level of education degree of IT employees indicates higher quality (i.e., better
ability to learn knowledge and skill in their former firms) of incoming human capital, which
could have a positive impact on firm productivity and performance. As a result, we expect that
education level embedded in the HR inflow is positively related to firm productivity. In other
words, if the average education level of those incoming former Google IT employees is better,
the IT productivity spillover will probably be higher. We hypothesize that,
H3. The IT spillover effects from better educated Google HR flows are stronger than those from
less educated Google HR flows.

IT professionals with more IT experience are expected to bring new tacit knowledge and skills
that can benefit the firm. And IT firms do value IT experience. For example, Mithas and
Krishnan (2008) have found that IT experience of IT professionals was valued more than non-IT
experience. Moreover, they also found that firms value IT experience at other firms much more
than they value firm-specific IT experience. In other words, firms do value IT experience in the
inflow of HR. Thus,
H4. The IT spillover effects from Google HR flows are stronger if the IT experience embedded in
the Google HR flows are longer.

4. Model
The Cobb-Douglas production function with three inputs, capital (K), labor (L) and HR flows
from Google (HR), and one output (Y) is given by:


Yit  At  it K ( Lit  HRit )L HRitHR ,

(1)

where Yit denotes the output of the i-th firm at the t-th period. Here, A is a scale factor defined as
Total Factor Productivity in the literature; Kit and Lit represent the capital input and labor input of
the i-th firm at the t-th period. HRit is the cumulative HR flow from Google to the i-th firm at the
t-th period. It reflects the IT spillovers from Google to the focal IT firm. βK, βL and βHR represent
the output elasticities of capital, labor and HR flows from Google, respectively.
Further, we can examine how IT spillovers are affected by voluntary and involuntary turnovers:






(2)
Yit  At  it K ( Lit  HRit ) L HR _ Vit HR _ V HR _ IVit HR _ IV ,
where HR_Vit and HR_IVit indicates voluntary and involuntary HR flows. Specifically, equation
(1) and (2) are for the testing of hypothesis 1 and 2. We can have similar equations to estimate
hypothesis 3 and 4. For example, we can further divide Google HR flows into more types
according to their highest degrees and IT experience. Due to page limitation, we omit the
equations in this paper.

5. Data and Variables
5.1 Sample
We set our target as Google and those U.S. public software firms with NAICS code equal to
511210 (SIC code 7372). In other words, we target at those prepackaged software firms. We
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manage to construct a turnover dataset based on the employment history of these IT employees
and calculate the firm-level human capital variables. This turnover data is then used to construct
the HR flows between Google and other IT firms. In our data organization, each turnover has
date (e.g. Feb 2009) and direction, i.e., into or out of a company. With this in mind, we are able
to calculate the HR flow (e.g. headcounts) from Google to an IT firm in a given year. After
further data cleaning, we manage to construct a panel dataset for our empirical test.
Note that we can’t obtain all former Google IT employees from LinkedIn.com because not all of
them have LinkedIn accounts and profiles. From our experiment, LinkedIn can at least capture
60% of the population. However, in this way, our current sample still underestimate the IT
spillover effects from Google because LinkedIn can’t capture all Google U.S. employees.
5.2 Voluntary and Involuntary Turnovers
Since voluntary and involuntary turnovers could have different implications on the value of the
employee to the firms, it is important to distinguish these two types of turnover in the HR flows.
For example, hiring a former Google engineer who is voluntary to leave Google is different from
hiring an engineer who is forced to leave Google. However, the work history on LinkedIn profile
won’t explicitly shows us whether the turnover is voluntary or involuntary. Instead, we
differentiate these turnovers by watching the time gap between two consecutive jobs1. If the time
gap between two consecutive jobs is greater than or equal to three months, as well as that the
individual has not reported education history during this time period, we would treat this as
involuntary turnover, otherwise we will consider it as voluntary turnover.
5.3 Variables
The standard output measure used in the literature is economic value added (Brynjolfsson and
Hitt 1996). The independent variables in this study are capital, labor and HR flows. The
definitions of dependent and independent variables are given in Table 1.
Variable
Value
Added

Notation

Capital

K

Labor
HR Flow
Voluntary
HR Flow
Involuntary
HR Flow
Education2

L
HR

Y

HR_V
HR_IV

IT Experience

Measurement Construction Process
Total sales (revt) minus cost of goods Sold
(cogs), converted to constant 2000 dollars
Total assets (at) minus (total current assets
(act) and intangible asset (intan)),
converted to constant 2000 dollars
Total number of employees (emp)
Total number of former Google employees
Total number of former Google employees
who are voluntary to leave Google
Total number of former Google employees
who are involuntary to leave Google
Bachelor/Master/PhD/Others
0-5/5-10/10-20/20+ years

Deflator
PPI for software (NAICS 511210)
(Bureau of Labor Statistics 2011)
PPI for Intermediate Materials,
Supplies and Components
(Bureau of Labor Statistics 2011)
N/A
N/A
N/A
N/A
N/A
N/A

Table 1. Data Construction Procedure and Deflators3

6. Research Plan
In the future, we plan to improve and extend the study in the following dimensions: (1) we plan
to obtain more data on the number of employees of Google in each year, therefore we can better
calculate the proportion of our sample respective to the total population; (2) we can extend the
1
2
3

We thank Associate Professor Jungpil Hahn for the idea of distinguishing voluntary and involuntary turnovers.
Number of former Google employees in the four categories. For IT experience, it is the number in the five categories.
Names after variables in the parentheses are the variable names in Compustat.
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study by examining the HR flow from Google, Microsoft and Oracle, i.e. leading IT firms; (3)
based on (2), we could further develop a firm network of human resource, in which these leading
IT firms serve as training hubs. We can examine how the network positions of IT firms (i.e. how
they connect with those training hubs) would influence IT spillovers.
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Abstract
As business dependence on IS has grown both operationally and strategically, an increasing
number of organizations begin to consider how to utilize IT to enable business innovation (i.e.
IT-enabled business innovation). However, there is a lack of understanding on the processes of
IT-enabled business innovation. Extant literatures in IT innovation have attained substantial
findings in this area, but fail to give a compelling explanation to the question, due to the reason
that they neglect the accompanied innovations in business processes, products or service.
Anchoring on the institutional entrepreneurship theory, we investigate the stages of IT-enabled
business innovation with multi-case study method.
Keywords: IT-enabled business innovation, Institutional entrepreneurship, Case study

1. Introduction

As business dependence on IS has grown both operationally and strategically (Karahanna and
Watson 2006), the role of information technology (IT) in business innovation is becoming
increasingly important (Tarafdar & Gordon 2007). Therefore, more and more business
innovations rely on IT, resulting in that IT has evolved from a mere efficiency tool to enabling
business innovation and providing strategic value (Saldanha and Krishnan 2011). Simultaneously,
how to utilize IT to promote business innovations has attracted attentions of Chief Information
Officer (CIO). IT-enabled business innovation, i.e., new products, processes or services
developed by a firm through the application of IT, has become a new tool for CIO to prove the
value of IT and improve the role of IT department. A survey of Center for CIO Leadership (2008)
among 270 CIOs throughout the world indicates that 85% of CIOs are searching opportunities of
IT-enabled business innovations.
Although there are successful stories of Amazon and Singapore YCH Corporation etc.,
organizations have historically experienced high failure rates in IT-enabled business innovation
(Teo et al. 2007). In a Gartner study, over 80% of CIOs recognized the importance of IT-enabled
innovation for business, but only 40% reported that their organizations had funded innovation
projects or created roles accountable for innovation1. We ascribe the high failure rates to the
distinct nature of IT-enabled business innovation compared with general business innovation.
The former is usually initiated by CIO and augmented with complementary organizational
innovations including new forms of cognition, meaning, work process, business process, or
organizational structure (Lyytinen and Rose 2003). However, CIO lacks necessary resources and
1

Tucci L. “The Road to Innovation Is a Bumpy Ride” Search CIO. Com (http://searchcio.techtarget.com/original
Content/0,289142,sid19_gci1227276,00.html),November 2, 2006.
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power to independently implement these complementary organizational innovations. Therefore,
in order to successfully facilitate business innovation with IT, CIO must proactively influence
those with authority to implement and allocate resources for innovations (Enns and McDonagh
2012). Hence, the process of IT-enabled business innovation possibly differs from general
business innovation. As far as we are concerned, stages in the process of IT-enabled business
innovation remain obscure.
Scholars in IT innovation have been seeking answers to the question that whether, when, and
how to innovate with information technology (Swanson & Ramiller 2004). Despite the
substantial findings they have attained, extant studies fail to respond to confusions in IT-enabled
business innovation with the following gaps: First, most researches define IT innovation simply
as “an innovation in digital and communications technologies and their applications”
(Swanson 1994), without much attention on the accompanied organizational innovations
(Lyytinen & Rose 2003). Although some scholars begin to focus on IT-enabled business
innovation (Wheeler 2002; Zahra & George 2002; Teo et al. 2007; Saldanha & Krishnan 2011;
Ashurst et al. 2012), related researches, especially empirical researches on its process are still
scant.
Second, few scholars have regarded IT-enabled business innovation as a new institution (e.g.
Wang and Swanson 2007), however, no one has empirically examined the process of IT-enabled
business innovation and key activities in each stage from the perspective of institutional
entrepreneurship theory.
To fill these gaps in extant literature, we distinguish the concept of IT-enabled business
innovation from general IT innovation and regard it as a process of institutional entrepreneurship.
Drawing on institutional entrepreneurship theory, the purpose is to investigate the process of
successful IT-enabled business innovation. We attempt to propose a conceptual framework
through a multi-case study.

2. Literature Review and Theoretical Background
2.1 Definition of IT-enabled Business Innovation
From the degree of impact of IT innovation on business, IT innovation can be categorized into
three types: IT base innovation, IT process innovation and IT service innovation (Swanson 1994;
Lyytinen and Rose 2003). In extant literatures, IT service innovation includes IT-enabled
business innovation (Ashurst et al. 2012；Saldanha and Krishnan 2011；Teo et al. 2007；Joshi et
al. 2010；Pavlou and Sawy 2006), innovative usage of IT (Li et al. 2006), and net-enabled
business innovation (Wheeler 2002; Zahra and George 2002; Hackbarth and Kettinger 2004) etc.
Saldanha and Krishnan (2011) define IT-enabled business innovation as “new products,
processes or services developed by a firm through the application of IT”, which can be mapped
to and builds off the outcome of what Swanson (1994) defines as ‘Type III IS innovations’ which
are “inherent to or imbedded in a product ... or … incorporated within a service”. We believe that
IT-enabled business innovation should be an IT innovation that is able to bring in innovations in
business process, products or service.
Based on the above definition, we define IT-enabled business innovation as the process of
realization of new products, processes or services with the application of new IT to create
competitive advantages. This definition distinguishes from general IT innovation (i.e.
introduction of new information systems) by strengthening that IT-enabled business innovation
should change the old products, processes or services to a substantial extent. In addition,
IT-enabled business innovation should include the process from articulating new ideas to
implementation due to the fact that only the realized new ideas can generate value.
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2.2 Literature Review
Extant literatures have proposed various stage models with different number of stages of IT
innovation (as shown in Table 1). Some models deal only with implementation whereas others
deal with levels of implementation, the stages in some models deal only with behaviors while
others deal with both perceptions and behaviors (Jeyaraj et al. 2008). Besides these differences,
extant models share some similarities, for example, evaluation and trial are generally common to
several models, and implementation and deployment are common to different models.
However, extant models share a common defect that they ignore the process of how augmented
new business process, organizational architecture and cognitive mode blend with the old
institutional arrangements. Hence, they do not explicitly illustrate how new information
technologies and augmented organizational innovations are legitimated. This may be the result of
that few scholars regard IT innovations as the process of institutional entrepreneurship and fail to
include the impact of the application of new information technologies on old management
systems. In order to distinguish IT-enabled business innovation from general IT innovation, a
new theoretical perspective is needed to investigate how IT-enabled business innovation is
realized.
Table 1 Stage models of IT innovation in extant literatures
Stages in IT innovation
Aware, interest, evaluation/ trial, commitment, limited
deployment, general deployment
Initiation, adoption, adaption, acceptance, routinization,
infusion
Research, experimentation, limited deployment, general
deployment
Initiate, develop, implement
Comprehension, adoption, implementation, assimilation
Choosing enabling/emerging technologies, matching with
economic opportunities, executing business innovation for
growth, assessing customer value

Source
Fichman (2001)
Kwon and Zmud (1987)
Jeyaraj et al. (2008)
Gordon and Tarafdar (2007)
Swanson and Ramiller (2004)
Wheeler (2002)

2.3 Institutional Entrepreneurship Theory
Institutional entrepreneurship is deﬁned as “the activities of actors who have an interest in
particular institutional arrangements and who leverage resources to create new institutions or to
transform existing ones” (Maguire et al. 2004). IT-enabled business innovation induces changes
in process, products or service by introducing new information systems. New IT often involves
new actors and activities for which existing institutional arrangements cannot easily be invoked
or needed arrangements do not yet exist (Wang and Swanson 2007). Hence, institutional
entrepreneurs need to design, develop, and create new institutions to transform existing ones
(Maguire et al. 2004). This process is consistent with institutional entrepreneurship, which
enlightens us to take the institutional entrepreneurship theory as our theoretical lens.
Addressing the question of how institutions are changed requires a process theory that explains
the temporal order and sequence of events based on a story or historical narrative (Poole et al.
2000). Stages of institutional entrepreneurship describe how institutional entrepreneurs struggle
to legitimate new institutional arrangements by influencing related stakeholders. Greenwood et al.
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(2002) depicted the process of institutional entrepreneurship in mature organizational field with
six stages, i.e., precipitating jolts, deinstitutionalization, preinstitutionalization, theorization,
diffusion, reinstitutionalization, which was widely cited by scholars in the past few years.
Stage 1 occurs when events or “jolts” destabilize established practices. Jolts may take the form of
social upheaval (e.g., Zucker 1986), technological disruptions, competitive discontinuities, or
regulatory change (Powell 1991). These changes precipitate (Stage 2) the entry of new players,
the ascendance of existing actors (Scout et al. ), or local entrepreneurship (DiMaggio 1988).
With the introduction of new ideas and the possibility of change, the socially constructed
field-level consensus was disturbed. At stage 3, organizations innovate independently, seeking
technically viable solutions to locally perceived, which was referred as preinstitutionalization by
Tolbert and Zucker (1996).
For new practices to become widely adopted, they have to be “theorized” (Strang and Meyer
1993). Theorization is the development and specification of abstract categories and the
elaboration of chains of cause and effect (Stage 4). Tolbert and Zucker (1996) suggested that
theorization involves “two major tasks”: specification of a general “organizational failing” for
which a local innovation is “a solution or treatment,” and justification of the innovation.
Diffusion occurs only if new ideas are compellingly presented as more appropriate than existing
practices. Stage 5 is the process of diffusion. The common theme is that as innovations diffuse
they become “objectified,” gaining social consensus concerning their pragmatic value (Suchman
1995), and thus they diffuse even further (Tolbert & Zucker 1996). Full institutionalization
occurs (Stage 6) as the density of adoption provides ideas with cognitive legitimacy (Suchman
1995) and the ideas themselves become taken-for-granted as the natural and appropriate
arrangement.

3. Research Method

Case study method is well suited to the following three conditions: first, the researcher is
answering “how” and “why” questions (Eisenhardt 1989; Eisenhardt and Graebner 2007);
second, the researcher has weak control over his study; third, the researcher studies
contemporary phenomenon in practice (Yin 2003). We take the multi-case study approach
because our research question concerns with how firms successfully realize the IT-enabled
business innovation, which is a question of “how”.
The criteria for selecting cases include: (1) the firm succeeded in realizing IT-enabled business
innovation in the past three years; (2) the firm’s story has important implications for the whole
industry; (3) the firm’s data is convenient to collect. We broadly searched available firms and
selected firm W based on the above three criteria.
3.1 Research Settings
Firm L, a well-known beer manufacturer in southwestern China, was founded in 1985. Since
2003, Firm L has been continuously innovating its distribution management process through the
application of distribution resources planning system (DRP) to adapt to the change of
competitive environment. By the implementation of DRP-based process innovation, Firm L
succeed in enhance the efficiency of distribution management, reduce the cost of distribution
management to a large extent, sustain competitive advantages, and support its strategic
development.
Firm W, a leading commercial real estate company in China, was founded in 2002. Its major
business includes investment and operation of commercial real estate such as supermarkets
containing shopping hall, cinema and commercial hotel. Firm W implemented modularity
management system during 2011-2012 and realized innovation in real estate project lifecycle
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management with the system. Objective of the project was to enable the firm to manage projects
throughout mainland China within a unified process system and enable TMT members control
the schedule and cost of projects more conveniently. After the success of modularity
management system, firm W transformed from manually management system to standardized
management system based on information systems, which is more efficient, economic and
apparent.
3.2 Data Collection
We mainly used interview as the means to collect data, but at the same time tried to gather as
much data as possible using different data sources to make use of the synergetic effects of
triangulation (Jick 1979; Yin 2003). Based on the discussions in Section 2, we ﬁrst broadly
searched related second-hand information about firm W. And then a structured and open-ended
questionnaire for conducting interviews was developed. We interviewed 10 people (from the IS
department and other functional areas). We used the ‘‘snowball’’ approach, where speciﬁc
interview subjects referred us to other people with relevant information. The interviews were
conducted over a period of 5 months. Each interview lasted from 0.5 to 2 hours. Some infants
were interviewed more than once, in instances where data analysis revealed a need for further
clariﬁcation. Besides the interviews, we also referenced company reports, diagrams, meeting
agendas and memos. External industry reports added further context to the data collected from
internal sources. Lastly, we integrated all the second-hand and first-hand data into a data pool.
First-hand data summed up to over 150 thousand words with second-hand data 70 thousand
words.
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Abstract
The era of information technology has opened up new possibilities for the emergence of
cooperation between firms. In this paper, the iterated prisoner’s dilemma (IPD) game, which has
been widely studied to understand how cooperative behaviors may survive among selfish
individuals, is investigated with consideration of risk effect, in which riskiness is defined as the
standard deviation of one-move payoffs. An evolutionary IPD game is presented to simulate
agents interacting based on the IPD while adapting their strategies and risk attitudes according
to relative performance feedback. Results indicate that the agent population can achieve a
cooperative equilibrium through the learning of strategies and the adaptation of risk attitudes. In
particular, risk-averse agents outperform the risk-seeking ones in terms of average payoff. Our
result highlights the fact that firms should value the stability of their payoffs and manage to
sustain possible cooperation with their rivals in the long-term competition.
Keywords: Information Technology, Iterated Prisoner's Dilemma, Risk Attitude, Relative
Performance Feedback, Prospect Theory.

1. Introduction
Competition and cooperation are among the most noted paradoxical phenomena in the
information technology (IT) industry (Varian et al., 2004). On one hand, standards tend to be
proprietary in the IT field. To get a first-mover advantage and build market share, firms often
offer freeware to generate network externalities for the commercial version of their products. On
the other hand, the network effect induces firms to consider compatibility between their products
and those of their competitors, which benefits both in terms of diffusion of their technologies
because of the high expected sales. Therefore, more and more firms are undertaking efforts to
cooperate with their rivals in designing innovative products.
The iterated prisoner’s dilemma game (IPD) has been widely studied to understand how
cooperation comes about among competitors. In its basic form, the PD is a two-player game in
which each player can either cooperate or defect. The payoff matrix of the game is defined in
Table I, in which the conditions T>R>P>S and 2R>T+S are required. The best option for any
player is to defect regardless of the other player’s move. However, mutual cooperation yields the
highest total payoff for the two players; hence, a dilemma emerges. Given this remarkable trait,
the IPD has been successfully used to model many human interactions (Liu et al., 2011).
TABLE I
Payoff Matrix of a Two-Player PD Game
Player 2
Cooperate
Defect
Player 1

Cooperate
Defect

(R, R)
(T, S)

(S, T)
(P, P)
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Noting that establishing risk management is an important issue for firms in competitive
environments, we begin an investigation of an agent-based evolutionary IPD game with a
definition of risk as the standard deviation of the one-move payoffs for agents. The agents are
simulated to play the IPD and adapt their risk attitudes according to relative performance
feedback. The feedback information is set to influence the agents’ incentives in a way that agents
will become more risk averse after experiencing gains, and become more risk seeking after
experiencing losses. Such an adaptation policy originates from Prospect Theory (Tversky and
Kahneman, 1992) and in line with the view that risk preference depends on the context in which
the individual is situated. The purpose of this study is to investigate the relationship between risk
attitude dynamic and the emergence of cooperation in the evolutionary IPD game.
The rest of this paper is organized as follows. Section 2 introduces the evolutionary IPD model
with adaptation of agents’ risk attitudes. Section 3 presents the experimental results. Section 4
concludes with an interpretation of the results in the case of video-streaming firms in China.

2. Evolutionary model
2.1 Risk Definition in the IPD
Based on the principle that conditional cooperation supports a sub-game perfect equilibrium in
the IPD, Snijders and Raub argued that a player’ choice in the IPD was whether or not to
unilaterally exploit the opponent who cooperated conditionally (Snijders and Raub, 1998). The
player had to assess the risk by weighing the short-term profit for exploitation against the
long-term loss of such a behavior. Both their theoretical and empirical results suggested that risk
aversion favored cooperative behavior in such a scenario, whereas risk-seeking preferences
tended to unilateral defection. However, “risk” was not explicitly defined in their work. It seems
that the “risk” is perceived as a mechanism that can induce players to retain stable cooperation,
which, in return, yields stable incomes for them. Motivated by this observation, we define risk as
the standard deviation of the one-move payoffs for players in the IPD. Suppose that the
one-move payoffs for the two players (i.e., Players 1 and 2) are p1 = ( p11 , p12 ,  p1l )
and p2 = ( p21 , p22 ,  p2 l ) , respectively, where l is the length of encounter and pik represents
the payoff for Player i on the k-th move ( i = 1, 2 ; k = 1, 2,, l ). Then, the risk for Player i
can be measured as the standard deviation of his/her one-move payoffs:
l
1
ri =
⋅ ∑ k =1 ( pik − pi ) 2
l

(1)

and the player’s utility is expressed by

ui =

pi
1 + α i ⋅ ri

(2)

where pi = ∑lk =1 pik l , and α i parameterizes the risk attitude of Player i . If Player i is
completely risk-seeking, then α i is set as 0. Otherwise, α i > 0 . The larger α i is, the more
risk-averse Player i becomes.
This utility structure creates a decision-making methodology that enables players to balance
between payoff and risk (i.e., profit uncertainty) based on their own risk preferences in the IPD.
Risk-seeking players are active in profit maximization and indifferent to the risk of interaction,
whereas the risk-averse players’ satisfaction will increase with profit but decrease with the profit
uncertainty. Hence, risk-averse players benefit more from steady cooperation with the opponents.
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2.2 Evolutionary IPD Game with Adaptation of Risk Attitude
Decentralized market economies are complex adaptive systems, consisting of a large number
of adaptive individuals involved in mutual interactions. Mathematical analysis of such a system
is hardly feasible and simulations seem to be the right way to account for this problem
(Tesfatsion, 2003). The evolutionary IPD game model is always used to investigate the
competition and cooperation relationships among selfish individuals (agents). The agents are
paired or grouped to interact with one another based on the IPD and the competent will be given
a high probability of survival and propagation of their genetic material. The aim of simulation is
to observe the emergent properties arising from the evolution.
In our model, the evolution starts with random initialization of a population of N agents
( Ai , i = 1,2,..., N ). Each agent Ai is specified by its risk attitude α i and an IPD strategy si
that determines the agent’s next action based on the history of previous three moves (Mittal and
Deb, 2009). At each generation t, each agent plays the IPD with g n randomly chosen opponents.
After all competitions are finished, the average payoff for the agent is determined and its fitness
is obtained by taking the average utility that it receives in all the games it has played. That is,
1 gn
∑ j =1 p ( Ai , OPPij )
( i = 1,2,, N )
(3)
P( Ai ) =
gn
p ( Ai , OPPij )
1 gn
∑ j =1
( i = 1,2, , N ).
(4)
F ( Ai ) =
1 + α i ⋅ r ( Ai , OPPij )
gn
where p ( Ai , OPPij ) and r ( Ai , OPPij ) represent the average payoff and the risk, respectively,
for Agent Ai to play against the opponent agent OPPij , j = 1,2,..., g n .
Afterwards, each agent examines its relative standing in the population and makes possible
change to its risk attitude accordingly. Agent Ai compares its payoff P( Ai ) to the average
payoff of the population ∑ Nj=1 P( A j ) N . If P( Ai ) has been below the population average for
successive Tde generations, Ai will become more risk-seeking to pursue potential profit. If
P( Ai ) has been above the population average for successive Tin generations, Ai will become
more risk-averse to stabilize its incomes. Here, ten degrees of risk-taking is considered, i.e.,
α i ∈ {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1, 1.2} . When Agent Ai decides to be more risk-seeking, α i
will be reduced by two degrees; when it decides to be more risk-averse, α i is increased by only
one degree. Moreover, the inequality Tin ≥ Tde satisfies. These two manipulations together
reflect “losses loom larger than gains” in Prospect Theory (Tversky and Kahneman, 1992).
After adjustment of risk attitude, the best N / 2 agents with the highest average utilities
ABj , ( j = 1,2,..., N / 2) are directly copied to the next game period (i.e., generation). On the other
hand, each agent in the worse half Awk , (k = 1,2,..., N / 2) selects two others from the best half
for strategy modification. We exploit a novel q-nearest neighbor selection policy, which reflects
the fact that individuals tend to learn more from those similar to them. When Agent Awk adjusts
its strategy, the similarity between Awk and Agent ABj , ( j = 1,2,..., N / 2) is evaluated as:

d kj = d ( Awk , AB j ) = βα × d (α wk , α Bj ) + (1 − βα ) × d ( swk , s Bj )

(5)

where d (α wk , α Bj ) and d ( swk , s Bj ) indicate the similarities of risk attitudes and strategies
between these two agents respectively. βα is the weight for disparity of risk attitude and set as:
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βα = 0.5 + 0.5 × 0.999(t −1)

(6)
Note that the more the population evolves, the higher probability that agents will learn from
those different than themselves in terms of risk preference.
The above similarity is then sorted in an ascending order to get a list { AB′ 1 , AB′ 2 ,  , AB′ N 2 },
′ } ranking highest are selected as the q-nearest neighbors for
and the q agents { AB′ 1 , AB′ 2 , , ABq
Awk , from which the two best agents with the highest utilities are selected to produce two
offspring O1 ,O2 through crossover and mutation. The fitness of the offspring is calculated as:
p (O1 , OPPwkj )
1 gn
∑ j =1
(7)
F (O1 ) =
1 + α wk ⋅ r (O1 , OPPwkj )
gn
p (O2 , OPPwkj )
1 gn
∑ j =1
(8)
F (O2 ) =
gn
1 + α wk ⋅ r (O2 , OPPwkj )
where α wk and OPPwkj , j = 1,2,..., g n represent the risk attitude and opponents of Agent Awk
respectively. If F ( Awk ) ≥ F (O1 ) and F ( Awk ) ≥ F (O2 ) , swk remains unchanged. Otherwise,
swk will be replaced by O1 or O2 , depending on which is the fitter. The strategy modification
is conducted across all Awk , (k = 1,2,..., N / 2) . The procedure of game-playing, risk attitude
adjustment, strategy modification is repeated until the maximum generation is reached.

3. Experiment Results
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Fig. 1. Evolution of cooperation under different settings of Tde and Tin .

In this section, we present experimental studies on the evolutionary IPD game. We use T=5,
R=3, P=1, and S=0 to define the payoff matrix for the IPD. The length of encounter l is specified
as 20. The evolution starts with a random initialization of N = 400 agents with different
strategies and risk attitudes. In each generation, every agent plays against g n = 60 opponents,
and then changes its risk attitude according to the relative performance feedback. Afterwards, the
worst half of agents modify their strategies with q=50. The maximal number of generations is set
as 5000 and the simulation is repeated for 20 independent runs to obtain reliable results.

24

T de=2, T in =2

T de=2, T in =4

T de=2, T in =8

T de=2, T in =6

1

1

1

1

0.75

0.75

0.75

0.75

0.5

0.5

0.5

0.5

0.25

0.25

0.25

0.25

0

0

1000 2000 3000 4000 5000

0

0

T de=4, T in =4

1000 2000 3000 4000 5000

0

0

T de=4, T in =6

1000 2000 3000 4000 5000

0

1

1

1

0.75

0.75

0.75

0.75

0.5

0.5

0.5

0.5

0.25

0.25

0.25

0.25

0

1000 2000 3000 4000 5000

0

0

T de=6, T in =6

1000 2000 3000 4000 5000

0

0

T de=6, T in =8

1000 2000 3000 4000 5000

0

1

1

0.75

0.75

0.75

0.75

0.5

0.5

0.5

0.5

0.25

0.25

0.25

0.25

1000 2000 3000 4000 5000

0

0

T de=8, T in =8

1000 2000 3000 4000 5000

0

0

1000 2000 3000 4000 5000

0

1

1

1

0.75

0.75

0.75

0.5

0.5

0.5

0.5

0.25

0.25

0.25

0.25

0

1000 2000 3000 4000 5000

0

0

1000 2000 3000 4000 5000

0

0

1000 2000 3000 4000 5000

1000 2000 3000 4000 5000
T de=8, T in =14

1
0.75

0

0

T de=8, T in =12

T de=8, T in =10

1000 2000 3000 4000 5000
T de=6, T in =12

1

0

0

T de=6, T in =10

1

0

1000 2000 3000 4000 5000
T de=4, T in =10

1

0

0

T de=4, T in =8

0

0

α=0
α=0.1
α=0.2
α=0.3
α=0.4
α=0.5
α=0.6
α=0.8
α=1.0
α=1.2

1000 2000 3000 4000 5000
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Fig. 3. The risk attitudes associated with the highest or lowest average payoff in the population by generation.

Fig. 1 illustrates the population’s best and average payoffs by generation. The results are
averaged over 20 runs. It is observed that the population’s average payoff exceeds 2.8 when
Tin = Tde , and further approaches 3.0 when Tin = Tde = 6 and Tin = Tde = 8 , indicating pure
cooperation in the population. Moreover, the risk attitudes 0 and 1.2 become comparably
prevalent in these two cases (Fig. 2), which demonstrates the mutualism of agents with different
risk attitudes. This contradicts with the result from one of our previous work, in which we
demonstrated that risk-seeking players (e.g., α = 0 ) exploited their risk-averse opponents (e.g.,
α ≥ 1 ) in the two-player IPD. The difference is because the players’ risk attitudes were fixed in
our previous work; however, they are changeable in the current model. The simultaneous
adaptation of risk attitude and strategy enables more efficient agent-learning in the IPD game.
On the other hand, Fig. 1 shows that the population’s average payoff stays around 2.6 when
Tin ≥ Tde + 4 . The reason lies in the redundancy of agents with risk attitude 0 in the population
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(Fig. 2). These agents are active in profit maximization but, on the contrary, results in lose-lose
situations. It is seen from Fig. 2 that pure cooperation fails if the proportion of agents with risk
attitude 0 is larger than 0.5. Fig. 3 depicts the risk attitudes associated with the highest or lowest
average payoff. Although agents with risk attitude 0 are always the most in the population, they
never earn the best payoff. The best agents in the case with Tin ≤ Tde + 2 are the ones with risk
attitude around 0.5, and agents with risk attitude around 0.3 perform best when Tin > Tde + 2 ,
excluding the cases with Tin = 2, Tde = 8 and Tin = 4, Tde = 10 , in which agents with risk attitude
0 spread almost all the population but outperformed by those with risk attitude 0.1. These
observations all demonstrate the importance of risk consideration in the IPD.

4. Conclusion
We present a dynamic model to simulate the adaptation of risk attitudes in an evolutionary
IPD game. The experimental results indicate that the evolution of cooperation is possible if the
completely risk-seeking agents contribute less than one half of the population in the evolution. In
this case, all the agents, despite different in risk attitudes, achieved a cooperative equilibrium.
Moreover, moderately risk-averse agents seem to be the winners in most of the interactions. As
to the managerial meaning in economics, this outcome highlights the critical role of stabilizing
self-payoff by cooperation with opponents.
The IT market is constantly changing, firms in the IT industry will benefit from steady
cooperation with their counterparts in terms of reducing operational risk. Take the case of the
video-streaming firms in China. In 2012, Youku and Tudou, have approved the merger of their
businesses to create the biggest online video firm, which will both cut operation cost and boost
market share. In response, Sohu, Tencent, and Baidu’s Qiyi have collaborated on purchasing
expensive video contents for competing with Youku-Tudou. More recently, Baidu acquired the
online video business of PPS, which will continue to operate as a special brand of Qiyi. As said
by Dele Liu, president of Youku-Tudou, “after the success and synergy created by the
Youku-Tudou merger, increasing consolidation is inevitable throughout the video industry.”
Such long-term cooperation is expected to further rationalize and develop the industry.
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Abstract
With the rapid growth of the availability and popularity of interpersonal and behavior-rich
resources such as microblog and other social media, the sheer amount of User Generated Content
(UGC) is increasing exponentially which results in vast changes in the social media landscape. For
instance, the topic propagation of UGC has made a strong impact on consumers, governments and
enterprises while necessitating research in order to understand both the short and long-term
implications of these media contents. In this paper, we conducted a model-driven topic propagation
prediction for two types of negative UGC which are distinguished by deviation distance between
UGC and the real truth. Our approach first introduced some basic concepts and described
mechanism of topic propagation, and then proposed the mean field model for predicting the
negative UGC topic propagation which took the enterprises generated content into consideration.
In order to evaluate the performance of our model, we compared experimental results with the real
data collected from SinaWeibo in China. The empirical results showed the proposed model
provides a better representation in predicting negative UGC topic propagation. Finally, parameter
analysis of the first time issuing, EGC quantity and interactive frequency which can be manipulated
by enterprises was done to investigate how these parameters affect the negative UGC topic
propagation and to provide optimal strategies for enterprises to manage the two types of negative
UGC.
Keywords: user generated content, topic propagation, deviation distance, social media

1. Introduction
Lots of Cases in China show that user generated contents (UGC) on social media have brought
great impact on enterprises’ normal operation and profitability. Taobao, the most famous B2C and
C2C online retail store operated by Alibaba Group, experienced a disaster from the malicious
negative UGC manipulated by some people with ulterior motives in Oct. 2011. Haidilao, a popular
hot pot restaurant in China, experienced a period like riding roller coaster from May 2011 to Aug.
2011. It was praised sky-highly from May 2011 to July 2011, and quickly spoofed and abandoned
by microblog users through their UGC. VANCL, a new B2C clothing online company with its own
clothing brand VANCL founded in 2007, intentionally pushed several attracting topics to incentive
Internet users to generate massive contents in 2011, which keeps VANCL’s high attention from
Internet users and really increases its sales. Love is not blind, a small budget invested film, defeated
the American blockbuster by creating a miracle in the box office at the same time in early Nov.
2011 in China. One of the secrets for promotion is that the producer company has published strong
positive topics and organized some Internet opinion leaders to recommend the film to their fans and
digital commons.
Not all enterprises are lucky like VANLE and the above film producer. Actually, when facing the
tide of social media, most of the enterprises in China don’t know how to deal with the raids of
large-scale UGC. According to the Report on Public Opinion Response and Reputation
Management Ability of Chinese Companies in the year 2010, published by public opinion
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monitoring workshop of People On-line Co., Ltd which is a leading publisher of public opinion, it
was shown that in 2010 Chinese enterprises’ opinion presented a blowout crisis trend with an
increase rate of 83.3% compared with 2009 (http://media.people.com.cn/GB/40606/13688825.html).
Negative topics from UGC have caused significantly negative effects on some well-known Chinese
enterprises. On the other hand, these enterprises obviously have poor management ability to deal
with these online UGC.
Generally speaking, many Chinese enterprises get some information from UGC at the beginning.
However, most of them don’t know what they can do with the UGC next. Without the ability of
predicting the propagation of UGC topic, they fail to make decisions of what kind of actions they
should take to influence the UGC topic propagation. Even if they can predict the topic propagation
without their intervention, and there is a need to interfere the propagation process for sure, what are
the right actions for enterprises to adopt. At present, there are three regular ways for most Chinese
enterprises to deal with UGC, especially the negative UGC. The first one is a passive response. If
the UGC topic harms their normal operation obviously, they just respond and publish their official
notice. The second one is active. Some enterprises take special companies to delete the negative
UGC once they discover any piece of negative UGC. The third one is radical. The enterprises
employ a lot of paid posters, and let them pretend to be ordinary Internet users to publish positive
UGC largely. In conclusion, the first way is too passive to communicate with consumers; the
second one is too costly to sustain; the third one is almost illegal.
The situation we described above does not just happen in China. Actually, that is a common
phenomenon and problem across the world. For example, when in February 2004, Amazon.com’s
Canadian site mistakenly revealed the true identities of some book reviewers, it turned out that large
numbers of these reviews were posted by the books’ own publishers and authors (Harmon 2004).
The music industry is known to employ professional marketers who surf various online chat rooms
and fan sites to post positive contents on behalf of new albums (White 1999, Mayzlin 2006).
As more enterprises, political parties and special interest groups realize the power of social media, it
is expected that more will engage in direct or indirect the UGC topic, especially the negative UGC.
It is, therefore, important and timely to predict the negative UGC topic propagation on social media
in a context with the enterprises’ activity and what the best strategies are likely to be on the
propagation of UGC topic.
Compared with the previous research, topic discovery and topic tracking are related with topic
propagation in our paper in which topic discovery intends to find valuable topics from massive
UGC on social media and topic tracking depends on data mining techniques to describe the changes
of certain on-line topics. However, most methods use data mining techniques to extract the existing
topics and existing topic development indices hidden in massive UGC. Therefore it cannot achieve
the purpose predict topic propagation trend (Ozmutlu 2006, Ontrup et al. 2008). For response, the
speed is the most important factor for any enterprise to deal with negative UGC topics. If we can
predict the topic propagation trend earlier, then we can have more time to consider how to deal with
the situation. Therefore, in this paper we will predict UGC topic propagation. We try todivide the
nodes of UGC topic network into three roles which are ignorant, spreader and knower, and analyze
its growth mechanism. Based on the above analysis, we will construct the mean field equations to
describe the negative UGC topic propagation.
It can be said that the current topic detection and topic tracking research is a data–driven knowledge
discovery process and use data mining as the main method (Rajaraman 2001, Glance, Hurst and
Tomokiyo 2004, Dey, Mahajan and Haque 2009, Zhang and Li 2010), while our research is a
model–driven process and use statistical physics as the main method. This is the specialty of our
work. From the application point of view, enterprises can forecast UGC topic propagation earlier
by using our proposed model than the previous ones. This is the first and main contribution of our
paper.
It seems that the current research work on UGC analysis and UGC application has some relations
with our enterprise interfering strategies for negative UGC topic propagation (Trevino 2005,
Sculley and Wachman 2007, Yin et al. 2009, Huang, Jiang and Zhang, 2010). Nevertheless, most of
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current work concerns the quality of UGC (Chai, Potdar and Dillon 2009) and the reputation model
of user (Jin et al. 2008, Liao, Harwood and Ramamohanarao 2010) etc. Actually, to our knowledge,
little of the current study involves what enterprises should do to influence negative UGC topic
propagation trend. In this paper, we aim to provide different enterprise interfering strategies for two
types of negative UGC topic based on the proposed deviation distance between the information of
UGC topics and the real truth of the opinion events. Using the topic propagation model proposed in
our paper and through simulation analysis, we will find out which way is better under different
UGC situation and hope to put forward some helpful suggestion for enterprises to deal with
negative UGC topic. This is the second contribution of our paper.
The rest of this paper is organized as follows. Section 2 introduces some of the basic concepts in
this paper. Section 3 shows the entire model process and constructs our proposed model. In section
4, collecting the real data from SinaWeibo from China, we test the effectiveness of our proposed
model. Section 5, some parameter analysis experiments are done to find the better way for
enterprise to manage negative UGC with different deviation distances. Finally, section 5
summarizes the strategic implications of our findings for enterprises and concludes.

2. Literature Review
(1) Fraction of selection or probability optimal
When Internet users facing the topics from UGC or EGC, their probability to choose which kind of
topics is probably depends on the ratio of expected return and vigorous degree. They are more
likely to choose the topic with optimal ratio and this is what we called fraction of selection or
probability optimal principle.
(2)Social Identity Theory
Henri Tajfel and John Turner put forward social identity theory in 1979 which contained three
stages to evaluate others as “us” or “them”, that is to say, they are “in-group” or “out-group”. There
are three stages of the whole process. The first stage is self-categorization which is the process to
decide which group you and “the other persons” belong to. The second stage is social identity
which indicates that a member in a group is defined as subjective perception as a member in a
specific category (Mackie, D.M, Tajfel, H., Turner, J.C1986). The final stage is social comparison
which would eventually lead to Internet users’ opinion intention.

Figure 1Social Identity theory

Individuals in different groups have formed the perceptions that “we” and “they” are quite different.
In order to gain acceptance in their own group, the individuals may perform distinctive behaviour
with “out-groups” but similar with “in-groups”. They prefer to conform to their group’s position or
more extreme than group’s opinion (Van Swol, Lyn M, 2009).
Compared with the enterprise, generally, each consumer can deem the other consumers as
“in-group” members, and the enterprise as an “out-group” member. According to social identity
theory, the online users will prone to accept UGC, and reject the EGC.
(3)Model of information propagation
Modelling the spread of topic information on social media has received considerable attention from
research. Sudbury (2004) has applied the classical epidemiological model to understand the
information propagation. One modification they make is adding temporary immunity to nodes,
which means that cured ones can be reinfected. Nguyen and Shinoda (2007) have also used the
same models with an in-depth exploration of the average number of newly infected network items.
The models they use, however, lack such a state in which nodes have accepted the information but
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they can be infected by the other opposite opinion. Zanette (2002) and Moreno (2004) have studied
the information propagation in a special network by using the mean-field method. They incorporate
the network topology into their model to make it more precise. However, they do not take into
consideration characteristics of each class of topic information in the network. They indirectly
suppose the same condition for all information by delivering the same values for parameters. As a
result, the models are unable to distinguish topic classes if diverse topic exists concurrently. In
addition, those studies do not contain an analysis of how different strategies influence the spread
trend of the information.
In our research, we aim to fill the gaps of not taking care of information topic diversity left by the
previous research. With that goal, our major work is construct a mean field equation model which
classify the information in social media into two types based on their creators to investigate the
propagation of the negative UGC topic under enterprises’ EGC topic.

3. Basic Concepts and Definitions
Social media
Social media has exploded as a category of online discourse where Internet users can generate
content, share it and book it (SitaramAaur and Bernardo.A.Huberman 2011).It includes Facebook,
Digg, Twitter and Microblog popular with Chinese people. It has become ubiquitous and important
for social networking and content sharing. And yet, the contents that are generated from these
websites range from the environment and politics to technology and the industry. To understand of
what the term “social media” exactly means, this paper describing the concept of social media
which consist with Kaplan and Haenlein (2010) as follows:
Social media is a group of Internet-based applications that build on the ideological and
technological foundations of Web 2.0, and that allow the creation and exchange of user generated
content.
User Generated Contents (UGC)
User generated contents (UGC) is also called user created contents (UCC) and some similar terms.
Until now, there is still no widely accepted definition for UGC. There are some subtle differences
among these terms. The main difference lies in three points. The first one is that professional should
be included in or excluded from “user”; the second one is that only totally new original contents can
be seen as “contents” of UGC or some other contents (such as releasing existing contents ) should
also be “contents” of UGC; the third difference involves contents sharing scale. Some scholars hold
that UGC should be published by the user in a larger scale publicly, while others think UGC can
include those shared in a selected group with a limited influence.
In this paper, we integrate some of the previous scholars and organizations opinions. “user”
means “digital common” rather than web publishers (Shim and Lee, 2009); In terms of the nature of
content, all kinds of content possibly created/modified/aggregated/published/rated/recommended by
a user have been considered (IDATE, 2007/2008). Importantly, all UGC are publicly distributed
(Oum and Han, 2011).
Enterprise Generated Contents (EGC)
Relative to UGC, EGC refers to the Internet contents produced by an enterprise officially and
publicly on social media.
Topic
Generally, a topic is defined as a seminal event or activity, along with all directly related events and
activities (TDT, 2004). Specific to this paper, we view a topic as a subject within a text (Li and
Yamanishi 2003). Zeng and Zhang (2007) give an accurate definition as follows:
A topic is a set of words and their weights pair, and these words reflect the main content of the
document. It can be denoted as T  {(v1 , p1 ),(v2 , p2 ), ,(vn , pn )} where vi is the feature word, and
the weight pi is probability value.
For UGC topic, there exists a distance between topic information and the real truth which can be
perceived by enterprises. In order to ready for the next part, we propose a new concept of deviation
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distance to describe the degree of such distance which is noted by  . According to the concept of
the topic, we present a formal expression for the deviation distance as follows:
  p1 | 1  1 |  p 2 |  2   2 |   p n |  n   n |,
where  i is the information of the feature word vi from UGC topic,  i is the real information of the
feature word vi .For the deviation distance  , enterprises usually has mental threshold  .
When 0     , they view UGC topic as a normal case. Otherwise, they consider the topic as a
risky one and will make a response to it.

4. Model
The mechanisms of opinion propagation
First, we assume that other Internet user groups don’t regard enterprises as the same type except the
enterprise’s fans on social media. This paper discusses the UGC topic propagation in four
conditions according to the difference between topic generators and topics’ positive or negative
effects on enterprises:
Case 1: The topic is initiated by Internet users and this UGC topic has a negative effect on
enterprise.
Case 2: The topic is initiated by Internet users and this UGC topic has a positive effect on
enterprise.
Case 3: The topic is initiated by enterprise, and most of the Internet users generate positive UGC
topics towards this EGC topic subsequently.
Case 4: The topic is initiated by enterprise, and most of the Internet users generate negative UGC
topics towards this EGC topic subsequently.
For case1, according to the four principles of topic propagation discussed above, the mechanisms of
topic propagation can be divided into the following four stages.
Stage I: UGC topic active stage. Abrupt enterprise disaster can frequently lead to negative eruption
of UGC topics. Under this condition, the enterprise always needs some time to investigate, take
evidences, check the original of the incidents, clear the responsibilities and scheme for the
announcement for the incidents. At the same time, according to the negativity effect, the public
often keep a highly attention on crisis event. Under the condition, if they could not receive an entire
response from the enterprise, they often decode the crisis event by themselves by means of
speculation. According to the fraction of selection or probability optimal principle, the Internet
users are more likely to accept the opinion in formation which is easier to acquire, and then spread
it. The conditions above lead the UGC action to be very active, UGC topic volume to be larger
gradually and to spread rapidly. Under this condition, the speculations of Internet users are always
harmful to enterprise. The enterprise endures great public opinion pressure.
Stage II: EGC topic issue stage. With the acquisition of the truths of the event and timely
announcements of EGC topics to the public, Internet users begin to contact with the topics
published by enterprise. While due to the first impression comes first principle, same type credit
principle and negativity effect principle, the EGC topics can seldom receive recognition in the first
instance. With the gradual spread of EGC topics, it may spur another high tide of opinion
propagation of UGC topic on the contrary.
Stage III: EGC and UGC topic confrontation stage. After the enterprise fully finds out the truths of
the event and draws up the solutions for crisis public relationship information communication, the
enterprise will use all kinds of media resources (include social media and traditional media) to
publish the crisis events’ truths and disposition results to minimize the negative effect from UGC as
quick as possible. Especially to utilize the strong information radiation effect of traditional mass
media, the enterprise can change the public opinion direction by largely increasing the quantity of
EGC in a very short time. Then, the probability of Internet users browsing EGC is raised highly.
After a period of time, EGC present all-around surge and show head-to-head situation with UGC.
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Stage IV: EGC topic dominant stage. Since the generating objects of UGC are large numbers of
autonomous and unorganized ordinary Internet users, the opinions’ consistency, actions’ persistence
and events’ objectiveness are usually very poor. While the object of EGC is enterprise, its topics are
generated by careful determination, its issue actions are fully planned, and the aim of EGC is
straightforward: eliminating the negative effect of UGC at the largest degree by persistent and
all-around EGC distribution. Therefore, with the distribution of enterprise’s persistent EGC and
under the driving of fraction of selection or probability optimal principle, more users begin prone to
accept EGC topics and consequently avoid the Internet users to make hard choice from various
different topics. Finally, EGC topics become dominant and continually transmit with small amount
of UGC topics on social media until no scrutiny.
For case 2, topic is generated by Internet users, and topic is positive to enterprise. In this situation,
the group is normally formed by Internet users involving in the discussion. But when the Internet
users who involved in this discussion group grow into a certain scale, since Internet users outside
this discussion group don’t regard the enterprise as same type, therefore this part of Internet users
are probable to generate negative opinion against UGC of the discussion group, which stimulates
Internet users outside the discussion group issue opposite topics against the internet users inside
discussion group. Because the internet users’ volume is larger than discussion group, the UGC
outside discussion group will overweigh discussion group’s UGC, which reverse positive UGC into
negative UGC. When positive UGC is reversed into negative UGC, it can be referred to case 1.
For case 3, topic is generated by the enterprise first, which means EGC emerges first and then
positive UGC topics are generated. In this condition, enterprise interacts with fans on official portal
of social media platform for specific marketing activity. As fans have high acknowledgement and
loyalty to the enterprise, they can voluntarily transform from EGC to positive UGC. But this kind of
positive UGC opinion propagation is confined within the group of fans without considering the
little influence on non-fans group. Moreover, the fans’ UGC are just responsive UGC. Therefore,
under this condition, the UGC scale is small and persistent time is short which could cause less
influence. But there is exceptional condition, such as if fans’ positive UGC opinions are detested by
non-fans, it is possible to cause non-fans group attacks fans groups which can reverse positive UGC
to negative UGC. Under this condition, topic propagation process can refer to case 2.
For case 4, topic is generated by enterprise first, but afterwards negative UGC occurs. This situation
is normally caused by inconsiderate plans of the enterprise, which causes Internet users generate
negative opinions against the enterprise’s EGC and distrust of the enterprise, which stimulate
internet users’ negative UGC eventually. This situation is just opposite to case 1.
Through the analysis of the above four cases, we can make a conclusion that in the topic
propagation process, these conditions can all be transformed to case 1 finally. This propagation
process is actually the interaction process between EGC and UGC. The enterprise eventually expect
the result to be that the EGC topic and positive UGC topics can be diffused and one of negative
UGC topic can be suppressed. Therefore, we pick up the transmission rate of UGC and EGC in the
propagation process. For these different conditions, we can entirely differentiate them by different
transmission rate. Therefore, this paper only considers case 1.
Model of topic propagation
According to the topic propagation principles of social media and based on the four stages divided
by topic propagation in condition one, we propose some model assumption before establishing the
topic propagation model.
(1) We assume that Internet user groups don’t regard enterprises as the same type except the
enterprise’s fans on social media. Based on same type credit principle, these users are prone to
accept the information from the “same type” group, being affected by the opinions of the “same
type” group and are more likely to trust the information from the “same type” group.
(2) In our study, we assume that the UGC and EGC topics refer to the same crisis event on social
media, while the topic propagation is only available to a certain social media. To keep the model
simple, external topic related with the enterprise is not concerned here.
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After that, this paper divides the users on social media into two categories. The first is the ones who
have not contacted with the relative topics, assigned with identifier A; the second is the ones who
have contacted with relative topics, assigned with identifier B. Divide the second category again
according to whether they will transmit or accept the topic. 1) Identify the users who accept UGC
topic as B1 and users who accept EGC topic as B2 and users who hold neutral attitude as B3. 2)
Identify users who both accept and transmit UGC topic as U11, the ratio to the total number is
identified as PU . Identify users who do not transmit UGC topic as U12 and users who both accept
and transmit EGC topic as E11, the ratio to the total number is identified as PE and identify users
who do not transmit EGC topic as E12. As the users of identifier A, B3, U12, E12 do not have
much influence on the topic transmission, so in order to avoid complexity to establish the model,
we unify these users as one category, which is identified as N0, and set the ratio to the total number
as P0 . In this way, we can get the classification of users in the topic propagation process as is shown
in Figure 2.

Figure 2 The users’ categories of topic propagation model

Based on the above analysis on topic propagation mechanisms, we can conclude that EGC topic and
UGC topic have different interaction rules in different topic propagation stages, which means that
topic propagation rule is time variant. Based on this, we set the topic propagation rules as follows:
1) Assume network node i and node j contact with each other. If node i is N0 user, node j is E11
user or U11 user, then i becomes E11 user by the probability 1 , or becomes U11 by the
probability  1 .
2) Assume network node i and node j contact with each other. If node i is E11 user, node j is U11
user, there are two possibilities: one is that node j is interrupted by topic information by
probability  2 to become U11 user. The other node i is impressed by enterprise topic information by
probability 2 to become E11. The detail transfer rules are shown in Figure 2.

Figure2 Different users’ transfer rules in topic propagation model
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According to time variant topic transfer rule, we construct the mean field equation model for
predict UGC topic propagation on social media:
dP0 (t )
  1  k  P0 (t ) PU (t )  1  k  P0 (t ) PE (t ),
dt
dPU (t )
  1  k  P0 (t ) PU (t )   2  k  PE (t ) PU (t )   2  k  PU (t ) PE (t ),
dt
dPE (t )
 1  k  P0 (t ) PE (t )   2  k  PU (t ) PE (t )   2  k  PE (t ) PU (t ).
dt

(1)

Among them, P0(t ), PU (t ) and PE (t ) are time variant functions, which are N0 identified user
ratio to the total number, U11 identified user ratio to the total number and E11 identified user
ratio to the total number, respectively.  k  is average degree of opinion propagation network.
Parameters i and i (i  1,2) are transfer probability between different identified users
respectively, which are used to represent whether the users of social media accept topic opinion
and transmit it. Since social media users’ behaviour is related with such factors as the stage of
topic propagation and types of topic contents etc. (Avrahami, Hudson, 2006). Therefore, we will
take those factors into the model parameters.
For constructing the transfer probability function included in the proposed model, we first define
some critical variables as follows:
(1) Percentage of opinion leaders holding UGC and EGC opinion respectively: During the
UGC topic propagation, opinion leaders mainly hold two types of opinions until the end of
OL
the stage 4. Define it as OL  U , in which OLU and OLE represent the number of
OLE
opinion leaders holding UGC and EGC respectively.
(2) The degree of topic sensitivity represents the probability to cause net-mediated public
opinion be upsurge when unexpected emergencies happen. The strong topic sensitivity will
make more users attend the UGC topic and then bring the high public opinion heat degree.
The variable is defined and scaled by TS  (1,5) .
(3) UGC topic publicity represents the degree of threat an event brings about to social value
system and the scope of individual to be affected. If topic publicity is high, then the level is
high. It can be defined by TP  (1,5) .
(4) UGC topic reliability reflects the persuasive degree and amount of information the topic
bring to the public. If the reliability level is low, it is difficult for the public to believe in the
arguments. This variable is defined by TR  (1,5) .
(5) The first time of EGC issuing refers to the interval time when enterprise firstly publishes
some relative information after the UGC has occurred. The variable directly affects the initial
value of accepting UGC topic. We take T represents the variable. Its value can be set from1
to 3, in which the smaller the value is, the more timely enterprises response to the UGC topic.
(6) Interactive frequency represents interactive amount between enterprise and Internet users via
social media. For each stage of UGC topic propagation, the interactive frequency is not static.
Through moderating the value of interactive frequency, the process of UGC topic
propagation can be changed. The variable is noted by Fr , and we divide it into low,
intermediate and high three grades which are scaled by discrete values from 1 to 3
respectively.
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(7) EGC quantity is the measure on how much information contained in EGC. It presents that
EGC can reduce the doubt of UGC topic to what extent. Therefore, the more EGC quantity is,
the more Internet users need and the shorter the propagation time of negative UGC will be.
The variable can be marked with QE .Because UGC related with enterprises often involves
three dimensions which include quality and price of products/services, and evaluation in
responding to the critical state according to Lasswell’s communication theory, the EGC
quantity QE can be measured based on three dimensions. If EGC contains some dimension,
the value of the dimension is noted by 1, otherwise 0. QE is the addition of the three
dimension.
Next, we will present some assumptions on the effects of the EGC quantity QE , the first time of
EGC issuing T and interactive frequency Fr on the transfer propagation function through the
parametric analysis.
(1) Assume that the EGC quantity QE and interactive frequency Fr are fixed constants. The
increase of the time of EGC T will lead to the decrease of the transferring propagation function
i(t ). Transferring propagation functions i(t )shows the opposite situation with this.
(2) For the EGC quantity QE and interactive frequency Fr , there are two cases which distinguish
the stages of UGC topic propagation to be considered. When it propagates in the EGC topic issue
stage and topic confrontation stage, the transfer propagation functions i(t ) increases as

QE and Fr increase. When it propagates in EGC topic dominant stage, the transferring
propagation functions i(t )decreases as QE and Fr increase. Transferring propagation functions

i(t )shows the opposite situation with this.
(3) For the coupling factor of the UGC topic TF  TS  TP  TR . Because TF -derivative is greater
than zero, the transfer propagation function i(t ) will increase as TF increases.
For a special topic, considering the four stages of UGC topic propagation we may assign the
parameters with piecewise functions: i(t ) and i(t ) (i=1,2). Thus, based on the above
assumptions, we propose the transfer probability functions of model (1) as follows:
1
1
,  2 (t ) =
1 (t ) =
,
13 ( t ) Fr QE
13 ( t ) Fr QE
11 TF 12 T 

OL
OL
1 e
1 e
0t T
1
1
1

(
t
)
=
,

(
t
)

(i  1, 2)
,
1 (t ) =

2
i
3
23 ( t ) Fr QE
 ( t ) Fr QE
21 TF 22 T  23
1
t T

OL
OL
1 e
1 e
where ij (i  1, 2, j  1, 2) are nonnegative parameters to adjust the weight of influence factors,

TF  TS  TP  TR represents the coupling factor which includes the three dimensions of influence
factors described previously, and T represents the end time of the stage 3.
In contrast to the previous studies, we have analytically presented the transfer propagation
function expressions through the EGC quantity QE , the time of EGC, Interactive
frequency Fr and the coupling factor of topic.
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In order to explaining how the decision variables affect the transferring propagation function in
the model better, we review the derivation of odd ratios. The odds are the ratio of a probability p
to one minus the probability:
1
p
1  e X
p
1
odd 
  X  e X
1 p e
Making the logarithm for the above formula, we can get that
log odd   X
The odd ratio is the ratio of odd for two different transfer propagation that differ only in the signs
of the decision variables including the EGC quantity QE , the first time of EGC issuing,
interactive frequency Fr .Therefore, the odd ratios for the probability 1 and 2 can be written
as follows:
 ( t ) Fr QE
11 TF 12 T  13
 (t )  Fr  QE
OL
odd1 = e
, log odd1 = 11  TF  12 T  13
OL
23 ( t ) Fr QE
21 TF 22 T 
 (t )  Fr  QE
OL
odd1 = e
, log odd 1 = 21  TF  22 T  23
OL
According to the odd ratio of probability above, we will analyse the relationship through the
graphical analysis by the suitable choices of parameters [See Fig 2].

Figure 2(a)the odd ratio of transfer probability function 1(t ), (b) the odd ratio of transfer
probability function 1(t )
Stability test of model
In model (1), we can notice that PE (t )  PU (t )  P0 (t )  1. Hence, the stability test of mode (1)
can be constructed only by investigating the following system:
dPU (t )
 1  k  [1  PU (t )  PE (t )]PU (t )   2  k  PE (t ) PU (t )   2 k  PU (t ) PE (t ),
dt
dPE (t )
 1  k  [1  PU (t )  PE (t )]PE (t )   2  k  PU (t ) PE (t )   2 k  PE (t ) PU (t ).
dt

(2)

Solving the following equations
0   PU (t )  kPE (t )  1
(3)

 0  lPU (t )   PE (t )  1
where   1  2 ,    2  1 , l  1   2 , k  2  1 , the equilibrium point is calculated out:
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 k   1
( PU (t0 ), PE (t0 ))   1
   kl

l1  1 
  kl 
  k 
It is obvious that the coefficient matrix of equation (3) is A  
 . Based on the method
 l  
of
testing
the
equilibrium
point
stability,
we
can
obtain
that
 k
p  (a11  a22 )      2   2  0 , q 
   kl . So when the following condition
l 
is satisfied
  kl ,
the equilibrium point ( PU (t0 ), PE (t0 )) is stationary. That is to say, the percentage of accepting
UGC and EGC will near to a finite value after a long time to fully, respectively.

Figure 3 path diagram between PU (t ) and PE (t )

Through model (2) and the stability test of model, we can illustrate several phenomena as
follows.
(i) Condition   kl indicates that the propagation of the negative UGC topic will remain in a
stable state after enough time goes.

5. Experimental analysis
The mechanisms of opinion propagation
This section will verify the applicability of the proposed model of the UGC topic propagation in
this paper by selecting the "VANCL" event in July 2010 as our empirical study. In July 2010,
VANCL produced a series of advertisements intending to banter mainstream culture and
highlighting the brand's self-personality image. However, the unusual advertisement drew a lot
of attention from the crowd, which appeared a large number of spoof "VANCL" posts on the
Internet which imitated the terms and sentences in VANCL’s advertisement, resulting in a
massive UGC storm. The event is similar with the first type of UGC topic propagation. We select
our sample by focusing on a set where the network boundary is predefined by focusing on an
UGC interest group related with VANCL in SinaWeibo. Therefore, the interest group itself
forms the network boundary. Our sample group is drawn from VANCL topic which is truly
representative of the social interactions at work within SinaWeibo.
We employ a panel of data consisting of user information and UGC information collected from
SinaWeibo over a period of two months (July 2010-August 2010). Our sample focuses on the
UGC concerning VANCL. There are 4637 Internet users participating in the discussion, and
created 30 UGC topics. The data is collected for 10 observation points in time, each 5 days
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apart. At each observation point, the information on each UGC and each user within the network
were gathered by taking screen shots. For each user, we collected the data based on the complete
list including user name, number of fans, number of attention and number of UGC, which are
tracked repeatedly over time as multiple events. Because this data collection was repeated, we
can get snapshots of network structure over time.
Considering the consistency with the variables in the topic propagation rules, we can estimate
these parameters by using the above function forms.
According to the data analysis, we get the values of parameters in the model. Simulatingthetopic
propagation model with the above parameter values by using Matlab and comparing the
propagation trend generated by simulation to the trend generated from real data, we can see that
the model can basically describe the real propagation trend, as shown in Figure 3.

Figure3 Simulation and the real topic propagation trends

6. Parameter analysis of model
In this section, we will do a further parameter analysis of our proposed model to detect the key
factors affecting the propagation of UGC topic.
For this purpose, a pair of indicators is introduced to measure the spread effect of UGC topic.
The two are the peak values max( PU (t )) and max( PE (t )) of PU (t ) and PE (t ) representing the
maximum ratio of the disseminator ever appeared in the whole spread process of topic,
respectively. To some extent, these two indicators reflect the maximum disseminating coverage
of the UGC topic.
6.1 Parameter analysis on the first time of EGC issuing T

Figure 4The effect of T on the topic propagation from UGC and related EGC

According to the definition of the time of EGC T , increasing the parameter value can accelerate
the UGC topic propagation on social media. In order to verify the impact of the time of EGC on
topic propagation trend, we perform a simulation by keeping all other parameters unchanged,
and analyze the propagation trends of the opinion information from UGC and related EGC topic.
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As is shown in Figure 4, when the value T increases, the spread speed of UGC opinion
information become faster and the EGC topic information is significantly suppressed in the EGC
issue stage. That is because the enterprise usually does not pay much more attention on the UGC
topic information, and does not take any timely action to deal with it, making the users more
likely to accept the opinion from which are similar to their owns. As the time of EGC becomes
shorter, the peak value max( PU (t )) becomes smaller because more and more users accept and
spread EGC opinion information.
6.2 Parameter analysis on EGC quantity QE
EGC quantity is the measure on how much information contained in EGC. It presents that EGC
can reduce the doubt of UGC topic to what extent. It is the parameter that can reduce the doubt
of users who browse UGC topic and make them spread EGC opinion. The smaller QE is, the
greater impact UGC topic spreads and the faster spread speed in the network. In order to verify
the impact of the EGC quantity QE on topic propagation trend, we perform a simulation to
investigate the propagation trends of the topic by choosing different QE values.
As it is shown in Figure5, as the value QE increases in the EGC issue stage, the initial acceptance
of UGC opinion may reversely accept EGC opinion. At this time, the spread speed of the
UGC opinion will become very slow, and the coverage of UGC will be smaller, which means a
smaller max( PU (t )) . In that way, most users will selectively accept the EGC topic, making
the percentage of the E11 users in the network increase. Finally, the EGC topic information will
be at a dominated place, which means a larger final ( PE (t )) .

Figure 5The effect of QE on the topic propagation from UGC and related EGC

6.3 Parameter analysis on interactive frequency Fr
For interactive frequency Fr . As it is shown in Figure 6, UGC topic is at a dominant place
firstly .While as time goes, the volumes of the EGC topic information exceed the UGC
information regardless of the value of interactive frequency. However, it is apparent that
final ( PU (t )) is usually very high when value of Fr increases. Perhaps, most costumers are
satisfied with EGC opinion information and accept the EGC opinion at the first few stages. As
time goes on, the UGC and EGC topics are both controlled to a steady status and transition
probability of users will not change again. However, if enterprise still constructs interactions
frequently, it can lead the users to generate new UGC topics which make the transfer probability
increased in the model easily. It is because excessive information can cause Internet users
generate excessive or negative mentality and behavior response (Vasterman 2005). And then,
they will turn to prefer accepting UGC topic from the “similar”.
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Figure 6The effect of Fr on the topic propagation from UGC and related EGC
Based on the above parameter analysis, we make a sensitivity analysis on T , QE and Fr , and
investigate the influence on UGC topic propagation resulting from each parameter occurring
perturbation. Through the sensitivity analysis, we can conclude that the effect of the signal factor
on UGC topic propagation as shown in Table 1 in which the first time of EGC issuing is the most
key factor for enterprises to deal with UGC topic.
Table 1 results of sensitivity analysis
Double T

Double QE

Double Fr

Reduce by 30%
Reduce by 26.31%
max( PU (t )) Increase by 69.77%
6.4 Multiple factors analysis
In this section, we make the next step analysis on the ranking relationship between multiple
factors which include the time of EGC, EGC quality and interactive frequency since they are
taken as decision variables.
First, we present the strategy forms which enterprises can take. Based on the four stages of the
negative UGC topic, we describe the strategy by S  {S1 , S2 , S3 , S4 } , in which Si (i  1, 2,3, 4) is a
three-dimensional vector on the decision variables, i.e., the first time of EGC issuing, EGC
quantity and interactive frequency. That is to say, Si  (Ti , QEi , Fri ) . By choosing different
values of the three variables in the four stages, the different strategy can be shown. The detail of
the strategy is given as follows.
In the UGC topic active stage, enterprises need to listen to the voice from UGC topic and
investigate the real truth of opinion events rather than immediately deny users’ negative reviews.
Hence, we set S1  (0,0,0) as the strategy of the first stage.
Considering the first time of EGC issuing as the most important factor affecting the UGC topic
propagation, T is set as 1 representing enterprises for the first time to release information in
response to UGC after understanding the actual situation in The EGC topic issue stage. In order
to avoid the effect of T , we take the strategy for the first time of EGC issuing as (0,1,0,0) in
the simulation process.
According to the definition of the EGC quality and rule management of UGC, some enterprises
response to all dimensions of UGC topic once only, and others answer to the each dimension one
by one. Therefore, in order to simulate the topic propagation trends simply, we take three in the
second stage and zero in the other stages or one for the later three stages.
For interactive frequency, some people argues that it is optimal for keeping high interactive
frequency while the excessive information generated by interactions can cause Internet users
generate excessive or negative mentality and behavior response (Vasterman2005).Based on the
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two situations, we set medium degree of interactive frequency in the three stages and decreased
values from the EGC topic issue stage to the EGC dominant stage, respectively.
Therefore, in our paper, we list the strategies for enterprises as follows:
Strategy S

T
The UGC topic
active stage
The EGC topic issue
stage
The EGC and UGC
topic confrontation
stage
The EGC dominant
stage

Fr

QE
0

0

0

1

3

1

2

3

0

0

1

2

2

0

0

1

2

1

After that, we will make multiple factors analysis to find the optimal strategy from Label 1 for
controlling the negative UGC topic with deviation distance, respectively. Before simulation for
the model (1), we assume that the following cases.
Case 1: For the negative UGC topic with the deviation distance 0    
Based on the model (1) and adjusting the parameters T , QE and Fr to match the strategy in Tabel X,
we will obtain the optimal strategy for dealing with the negative UGC topic with the deviation
distance 0     .
Via the simulation using matlab, we show its propagation trend in Figure 7. Compared with the
four curves, we can find that:
Whatever the interactive frequency chooses, the optimal strategy for the EGC quantity is
(0,1,1,1). And then, through observing the dot curves between Figure 7(a) and 7(b), it is obvious
that the negative UGC topic is controlled eventually in Figure 7(a). So the optimal strategy for
the interactive frequency is (0,2,2,2). Hence, the best strategy for the negative with deviation
distance 0     is that S1=(0,0,0) the first stage, S2=(1,1,2) in the second stage and
S3=S4=(0,1,2) in the later two stages.

Figure 7 the effect of multiple factors on the UGC topic propagation with the deviation distance 0    
-.- the group of the EGC quantity is (1,1,1);-*- the group of the EGC quantity is (3,0,0)

Case 2: For the negative UGC topic with the deviation distance   
In this part, we simulate to investigate the results of strategies in Table X for the negative UGC
topic with the deviation distance    . The detail process is similar with case 1.
Its propagation trend via the simulation is presented in Figure 8. Fig. 8(a) shows that how the
strategies in which the interactive frequency is fixed for (0,2,2,2) effect the negative UGC topic
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propagation by adjusting the values of the EGC quantity while Fig.8(b) shows the propagation
trends under the condition the interactive frequency is fixed for (0,3,2,1). Through comparing the
figures, For EGC quantity, the best strategy is (0,3,0,0) which means to disclose the complete
EGC information from the three dimensions in the EGC issue stage. Furthermore, we can see
that choosing the values of the interactive frequency for (0,2,02,2) will make the negative topic
remain in a lower level. Hence, the best strategy for the negative with deviation distance    is
thatS1=(0,0,0).in the first stage, S2=(1,3,2) in the second stage and S3=S4=(0,0,2) in the later two
stages.

Figure 8 the effect of multiple factors on the UGC topic propagation with the deviation distance   
-.- the group of the EGC quantity is (1,1,1);-*- the group of the EGC quantity is (3,0,0)

In conclusion, we can obtain some results through the above parameter analysis.
1) For the negative UGC topic, regardless of the deviation distance, the first time of EGC issuing
is the most important for the UGC topic propagation, then UGC quality, then interactive
frequency. That is consistent with the users’ need when facing the negative UGC information.
They pay more attention to negative information than positive one and urge to know the response
from the enterprise (Homer, Yoon, 1992).
2) For the negative UGC topic with deviation distance 0     , the propagation of the UGC
topic can be efficiently controlled by increasing the EGC quality step by step. As the EGC
information increases, it can reduce the number of UGC opinion in turn to reduce the
probability i (i  1,2) which represent the transfers from users to UGC disseminators.
Meanwhile, this strategy can increase the probability i which represents the transfers from
users to EGC disseminators via the high interactive frequency.
3) For the negative UGC topic with deviation distance    , the propagation of the UGC topic
can be efficiently controlled by publishing the whole information from the three dimensions of
the EGC quality. Perhaps such deviation distance of negative UGC is because of enterprises’
products or service defects, it is better for responsible enterprises to response all review contents
at very first time. Otherwise, it will fight with hopeless odds eventually. Once the real truth
revealed, it will burst into violent negative UGC immediately which makes i increase rapidly.
Finally, even if the enterprise increases interactive frequency Fr to suppress negative impact
from UGC, the UGC topic propagation will still spread towards the even worse direction for the
enterprise.

7. Management Strategies of Enterprises for UGC
In general, in the environment of Web2.0, social media makes everyone to be information
distributor and disseminator. Objective normal UGC public opinion expression and deliberately
planned UGC public opinion control exist at the same time, enterprise management’s boundary
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enlarged greatly, the complexity and the risk of enterprise management both increases greatly.
Therefore, enterprise should release EGC more actively and get adept at making use of social
media, listening to voice of Internet users in order to realize bilateral communication with them.
This can attract more Internet users to take part in the discussion of EGC topic information,
which can realize to restrain transmission of negative UGC topic with deviation distance   
and guide the negative UGC topic with deviation distance 0     to propagate rationally,
thereby avoiding blind conformity effect. Its function mechanism is that adjusting the first time
of EGC issuing, EGC quality and interactive frequency properly can increase the number of
users in topic information propagation network, which are more likely to increase the probability
of transforming the users who might accept negative UGC topic information into EGC topic
information disseminators. Furthermore, the spread of negative UGC topic information will be
under control and the EGC topic information transmission is barely disturbed. In conclusion,
such method can realize the purpose of controlling negative UGC topic transmission.
From the perspective of whole life cycle management of the negative UGC propagation, we give
the following suggestions for enterprises to manage it.
①In UGC topic active stage, enterprise should identify key nodes in UGC topic information
transmission process, communicate and interact with these key nodes, determine the type and
degree of Internet users’ demand of information. As UGC topic information can realize rapid and
large coverage range during active stage already, it is essential to monitor topic information in
this stage. Since Internet users are urge to acquire the fact of information, while enterprise has
not issue EGC topic information, it is more likely for Internet users to transfer to the users with
U11 identifier who are UGC topic information disseminator. Therefore, in this stage, enterprise
should try its best to increase Interactive frequency Fr to reduce active stage time and lower
UGC topic coverage area max ( PU (t )) .
②In EGC topic information issue and confrontation stage. On one hand, enterprise should
communicate and interact with key nodes and release EGC topic information specifically. It can
effectively control the spread of UGC topic by the key nodes who are EGC opinion information
disseminator. On the other hand, utilizing public figures with social influence or Internet opinion
leaders to disseminate EGC topic to dilute the influence of negative UGC topic and spread EGC
opinion information. Its mechanism is that they usually have large number of fans. Once they
accept EGC opinion information, they can utilize their influence among their fans to spread it
rapidly and form specific scale. The strategies of the enterprise during these two stages
isessentially to increase the transfer probability i in topic propagation model. Increasing 1 can
make more users take part in the spread of EGC topic, while increasing 2 is beneficial for
shortening the spread time of UGC topic..
③In EGC topic dominant stage, enterprise should try it best to reduce the distribution of EGC
topic. At this time, the UGC and EGC topics are both controlled to a steady status and transition
probability of users will not change again. If enterprise still keep stronger interactive frequency,
it can lead the users to generate new UGC topics which makes the transfer
probability  2 increased in the model easily. It is because excessive information can cause
Internet users generate excessive or negative mentality and behavior response (Vasterman2005).

8. Conclusions
The research on UGC topic is of great importance for enterprises. Previous approaches focus
only on UGC itself while the enterprises’ participation and opinion are ignored. In our paper, we
take Enterprise Generated Contents into account and propose a mean field equation model to
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predict the UGC topic propagation under enterprises’ participation. In this paper, we conducted a
model-driven topic propagation prediction of UGC which took the enterprises generated content
into consideration. Our paper constructs the basic UGC topic propagation model to predict online
UGC topic propagation under both enterprises’ actions and online user’s behaviour.
Our approach first introduced some basic concepts and described mechanism of topic
propagation, and then proposed the mean field model for predicting UGC topic propagation. In
order to evaluate the performance of our model, we compared experimental results with the real
data collected from SinaWeibo in China. The empirical results showed the proposed model
provides a better representation in predicting topic propagation. Finally, parameter analysis was
done to investigate how parameters affect the UGC topic propagation and to evaluate the current
enterprise interference strategies in China.
These results are relevant to the UGC diffusion in social media. We hope that the on-line topic
propagation principle–driven model and parametric analysis in this paper be of certain value for
further research on UGC topic propagation. Meanwhile, from the application point of view,
enterprises can forecast UGC opinion propagation trend earlier by using our proposed model
than the previous ones. By using the opinion propagation model provided in our paper and
collecting data from a real Chinese case, we hope to put forward some helpful suggestion for
enterprises to deal with UGC topics.
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Abstract
Online communities have become an important knowledge source where people look for problem
solutions and share knowledge. In this study we aim to understand knowledge sharing and
diffusion patterns in online discussion activities. We propose to model online discussions as post
trees and user graphs. Using two real online communities, we examine six structural metrics for
threads with solutions, helpful threads, and not-helpful threads. Experiments show that
knowledge diffusion networks in helpful threads and threads with solutions had significantly
different structural properties compared to those not-helpful threads.
Keywords: online community, knowledge sharing, knowledge diffusion, network analysis

1. Introduction
With the widely available network access, Internet based online virtual communities have
become a popular and effective knowledge seeking and sharing platform in recent years. An
online community is an instantiation of an electronic network of practice that consists of a large,
loosely knit, collection of geographically distributed individuals engaged in a shared practice
through computer-mediated communication (Wasko et al. 2005). Several studies show that
online communities have become a popular external knowledge source for organizations because
of increasing knowledge demands and limited availability of expertise and knowledge within the
knowledge repository of their own organizations (Constant et al. 1996; Wasko et al. 2005; Zhang
et al. 2003). Besides organizations and companies, individuals also use online communities to
seek knowledge and solve problems. For example, end-users of products and services often use
online communities to share their experiences and learn from each other (Lee et al. 2006). Over
time successful online communities have accumulated a large knowledge repository and a large
user base. It is important to adequately understand how to leverage and share knowledge in an
online community to maximize the value of its resources.
Understanding knowledge sharing and diffusion is an important topic in knowledge management
research. A large number of related works looked at this problem in organizational settings (Tsai
2002). With the popularity of online knowledge communities (OKC), recent studies employ both
theoretical and empirical analysis of knowledge sharing in virtual environment. For example,
Chiu et al. integrated the social cognitive theory and social capital theory to investigate users’
motivation for sharing knowledge online (Chiu et al. 2006). Adamic et al. practiced several
techniques to understand the knowledge sharing activates in different categories of Yahoo!
Answers (Adamic et al. 2008).
In this study we aim to understand knowledge sharing and diffusion in online discussion
activities. Specifically, we will investigate knowledge diffusion patterns that lead to helpful
discussions or problem solutions. Knowledge sharing activities take place in the form of
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question-answering in online communities. Typically, a question-answering thread in an online
community begins with a question posting followed by one or more reply postings made by
those who try to provide or facilitate an answer. A discussion may lead to one of three possible
outcomes: a satisfactory solution is obtained, helpful information is obtained but not an actual
solution, or the discussion becomes futile.
The contribution of this research is three-fold. First, online community practitioners will benefit
from this research by promoting communication patterns leading to effective knowledge sharing
experiences. Second, our findings can help online community users focus on those productive
threads when they seek knowledge or share their own knowledge with others. Lastly, our
research will improve our understanding of effective knowledge sharing processes in online
communities and call forth more research that focuses on those processes.

2. Knowledge Diffusion in Online Communities: A Thread-Level Study
A discussion thread can be considered as a knowledge diffusion process where knowledge flows
exist among its participants. The diffusion network of each thread can be created based on its
posts, authors of posts, and reply relationships between the posts. In most online communities,
the posts of a thread are displayed chronologically, from oldest to latest, as shown in Figure 1.a.
Using information about which post is a reply to which, a tree-like view (we call it a post tree) of
each thread can be depicted as illustrated in Figure 1.b. Since a thread may have multiple
dialogues of problem solving in parallel, each path of a post tree represents how one dialogue
starts, progresses, and ends. This view shows how information and knowledge flow from one
post to another. Furthermore, with post authorship, we can generate a directed graph, called a
user graph, which indicates knowledge diffusion among thread participants. The formal
definitions of a post tree and a user graph are given below.
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Figure 1. The original discussion threads (a), a post tree (b), and a user graph (c)
(Squares denote posts. Circles denote authors. Arrow lines represent reply
relationships between two posts or authors.)
2.1 Mathematic Notations
We now define a post tree and a user graph in mathematics terms. A post tree is a directed graph
with no cycles. A tree node set
consists of posts in a thread. The root node of the
tree
denotes the question post or the starting post. A tree edge set
represents reply
relationship between thread posts. A directed edge
indicates that the post u replies to
the post v. We refer a path of edges from the root to a leaf node as a dialogue of a thread. In a
in a directed graph
. Edges in this
user graph, each user corresponds to a node
graph
stand for knowledge flows between participating users in the thread. The edge of
a user graph can be weighted using the number of posts that user ui replies to uj, nij. The weight
indicates the strength of knowledge diffusion along the direction of an edge.
2.2 The Structural Metrics of Knowledge Diffusion Networks
In this study we are interested in finding the structural patterns of knowledge diffusion networks
leading to efffective discussions. We considered six commonly used network structural metrics
derived from post trees and user graphs. Metrics such as depth, width, h-index, and dialogue
length are calculated using post trees while reciprocity and cluster coefficient are determined
using user graphs. We briefly introduce the 6 metrics as follows.
Depth and Width: Given a post tree T, its depth is the length of its path from its root to the
deepest node of the tree. Its width is simply defined as the number of branches (i.e., degree) that
T’s root node has. For example, the depth and width of the post tree in Figure 1.b are both 3.
H-index: To overcome the bias of post quantity, Gomez et al. proposed a modified version of
h-index to measure the controversy of a thread discussion (Gómez et al. 2008). The h-index was
originally invented to measure the scientific contribution of a researcher based on his/her
publication quantity and the number of citations each publication received. The h-index of a
discussion thread is defined similarly: given the post tree of a thread, the h-index value h is its
maximum depth h that has at least i > h replies.
Dialogue Length: This is a heuristic-based measure. We assume that a thread would be more
likely to find a solution if the question poster and replying posters have a long conservation
between them. Therefore, we define a dialogue as a series of continuous replies between a
knowledge seeker and a sharer. The dialogue length is the number of replies.
Reciprocity: Reciprocity measures the tendency to form a mutual connection between vertex
pairs in a directed network (Wasserman et al. 1994). In other words, it defines how often
bi-directional links occur between any two nodes. Traditionally, the reciprocity r is defined as
the ratio of the number of bi-directional edges
to the total number of edges L in a directional
network (Wasserman et al. 1994).
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When r=1, we have a fully connected network with all connections bidirectional. When r=0, we
have a network where bi-directional links do not exist. Because of some conceptual problems of
r, Garlaschelli and Loffredo (2004) defined a reciprocity coefficient
as the correlation
coefficient between the entries of the adjacency matrix of a directed graph,

where aij=1 if a link from i to j that exits. Both reciprocity measures are used in this study.
Cluster Coefficient: The local cluster coefficient of a vertex in a graph measures how well its
neighbors are connected to be a clique, in which all vertices are connected. Consider a graph G
with vertices i=1,…,N . Let ki be the number of neighbors that vertex i has and ni be the number
of edges between its neighbors. The local cluster coefficient for vertex i is defined as

The global cluster coefficient for the whole graph is calculated as the average of the local cluster
coefficients of all N vertices (Watts et al. 1998),
.

3. An Empirical Study
3.1 Data Collection
In this exploratory study we focused on two popular online community domains where
knowledge sharing is important and convenient: customer support in consumer electronics and
programming development support. We chose the Apple Discussions community as a
representative community for the former domain and the Sun Developers Forums (now known as
the Oracle Technology Network Community) for the latter domain. To limit the scope of our
study, we focused on the most popular sub-forum from each of the two communities.
Specifically, we crawled 49,343 online discussion threads from the iPhone sub-forum in the
Apple Support Community as of April 6, 2010 and 70,488 threads from the Java programming
sub-forum in the Sun’s Forums as of June 6, 2009. We removed 6,702 and 6,979 threads without
any reply from the iPhone and Java data sets, respectively. Table 1 shows the total number of
threads with at least one reply and the number of threads with different user feedback labels in
each data set. In order to produce a balanced data set with different user feedback labels, we
randomly selected 500 discussion threads labeled as “solved” and 500 threads labeled as
“helpful” from each data set. For comparison purposes, we also need to include those ineffective
discussion threads that failed to produce helpful knowledge. There are a large number of
discussion threads without any user feedback. However, a thread without user feedback may still
possibly contain helpful information or even solutions. From each data set, we randomly selected
unlabeled discussion threads without replacement and asked two Computer Science graduate
students to manually examine whether they contained solutions or helpful information. For each
community we identified 1,017 threads that both experts agreed upon not containing helpful
information. We then randomly selected 500 “not-helpful” threads and included them in our data
set. In summary, each of our data sets has 500 “solved” discussion threads, 500 “helpful” threads,
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and 500 “not-helpful” threads. Table 2 shows some basic statistics for the three types of threads.
We can observe that discussions that contained solutions and helpful information have more
posts and participants than not-helpful discussions.
Table 1. Real online community data sets
Community

# of threads
with replies

# of “solved”
threads

# of “helpful” # of threads without
threads
user feedback

iPhone

42,641

12,453 (29.2%)

1,140 (2.7%)

29,048 (68.1%)

Java Programming

63,509

5,777 (9.1%)

1,260 (2.0%)

56,472 (88.9%)

Table 2. Statistics of selected threads by the thread type
“Solved” threads
“Helpful” threads
Community
Avg.
Avg.
Avg.
Avg.
Post #
User #
Post #
User #
iPhone
6.37
4.03
6.54
4.04
Java Programming
7.38
3.64
7.92
3.87

“Not-helpful” threads
Avg.
Avg.
Post #
User #
3.91
2.99
4.69
2.95

3.2 Network Metrics
For each data set, we first computed the proposed structural metrics for the post tree and user
graph generated using each of the 1,500 selected discussion threads. Discussion threads were
grouped by the user feedback label (e.g., solved, helpful, and not-helpful) and the number of
posts. Groups with fewer than 10 threads were dropped because they do not have enough data
points to estimate accurate means. We then calculated the mean values of the above metrics for
threads in each group. Lastly, we compared the mean metrics values across groups and examined
if different structural patterns existed in threads with different helpfulness labels.
3.3 Experimental Result
Due to space limitation, we cannot report the mean metrics values in different groups of threads.
Table 3 shows the comparison of the 6 structural metrics across three thread types along with the
p-values of the pairwise comparison t-tests. The significance level α=0.05 was used to determine
the statistical significance. All structural metrics except h-index showed significant differences
when comparing solved and helpful threads to not-helpful threads. The differences in the metrics
between solved and helpful threads were statistically insignificant on the Java dataset. For the
same comparisons on the iPhone data set, only the dialogue, reciprocity and cluster coefficient
metrics had significant p-values. Therefore, there is no conclusive evidence that these structural
metrics can sufficiently distinguish threads with solutions from those with helpful information.
Table 3. The t-tests on structure metrics for different thread helpfulness (significant
p-values are highlighted in bold)
Metrics
Depth
Width

Solved vs.
Not-helpful

Apple
Helpful vs.
Not-helpful

Solved vs.
Helpful

Solved vs.
Not-helpful

Sun
Helpful vs.
Not-helpful

Solved vs.
Helpful

sign

p-value

sign

p-value

sign

p-value

sign

p-value

sign

p-value

sign p-value

>
<

0.031
0.035

>
<

0.017
0.010

n/a
n/a

0.229
0.119

>
<

0.016
0.032

>
<

0.006
0.014

n/a 0.389
n/a 0.677
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h-index
Dialogue

n/a
>

0.230
0.009

n/a
>

0.147
0.003

n/a
<

0.878
0.020

n/a
>

0.915
0.003

n/a
>

0.812
0.002

n/a 0.864
n/a 0.641

Recip Ratio
Recip Coef.
Cluster Coef.

>
>
>

0.006
0.012
0.025

>
>
>

0.001
0.003
0.003

<
<
<

0.027
0.042
0.037

>
>
>

0.003
0.005
0.021

>
>
>

0.003
0.026
0.041

n/a 0.773
n/a 0.659
n/a 0.370

4. Conclusions
In this research we studied online knowledge-seeking discussions as knowledge diffusion
processes using real online community data. Experiments showed that knowledge diffusion
networks in those threads generating helpful discussions had significantly different structural
properties compared to those not helpful discussion threads. Although those structural properties
were not sufficient to distinguish threads with solutions from threads with helpful information
only, our findings did shed some lights about online community participants and their
interactions in online discussions. Our future plan is to examine the communication patterns of
effective online discussions and identify frequent patterns associated with them. Online
community practitioners can design mechanisms to encourage those patterns and improve the
effectiveness of online discussions. Those users who seek solutions to their problems can also
use those patterns to search for those discussions that are more likely to contain helpful
information, even if user feedback does not exist.
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Abstract
Individual recommender systems have seen great success as much of the research on
typical recommender systems focus on making recommendations to individuals,
however, group recommender systems are lack of corresponding progress. Recently
an increasing number of researchers have begun to study the new issues related to
group recommendation. This paper revise state of the art approaches to group
recommendation, focusing on dealing with social factors in group recommender
systems from the perspective of emotional contagion. The novelty of this paper lies in
describing a computational model designed for emotional contagion in group
recommender systems, integrating the influence of personality, interpersonal
relationships and power differences. The experimental results show that the proposed
methodology can provide high accuracy and satisfactory group recommendations.
Keywords: Group recommender system, Social factors, Emotional contagion,
Personality, Interpersonal relationship, Power difference

1. Introduction
Recommender systems are techniques that suggest a carefully selected set of
items to people, aiming to satisfy people’s preferences. While much of the research on
typical recommender systems focus on making recommendations to individuals
(Salamó, et al., 2012), many daily activities involve groups. Group recommender
system is expected to make suggestions that reflect the preferences of the group as a
whole. Among all of the differences between individual recommender systems and
group recommender systems, one of the most significant differences is emotional
contagion (Masthoff, 2011). Besides, personality, interpersonal relationships and
power differences also amplify the differences.
Quijano-Sanchez et al. have provided some insight through their research on
group recommendations, taking personality and interrelationship into consideration
(Quijano-Sanchez, et al., 2010), Other researchers have tried to take factors like
opinion leadership into consideration (Chen, et al., 2008; Lin, et al., 2011). Kimura et
al. studied the influence of different interpersonal relationships on the process of
emotional contagion (Kimura et al., 2008). Pereira et al. have tried to build a generic
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emotional contagion computational model, taking into account factors like
interpersonal relationship and personality (Pereira, et al. 2011).
The novelty of this paper lies in describing a computational model designed for
emotional contagion in group recommender systems, integrating the influence of
personality, interpersonal relationships and power differences.

2. Proposed methodology
2.1 Problem description
T

Let 𝐺 = 𝑈1 𝑈2 𝑈3 ⋯ 𝑈𝑞 be all the group members in the group being studied
and 𝐼 = 𝐼1 𝐼2 𝐼3 ⋯ 𝐼𝑛 T denote all the potential recommended items. Let 𝑅𝑗 ,𝑖𝑥
denote the rating for item 𝑖𝑥 given by the 𝑗 𝑡ℎ member in the group. 𝑅𝑗 is the averaged
rating of the 𝑗 𝑡ℎ member in the group. Let 𝑤𝑗 ,𝑖𝑥 denote the weight of the 𝑗 𝑡ℎ member’s
rating for the item 𝑖𝑥 . For the sake of simplicity, this paper assumes that users in the
group have rated items individually, leaving the data sparsely problem alone. In this
way, we can focus on the influence of all the factors mentioned above.
2.2 Solution framework
Following the description above, we can have a matrix about ratings given by
every group member, which is described as
𝑅1,𝑖1 𝑅1,𝑖2 𝑅1,𝑖3 ⋯ 𝑅1,𝑖𝑛
𝑅1
𝑅
𝑅2
2,𝑖1 𝑅2,𝑖2 𝑅2,𝑖3 ⋯ 𝑅2,𝑖𝑛
𝑅 = 𝑅3 = 𝑅3,𝑖1 𝑅3,𝑖2 𝑅3,𝑖3 ⋯𝑅3,𝑖𝑛
⋮
⋮
⋮
⋮ ⋮ ⋮
𝑅𝑞
𝑅𝑞,𝑖1 𝑅𝑞,𝑖2 𝑅𝑞,𝑖3 ⋯𝑅𝑞,𝑖𝑛

(1)

Ratings given by the group as a whole are expressed as
𝑅𝐺 = 𝑅𝐺,𝑖1 𝑅𝐺,𝑖2 𝑅𝐺,𝑖3 ⋯ 𝑅𝐺,𝑖𝑛

T

(2)

As assumed by our methodology, we will use the ratings correlation between
individuals and the group to define the initial satisfaction of group members. To
measure the correlation the Pearson’s correlation is applied, which is given by
𝐶𝐺,𝑗 =

𝑛
𝑥=1
𝑛
𝑥=1

𝑅𝑗 ,𝑖𝑥 − 𝑅𝑗

𝑅𝑗 ,𝑖𝑥 − 𝑅𝑗

2

𝑅𝐺,𝑖𝑥 − 𝑅𝐺
𝑛
𝑥=1

𝑅𝐺,𝑖𝑥 − 𝑅𝐺

𝐶 = 𝐶𝐺,1 𝐶𝐺,2 𝐶𝐺,3 ⋯ 𝐶𝐺,𝑞

(3)

2

T

(4)

Then the initial satisfaction value of group members can be showed as
𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆1 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆2 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆3 ⋯ 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆𝑞

T

=

1+𝐶
2

(5)

To determine a user’s personality, we can have each user take the ThomasKilmann Conflict Mode Instrument (TKI) (Thomas, 1974). By analyzing the results
of TKI test, group members’ personality value can be computed, which ranges from 0
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to 1. Then group members’ personality can be expressed as
𝑃 = 𝑃1 𝑃2 𝑃3 ⋯ 𝑃𝑞

T

(6)

To measure the relationship between group members, we use two different but
complementary criteria: the intimacy of relationship between group members that
exist objectively and the similarity between users’ ratings for items.
To figure out the intimacy of relationship between group members in the group,
the existing information available for group members in the popular social networks
in China like Sina Microblog (http://weibo.com/) makes a critical difference, with
taking into consideration factors like the number of common friends and common
interests. The value of each factor ranges from 0 to 1; 0 means they are totally
unfamiliar, 1 reflects they are quite familiar with each other. Finally the intimacy of
relationship between group members can be shown as
𝐼1,1 𝐼1,2 𝐼1,3 ⋯ 𝐼1,𝑞
𝐼1
𝐼2,1 𝐼2,2 𝐼2,3 ⋯𝐼2,𝑞
𝐼2
𝐼𝑛𝑡𝑖𝑚𝑎𝑐𝑦 = 𝐼3 = 𝐼3,1 𝐼3,2 𝐼3,3 ⋯𝐼3,𝑞
⋮
⋮ ⋮ ⋮ ⋮ ⋮
𝐼𝑞
𝐼𝑞,1 𝐼𝑞 ,2 𝐼𝑞 ,3 ⋯𝐼𝑞,𝑞

(7)

Where Ij,k denotes the degree of intimacy between the 𝑗 𝑡ℎ member and the 𝑘 𝑡ℎ
member.
The second criterion that measures the similarity between users’ ratings will also
make a difference. To measure the similarity, the Pearson’s correlation can be applied.
𝑆𝐼𝑀𝑗𝑘 ∶= 𝑆𝐼𝑀 𝑈𝑗 , 𝑈𝑘 =

𝑛
𝑥 =1
𝑛
𝑥=1

𝑅𝑗 ,𝑖𝑥 − 𝑅𝑗

𝑅𝑗 ,𝑖𝑥 − 𝑅𝑗

2

𝑅𝑘,𝑖𝑥 − 𝑅𝑘
𝑛
𝑥=1

𝑅𝑘,𝑖𝑥 − 𝑅𝑘

𝑆𝐼𝑀1,1 𝑆𝐼𝑀1,2 𝑆𝐼𝑀1,3 ⋯ 𝑆𝐼𝑀1,𝑞
𝑆𝐼𝑀1
𝑆𝐼𝑀2,1 𝑆𝐼𝑀2,2 𝑆𝐼𝑀2,3 ⋯𝑆𝐼𝑀2,𝑞
𝑆𝐼𝑀2
𝑆𝐼𝑀 = 𝑆𝐼𝑀3 = 𝑆𝐼𝑀3,1 𝑆𝐼𝑀3,2 𝑆𝐼𝑀3,3 ⋯𝑆𝐼𝑀3,𝑞
⋮
⋮
⋮
⋮ ⋮
⋮
𝑆𝐼𝑀𝑞
𝑆𝐼𝑀𝑞,1 𝑆𝐼𝑀𝑞 ,2 𝑆𝐼𝑀𝑞,3 ⋯𝑆𝐼𝑀𝑞,𝑞

2

(8)

(9)

As the similarity between users’ ratings for items indicates that these users share
common interests in the domain that items belong to, in this paper, we take the
element of matrix SIM as one of the factors in the matrix Intimacy, and the final
relationship between groups members can be described as
𝑅𝐼1,1 𝑅𝐼1,2 𝑅𝐼1,3 ⋯ 𝑅𝐼1,𝑞
𝑅𝐼1
𝑅𝐼2,1 𝑅𝐼2,2 𝑅𝐼2,3 ⋯𝑅𝐼2,𝑞
𝑅𝐼2
𝑅𝐼 = 𝑅𝐼3 = 𝑅𝐼3,1 𝑅𝐼3,2 𝑅𝐼3,3 ⋯𝑅𝐼3,𝑞
⋮
⋮ ⋮ ⋮
⋮
⋮
𝑅𝐼𝑞
𝑅𝐼𝑞,1 𝑅𝐼𝑞,2 𝑅𝐼𝑞 ,3 ⋯𝑅𝐼𝑞 ,𝑞

(10)

In our model we propose that vector updatedS stands for individuals’ satisfaction
value which is modified by the personality vector P and their different degrees of
relationships matrix RI, element α and β represents the influence level of vector P and
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matrix RI respectively, the personality value of vector P has no effect if α = 0 and a
positive effect otherwise; correspondingly, the relationship value of matrix RI has no
effect if β = 0 and a positive effect otherwise. Then the expression of vector updatedS
can be shown as
𝑢𝑝𝑑𝑎𝑡𝑒𝑑𝑆 =

𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆 + 𝛼 ∙ 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆 ⊛ 𝑃 + 𝛽 ∙ 𝑅𝐼 ∙ 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑆
2

11

Where 𝑍 = 𝑋 ⊛ 𝑌 multiply each element in array X by the corresponding element in
array Y and returns the component product in the corresponding element of the output
array Z. For example, suppose 𝑋 = [1 2]T and 𝑌 = [3 4]T , 𝑍 = 𝑋 ⊛ 𝑌 =
[1 × 3 , 2 × 4]T = [3 8]T .
This paper proposes that the one who is more dissatisfied with the final
recommendation results is associated with more weight. The weight factor of
satisfaction can be expressed as
𝑤𝑒𝑖𝑔ℎ𝑡𝑆 =

1
𝑢𝑝𝑑𝑎𝑡𝑒𝑑𝑆
𝑞
1
𝑢𝑝𝑑𝑎𝑡𝑒𝑑𝑆
1

12

To verify the effect of power differences on contagion process, we introduce a
vector PD to represent the power differences between group members; the value of
PD is obtained by having individuals describe the power of the others.
𝑃𝐷 = 𝑃𝐷1 𝑃𝐷2 𝑃𝐷3 ⋯ 𝑃𝐷𝑞

T

(13)

The value of vector PD ranges from 0 to 1, 0 symbolizes the user is inferior
while 1 represents the user is superior.
In conclusion, the weight of each group member can be expressed as follows,
taking influential factors in terms of weight factor of satisfaction and power
differences:
𝑊=

𝑤𝑒𝑖𝑔ℎ𝑡𝑆 + 𝑃𝐷
max(𝑤𝑒𝑖𝑔ℎ𝑡𝑆 + 𝑃𝐷)
𝑞
𝑤𝑒𝑖𝑔ℎ𝑡𝑆 + 𝑃𝐷
max(𝑤𝑒𝑖𝑔ℎ𝑡𝑆
+ 𝑃𝐷)
1

(14)

Then the predicted weight vector W of the group can be expressed as
𝑊 = 𝑤1 𝑤2 𝑤3 ⋯ 𝑤𝑞

T

(15)

By applying the predicted weighting vector (15) and users’ ratings matrix (1), the
predicted group ratings of our model can be expressed as
𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑅𝐺 = 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑅𝐺,𝑖1 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑅𝐺,𝑖2 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑅𝐺,𝑖3 ⋯ 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑅𝐺,𝑖𝑛
𝑅1,𝑖1 𝑅2,𝑖1 𝑅3,𝑖1 ⋯ 𝑅𝑞,𝑖1
𝑅1,𝑖2 𝑅2,𝑖2 𝑅3,𝑖2 ⋯ 𝑅𝑞,𝑖2
= 𝑅 T 𝑊 = 𝑅1,𝑖3 𝑅2,𝑖3 𝑅3,𝑖3 ⋯ 𝑅𝑞,𝑖3
⋮
⋮ ⋮ ⋮
⋮
𝑅1,𝑖𝑛 𝑅2,𝑖𝑛 𝑅3,𝑖𝑛 ⋯𝑅𝑞,𝑖𝑛

𝑤1
𝑤2
𝑤3
⋮
𝑤𝑞

T

(16)
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3. Experiment Setup
Fifty-four postgraduates (30 female, 24 male) of Tianjin University were asked to
participate in our study. Participates were divided into 33 groups based on their
personality, group sizes ranged from two to six participates. These groups were
simulated that they were going to see movies, and 24 diverse movies were selected
from Douban (http://www.douban.com/) for users to rate. As some participants did
not complete the questionnaires, we collected valid data of 26 groups.
To evaluate the performance of our proposed recommendation method, the mean
absolute error (MAE) was adopted.
𝑀𝐴𝐸 =

𝑛
1

|𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑅𝐺 − 𝑅𝐺 |
𝑛

(17)

where 𝑅𝐺 are the ratings given by every group and 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑅G are the ratings
predicted by our model.
To compare the performance of our method, the average strategy is applied. As to
the average strategy, the system calculates the group rating for a particular item by
averaging ratings given by all the group members.

4. Experimental Results
our method

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

the average strategy

0.0256
0.0297
0.033
0.0395
0.0412
0.0471
0.0476
0.0542
0.0607
0.0631
0.067
0.0722
0.077
0.0848
0.0876
0.0978
0.0992
0.0994
0.1012
0.1099
0.1197
0.1343
0.1393
0.1428
0.1494

MAE value

The results of these 26 groups are shown as follows.

the MAE disparities of all 26 groups
Fig.1 the comparison chart of MAE values between our method and the average strategy

From the above figures we can see, The MAE values of our method are lower
than the average method. Based on this, we can say the performance of the proposed
group recommending method is better than that of traditional group recommending
method.

5. Conclusion
In this paper, we propose a novel methodology which combines factors like
personality composition, relationship and power differences into the process of group
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recommending. Experimental results show that this proposed group recommending
method can provide higher accuracy and more acceptable recommendations. That is
to say, this new methodology is feasible for group recommendation systems and
provides recommendations that can make group members more satisfied as well.
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Abstract
Although there has been considerable research interest on community elites who have large
influences on other community members and community decision-making, few researchers have
studied these elites in online communities. The online anonymity has caused that the
identifications of such community elites largely depends on degree (i.e., number of
relationships/links) based network measures. However, it is difficult to identify the “hidden
community elites” who have great influences on degree-based elites but are not well recognized
by other community members. This research-in-progress paper develops a novel network
measure for identifying the hidden community elites in online social networks. In the next step, we
plan to empirically examine the influences of the identified hidden community elites on the
communication, reputation and collaboration social networks in an online open source
development community. We suggest the proposed study will have implications in research about
virtue teams, online social marketing, and open source innovation.
Keywords: Hidden community elites, social network analysis, open source software

1. Introduction
The advance of the internet-based technologies, especially social media (e.g., Twitter) and social
networking services (e.g., Facebook) have provided researchers massive amounts of data for
studying peer influence among networked individuals. Studying how an individual’s behaviors
or decisions are influenced by its peers in online communities becomes more and more important
in marketing, sociology and organization research (Aral et al. 2011). One important goal in this
line of research is to identify particular individuals who possess disproportionately (larger)
influences on other community members in online social networks. These individuals are often
referred as community elites in sociology studies.
Previous studies on community social structure (Gould 1989; Laumann et al. 1977; Moore 1979)
found that there is often a group of elites that are more influential than others and dominate the
community decision making processes. One major research challenge is to effectively identify
such elites from online social networks. Traditional sociology studies identify community elites
based on their individual characteristics. On the other hand, identifying important individuals
(nodes) in social networks often relied on network topological measures - mainly the degree
measure (i.e., number of links a nodes has). The intuition is that the node with highest degree can
influence the largest population in a network, thereby having the largest influence on other nodes
in terms of coverage. For example, in micro-blogging networks, individuals with the largest
number of followers can broadcast his opinions to his or her followers in a timely fashion. In this
study, we defined such individuals with high degrees in social networks as degree-based
community elites.
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However, another type of elites that are not easily observable is largely ignored in social network
research and has two distinctive features from the degree-based elites. First, such hidden elites
mainly link to the degree-based community elites. This means the hidden elites will have direct
influence on well recognized (connected) people in the communities. Second, the hidden elites
have few links to low-degree individuals and thus often are not widely recognized (connected) in
the community. For example, in a political social network, President Barack Obama will be
considered a degree-based elite since he has a large number of supporters (i.e., high degree). On
the other hand, President Obama’s key political aides such as the White House chief of staff have
much less public exposures and thereby much smaller degrees. But these aides have direct
interactions (links) to President Obama and other degree-based elites (e.g., Vice President) and
thus will have considerable influences on the political decision making processes within the
inner power circle in the Whitehouse. In this case, these aides that mainly link to degree-based
elites and have few links to the low status individuals are hidden elites in this political network.
Identifying such hidden elites from social networks has both theoretical and practical
contributions. From the theoretical perspective, previous social network research focused on
degree-based elites and their leadership effects on their followers. However, who and how can
the behaviors and decisions of these degree-based elites be influenced were rarely studied. New
network-based theories and measures are needed to better understand the influences of the
hidden elites on the degree-based elites.
From the practical perspective, identifying hidden elites and understanding their behaviors may
help practitioners to influence community leaders and their decision making, particularly for
marketing purposes. In social media networks, the cost of influencing hidden community elites
to initiate marketing activities and specific product adoptions could be much lower than
influencing degree-based elites (who are usually well-connected celebrities).
Overall, to the best of our knowledge, our study is the first to study hidden elites in online
communities. The goal of this study is to propose an effective network-based measure for
identifying the hidden elites in social networks. To this end, we collected data from a large
online open source software development community called Ohloh and plan to examine the
proposed measure for identifying its hidden elites.

2. Related studies
2.1 Social Network Analysis
Social network analysis is widely used to analyze patterns of relationships among social actors. It
aims to study the underlying social structure in various networks, including networks in open
source software communities (Crowston et al. 2003; Grewal et al. 2006; Jin et al. 2005; Madey
2002). Most SNA studies focuses on analyzing the static topologies of various real-world social
networks, aiming to explain how topologies are formed and shape the behaviors of the
underlying complex systems (Albert et al. 2002).
2.1.1 Degree-based Network Measure and Algorithms for Identifying Elites
The centrality measure that is used to identify key members who play important roles in a
network -degree- is defined by Freeman (Freeman 1979) provided definitions of the three most
popular centrality measures. Degree measures the number of links a node a has:
n

CD (a ) = ∑ c(i, a )
i =1

where n is the total number of nodes in a network, c(i, a) is a binary variable indicating whether a
link exists between nodes i and a. An individual with a high degree could be the leader.
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Moreover, degree-based algorithms were developed to rank the importance of nodes in various
networks. One of the most famous algorithms - the Hyperlink-Induced Topic Search algorithm –
was developed by Kleinberg (1999) to rank the importance of web pages. Its assumption is that a
hyperlink transmits the influences of one web page to another. The aggregate influences of all
incoming hyperlinks of a web page build up its relative importance in the Internet. HITS
introduces two scores for each web page node: 1) the authority score, which estimates the
relative importance of this web page, and 2) the hub score which estimates the recognition power
of its hyperlinks to other pages.
2.2 Open Source Software Development Community Analysis
There are mainly two streams of studies about OSS communities. The first stream focuses on the
composition and participation processes of the OSS community members (Bagozzi et al. 2006;
Krishnamurthy 2006; Roberts et al. 2006). Koch et al. (2002) studied the logs of source code
changes and found that there was a core set of developers who produce the majority of the source
code. The other stream mainly focuses on collaboration and communication relationships among
OSS community members. Ducheneaut (2005) observed that successful OSS developers
progressively enroll into a collaboration network of human and material allies to support each
other. Another descriptive study (Yutaka et al. 2000) found that the communications in OSS
development heavily relies on electronic media (e.g., forum, mailing lists) rather than
face-to-face contact.
2.3 Social Network Analysis of OSS Community Networks
SNA topology analysis has been applied to analyze OSS community networks. For instance,
Madey (2002) and Jin, Yongqin et al. (2005) analyzed OSS collaboration networks in
SourceForge.net and found they display the scale-free network topologies. The small set of the
developers with a large number of collaboration links indicates that people tend to collaborate
with high-profile, skillful elites in OSS communities. This preferential attachment process (also
called rich get richer) justifies the identification of community elites based on their degrees.
Although SNA has been increasingly used to analyze the structures of various OSS relationships
and identify community elites in the above studies (Crowston et al. 2003; Grewal et al. 2006; Hu
et al. 2008; Jin et al. 2005), there are few empirical studies on the hidden elites and their impacts
on OSS development. Our research then focuses on the hidden elites rather than degree-based
elites in OSS community networks, and proposes a novel network measure to identifying such
hidden elites. We aim to answer the following research question:
 How can hidden elites be effectively identified from social networks?

3. Research design
To answer these research questions, we propose a novel approach to identifying hidden elites in
online social networks. As shown in Fig. 1, our proposed approach consists of the following
components: (1) network construction, (2) hidden elites identification, and (3) statistical
evaluation.
3.1 Network Construction
For an online community, there can be various types of interactions and relationships among
members. For instance, in an online open-source software development community, members
collaborate with each other in contributing to a variety of projects or modules. Members can also
evaluate and rate each other based on the quality and effort of their work. Besides, some sites
also offer microblogging functions that allow users to follow the most recent activities and
opinions of other users. Each type of these interactions or communications can be regarded as an
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indicator of social relationships. By integrating all these social relationships together, we can
construct a social network of members in online communities, G(V, E), where V is a set of
vertices/nodes and E is a set of edges/links that connect. Furthermore, we can conduct network
analyses at both node and link levels so as to reveal the social roles and significance of users.
Online
Community

Network Construction
• Collaborations
• Peer evaluations
• Microblog followers

Hidden Elites Identification

G(V, E)

G(V, E)

• Define new network
measures to identify hidden
elites

Statistical Evaluation
• Statistically examine the effects of hidden elites on
behaviors of degree-based elites and other contextual
factors

Figure 1. An Approach to Identifying Hidden Elites in Online Social Networks
3.2 Hidden Elites Identification
As reviewed in Section 2, many approaches have been developed to identify the most influential
users in a social network based on degree-centrality measures. Unlike these approaches, our
approach focuses on finding hidden elites that might not be easily identified by existing
degree-based measures. As we define in the Instruction section, hidden elites should have two
unique characteristics: (1) they have direct links to elites with high degrees; and (2) often are not
widely recognized (connected) in the underlying network. Based on these two distinct
characteristics, we define a new measure, named hidden elite score, to identify hidden elites in
social networks. For each node i, its hidden elite score HEr(i) is defined as follows:
d
HEr (i) = ∏ *j
j∈Nbr(i) d
where dj is the degree of node j, Nbr(i) is the set of nodes that link to node i (i.e., i's neighbors),
and d* is a cutoff value of degree that define an degree-based elite in a network. For instance, if
d* is predefined as the average degree of all nodes in the network, then those nodes whose degree
is greater than d* are regarded as degree-based elites. This cutoff value d* can be adjusted to
control the number of degree-based elites. The greater d* is, the fewer degree-based elites. Now,
let us look at the rationale behind this measure. For each node j in Nbr(i), dj/d* is greater than or
equal to 1 only if j is a degree-based elite (i.e., dj ≥ d*), and less than 1 otherwise. By multiplying
all dj/d* together, we get the hidden elite score, which represents node i’s recognition received
from degree-based elites in proportion to that received from regular individuals. Based on this
measure, i’s neighbors who are not degree-based elites (dj/d*<1) will discount i’s hidden elite
score. An HEr(i) score greater than 1 indicates that node i tends to be more strongly connected to
degree-based elites than the remaining nodes.

Alternatively, we can also define our hidden elite score HEd(i) as follows:
HEd (i) = ∑ d j − d *
j∈Nbr(i)

(

)

An HEd(i) score greater than 0 indicates that node i receives more links from degree-based elites
than the others. The main difference between HEr(i) and HEd(i) is that the former multiplies all
ratios between dj and d* whereas the latter sums up their differences. Therefore, non
degree-based elites have larger discounting effects in HEr(i) than HEd(i).
For both measures, even if node i is hidden elites due to its low degree di, as long as its
connections with high-degree nodes dominate those with lower-degree ones, our approach can
supposedly identify the nodes that will have significant influences on degree-based elites.
It is worth noting that, since social networks often follows a “power-law” distribution, a majority
of nodes tend to have a degree lower than d*. Thus, often times, a node with a higher degree
tends to have more neighboring nodes with low degree, which therefore could decrease its
overall HE score. By contrast, a node with a low degree but strong connections with a few
degree-based elites may be more likely to stand out and be identified as a hidden elite. This
feature and the discounting effects of low-degree connections in HE are the main differences and
advantages of our proposed approach as compared to other existing degree-based measures such
as degree centrality, PageRank, and HITS.

4. Research Testbed
The dataset used for this study was collected from a large online OSS development community –
Ohloh through its application programming interface (API). Ohloh community provides meta
information major OSS projects and their developers. It collects various kinds of OSS related
information from public software version control systems such as CVS and Subversion, and
provides underlying software metrics based on that information. As of April 2010, Ohloh has
already listed information about 435,000 OSS projects involving 636,000 developers.
Ohloh is owned and operated by Geeknet, Inc. It is not a forge does not host open source projects
like Sourceforge.net does. It focuses on retrieving, maintaining, and analyzing publicly available
information about open source software projects and developers. Therefore it provides a
comprehensive and unique set of OSS development related information that is not available at
any other OSS communities. Such information includes OSS developers’ project participation
choices, location, nationality, programming language preferences, development activities, and
projects statistics like total lines of codes. In addition, Ohloh community provides two types of
relational information among OSS developers. First, each Ohloh community member can send
any other member a link called “Kudo” which is often a gesture of appreciation, praise, or
endorsement. Therefore, in our study, a Kudo link represents the positive evaluation made by the
Kudo sender to the receiver. Second, the Ohloh developers can use the microblogging functions
embedded in its community and form follower relationships with each other.

5. Conclusion and Future research
Since this paper is a research-in-progress paper, we will conclude our discussion now and point
out the next steps for this ongoing research project. The proposed research aims to identify the
hidden elites in online social networks using theories and methods form both sociology and SNA.
For the next step, we plan to apply the proposed measure on Oholoh community to identify its
hidden elites and their impacts of the identified hidden elites on OSS group performance. We
claim contributions from both theoretical and practical perspectives. Theoretically, our research
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opens a new direction on studying hidden elites vs. traditional degree-based elites in social
networks. Practically, our research will have implications for identifying low-cost hidden elites
for various applications such as OSS project management and marketing.
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Abstract
Non-government organizations (NGOs), as an important source of organization and regime
innovation which differs from those commercial and formal governmental sectors, play a pivotal
role in alleviating the serious social problems caused by the “market failure” and “government
failure”. This paper presents an exploratory research on non-government organization (NGO)
websites in China. In this study, the NGOs directory provided by the China Development Brief is
employed as our data source. 91 NGO websites in China are selected based on Alexa traffic
rankings, and this study categories those websites into four groups by expectation maximum (EM)
clustering algorithm. Furthermore, exchange-links among various NGOs websites are collected
by Link detection tool and the overall linkage graph attributes. The preliminary findings of this
study may yield some implications for the managers and designers of NGO websites in China to
better understand the link strategy and its importance for the development of NGOs.
Keywords: Non-government organizations (NGOs), link analysis, link strategy, social and
organizational aspects, information visualization

1. Introduction
With the sweeping progress of web and information technologies, more and more companies and
organizations have built their official websites, and paid special attention to utilizing and
managing those online information resources. Particularly, various kinds of social media and
social information systems have been permeating into business process management and value
co-creation, which arouses an array of social and organizational issues for the academia and
industry. Among them, the management of Non-government organizations (NGOs) is an
interesting and important issue which deserves great attention from both researchers and
practitioners. As an important source of organization innovation and regime innovation which
differs from those commercial and formal governmental sectors, international non-governmental
organizations’ histories can be traced back to 1839, and the modern function of the NGOs
appeared before and after World War II. However, the term NGO had not been accepted by the
public until it was included in the Charter of the United Nations in 1945. NGOs showed an
increasing popularity in 1980s, which involved a wide range of areas, such as environment,
health, economy, anti-war, human rights, to name just a few.
In China, with a succession of economic, political and social reform after 1978, there was a
promising opportunity for the development of all kinds of NGOs. Until 2010, the number of
foundations, social organizations, and private non-enterprise unities which have been registered
in the Civil Affairs Department in China, has reached 278,000, 213,000, and 2,000, respectively.
However, it is surprising that, many of the NGOs in China have not gained enough attention
from the public. Although most of the NGOs in China have built their own websites or utilized
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some social media, such as SNS or micro-blogs to introduce themselves, release news and
information, launched some open calls and social campaigns, and expand their social influences,
the public still know very little and care even less about those NGOs. There are some reasons
which may cause the lack of focus on NGOs. From the information system (IS) perspective, how
to build a good interaction mechanism which can effectively link the NGOs with the individuals
and other sectors is an important research question and should be given great priority. Thus,
many efforts should be made to help NGOs set up a positive image and reputation and attract
great attention from the public.
In this paper, we aim to probe into the research question from a specific angle, i.e., link
analysis of NGO websites in China. We believe that the amount and quality of web links or
interlinks in a particular website may, to some extent, reflect its connection with other websites,
which in some cases can also show the popularity, awareness, and influence of a particular web
site. Therefore, how to design an appropriate and effective link strategy for NGOs should be
fully considered during the information architecture of NGO websites. So far, few, if any, prior
studies on NGOs have explored or examined the link strategy in IS domain. The exploratory
research presented here focuses on the link structure and overall situation of different categories
of NGO websites, using link analysis and information visualization to reveal the current status in
Chinese NGO development. Our key research questions are as follows:
 How can we classify NGOs and their websites in China?
 What are the structures of linkage graph between the NGOs websites in a specific context?
 What potential explanations can be given for the linking policies of different organizations?
The preliminary findings of this study may yield some implications for the managers and
designers of NGO websites in China to better understand the link strategy and its importance for
the development of NGOs.

2. Related Work
Link analysis has been conducted in very diverse disciplines and fields, such as computer science,
theoretical physics, communication studies, sociology, and information science. With the
advance of web science and information communication technologies (ICTs), many scholars
believe that hyperlinks between web pages can yield useful information for both academia and
practice. From the information science perspective, webometrics and cybermetrics are two
primary subjects which focus on the quantitative analysis of web- or Internet-related phenomena,
especially the hyperlinks and search engine evaluation. The information science approach to link
analysis is to adopt and adapt existing information science techniques for the meta-analysis of
documents through investigating inter-document connections (Thelwall 2004). So far, there have
been a large number of link analysis studies applying an information science approach (Thelwall,
Vaughan & Björneborn 2005). For example, Thelwall and Harries (2003) classify web links in
the domain of United Kingdom universities. They defined four main linking categories: general
navigational links, ownership links, social links, and gratuitous links, and the results suggest a
significant correlation between ingoing link counts and research productivities. Some researchers
also explore the quantitative relationships between in-link counts and business performance
variables in business or commercial websites (Gao & Kipp 2006; Vaughan & Wu 2004;
Vaughan & You 2006). Furthermore, scholars in computer science or information systems paid
great attention to the related areas such as search optimization, web structure mining, and
ranking algorithm, etc. Almpanidis et al. (2007) developed a latent semantic indexing classifier
that combines link analysis with text content in order to retrieve and index domain-specific web
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documents. Xu et al. (2009) systematically proposed three link analysis algorithms based support
vector machine for the preprocess of oil, to estimate all applicant's credit so as to decide whether
a bank should provide a loan to the applicant. Some researchers also explore the linkage network
of specific kinds of NGOs by link analysis. In terms of the link analysis for NGOs, Shumate
(2012) examined the evaluation of a HIV/AIDS NGO hyperlink network over one year, in order
to understand the diverse effects on processes that produce those dynamic systems. Bar-IIan
(2012) surveyed websites of 54 nonprofit organizations in Israel, and examines the linkage
structure of them after categorizing them into four distinct groups.
In IS discipline, the relevant topics on Websites of NGOs have drawn increasing attention
from researchers. David and Shirin (2004) aimed to explore how the study of information
systems could further our understanding on NGO management, and in turn, research on NGOs is
a useful vehicle for examining how information systems can be well embedded in their social
context. Mercer et al. (2004) investigated the effectiveness of a non-governmental organization
on health care program in rural Bangladesh, based on the secondary data from the program’s
management information system reported by 27 partner NGOs from 1996-2002. Kathy and
Stacey (2012) explored the adoption of information technology by a small grass-root NGO in
Uganda named VOLSET. The results showed that the adoption of an easy-to-use information
system together with enough training skills on the usage of the IS might open up opportunities,
pride and professionalism in the NGOs, and the study also provide several guidelines that could
be followed when facilitating the adoption of ICT by organizations in developing countries. Yet,
although the above studies focus on the information systems’ perspectives of NGOs, so far there
are few researches applying the link analysis to explore the relevant research topics on the
managerial and organizational themes of NGOs in IS field. Therefore, in this study, we are
motivated to investigate the connection and linkage structure of NGOs in China by link analysis,
and we argue that the link analysis is a valid and effective research method which can be
employed by IS scholars to explore the related IT artifacts in some particular unit of analysis.

3. Data Collection
In this study, the NGO directory provided by the China Development Brief was employed as our
data source, and from it, we collected a total of 588 NGOs by web crawler tool. After eliminating
organizations of the non-official websites (e.g., micro-blog or blog is not the official website in
this investigation, and they will be explored in our future work), and duplicating sites and dead
links, we focused on 91 organizations which were in top 100 based on Alexa traffic ranking and
with at least 60 anti-links.
The China Development Brief site classifies the NGOs into 25 categories, such as animal and
environmental protection, rural development, education, public health, sexual and reproductive
health, labor mobility, population, voluntary activities, capacity building, etc. The 91
organizations in our sample relate to one category at least, and seven at most. We then
established a 91*25 (0-1) metric based on each organizations’ activity categories, and clustered
those 91 organizations into four categories by expectation maximum (EM) algorithm, namely (a)
women and children organizations; (b) social construction organizations; (c) environmental,
animal protection and public health organizations; and (d) social assistance organizations, as
shown in Table 1. During the clustering precess, we have tried a series of clustering methods,
including k-means, k-medoids, clara and so on, and then we find the clustering result is relatively
better with EM algorithm. In table 1, we can see that the number of each category is around 22,
and the clustering result is close to the average.
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Table 1 Categories of various NGO websites
Categories
women and children organizations
social construction organizations
environmental, animal protection and public health organizations
social assistance organizations
total

Numbers
23
21
24
23
91

Percentage
25.27%
23.08%
26.37%
25.27%
100.00%

In order to reveal how the different NGO websites are connected with each other, we collected
the exchange-links between them, using the Link Detection provided by tool.chinaz.com.
Relative to in-link, exchange-link is a smaller concept that must exist in a web page’s codes and
can be clicked by users, and those links hiding in Javascript or added “nofollow” are not
exchange-links for they are almost useless. The data was collected on January 11, 2013. We then
visualized those data by Gephi. Gephi is an open-source network analysis and visualization
software package written in Java on the NetBeans platform. Gephi has been used in a number of
research projects in the university, journalism and elsewhere, for instance in visualizing the
global connectivity of New York Times content and examining Twitter network traffic during
social unrest along with more traditional network analysis topics.
Figure 1 illustrates the overall linking network of 91 NGO websites, and the node size and
label font size are proportional to the degree of a node. It is worth noting that, those sites without
any links are not displayed in Figure 1. Overall, the density of holistic network is sparse (0.013),
which reflects that the correlations between them are not close-knit. The degree number of
Tencent Charity is the highest (12, including 7 in-degrees and 5 out-degrees), followed by Baidu
Charity with 2 in-links and 8 out-links, and Leli365 with 4 in-links and 6 out-links. Interestingly,
these three websites not only have a significantly high influence, but also play an important role
in the whole linking graph as bridges for other NGOs websites.

Figure1 Overall link structure of NGO websites in China
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4. Preliminary Data Analysis and Discussion
In the following, we will focus on the four categories as clustered above and illustrate the link
structure with each category respectively, and then we will briefly discuss the overall linkage
grapy is attributed of NGO websites in China.
4.1 Women and children organizations
In this group, we reveal that the network is relatively sparse that only 6 out of the 23 websites
have links. There are only 5 links: from China Charities Aid Foundation for Children to
Gesanghua Education's Aid; from Gesanghua Education's Aid and Baobeihuijia to China
Charities Aid Foundation for Children; from Teenagers’ Rights to Baobeihuijia; from China
Rural Library to Beijing Western Sunshine Rural Development Foundation. While China
Charities Aid Foundation for Children and Gesanghua Education's Aid are interlinked, we can
find that the relationship between them is relatively close. Some NGO websites in this category
seem to be highly relevant, such as China Charities Aid Foundation for Children, Teenagers’
Rights, China Children and Teenagers' Found, and China Youth Development Foundation, and
yet there are no links between them.

Figure 2 Link structure in Women and Children Organizations cluster

4.2 Social construction organizations
This group includes a wide range of activity areas, such as voluntary activities, capacity building,
corporate social responsibility, community building, and etc. The relations between the 21
organizations’ sites are depicted in Figure 3. The network of social construction organizations
cluster is denser than women and children organizations cluster in which there are 12 websites
linked or interlinked. Leli365 is an integrated network platform, which consists of online
charitable shopping, public assistance projects, and charity information sharing, and it has the
highest degree with 3 out-links and 1 in-links. In addition, we find two NGOs websites from
Taiwan linking to each other. Taiwan NPO Information Platform is established by Taiwan NPO
Center to provide charitable news, events, recruitments and other information, and Himalaya
Foundation is one of the well-known organizations of Taiwan NPO Information Platform.
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Figure 3 Link structure in Social Construction Organizations cluster

4.3 Environmental, animal protection and public health organizations
Within the category, we find that there are 12 websites linked or linking to. CECPA (China
Environmental Culture Promotion Association) and Friends of Nature had the highest degree (4),
and the links of the former were all in-links while the latter had 1 in-links and 3 out-links. We
find that both of them were set up very early, and thus they have accumulated great influence and
high impact in China. Friend of Nature was set up in 1994 and has won many awards such as
“the Asian Environmental Award”, "Earth Award", and "Giant Panda Award" and so on, and the
4 in-links also manifested its authority. CECPA was established in 1992 and formed by experts
from all sectors of society, and thus it also played a vital role in China’s environmental
protection career. Furthermore, we also observe that there were linking relations between some
organizations focusing on several specific areas, for example, Guangzhou Cates and Lucky Cates
who paid great attention to the abandoned and stray cats, and Chinese Foundation for Prevention
STD and AIDS and China HIV/AIDS Information Network who concentrated on HIV/AIDS both.
It is interesting to note that there is no reciprocal linking illustrated in this category.

Figure 4 Link structure in Environmental, animal protection & public health organizations cluster

4.4 Social assistance organizations
Social assistance organizations focus on a relatively wide range of areas including education, the
elderly, the disabled, rural development, poverty alleviation, and so on. Figure 5 describes the
links among 23 websites in this group, and there are links between 13 of them. The degree of
Tencent Charity is the highest with 2 in-links and 2 out-links, which reflects the significance of
Tencent Charity in this network. Tencent Charity was found in 2007 by Tencent, and consisted
of 6 major projects: network public service, educational development, construction of corporate
citizenship, poverty alleviation and emergency relief, environmental projects, and volunteer
projects, and these projects had wide collaboration with other kinds of NGOs. Baidu Charity was
also supported by the most famous Internet Company in China, i.e., Baidu. However, it was just
set up in 2011, which was five years later than Tencent Charity, so its degree was inferior to
Tencent Charity. However, although Baidu Charity and Tencent Charity have very similar
background, there is no link between them, which indicates that the hidden rules in Internet
industry to some extent, restricts the connection and collaboration between those NGOs. Finally,
it was also found that there is no reciprocal linking in this group.
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Figure 5 Link structure in Social Assistance Organizations cluster

4.5 Links between NGO sites of different categories
We also checked the relations between NGO websites that belong to different categories. The
results are described in Table 2. It can be observed that there were many links among women and
children organizations, social construction organizations and social assistance organizations,
while the remaining one (environmental, animal protection and public health) showed less
connections with others, which may be attributed to the target and position of the specific NGOs.
For instance, the women and children organizations cluster had a wide coverage and can be
mapped to a large array of areas, such as children education, stay-at-home children, women right
protection, etc.. And thus there were a large number of links from other categories to women and
children NGOs sites, including 12 from social construction and 13 from social assistance. This
interesting phenomenon also reflects the importance and influence of women and children
organizations in China considering their wide influence and connection with others. The NGO
sites in Social construction organizations cluster have 23 out-links and 15 in-links with other
types of NGOs sites, and the number of out-links was significantly greater than in-links, which
shows a higher intention of such NGO websites that they are open and would like to build
linkages with other websites. One of the dominant foci of this group was volunteer activities, and
many NGO sites in this cluster are oriented to volunteers or donors who may be interested in
such kind of activities and willing to donate or offer help. In that case, more links to other
NGOs’ sites can to some degree facilitate volunteers or donors to find more useful information
and potential opportunities. In addition, social assistance organizations sites almost have the
same number of in-links and out-link with other kinds of NGOs sites. In this category, there were
a number of foundations, including Baidu Charity and Tencent Charity whose application
domains are so wide that they cooperated or collaborated with other organizations, so these sites
are willing to link to others, and also be linked by others at the same time.
Table 2. The links between the NGO sites of different categories
From\To
women and social
environmental,
animal
children
construction
protection and public health
women and children
7
0
social construction
12
3
environmental,
animal 2
2
protection and public health
social assistance
13
6
1
in-links in total
27
15
4

social
assistance
11
8
2

out-links
in total
18
23
6

21

20
67

4.6 Overall linkage graph attributes

72

In this study, we found that there were 103 links among 91 NGOs websites and 39 sites (42.9%
of the total) without any links, so the linkage graph was sparse to some extent. Table 3 is about
different types of NGOs websites’ exchange-links’ distribution. The result showed that in social
construction organizations the percentage of no-link sites was lower than 39%, while other three
categories were higher than 42.9%, which reflects the social construction organizations are more
active than other three types. Comparing the numbers of in-links and out-links, we found that the
numbers of both are approximate in environmental, animal protection and public health
organizations and social assistance organizations. However, in women and children
organizations the number of in-links is more than out-links and the reverse occurs in social
construction organizations.
On one hand, in terms of the average out-link, we found that social construction category and
social assistance category are greater than the overall level (1.13), but the rest two categories are
lower, which illustrates that the former two categories are more active compared with the latter
ones. On the other hand, the average numbers of in-links in women and children category and
social assistance category are greater than the mean level. This finding indicates that the women
and children category and social assistance category tend to be linked by other sites and they
may have greater impacts on others.
Table 3. Overall linkage graph attributes
Categories(number)
Out-links
In-links
women and children (23)
social construction (21)
environmental,
animal
protection and public health(24)
social assistance (23)
In total
（91）

23
31
18

32
23
16

Out-links in
average
1.00
1.48
0.75

31
103

32
103

1.35
1.13

In-links in
average
1.39
1.10
0.67

sites with
no links
10
8
11

Percent of sites
with no links
43.48%
38.10%
45.83%

1.39
1.13

10
39

43.49%
42.9%

We checked the ratio of the reciprocal links from the total number of in-links in each category
as well as in the links between different categories. Table 4 describes our results, and each
reciprocal link between Site A and Site B is counted both as an incoming link to Site A and to
Site B. We observed that inside women and children organization category and social
construction organization category some in-links are reciprocal, whereas in the other two groups,
no reciprocal links existed. As a whole, there were only 26 reciprocal links in 103 links (25.2%)
among 91 organization websites. There was a lack of cooperation between these
non-governmental organizations websites.
Table 4. Reciprocal and nonreciprocal links
categories
Reciprocal links Nonreciprocal
inside category
incoming links
side category
women and children
2
3
social construction
4
4
environmental,
animal 0
12
protection and public health
social assistance
0
11
In total
6
30

in

Reciprocal
from
categories
7
5
1
7
20

links
other

Nonreciprocal incoming
links
from
other
categories
20
10
3
14
47
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5. Conclusions and Future Work
The aim of this paper is to examine the current linking situation of NGO websites in China. Our
study has some empirical contributions to the literatures. First, we employ the expectation
maximum algorithm to cluster 91 NGO websites surveyed in this paper into 4 categories, which
can be exploited and examined in the subsequent research. Second, by analyzing the different
link situations of these four categories and the overall link structure among them, we present a
general understanding towards the linkage of NGO websites in China. We find that: 1) the
density of overall linkage network is sparse (0.013), and lack of links between websites may go
against the information diffusion of NGOs; 2) there are relative more links between different
NGO websites categories, whereas less links exist inside the same category, and this may be
negative for users who want to find the same charity information; 3) most of the103 links we
collected are non-reciprocal. The findings may yield some practical implications for the designer
and manager of NGOs to strengthen their relationships with other organizations, facilitate the
collaboration with the peers, and further enlarge their social influences.
In the future work, we intend to continue the study based on our existing findings in this paper.
First, we would like to explore the motivation of linkage between the NGOs, especially
surveying or interviewing those NGOs that are less willing to link to other organizations, and
further develop some linking strategies or incentives to facilitate the connections between
various NGOs. Second, we plan to investigate how NGOs apply various social media in their
managerial and technological work, and examine whether social media exert important influence
on the development of NGOs and how NGOs can benefit from those social information systems.
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Abstract
Hidden Markov model has been proved to be an effective model in web usage mining.
However, whether or not it works for all kinds of web site structure is an important research
issue. In this paper, we will analyze why web site should be divided into two types. For each
kind of web site structure we proposed corresponding mining approach based on Hidden
Markov Model. These approaches are used to mine web user’ interest association rules and
further predict the pages they may access. We conducted experiments using real web log data
and the result demonstrated that our approach is preferable. The issue we investigated is
useful in several areas, such as prefetching, personalization service, site modification, system
improvement, business intelligence, etc.
Keywords: Hidden Markov Model, Web usage mining, User interest, Web log

1. Introduction
There are various studies on web usage mining, such as statistical analysis, clustering,
classification, frequent items, association rules, etc. Here we only focus on the application of
Markov Model (MM) and Hidden Markov Model (HMM). Since both MM and HMM are
excellent statistical model with favorable properties, they have been infinite successful in
sequence matching and sequence generation. The main feature of MM and HMM is that the
present state just depends on the previous state, while this is extraordinarily appropriate for
the mining of access sequence. In general, the next web page a user is going to access
depends on which page the user is accessing now. As a result, the web user’s navigation
pattern is quite similar to a Markov chain or a hidden Markov model.
Papoulis(1991) found MM was very suitable for predicting user’s access behavior. However,
there are some problems in practical application. Lower order Markov chain and can’t
reserve enough browse information thus lead to the reduction of predict accuracy whereas
higher order Markov chain has high state-space complexity and finally may even affect the
overall accuracy. A solution is as the study of (Pirolli et al. 1996), train various length
Markov chain in the forecast period. This approach, however, aggravate the problem of
storage complexity. Frequently used set was defined (Pitkow and Pirolli 1999), this
approach reduced the complexity of storage space while also reduced the accuracy of
prediction. Deshpande and Karypis (2004)investigated that many different order Markov
chain is duplicate and they can be delete. They also presented techniques for intelligently
combining different order Markov models. The approach retains the coverage and the
accuracy of the All-Kth-Order under the condition of a low state-space complexity. Higher
order Markov models have been widely used. Bejerano(2005)proposed a Markov chain that
allows variable length history to be captured. Borges and Levene proposed a variable length
Markov chain method (Borges and Levene 2005; Borges and Levene 2010). Among
previous studies, Wang et al (2001) initially proposed a new method on basis of HMM to
discover navigation patterns. Moreover, they proved HMM has better properties than MM.
User’s interest was taken into account(Zhu and Deng 2008), they found association rules
from the log file based on HMM.
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In general, all these researches didn’t take web site structure into consideration. In this paper,
we introduced a new method based on HMM to predict user’s access. The remained of this
paper is organized as follows. Section 2 gave a general overview of hidden Markov model
and defined our method. In section 3, we introduced the experiment and applied our method
to real web log, discussed the result. Section 5 is the conclusion of this paper.

2. The Model
Users navigate web site with a certain interest and they are willing to spend more time on
the pages they are more interested in. It’s just because different users have diverse interest,
they usually generate various access sequence. As a matter of fact, web pages can be
characterized by a couple of keywords; users’ access to a page is actually the access to a
keyword or several keywords of the page. To sum up, users’ access is a process of option:
whether access the page or not, whether to spend lots of time on the page or not. All these
facts reflect a single user’s access feature; the superposition of massive single users can
represent the access feature of entire users.
2.1 Introduction to Hidden Markov Model
HMM as an extension of MM, is a statistical probability model. A comprehensive literature
introduction for hidden Markov model can be found in the study of Rabiner (1989). The
difference between HMM and MM is MM has one probability namely state transition
probability. While HMM has two probabilities of a collection of random variables,
{O1 Ot , q1 qn } the Ok variables are either discrete or continues observations and the
q i variables are “hidden” and discrete. The two probabilities are state transition probability
and observation symbol probability. In a MM, each web page corresponds to one state, as
shown in figure 2.1, the Markov chain is an access sequence of web user. State transition
probability refers to the probability transfer from one state to another state, that is, the
probability users navigate from one page to another. Nevertheless in a HMM, each web page
corresponds to one state and each keyword corresponds to one observation, as shown in
figure 2.2. Generally, we don’t know each user’s interest, in other words, user’s interest is
“hidden”. However user’s interests can be indicated by the keywords from the pages one
access to some extent. That is why HMM is better qualified than MM, HMM not only
consider user’s access information but also take advantage of user’s interest preferences.
q2

q1

q2

q1

q3

q3

q4

q4

A

Figure 2.1 Markov Model

B

C

B

D

B

C

E

B

Figure 2.2 Hidden Markov Model

2.2 The Basic Definitions
Here are some notations that will be used in the paper.
N1

N2

N4

Figure2.3

N1

N3

N5

Vertical Structure

N6

N2

N3

N4

N5

Figure2.4 Horizontal Structure
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Definition 1: If users keep drilling down when accessing web sites, as shown in figure 2.3.
These pages are sequential, if you want to access page N2 you have to access page N1, they
are with the order of nature. We define this kind of structure as vertical structure.
Definition 2: If the pages user accessed are parallel, as shown in figure 2.4. There is no
access order requirement between pages. We define this as horizontal structure.
Definition 3: Keywords set K. Web pages can be represented by a couple of keywords.
K i refers to the keywords set for a certain page i .
Definition 4: The set of all the pages a user requested is defined as access transaction. If
let p i mean the NO. i page a user visited. For a certain user u , the access transaction is as
shown in (2.1).
(2.1)
Tu ={ p1 , p2 , pm }
Definition 5: According to (2.2), a user’s access keywords transaction TK u can be
expressed as in (2.4)
(2.2)
TK u ={ K1, , K 2 , K m }
Definition 6: Suppose Pe is the NO. e page a user u visited, then the access transaction
of a user coming through Pe will be (2.3)
T u (p e )  {p e , p e1 ,p m }， 1  e  m

(2.3)
Definition 7: The access keywords transaction for a user u who comes through Pe will
be (2.6), on the basis of (2.4).
(2.4)
TK u ( pe ) ={ K e, , K e1 , K m }， 1  e  m
Definition 8: If a user is interested in some topics, he will access the pages with these topics.
Given time u ( pe ) is the length of time a user u spends on page Pe , and there are
keywords{ k 1, k 2 ......k f } on Pe , subscript f is the number of keywords. time u ( p e , k j ) refers
to the time a user u who comes through Pe spends on accessing a certain keyword k i can
be calculated as shown in (2.5):
 time u ( pe )

，if k i is in p e
(2.5)
time u ( pe , k i )  
f

if k i is not in p e
 0，
Definition 9: The total time sum u ( p e , k j ) a user spends on a certain keyword k i in a TK u ,
will be (2.6):
m
 time u ( pe , k i )，if pe is in Tu
sum u ( pe , k i )  
(2.6)
i e
 0,
if pe is not in Tu
2.3 Hidden Markov Model with Site Structure
We aim to predict the access paths to a certain keyword on the basis of users’ navigate
information. Users who are interested to the keyword repeatedly visit some pages. In
addition, they spend much time on these pages. In this paper, we proposed a model named
UISM (user interest structure model) for vertical structure and horizontal structure
respectively based on hidden Markov model. UISM is a model combined web content
mining, web structure mining and web usage mining. UISM is defined as follows:
Definition 10: [UISM]
(1). Set of state: Q = {q1 , q2 ......qn } , the initial state is q 1 each q i stands for a web page, Q
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is consisted of all the web pages from a certain site.
(2). Set of keywords: K = {k1 , k 2 ......k m } , K include all the keywords of all the pages in Q.
(3). State transition probability P1 (q  q ) of two pages is defined as (2.7)
count (q  q)
(2.7)
P1 (q  q) 
count (q)
q  q  means the user visited q after q . For vertical structure and horizontal structure,
we proposed different way to calculate P1 (q  q) . In a vertical structure,
count (q  q) refers to the number of transactions which the user accessed q immediately
after q . That is to say, the two pages not only appear in T together but also they have to be
adjacent. However for the horizontal structure, the two pages are not constrained by the
access sequence, they are parallel, you don’t have to visit q if you want to visit q . For this
reason, in a horizontal structure count (q  q) is equal to the number of transactions that
contains q and q at the same time, and they do not have to be adjacent. In addition,
count (q) is the number of transactions which include q . On the other hand, state transition
probability meets a constraint, as shown in (2.8).
n

 P (q
l 1

1

i

 ql )  1

(2.8)

(4). On all state q , there is a probability distribution P2 (k i q) for every keyword from K , as
in (2.9). That is the observation symbol probability of hidden Markov model. We define it as
interest probability for keyword.
N

 sum

P2 (k i q) =

u

u 1
N
M

( q, k i )

 ( sum
u 1 m 1

u

( q , k i ))
(2.9)

Also interest probability meets the constraint, as shown in (2.10)
m

 P (k
j 1

2

j

q)  1

(2.10)

2.4. Access Prediction
For an access sequence S l (l stands for the length of the sequence) and a user’s interest, the
degree of user’s interest R(k S l ) is as shown in (2.11):
R(k S l )  P1 (qstart  q1 )  P2 (k q1 )  P1 (q1  q2 )  P2 (k q2 )   P1 (ql 1  ql )  P2 (k ql ) (2.11)

If R(k S l ) is greater than or equal to the threshold value C , then R(k S l ) is an interesting
sequence. Users with the same interest may access the pages of the sequence.
The process is as follows. Step1, process data, including pre-process the raw web log file
and label the keywords of all pages. Step 2, apply UISM to compute state transition
probability and interest probability for keyword. Step 3, generate the rules.

3. Experiment and Results Analysis
3.1 Experiment Introduction
3.1.1. Web log file data
In this paper, the experiment data is real web log data of http://data.semanticWeb.org/ from
April 2010 to November 2010. To protect users’ privacy, Hasson hash has been applied to

79

the IP address. We have approximately 400,000 raw log items (Berendt et al. 2011). After
pre-processing, we divided the data into training set and test set. The training set includes
22409 items, 1197 html pages and 1548 access transactions. The average length of access
transaction is 14.48. While the test set contains 593 items, 44 access transactions and the
average length of access transaction is 13.87.
3.1.2. Label File of Keywords
Web pages can be characterized by a couple of keywords. In general, keywords may not
appear a lot, but they usually shown up at relatively important position, such as title, author,
url, etc. The experiment web site is a database about the researches in semantic web. We
defined 22 hot topic and they composed the keywords set K. Data content mining techniques
can be applied to generate keywords automatically. However, the technique is not mature
enough, in order to avoid the unwanted error and have a more objective measure of our
model. We manually labeled keywords of the 1197 html pages.
3.2 Result and Analysis
Let’s take keyword “search & query”, initial state “/conference/eswc/2009/paper/218” and
threshold value C as 10 -3 for example. Since the pages on this site are parallel, we adopted
UISM horizontal structure to predict users’ access. The result is as shown in Figure 3.1.
Predicted Pages
/conference/eswc/2009/paper/225
/conference/eswc/2009/paper/104
/conference/eswc/2009/paper/219
/conference/eswc/2009/paper/15
/conference/eswc/2009/paper/47
/conference/eswc/2009/paper/159
/conference/eswc/2009/paper/1
/conference/eswc/2009/paper/27

R
1.05E-02
9.27E-03
9.06E-03
8.91E-03
8.68E-03
8.43E-03
8.13E-03
8.06E-03

Figure 3.1 Experiment Results
Figure 3.2 and Figure 3.3 showed the experimental result of our approach and the classic
hidden Markov model (Zhu and Deng 2008) using the same training set and test set.
Abscissa represents transaction number, while the ordinate represents the length of
transaction. For the 44 test transaction, the red part is the pages we predict successfully.
Statistics show that our USIM model predicted 72.7% of the users' access, when classic
hidden Markov model predicted only 37.2% of users’ access. The reason is that classic
hidden Markov model only takes the adjacent pages into account. For example, when users
search “data mining” in Springer: if a user looked through “Paper A——Paper B——Paper
C——Paper D”. In the classic hidden Markov model, they only consider t three transit
“A——B”, “B——C”, “C——D”. So Paper A is not connected to Paper B and Paper C, the
transference between them is ignored. However, users who is interested in Paper A also
interested in Paper C and Paper D. Consequently the classic HMM has some dead zone for
prediction.

Figure 3.2 UISM Result
Figure 3.3 Classic HMM rusult
So our approach is preferable. The longer user’s access sequence, the more accurate pages
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we can predict. While for the user’s we didn’t predict successfully, there are several possible
reasons: (1) The experiment site is different from other experiment, the general experiment
involves about 200 pages while we have 1197 pages. This leads to a wider range of choice
and bring difficulties to our prediction. (2) Our purpose is to contrast with classic hidden
Markov, so the prediction in this paper is based on one page user access, if we combine
more access information, more accurate prediction can be provided.

4. Conclusions and Future Work
With the rapid development of World Wide Web, there is too much information for site users.
To offer personalized services actively is an inevitable trend. While predicting user’s access
according to past user’s behavior can provide basis for site modification, system
improvement and personalization service. We proposed an approach to predict user’s access
based on hidden Markov model. The major characteristic of our approach is that we take
web site structure into consideration. The predicted pages may not directly linked to the
previous page, thus we can discover more hidden information. In contrast, our method can
indeed discover more comprehensive information. Further study can work on reducing the
experiment time and apply the approach into dynamic recommendation system.
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Abstract
This paper studies the effects of various types of online advertisements on purchase conversion
by capturing the dynamic interactions among ad clicks themselves. It is motivated by the
observation that certain ad clicks may not result in immediate purchases, but they stimulate
subsequent clicks on other advertisements which then lead to purchases. We develop a stochastic
model based on mutually exciting point processes, which model ad clicks and purchases as
dependent random events in continuous time. We incorporate individual random effects to
account for consumer heterogeneity and cast the model in the Bayesian hierarchical framework.
We find that display ads have relatively low direct effect on purchase conversion, but they are
more likely to stimulate subsequent visits through other advertisement formats.
Keywords: online advertising, purchase conversion, point process, mutually exciting

1. Introduction
As the Internet grows to become the leading advertising medium, firms invest heavily to attract
consumers to visit their websites through advertising links in various formats, among which
search advertisements (i.e., sponsored links displayed on search engine results pages) and display
advertisements (i.e., digital graphics linking to advertiser's website embedded in web content
pages) are the two leading online advertising formats. Naturally, the effectiveness of these
different formats of online advertisements (ads) becomes a lasting question attracting constant
academic and industrial interest. Researchers and practitioners are especially interested in the
conversion effect of each type of online advertisements, that is, given an individual consumer
clicked on a certain type of advertisement, what is the probability of her making a purchase (or
performing certain actions such as registration or subscription) thereafter.
The most common measure of conversion effects is conversion rate, which is the percentage of
the ad clicks that directly lead to purchases among all ad clicks of the same type. This simple
statistic overemphasizes the effect of the “last click” (i.e., the ad click directly preceding a
purchase) and completely ignores the effects of all previous ad clicks, which naturally leads to
biased estimates. Existing literature has developed more sophisticated models to analyze the
conversion effects of website visits and ad clicks (e.g., Manchanda et al., 2006; Moe and Fader,
2004). As these models focus solely on how non-purchase activities (e.g., ad clicks, website
visits) affect the probability of purchasing, they usually consider the non-purchase activities as
deterministic data and neglect the dynamic interactions among these activities themselves, which
motivates us to fill this gap.
To illustrate the importance of capturing the dynamic interactions among ad clicks when
studying their conversion effects, let us consider a hypothetical example illustrated in Figure 1
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Suppose a consumer saw firm X's display ad for its product when browsing a webpage, clicked
on the ad, and was linked to the product webpage at time t1. Later, she searched for firm X's
product in a search engine and clicked on the firm's search ad there at time t2 and t3. Shortly
afterwards, she made a purchase at firm X's website at time t4. In this case, how shall we attribute
this purchase and evaluate the respective conversion effects of the ad clicks? If we attribute the
purchase solely to the last search ad click, like how the conversion rate is computed, we ignore
the fact that the search ad clicks might not have occurred without the initial click on the display
ad. In other words, the occurrence of the display ad click at time t1 is likely to increase the
probability of the occurrence of the subsequent ad clicks, which eventually lead to a purchase.
Without considering such an effect, we might undervalue the first click on the display ad and
overvalue the clicks on the search ad. Therefore, to properly evaluate the conversion effects of
different types of ad clicks, it is imperative to account for the exciting effects between ad clicks,
that is, how the occurrence of an earlier ad click affects the probability of occurrence of
subsequent ad clicks.

Figure 1: Illustrative Examples of the Interactions among Ad Clicks
This study aims to develop an innovative modeling approach that captures the exciting effects
among ad clicks to more precisely evaluate their conversion effects. We develop a stochastic
model for online purchasing and ad clicking that incorporates mutually exciting point processes
with individual heterogeneity in a hierarchical Bayesian modeling framework.

2. Data Overview
We obtained the data for this study from a major manufacturer and vendor of consumer
electronics (e.g., computers and accessories) that sells most of its products online through its
own website. The firm recorded consumers' responses to its online advertisements in various
formats. Every time a consumer clicks on one of the firm's online advertisements and visits the
firm's website through it, the exact time of the click and the type of the online advertisement
being clicked are recorded. Consumers are identified by the unique cookies stored on their
computers. The firm also provided the purchase data (including the time of a purchase)
associated with these cookie IDs. By combining the ad click and purchase data, we form a panel
of individuals who have visited the firm's website through advertisements at least once, which
comprises the entire history of clicking on different types of advertisements and purchasing by
every individual.
One unique aspect of our data is that, instead of being limited to one particular type of
advertisement, our data offer a holistic view covering most major online advertising formats,
which allows us to study the dynamic interactions among different types of advertisements.
Because we are especially interested in the two leading formats of online advertising, namely,
search and display ads, we categorize the ad clicks in our data set into three categories: search,
display, and other.
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For this study, we use a random sample of 12,000 cookie IDs spanning over a three-month
period from April 1 to June 30, 2008. The data contain 17,051 ad clicks and 457 purchases.
There are 2,179 individuals who have two or more ad clicks within the three months, among
whom 26.3% clicked on multiple types of advertisements.

3. Model Development
For an individual consumer i (i=1,…,I) , we consider her interactions with the firm's online
marketing communication and her purchase actions as a multivariate point process, Ni(t), which
consists of K marginal processes, Ni(t)=[N1i(t),…, NKi(t)]. Each of her purchases as well as clicks
on various online advertisements is viewed as a point occurring in one of the K marginal
processes. Ni(t) is a nonnegative integer counting the total number of type-k points that occurred
within the time interval [0,t]. We let k=K stand for purchases and k=1,...,K-1 stand for various
types of ad clicks. For our data, we consider K=4, so that N4i(t) stands for purchases and {N1i(t),
N2i(t), N3i(t)} stand for clicks on search, display, and other advertisements, respectively. When
individual i, for example, clicked on search ads for the second time at time t0, then a type-1 point
occurs and N1i(t) jumps from 1 to 2 at t=t0.
The conditional intensity function (which measures the instantaneous probability of a point
occurrence) for individual i's type-k process is modeled a as

  t | H    exp  k N
i
k

i
t

i
k

K 1 N j  t 

 t       jk exp    j  t  tlji   ,
i

i
K

(1)

j 1 l 1

where ki>0, αjk>0, >0, and tlj(i) is the time instant when the l-th point in individual i's type-j
process occurs. Note that time t here is continuous and measures the exact time lapse since the
start of observation. Capable of dealing with continuous time directly, our modeling approach
avoids the assumption of arbitrary fixed time intervals or the visit-by-visit analysis that merely
considers visit counts and ignores the time effect.
The first component of the intensity ki specified in Equation (1) is the baseline intensity, ki . It
represents the general probability density of the occurrence of a particular type of event (i.e., an
ad click or a purchase) for a particular individual, which can be a result of consumers' inherent
purchase intention, intrinsic tendency to click on certain types of online advertisements, and
degree of exposure to the firm's Internet marketing communication. Apparently, the baseline
intensity varies from individual to individual. We hence model such heterogeneity among
consumers by considering i = [1i,…, Ki] follow a multivariate log-normal distribution
 i  log  MVN   ,   
(2)

The multivariate log-normal distribution facilitates the likely right-skewed distribution of ki>0.
In addition, the variance-covariance matrix  allows for correlation between different types of
baseline intensities; that is, for example, an individual having a higher tendency to click on
display ads may also have a correlated tendency (higher or lower) to click on search ads.
In modeling the effects of ad clicks, we focus on their exciting effects on future purchases as
well as on subsequent clicks on advertisements, while also capturing the dynamic change of such
effects over time. Therefore, we model the effect of the past occurrence of a type-j point on the
probability of a type-k point occurring subsequently as αjkexp(-βj(t-tlj(i))). For j=1,...,K-1 and
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k=1,...,K, αjk measures the magnitude of increase in the intensity of type-k process (i.e., ad clicks
or purchase) when a type-j point (i.e., a type-j ad click) occurs, whereas βj measures how fast
such effect decays over time. A larger αjk indicates a greater exciting effect instantaneously,
whereas a smaller βj means such exciting effect is more lasting. For j=k, αjk's indicate the effects
between the same type of points and are therefore called the self-exciting effects; for j≠k, they
are mutually exciting effects between different types of points.
The effects of purchases are different from the effects of ad clicks in at least two aspects. First,
compared to a single click on an advertisement, a past purchase should have much more lasting
effects. Second, past purchases may impact the likelihood of future purchases and the
willingness to respond to advertising in either positive or negative way. It is appropriate not to
predetermine the sign of the effects of purchases. Therefore, we model the effects of purchases
as a multiplicative term shifting the baseline intensity, exp(kNki(t)), so that each past purchase
changes the baseline intensity of the type-k process (i.e., purchase or one type of ad click) by
exp(k), where k can be either positive or negative. A positive k means a purchase increases
the probability of future occurrence of type-k points, whereas a negative k indicates the
opposite.
As is discussed earlier, the intensity i = [1i ,…, Ki] defined in Equation (1) is a vector
random process and depends on the realization of the stochastic process Ni(t) itself. As a result,
i keeps changing over the entire process. Figure 2 illustrates how the intensity of different
marginal processes changes over time for a certain realization of the point process.
Based on the intensity function specified in Equation (1), the likelihood function for any
realization of all individuals' point processes Ni(t), i=1,…,I can be written as
i
I
K  N k T 

T

L     ki tlk  i  | H tiki   exp   ki  t | H ti dt .
(3)
0
l
i 1 k 1 
l

1



It is worth emphasizing that unlike the typical conversion models in which advertising responses
are treated only as explanatory variables for purchases, our model treats ad clicks also as random
events that are impacted by the history, and hence their probability densities directly enter the
likelihood function, in the same way as purchases.



 



To summarize, we constructed a mutually exciting point process model with individual random
effect. Given the hierarchical nature of the model, we cast it in the hierarchical Bayesian
framework. The full hierarchical model is described as follows.
N i  t  |  ,  , ,  i ~  i  t | H ti 

 i |   ,   ~ log  MVN K   ,   

 jk ~ Gamma  a , b  ,  j ~ Gamma  a , b  , ~ MVN K  ,  



(4)



  ~ MVN K  ,  ,   ~ IW  S 1 , 
where α is a (K-1)× K matrix whose (j,k)-th element is αjk, and β = [β1,…, βK-1] and ψ = [ψ1,…,
ψK] are both vectors. The parameters to be estimated are {α, β, ψ, i, , }
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Figure 2: Illustration of the Intensity Functions

4. Estimation Results
To estimate the parameters in the model, we use the Markov Chain Monte Carlo (MCMC)
method for Bayesian inference. We apply Metropolis-Hastings algorithms to sample the
parameters. We ran the sampling chain for 50,000 iterations using the R programming language
on a Windows workstation computer and discarded the first 20,000 iterations to ensure
convergence. We report the posterior means and posterior standard deviations for major
parameters in Table 1.
Table 1: Parameter Estimates (Posterior Means and Posterior SDs in Parentheses)
Search
Display
Other
Purchase

Search

α11
2.8617 (0.1765)

α12
0.0860 (0.0214)

α13
0.5381 (0.0562)

α14
0.6167 (0.0633)

Display

α21
0.1614 (0.0496)

α22
1.7818 (0.2314)

α23
0.2055 (0.0572)

α24
0.0845 (0.0347)

Other

α31
0.4647 (0.0654)

α32
0.1270 (0.0367)

α33
8.0526 (0.4117)

α34
0.8384 (0.0867)

Purchase

ψ1
-0.5664 (0.1228)

ψ2
-0.7556 (0.2348)

ψ3
-0.6235 (0.1229)

ψ4
0.2787 (0.2160)

Decay

β1
34.0188 (1.7426)

β2
46.8854 (4.9370)

β3
51.5114 (2.3241)
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The estimation results demonstrate several interesting findings regarding the effects of online ad
clicks. First of all, it is shown that there exist significant exciting effects between the same type
of ad clicks as well as between different types of ad clicks. Compared to the baseline intensities
for the occurrence of ad clicks (i.e., ij, j=1,2,3), whose expected values (exp{,j}, j=1,2,3)
range from exp{-6.10}≈.0022 to exp{-5.39}≈.0046, the values of αjk (j,k=1,2,3) are greater by
orders of magnitude. It implies that given the occurrence of a particular type of ad click, the
probability of ad clicks of the same type or different types occurring in the near future is
significantly increased. Therefore, the results underscore the necessity and importance of
accounting for the dynamic interactions among ad clicks in studying their conversion effects.
Compared with the mutually exciting effects, self-exciting effects between the same type of ad
clicks are more salient, as αjj (j=1,2,3) are greater than αjk (j≠k and j,k=1,2,3). This result is
consistent with the observed data pattern that it is more common for consumers to click on the
same type of advertisement multiple times.
When we compare the mutually exciting effects between different types of ad clicks,
interestingly, display ads tend to have greater exciting effects on the other two types of ad clicks
than the other way round. The posterior probability of α21 being greater than α12 is .92, and the
posterior probability of α23 being greater than α32 is .87. This result implies that when there is a
sequence of clicks on different types of advertisements in a short time period, display ad clicks
are more likely to occur at the beginning of the sequence than towards the end, because they are
more likely to excite the other two types of ad clicks than being excited by them.
Regarding the direct effects on purchase conversion, while all three types of ad clicks have direct
conversion effects (αj4, j=1,2,3), display ad's direct conversion effect (α24) is much smaller,
which partially explains the low conversion rate of display ads and the general understanding of
its low conversion efficacy.

5. Conclusion
In this paper, we develop a Bayesian hierarchical model which incorporates the mutually
exciting point process and individual heterogeneity to study the conversion effects of different
online advertising formats. Using proprietary data from a major vendor of consumer electronics,
we demonstrate that our proposed mutually exciting model leads to proper evaluation of
conversion effects by successfully capturing the exciting effects among ad clicks. We show that
display ads are likely to stimulate subsequent visits through other online advertisement formats
such as search ads, though they have low direct effect on purchase conversions. Neglecting such
effects and overemphasizing the “last click” effects, the commonly used measure of conversion
rate is biased towards search ads and underestimates the relative effectiveness of display ads the
most severely.
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Abstract
When to introduce successive products generations to the market is an important decision for
firms. In this study, we develop analytical models to help decide the optimal market entry timing
for each generation. Our analysis is more comprehensive than prior studies in that we consider
three commonly observed revenue models (i.e., one-time sale, continuous service, both one-time
sale and continuous service), while prior studies consider only the one-time sale model. We find
that the optimal entry timing is not limited to now, never, or at maturity, as concluded by prior
research, but can also lie between now and maturity as well. In addition, we demonstrate that the
proposed modeling framework can be extended to derive market entry timing for more general
business scenarios not considered in prior research.
Keywords: multigeneration diffusion, market entry timing, revenue models
1. Introduction
In today’s business environment, continuous product improvement in the form of successive
release of improved product generations is critical for a firm’s market success. This is because
newer product generations not only helps firms achieve their competitive advantage, but also
ensures that a firm can sustain its revenue stream from a relatively constant customer base. Well
known multigeneration product examples including Apple Inc.’s iPhone and iPad, and Microsoft’s
Office and Windows lines of products.
In the presence of successive product generations, when to introduce a new generation to the
market is an important strategic decision for firms. Despite its importance, studies pertaining to
market entry timing for successive generations have been limited. Two prior studies (Wilson and
Norton 1989, Mahajan and Muller 1996) have proposed analytical models to derive the entry
timing for a new product generation or a product line extension. Wilson and Norton (1989) find
that in most cases a product line extension should be introduced either at the same time as the main
product (now) or not be introduced during the planning horizon (never). Mahajan and Muller
(1996) conclude that the second generation should be introduced together with the first generation
(now) or when the diffusion of the first generation has reached its maturity stage (at maturity).
A major difference between the two pioneering research and the present research is that Wilson
and Norton (1989) and Mahajan and Muller (1996) consider only the revenue model where
revenue is generated through one-time sale (OTS) (e.g., sale of TV sets), while this study considers
three possible revenue models. In addition to one-time sale, we also analyze two other revenue
models: continuous service (CNS) (e.g.., cellular phone service), and both one-time sale and
continuous service (OTCS) (e.g., sale of automobile and after-sale service). Furthermore, even for
business scenario considered by both the present research and the two pioneering studies, some of
the key findings are different. For instance, we find that the optimal entry timing is not limited to
now, never, or at maturity, but it can also lie between now and maturity.
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2. Review of The GNB Model
To obtain the optimal market entry timing for successive product generations, we need a
multigeneration model that can capture the across-generation diffusion dynamics. After an
extensive literature review, we find that the only multigeneration diffusion model that can be used
to estimate the total profit under all three revenue models (OTS, CNS, and OTCS) is the
Generalized Norton-Bass (GNB) model proposed by Jiang and Jain (2012).
Suppose that the first generation (G1) is introduced at time zero, and the second generation (G2) is
introduced at time τ2. Based on the GNB model, the instantaneous adoption rates for the two
generations are
  =    1 −  −  ,
(1)
  =  +     −   +     −  ,
(2)

and the cumulative numbers of adoptions for the two generations can be expressed as

  =    −      −  ,

  =  +     −  .

(3)
(4)

The number of units-in-use for G1 and G2 can be represented by the following equations:
  =    −     −   =    1 −  −  ,
  =   −   +     −   =  +     −  .

(5)
(6)

In Equations (1)-(6), m1 represents the market potential for generation 1, and m2 denotes the
market potential specific to generation 2, i.e., potential adopters who are only interested in
generation 2. Based on the GNB model, all potential (existing) adopters of generation 1 can
leapfrog or switch to generation 2, hence the total market potential for generation 2 is m1+m2. FG(t)
(G = 1, 2) is the integral of fG(t) and takes the following form:
0,
 < 0,
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As is common in the diffusion literature, we refer to pG and qG as the coefficient of innovation and
coefficient of imitation, respectively, for generation G.

Units-in-Use

Adoption Rate

Figures 1a and 1b below illustrate the key differences between the number of units-in-use and the
adoption rate. Take the cellular phone market as an example. The adoption rate curve represents
the rate of initial adoptions of a cellular service (e.g., analog, digital), while the units-in-use curve
captures the number of active subscribers of the service. Although the cumulative number of
adoptions of the analog service cannot decrease with time, the number of units-in-use for analog
service can decrease as a result of customers switching from analog to digital phones.

G2
G1
0

τ2

Time

Figure 1a. Instantaneous Adoption Rate

G2
G1
0

τ2

Time

Figure 1b. Units-in-Use
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The GNB model can be used to project the profit under all three revenue models, because it
provides closed-form expressions for both the adoption rate and the number of units-in-use.
Specifically, if the revenue model is one-time sale (OTS), the profit at any given time is
proportional to the adoption rate at that time. If continuous service (CNS) is the underlying
revenue model, the profit at any given time is proportional to the number of units-in-use at that
time. In case the revenue is generated from both one-time sale and continuous service (OTCS),
both the adoption rate and the number of units-in-use are needed to calculate the total revenue.
3. Two-Generation Scenarios
Suppose that the first generation (G1) is introduced at time zero, and our goal is to find the optimal
introductory time for the second generation (G2) that leads to the highest total profit. Among the
three revenue models discussed earlier, since OTS and CNS can be considered special cases of
OTCS, we first formulate the problem for OTCS, i.e., a firm derives profit from both initial
one-time sale and continuous after-sale service.
When projecting the total profit for a product line with successive generations, we consider only
revenues generated and costs incurred during a planning horizon, denoted by D. During a long
planning horizon, the cost of product/service generally increases with inflation, and the firm
periodically adjusts its price to account for the increase in cost. Assuming that the cost and revenue
both rise at the pace of inflation, the time-discounted profit per unit sale or per unit time’s service
remains constant during the planning horizon,. For expositional convenience, we define unit
contribution margin (for sale) as the present value of the profit resulting from selling one unit of a
product, and denote the unit contribution margin for selling G1 and G2 by / and / , respectively.
Similarly, we define unit contribution margin (for service) as the present value of the profit
resulting from providing one unit time’s service, and denote the unit contribution margin for
servicing G1 and G2 by 0 and 0 , respectively. Then, with G1 introduced at time zero and G2 at
time  (1 ≤  ≤ 3), where 1 ∈ 0, 3 represents the earliest possible introduction time for
G2, the total profit generated from both generations during the demand window equals
6

6

/  = /  3 + /  3 + 0 5   + 0 5  .




Thus, the problem for deciding the optimal market entry time for G2 is formulated as
6
6
MAX:;;6 /  = /  3 + /  3 + 0    + 0   


(8)

Consistent with the prior literature (e.g. Wilson and Norton 1989, and Mahajan and Muller 1996),
we let < = < = < and = = = = = , implying  =   =  and  =   =  , ∀.
Then, based on GNB model, we have
6
 3 =  3 −     −  ,

 3 =  +  3 3 −  ,
(9)
  =   1 −  −  ,
  =  +    −  .

The objective function of (8) assumes that the revenue is generated from both one-time sale
and continuous service (OTCS). If we let 0 = 0 = 0, the expression represents the scenario
where one-time sale is the only source of revenue (OTS). Similarly, with / = / = 0 , the
expression represents the scenario where revenue is generated only from continuous service
(CNS). We next examine the three scenarios separately.
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2.1. Revenue Only from One-Time Sale (OTS)
If a firm generates its revenue only through one-time sale, problem (8) reduces to
6

MAX /  = / ? 3 −  5   −  @ + /  +  3 3 −  .

: ; ;6



(10)

Although we could not obtain a close-form expression for the optimal introduction time, we are
able to derive several analytical findings regarding problem (10).
Proposition 1. When one-time sale is the only source of revenue, it is always optimal to introduce
G2 sometime before the end of the planning horizon. Specifically, if we let
/  +  3 min 
A=

then

;E;6

/  F max I

 ∗ < 3 − A,
J ∗
 =1 ,

;E;6

(All proofs are omitted due to space limitations.)

,

if A < 3 − 1 ,
if A ≥ 3 − 1 .

From this proposition, we conclude that regardless of the length of the planning horizon, the
relative unit contribution margin, the relative market potential, and the projected diffusion curves
of the two generations, not introducing the second generation during the planning horizon is never
an optimal solution. This is different from the conclusions arrived at by Wilson and Norton (1989),
who conclude that under certain conditions a product line extension should never be introduced.

For most products, we expect G2 to be at least as profitable as G1 per unit sale, i.e., / ≤ / .
Under this condition, we find a sufficient condition for G2 to be introduced at soon as possible:

Proposition 2. When one-time sale is the only source of revenue, if the unit contribution margin
for G2 is equal to or greater than that for G1, and the planning horizon is shorter than or equal to
the time of peak diffusion for G1 (in the absence of substitutions), then it is optimal to introduce G2
as soon as possible. Formally,
 ∗ = 1 if / ≤ / MN 3 ≤ ln=/</< + =.

According to Bass (1969), the time of peak diffusion for G1 is Q ∗ = ln=/</< + =. Informally,
the term maturity also seems to refer to the stage after Q ∗ in the study by Mahajan and Muller
(1996). From Proposition 2, if decision-makers consider a planning horizon that is shorter than the
T*, then G2 should be introduced at soon as possible. Despite the differences in model assumptions,
we can see the difference between this finding and that of Mahajan and Muller (1996). Mahajan
and Muller conclude that G2 should be introduced as soon as possible if (i) the market potential for
G2 is larger than that for G1, or (ii) the (current and future) profit per unit for G2 is larger than that
for G1, whereas we find that the comparisons of market potentials and/or contribution margins in
themselves do not lead to a sufficient condition for G2 to be introduced as early as possible.

We conduct numerical analyses to examine how the various factors affect the optimal introduction
time for the second generation. The parameters estimated from the US cellular phone subscribers
data are used in these analyses: p = 0.0158, q = 0.279, m1 = 38.68 million, and m2 = 318.06 million.
The unit contribution margin for selling cellular phones is assumed to be $20 for both generations
(/ = / = $20). In order to better understand how sensitive the optimal solution is to different
parameter values, we assume that G2 is available for market introduction at time zero (τ2 = 0).
Numerically, we find that when planning horizon is set to D = 30 years, the highest profit π* =
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$7.63 billion is achieved at  ∗ = 5.8 years. With a shorter planning horizon D = 25 years, the
solution is  ∗ = 1.8 years, leading to a total profit of π* = $7.45 billion. When D = 20 years, it is
optimal to introduce G2 at the same time as G1, i.e.,  ∗ = 0, and the profit is π* = $7.13 billion.

These results confirm another key difference in findings between this research and Mahajan and
Muller (1996). Specifically, the solution  ∗ = 5.8 years (when D = 30) and  ∗ = 1.8 years (when
D = 25) show that it may be optimal to introduce a new generation after its earliest possible
introduction date, but before the maturity date (i.e., time of peak T*=9.74 years) of the previous
generation. This practice is observed in the real-world. For instance, Apple Inc. launched its new
iPad 3 in March 2012, even though the sales of iPad 2 (launched in March 2011) were still on a
strong upward trajectory, implying that its maturity stage has not arrived yet.
2.2. Revenue Only from Continuous Service (CNS)
When continuous support or subscription service is the only source of revenue, the decision
problem becomes
6

6

MAX /  = 0 5   1 −  −   + 0 5  +    −   .

; ;6





(11)

This is a scenario not considered by Wilson and Norton (1989) and Mahajan and Muller (1996) in
their studies.
For most service types, we expect the profit per unit of time’s service for G2 to be no less
than that for G1, i.e., 0 ≤ 0 . Under this condition, we have the following finding:

Proposition 3. When continuous service is the only source of revenue, if the unit contribution
margin for G2 is equal to or greater than that for G1, it is always optimal to introduce G2 as soon
as possible, i.e.,  ∗ = 1 if 0 ≤ 0 .
Even if G2 is less profitable than G1 per unit time’s service, it may still be optimal to introduce G2
as soon as possible under a given condition.

Proposition 4. When continuous service is the only source of revenue, even if the unit contribution
margin of G2 is less than that of G1, it is still optimal to introduce G2 as soon as possible if the
market potential for G2 is sufficiently large. Specifically,
 ∗ = 1 , if  ≥

0 − 0  3
 .
0

To illustrate, we again adopt the parameter estimates based on the US cellular phone data. The unit
contribution margin for both generations is set to $200 for one year’s cellular service (0 = 0 =
200). We find numerically that regardless of the duration of planning horizon, the total profit drops
quickly as the introduction time of G2 delays, a result consistent with Proposition 3. Therefore, if
G2 were ready for the market at time zero, it should have been introduced right away.
2.3. Revenue from Both One-Time Sale and After-Sale Service (OTCS)
When a product line generates revenue from one-time sale as well as after-sales service, the
formulation (8) is directly applicable. Based on Propositions 2, 3, and 4, we have the following
conclusion:
Proposition 5. When revenue is generated from both one-time sales and after-sale service, it is
optimal to introduce G2 as soon as possible, i.e.,  ∗ = 1 , if / ≤ / , 0 ≤ 0 , and 3 <
ln=/</< + = .
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We conduct numerical analyses to examine the solutions under two different cases. In the first case,
we still use the parameter values estimated from the US cellular data and let / = / = $20,
0 = 0 = $200. Three different planning horizons (20, 25, and 30 years) are tried, and the
solutions all suggest that it is optimal to introduce G2 as early as possible, i.e.,  ∗ = 0. This is
expected because the profit from continuous service dominates the profit from one-time phone sale;
based on Proposition 3, the service profit is maximized at  ∗ = 0. In the second case, a firm
derives revenue primarily from one-time product sale instead of after-sale service. We change the
unit contribution margins to / = / = $200 and 0 = 0 = $1, and set the planning horizon to
30 years. The optimal introduction time for G2 is  ∗ = 1.7 years. In this case, since the unit
contribution margin for one-time sale is significantly higher than that for service, slightly delaying
the introduction of G2 can lead to more cross-generation repeat purchases and a higher profit.
3. Three-Generation Scenario
The market entry timing solutions obtained by Wilson and Norton (1989) and Mahajan and Muller
(1996) are limited to two product generations. Their formulation cannot be easily extended and
solved for three or more generations. The GNB model, on the other hand, can be used to compute
the optimal market entry timing for any number of generations. Here, we demonstrate the
formulation and solution for a three-generation case. For illustration purpose, we only consider the
scenario where one-time sale is the only source of revenue. The problem can be formulated as
MAX

: ; ;R ;6

/ , S  = /  3 + /  3 + /S S 3

= / F 3 −     −  I
6


+/ T  +  3 3 −   −   +    −   +    −    − S  U
R
+/S VS +  +  3 3 −  W 3 − S .
(12)
6

For numerical analysis, we use the average Bass model parameter values reported in a prior
research (Sultan et al. 1990), i.e., p = 0.03, q = 0.38. The other parameter values are set to m1 = 100
million, m2 = 200 million, m3 = 300 million, / = / = /S = $20, and D = 30. The
profit-maximizing introduction times are found to be  ∗ = 5.0 years for G2 and S∗ = 14.1 years
for G3.
4. Conclusions
In this research, we conduct a comprehensive analysis of market entry timing for successive
product generations under different revenue models. The proposed models can help firms make
informed decisions when managing the introduction of successive product generations.
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Abstract
Consumer buzz in the form of user-generated reviews, recommendations and blogs signals consumer
attitude and advocacy can influence firm value. Web traffic also affects brand awareness and customer
acquisition, and is a predictor of the performance of a firm’s stock in the market. The information systems
(IS) and accounting literature have treated buzz and traffic separately in studying their relationships with
firm performance. Besides the connections between buzz or traffic and firm performance, the relationships
of buzz and traffic with firm performance are complicated, involving direct and mediated relationships,
and time-series relationships of itself and competitor spillover relationships. For example, Li and Hitt
(2006) showed that the impact of buzz on firm performance varies over time, which suggest examining the
time variations of online ratings. Dewan et al. (2003) suggested that a portal website manager could
optimally control web traffic over time by allocating content and ads to maximize firm value. Yet there is
little research that takes an integrative and dynamic approach to address all those questions.
We consider the interactions between buzz and traffic, as well as competitive effects that have been
overlooked heretofore. To study the relationship between user-initiated web activities and firm
performance, we collected a unique data set with metrics for consumer buzz, web traffic and firm value.
We employed a vector autoregression with exogenous variables (VARX) model that captures the evolution
and interdependence between the time-series of dependent variables. This model enables us to examine a
series of questions that have been raised but not fully explored to date, such as dynamic effects, interaction
effects and market competition effects. We find that both consumer buzz and web traffic have a positive
relationship with firm stock performance, and the competitors’ consumer buzz and web traffic have an
indirect relationship with the focal firm’s stock performance. The relationship between consumer buzz and
firm stock performance is mediated by traffic.
Our results support the dynamic relationships of buzz and traffic with firm value, and the related
mediation effects of buzz and traffic. They also reveal significant market competition effects, including
effects of both a firm’s own and its rivals’ buzz and traffic. This study has the potential for impacting
practice and theory. Today, managers scramble to harness the power of social networking technologies
and advances in web applications. While the leading metrics used to measure social success have focused
on higher site traffic and referral ratings, managers cannot justify investments in social media by using
these soft metrics alone. Rather, their decisions hinge upon hard financial results. Managers also want to
learn about the relative effects of buzz and traffic on firm performance in order to balance resources for
their digital marketing strategies.
Keywords: Consumer buzz, firm value, online reviews, social media, stock market performance, vector
autoregression, web traffic
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Abstract
In this paper, we use a structural model to estimate demand for various types of coupons based on
the sales dataset of a Social Commerce site. We find that more number of sales days is likely to
decrease sales after we implement a random coefficient model with instrument variables.
Furthermore, we set up counter-factual experiments to identify the marginal effects of the
observed product characteristics. The results show that a one-day extension of sales will decrease
the product’s weekly market share by 26.5% if other things are equal. Meanwhile the length of
redemption is statistically insignificant.
Keywords: Social Commerce, Structural modeling, Random Coefficient Model, BLP

1. Introduction
Growing explosively in recent years, Social Commerce sites such as Groupon allow merchants to
gain the attention of online consumers and increase their customer base. A few studies have
investigated the economics of daily deals from the perspective of the coupon, price discrimination
and social learning. In this paper, we use a structural model to estimate demand based on the sales
dataset of an online daily deal site, dealing with price endogeneity issues. We examine the
influences of the observed and unobserved characteristics of products on the demand for vouchers.
“Deal of the day” web sites are a form of electronic commerce which offers bargain deals per
region typically for a period of 24 hours. Members of deal of the day websites receive online offers
and invitations by emails, SMSs and social networks on deals for their particular area of residence
based on information input by members upon registering on the website. When consumers
purchase an offer, the deal typically expires in 3 to 12 months. Some specialists in the consumer
protection area raise the issue that some daily deal sites want to make money from non-redemption
of deals (Marketwatch, 2011).
Several studies have examined the business of daily deals (Dholakia, 2011; Edelman et al., 2010;
Kumar and Rajan, 2012; Li and Wu, 2012). Previous studies examine daily deals from the
perspective of coupons (Dholakia, 2011), price discrimination (Edelman et al., 2010) and social
learning (Li and Wu, 2012). We argue that a daily deal site is an online marketplace in that there
is both supply and demand, despite the fact that daily deals differ from traditional commerce sites
in that they provide bargain deals for a limited time.
Our purpose of carrying out this study is to use a structural model to estimate demand for vouchers
based on the sales dataset of an online daily deal site. In particular, we ask how the observed and
unobserved characteristics of heterogeneous products influence the demand for vouchers. Prices in
general are likely to be correlated with the error term in estimating demand. Thus, the estimate of
the price would be biased depending on the unobserved product characteristics (Nevo, 2000).
Furthermore, daily deals are normally grouped into a few predetermined categories such as
restaurant, bar, café, exhibition, travel and beauty and spa. Consumer preferences towards the
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same category may be correlated. This study addresses the price endogeneity issue intrinsic in
demand estimation by building a random coefficient demand model in line with the BLP (Berry et
al., 1995) method. We use the price and sales dataset of an online daily deal site in South Korea for
a period of 6 months.

2. Literature
Literature on the daily deal industry is limited as the sector is relatively new. A survey of small
businesses partnering with Groupon has been performed (Dholakia, 2011). Several analytical
models with descriptive statistics to explain daily deal economics and marketing strategy are
presented (Edelman et al, 2010; Byers et al., 2012; Kumar and Rajan, 2012; Li and Wu, 2012).
Ye et al. (2011) show the dynamic patterns of purchasing times on the websites of Groupon and
LivingSocial. Byers et al. (2012) empirically show that a negative side effect for Groupon’s
merchants is that the merchants’ Yelp ratings decline significantly on average. Li and Wu (2012)
measure the effects of observational learning and Word-of-Mouth (WOM) using a panel data set.
Our work is closely related to models of demand estimation in the differentiated product market
such as BLP (Berry et al. 1995). The limitations of the product-level taste differences in
traditional discrete choice models (McFadden, 1974) let BLP propose a new model considering
the observed and unobserved characteristics using only market-level data and dealing with price
endogeneity issues (Nevo, 2000). Another advantage of BLP is that we are able to undertake a
welfare analysis with new products. The applications have been varied with studies on
automobiles (Berry et al., 1993; Petrin, 2002), books (Brynjolfsson et al., 2003; Ghose et al.,
2006), personal computers (Song, 2007) and cable TV (Goolsbee and Petrin, 2004). The BLP
method has been adopted widely in the demand estimation in IS literature (Ghose et al., 2012;
Ghose and Han, 2011; Ghose and Han, 2012), as well.

3. Research Design
We use a dataset consisting of list price, discount rate, discounted price, sales quantity, sales
period and characteristics data from an online daily deal site in Korea. The vouchers in the data
vary from restaurant to beauty and spa. We have the data between August 9, 2010 and January 29,
2011 (6 months). We elaborate how we develop our random coefficient model and describe how
we use it to estimate empirically the distribution of customer preferences on different voucher
characteristics on the daily deal site.
3.1 Structural Model
We derive a demand function as is done in the BLP method after we define utility function
below, which is done following the identification of observed variables for products and
consumers. The level of utility that a consumer derives from a given product is a function of both
individual attributes and product characteristics. Both attributes and characteristics can be either
observed or unobserved by the researcher. (Berry 1994; Berry et al., 1995)
Uζ , p , x , z , ξ ; θ
where ζ and zi represent respectively consumer i’s observed attributes and unobserved
attributes. pj represents the price of the product j, and xj and ξ are, respectively, observed and
unobserved product characteristics. θ is a k-vector of parameters to be estimated.
In order to derive the aggregate demand, we integrate the individual choice function over the
distribution of ζ in the population as consumers with different attributes ζ make different
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choices. We will assume that ζ has a known distribution as specified in the BLP.
Consumer i chooses product j if and only if
Uζ , p , x , z , ξ ; θ ≥ Uζ , p , x , z , ξ ; θ, for r = 0, 1, … , J

1

where alternatives r represent purchases of products other than j. The outside alternative where r
equals 0 represents the option of not buying any other products. The market share of product j
can be represented by
s p, x, ξ; θ = 

∈!"

where

 #ζ

%& ≡ (ζ: Uζ , p , x , z , ξ ; θ ≥ Uζ , p , x , z , ξ ; θ, for r = 0, 1, … , J*

2
and

represent the cumulative density function of ζ in the web site members.

 #ζ

With (1) and (2), we derive a simple linear equation to estimate the utility as follows.
Uζ , p , x , ξ ; θ ≡ x β − αp + ξ + ϵ ≡ δ + ϵ

(3)
where δ is defined as the mean utility level of product j.
As we have a discrete choice variable for purchase in our data set, the linear equation (3) can be
rewritten if we adopt McFadden’s (1974) conditional logit model.
expx β − αp + 89& + ξ 
s = probY = j =  dP ∗ ϵ =
for j = 0,1, … . , J
4
1 + ∑exp;< = − >?& + 89& 
@A
ln s − ln s = x β − αp + ξ , ξ ~N0, σI 

The conditional logit model, however, has the issues of IIA (Independence of Irrelevant
Alternatives) in that the variables influential to the choice between two products is dependent
solely on the characteristics of the two products. That is, this model is not realistic because the
choice between two products is usually influenced by other products’ characteristics as well as
those of the two products. Additionally, the model has the issue of price elasticity (Train, 2003).
Therefore, we have a model to consider products’ characteristics with consumer attributes which
are randomly generated on the known distributions. Product characteristics include price,
discount rate, minimum sale, maximum sale, term of validity and sale period. If we take price,
discount rate, sale period related with unobserved characteristics of consumers, we are able to
generate random numbers to match them. Through this, we can build a model to consider
products’ characteristics with consumer attributes at the same time. The sj below is required to
perform this procedure.
RS
expδ + ∑MKNO xK σK vK 
1
s = J
Q
K σ vK
ns
1 + ∑PNO expδP + ∑MKNO xP
K 
NO
K
where ∀vi ~ N(0,1) while xk, k=1, …, K, are the variables for observed product
characteristics and i =1, . . . , ns are draws from  .
3.2 Instruments
We are supposed to specify instruments for the demand equations. Prices are likely to be related
with the unobserved characteristics of products such as service, quality and brand (Nevo 2000;
Nevo 2001). To separate the endogenous variation, we use instruments which are related with
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prices and, at the same time, are not related with product characteristics. We consider using the
instruments like previous research (Berry et al. 1995; Nevo 2000; Nevo 2001). For product j, we
take as instrument variables, prices and characteristics of other products in the market besides
product j. Those variables are not likely to be related with unobserved characteristics. However,
they are likely to be associated with product j’s observed characteristics including price.
Therefore, we may consider instrument variables such as the average prices, the average discount
rates, the average sale periods and the average validity terms of other products in the market
besides product j. These variables are expected to be associated not with unobserved
characteristics but prices. The instrument for product j can be conceptually written as follows:
∑x − x
IV =
n−1
where i =1, …, n, n is the number of products in the market t.

4. Results
We present three basic sets of results: a simple logit specification, an instrument variables logit
specification and a random coefficient specification. The results of the logit, IV logit and BLP
estimates are in Table 1.
Variable
Discount Rate
Discounted Price
Sale Period
Term of Validity
Minimum Sale
Maximum Sale
Week_Control
Weekday_Control
Adj. R-Sq.
GMM-Obj.

Logit
Demand
0.0134***
(0.0032)
-0.0073***
(0.0005)
-0.0141
(0.0332)
0.0011***
(0.0004)
0.0009***
(0.0001)
0.0000***
(0.0000)
-0.0750***
(0.0032)
Yes

IV logit
Demand
0.0132***
(0.0034)
-0.0072***
(0.0006)
-0.3140**
(0.1313)
0.0011***
(0.0004)
0.0009***
(0.0001)
0.0000***
(0.0000)
-0.0760***
(0.0035)
Yes

0.5727

0.5366

BLP
Demand
0.5012***
(0.0482)
-1.8978***
(0.0251)
-0.6342**
(0.0021)
0.1035
(0.0732)
0.1691**
(0.0851)
-0.0134
(2.6966)
-2.7778***
(0.0179)
Yes

6.09E-21
The Standard errors are reported in parentheses
* Significant at 10% level. ** Significant at 5% level. *** Significant at 1% level.

Table 1. Results with Logit, IV Logit and BLP (N=1,165)
For the purpose of comparing the results from other specifications, the logit demand results are
generated from an OLS (Ordinary Least Squares) regression of ln(sj) - ln (so) on product
characteristics and price. A majority of coefficients are of the expected sign in logit demand.
Most observed characteristics other than Sale Period in logit demand look statistically significant.
However, the use of instruments changes the results of the estimation for the Sale Period
parameter. BLP demand represents the results from estimating the demand and pricing equations
together. To sum up the results of the full model, the coefficients in the BLP demand show
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estimates of the mean utility levels for each product characteristic. Discount rate has a positive
impact on voucher demand, which is easily inferred. Discounted price and sale period have a
negative impact on voucher demand. This can be understood as the deals with a long sale period
are not likely to attract consumers as much as the deals with a short period. Consumers may have
more chances to purchase vouchers with the “window of short opportunities” or as an impulse
purchase in that a majority of deals are over within 2 days. Minimum Sale has a positive effect
on voucher demand and the coefficient for this variable increased in a large scale. This can be
interpreted as unobserved characteristics are associated with the Minimum Sale while Maximum
Sale is not a good measure to capture the association with the unobserved product characteristics.
Sale Period becomes statistically significant when it is in the model of IV logit and BLP, while
Term of Validity and Maximum Sale are insignificant in BLP demand. Here, we have solid
arguments for including excluded characteristics, the coefficient for Sale Period increases by our
explicit treatment of product characteristics unobserved by the researcher, but known to the
consumers in the market.
One of most outstanding advantages of structural modeling is that it can provide counter-factual
experiment to help policy decisions. We present a couple of interesting results after we conduct
more than a few counter-factual experiments. To identify the effects of sales period, we assume
sale period of 1 to 5 days, as we know that more than 99 percent of deals are sold within 5 day
sale period. If other things are equal, a one-day extension of sales will decrease the product’s
weekly market share by 26.5%

5. Discussions
In this paper, we estimate the demand for daily deal vouchers of discounted gift certificates
redeemable at various places such as restaurants, beauty and spa. We set up a discrete choice
structural model, considering both the product characteristics and the heterogeneous consumer
attributes. Using the actual transactional data set of an online daily deal site, we estimate this
model with instrument variables and random coefficients. Based on the estimates, we find some
counter-intuitive results that a longer sales time is likely to decrease sales, whereas, the length of
redemption is not statistically significant after we implement instrument variables and a random
coefficient model. If other things are equal, a one-day extension of sales will decrease the
product’s weekly market share by 26.5%.
Our work still has several limitations. In further study, our model should be enhanced as the BLP
model has inherent limitations in regard to the product-level “taste shock” in logit models. The
pure characteristic model proposed by Berry and Pakes (2007) is based purely on consumers’
different tastes toward individual product attributes, not considering the tastes for certain
products as a whole. Additionally, product-level “taste shock” is related with the context of the
market according to the study by Song (2011). Therefore, it is necessary to work on improving
our model to reflect the levels of consumer heterogeneity brought on by different product
categories and characteristics. Moreover, the variable of Maximum sales may lead truncated
demand which we may not observe. In spite of all these limitations, we believe that our paper
can contribute to the landscape of related studies by extending the applications of a structural
model in the IS domains.
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Abstract
Consumers often use heuristics in making onlinepurchase decisions. The use of heuristics
could have a significant implication on empirical model specificationsfor ecommerce
research.In this study, we consider the use of decision heuristics in the context of the effect of
seller reputation onproduct sales in a large scaleonline marketplace. Our analysis suggests
that the data is consistent with consumers’ use ofelimination by aspects (EBA), one of the
most well-known heuristics,in their purchase decisions. We propose a non-linear regression
model to account for this heuristic behavior.
Keyword: Online Marketplace, Behavior Heuristic, Elimination by Aspect, Empirical
Modeling
1. Introduction
Decision heuristicsare widely used by consumers in purchase decisions (Fader and McAlister
1990). They reduce consumer cognitive strain at the cost of potentially sub-optimal decisions.
A key driver of decision heuristics is information overload (Malhotra 1984) and information
overload is often significant in electronic commerce, particularly with the emergence of large
scale online marketplaces. First, via the Internet, sellers and buyers are able to reach far
beyond the physical limits of their physical presences. This substantially increases the
alternatives available to consumers. Second, conducting transaction in online marketplaces
carries significant risks. In traditional markets, decisions are often madebased buyer's
personal experience and local word-of-mouth. In online marketplaces, consumers face a
higher degree of information asymmetry, resulting in high risk for buyers(Akerlof 1970).
These risks are significant obstacles to the development of electronic marketplace (Jarvenpaa
and Tractinsky 1999).
The combination of high risk and overwhelming choice significantly increase cognitive strain
in the decision making process. As a result, consumers often resort to decision heuristics in
their online purchase decisions. One of the most commonly used decision heuristics is
elimination by aspects(Amos Tversky 1972). Different from utility-based decision process
where each attribute is assumed to contribute towards the total utility of a product soutility
from different attributes can compensate each other, eliminating by aspects is
non-compensatory in nature. Specifically, each alternative is viewed as a set of aspects. At
each stage in the process, an aspect is selected and all the alternatives that do not meet the
threshold for that aspect are eliminated.
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Despite the substantial evidence of consumers’ use of decision heuristics in a variety of
settings, there is little research on how consumers’ use of decision heuristics may affect
empirical specifications of ecommerce research. In this study, we show that the use of
elimination by aspects transforms an otherwise linear demand system to a non-linear system.
We propose a non-linear regression model to accommodate the underlying heuristic behavior
and validate the model using data from a large online marketplace.
2. Research Context
We conduct our analysis in the context of a large scale online marketplace, focusing on the
relationship between seller reputation and product sales. We choose this research context
because reputation system of online marketplace presents a number of interesting research
questions. In addition, existing literatures have mostly used linear models to examine the
relationship between seller reputation and product sales, implicitly assuming a compensatory
utility-based decision marketing process.
In online marketplaces, various mechanisms are implemented to reduce buyer information
asymmetry. Especially, reputation mechanisms are widely adopted by most online
marketplaces (Dellarocas 2003).These reputation mechanisms allow buyers and sellers to
evaluate each otherand the information is aggregated to form the reputation for each
participant in the marketplaces. In a utility-based decision process, consumers convert review
ratings and other attributes into utility and make decisions based the total utility. Inan
elimination-by-aspects-baseddecision process, consumers screen out sellers with reputation
score below a given threshold (the threshold could be unique to each consumer) and only
consider the remaining sellers in the decision process.
To differentiate utility-based decision process from elimination-by-aspects-based decision
process, prior studies require individual buyer choice data (Fader and McAlister 1990). In
this study, we take a new approach. We note that vast majority businesses (e.g. sellers) have
no access to individual buyer choice data. Instead, we show that buyers’ behavior can be
inferred from sellers’ product sales data. The underlying intuition is that, in a utility-based
decision process, reputation has a curve-linear relationship with product sales, while in an
elimination-by-aspects-based decision process, the relationship takes the form of an S curve
as we demonstrate in the next section.
We conduct our empirical analysis using seller reputation and product sales data from TaoBao,
the largest online marketplace in China. In 2012, the total sales of TaoBao exceeded 1 trillion
RMB, accounting for 5.4% of total online retailing transactions in China. TaoBao’s reputation
mechanism is very similar to eBay. Specifically, after a transaction is completed, both the
buyer and the seller can evaluate each other, with a score of +1 (positive), 0 (neutral), or −1
(negative), accompanied with any textual comments. Reputation score in TaoBao is
calculated for each participator based on total number of positive ratings minus total number
of negative ratings. In addition, according to TaoBao’s reputation mechanism, seller
reputation scores are divided into 21 seller reputation grades. Figure 1 is the screenshot from
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TaoBao website about seller reputation grade specification. When a buyer browses a seller’s
product page, reputation grade is showed prominentlyinstead of the underlying reputation
score (Figure 2a, 2b). For example, regardless whether a seller’s reputation score is 50040 or
75789, his product page shows the same reputation grade of three bluecrowns. To observe a
seller’s underlying reputation score, a buyer must click into the reputation page of the
seller(Figure 3).
Figure1. Specification of Seller Reputation Grade Logo in TaoBao

Figure 2a.

Example of a seller in three blue-crowns on Taobao.com
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Figure 2b. Example of a seller in three blue-crowns on Taobao.com

Figure 3.

Reputation scores of two sellers in the same reputation grade

Sellers play close attention to their reputation score and, particularly, reputation grade. An
often observed phenomenon on TaoBao is that when a seller’s reputation score is close to
make him/her move into the next reputation grade, the seller is very likely to offer specials to
expedite the move (e.g. discounts for sprinting to “one blue-crown”, as in Figure 1). Given
the prominent nature of reputation grade and sellers’ attention to reputation grade, it is
reasonable to assume that buyers mainly focus on reputation grades instead of underlying
seller reputation scores. This is consistent with findings from prior research that shows
responsiveness to information depends on not only the information content, but also the effort
involved in obtaining the information of interest (Chetty et al. 2009, Finkelstein 2009). The
importance of reputation grade is further enhanced by the sorting capability offered by
Taobaothat allows a consumer to ranksellersby reputation grades.
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3. Literature Review
Reputation system of electronic commerce presents a number of interesting research
questions. A number of authors have considered the relationship between seller reputation
and product sales.
The majority of prior studies on reputation systems in electronic markets focus on the US
marketing. A common assumption used by these study is the assumption of linear or
log-linear relationship between seller reputation and product sales or product price (see
Kalyanam and McIntyre2001, McDonald and Slawson2002, Melnik and Alm2002, Resnick
and Zeckhauser2002, Ariely and Simonson2003, Dewan and Hsu2004, Eaton2006,
Ederington and Dewall2006, Resnick et al.2006, Lucking-Reiley et al.2007, Jin and
Kato2008.) For example, Mikhail and Alm(2005) find that the quality of a seller’s
reputation has a positive impact on the price of the good, using sales data of 1999 mint
condition U.S.$5 gold coins collected from eBay. This study also examines the impact of the
seller’s reputation on the willingness of buyers to bid on items sold via internet auctions.
Houser and Wooder(2006) argue that an increase of positive ratings from 0 to 15 results in an
increase of about 5% in the final sales price, using sales data of computer CPU collected from
eBay. Bajari and Hortaçsu(2003)find that negative comments have little impact on seller
outcome.Ba and Pavlou(2002) conduct an online field experiment and indicate that positive
ratings have a strong impact on price premiums. Pavlou and Dimoka(2006) collect data from
eBay online auction to better understand the nature and role of feedback mechanisms, trust
building, price premiums, and seller differentiation in online marketplaces.
Other studies focus on the relationship between seller reputation and sales volume or seller
performance. Livingston(2005) shows that reputable sellers receive higher bid amount, using
data from internet auctions. Y Liu et al.(2007)conducts a meta-analysis to conclude that seller
reputation has significant impact on seller performance. More specifically，positive seller
ratings affect auction outcomes positively while negative seller ratings exert negative
influences, and neutral ratings have no significant influence seller performance. Cabral and
Hortacsu (2005) have conducted an econometric analysis of reputation on eBay using panel
data. The focus of their analysis is on the impact of feedback on sales growth, the frequency
of future negative feedback, and sellers’ exit from the market. José J. Canals-Cerdá (2008)
conducts an empirical analysis of the value of a seller’s online reputation, using a unique
dataset of art auctions on eBay. The results point to a highly significant, and sizable, impact
of reputation on the behavior of buyers and sellers and on market outcomes.
In recent years, a handful of studies pay attention to online marketplaces in China, such as
Zhang and Li(2005), Yang et al(2007). Li and Liu(2007) investigate the trust mechanism of
eBay China and TaoBao. Luo et al.(2009) conduct online survey using field data in China to
find seller reputation moderates the causal relationship between the both kinds of information
and the uncertainty perception. Ye et al(2009) demonstrate that positive ratings have a
significant positive impact on the performance of sellers, while negative ratings have
negative reputation effects and positive magnitude effects, using data from Taobao.
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4. Methodology
4.1 Empirical Model
We start with a parsimonious log-linear demandfunctionwithout decision heuristics where
consumers demand for a given seller can be described as
ln(𝑠𝑎𝑙𝑒𝑠𝑖 ) = 𝛼 − 𝛽1 ln(𝑝𝑖 ) + 𝛽2 𝑟𝑖 ,

(1)

where p and r are the product price and seller reputation respectively. It is straightforward
that this demand function is linear in reputation and product price. We next introduce
elimination by aspects to the above demand function. We assume that each consumer will
only purchase from the seller if the seller’s reputation grade is above a certain threshold t. We
also assume that t follows a normal distribution with mean u and standard deviation s. The
sales of a seller with rating r can then be written as:
𝑟𝑖 −𝑢

ln(𝑠𝑎𝑙𝑒𝑠𝑖 ) = 𝛼 + ln(Φ (

𝑠

)) − 𝛽1 ln(𝑝𝑖 ) + 𝛽2 𝑟𝑖

(2)

The above equation shows that a seller’s reputation has two effects: 1) elimination effect –
consumers with threshold higher than the seller’s reputation grade will not purchase from the
seller; and 2) utility effect – the demand among consumers with threshold lower than the
seller’s reputation grade increases with seller’s reputation. The specification of equation (2)
allows us to accommodate both effects of reputation and empirically assess the relative
strength of the two effects. It is also useful to note that equation (2) is a non-linear model
with coefficientsu and s not known ex ante to researchers.
4.2 Data description
To operationalize equation (1), it is necessary to control for sellers’ other characteristics. In
this study, we use seller’s historical sales in the previous 30 days as our control. Our data was
collected from TaoBao’s website. In order to minimize the impact of object-level
heterogeneity, we focus on auctions of ex-ante homogenous goods. And we also want to
ensure enough samples. According to TaoBao’s data platform, sales volume of three main
kinds of digital products (mobile phone, camera and laptop) is accounted for 50% in TaoBao
3C industry. We selected SONY DSC-W350 as specific product for this analysis. We
developed a crawler program written in Java to automate the data retrieval process. All
transactions of SONY DSC-W350 were collected. The data include seller reputation grade,
product price and other transactions information. There are a total of 790 sellers of SONY
DSC-W350.Table 1 shows the statistics of the data collected.
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Table 1. Statistics of SONY DSC-W350 Data
Variable

Mean

historical sales volume

SD

Min

Max

2.934172

25.678291

0

626

recent sales volume

0.7734177

7.4521236

0

191

Price

1278.1521

165.77415 1105

2180

reputation score

4298.9861

20181.911

0

373950

97.41862

14.911737

0

100

Positive rating

5. Empirical Results
Using the data collected from Taobao, we use STATA to estimate nonlinear regression model.
Table 2 shows the regression results.
Table 2. Regression Results
Variable

Mean

St. Err.

Intercept

30.94**

9.23

u (mean threshold)

12.44**

0.52

s (s.d. of threshold)

1.07**

0.41

ln(price)

0.14**

0.04

0.00

0.00

0.40**

0.02

Reputation

ln(past sales)
R-square
# of observations

59.03%
790

The results show that there is a clear threshold effect on seller reputation. The average
consumer threshold value for seller reputation is 12, corresponding to a reputation grade of
two blue crowns. The standard deviation of the threshold is quite narrow. The estimated
standard deviation of 1 suggests that consumers are sensitive to seller reputation between 10
and 14. They largely ignore sellers with reputation grades below 10. At the same time, they
treat sellers with reputation above 14 about the same. It is also useful to note that the
coefficient on the utility effect of seller reputation is insignificant and the magnitude is very
close to zero. This suggests that the influence of reputation on product sales is mainly due to
consumers’ application of elimination by aspects to seller reputation instead of considering it
part of the overall utility.
6. Implication
With the growth of Internet, consumers increasingly face an overwhelming choice of venues
and sellers in online markets. Reputation mechanism serve an important function in facilitate
the market transactions between buyers and sellers. However, most previous studies on
reputation mechanismsfocus on the impact of feedback or seller reputation rating on the final
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selling price or seller performance using linear models. This study considers the question in a
broad context - whether such linear models are appropriate to study consumer decision
making in markets where consumers may use decision heuristics in their decision process. An
important implication of the heuristic is that, assuming the threshold follows a unimodal
distribution among consumers, the relationship between product sales and the characteristic
follows an S curve. In this study, we establish a nonlinear model to account for such decision
heuristics and our analysis suggests that the data is consistent with consumers’ use of
elimination of aspects in their purchase decisions. Our analysis further reveals that the
threshold used by consumers in their elimination of sellers lies in a rather narrow range.
This research has important theoretical implication that highlight the role of decision
heuristics in ecommerce activities.
This paper also has valuable managerial implications for retailers and sellers in online
marketplaces. Most sellers have been aware of the importance of reputation grade on their
sales performance. However, few of them are awarewhen their reputation is good enough
and which is the minimal reputation required to be viable in the market place. Our findings
suggests that it is not necessary a smart strategy for sellers to blindly “burn money” in order
to achieve higher reputation grade once they have reach satisfactory reputation grade. It
also highlights that the initial move up in the reputation grade may not result in much
improvements in sales and performance.
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Abstract
In this paper, we report the preliminary results of an empirical study about the effects of delivery
time on sales at the Korean costume market in Taobao. The clothes treated as Tenli (hit item)
will have 24 hour delivery while normal goods are delivered in 3 to 4 days. To evaluate the
impact of the delivery time we have two experiments to observe the sales before and after the
treatment. Comparisons of sales growth of treated and controlled products provide simple
estimates of the effect of the shorter delivery time. The preliminary results indicate that the quick
delivery increases sales. Specifically, 24 hour delivery products are sold extra 1.2 units per day
more than are normal goods.
Keywords: e-commerce, Electronic Marketplace, Difference-in-Difference, Delivery time

1. Introduction
The electronic marketplace grows so fast as to substitute traditional marketplaces. One of unique
characteristics of e-commerce is the separation of buyers and sellers and consequently consumers
are exposed to a high degree of uncertainty (Lucking-Reiley, 2000; Ba et al. 2003; Pavlou et al.
2007; Sun 2006). Delivery time is one of critical issues of the uncertainty in the area of
E-services (Ba and Johansson, 2008; Cenfetelli et al., 2008). We would carry out this study in
order to identify the effects of delivery time on sales using the Difference-in-Difference methods
based on the micro-transactional data set from a mall in Taobao’s Tmall.
The electronic marketplace of Taobao enables sellers and individuals to sell their products to the
buyers in the Internet. This B2C and C2C market is growing rapidly and total sales of Taobao
exceeded 1 trillion yuan which is equivalent to USD160 Billion (Forbes, 2011;
ChinaInternetWatch, 2012). Total online sales in China are expected to eclipse those of the U.S.,
rising to $356.1 billion in 2016 (Wall Street Journal, 2013).
Regarding the e-commerce site investigated in this study, the variations in the delivery time
appear as the clothes treated as “Tenli” will have 24 hour delivery while normal goods are
delivered in 3 to 4 days. The products chosen in the list of Tenli are shipped to the inventory in
China and become ready to be shipped within 24 hours. This unique setting of discriminating
products offers the ideal environment in which to test the effect of delivery time on sales. We set
up two experiments to observe the sales before and after the treatment of Tenli, and treatment
group was chosen randomly. In this paper, our focus is to identify the causal relationship
between delivery time and sales through the experiments. That is, we investigate how sales
information regarding delivery time can help to alleviate the effects of product uncertainty
regarding delivery time.
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2. Theoretical Background
From the perspectives of services of online shopping, a number of papers on delivery time are
outstanding. Ho and Zheng (2004) find that customers are likely to be satisfied if their perceived
delivery times are shorter than their expectations. They show that the choice of the delivery-time
commitment requires a proper balance between the level of service capacity and customer
sensitivities to delivery-time expectation and delivery quality. Ba and Johansson (2008) and
Cenfetelli et al. (2008) present the delivery time as one of the critical factors of e-commerce
websites. Rao et al. (2011) and Luo et al. (2012) show the relationship between delivery time and
customer satisfaction.
Furthermore, numerous studies are performed about the context of economic analysis on the
shipping issues. Smith and Brynjolfsson (2001) and Brynjolfsson and Smith (2000) analyze price
dispersion online, to find that customers are sensitive to shipping fees and shipping times.
Kauffman and Lee (2004) show empirical evidence that some online bookstores change shipping
charges rather than product prices to secure competitive advantage.
According to the results of the experiment conducted by Schindler et al. (2005), customers
skeptical of shipping charges prefer bundled-prices rather than the separate format of price and
shipping charge.
Our work is closely related to the Difference-in-Difference methods introduced by Card and
Krueger (1994) which analyzes the effects of minimum wage on the employment across two
states in U.S. The methods are extremely useful for identifying the causal effects of treatments
between two separated groups, evading the issues of omitted variables (Angrist and Pischke,
2009). Pischke (2007) investigates the effects of school term length on academic performance
with the sudden policy change in Germany. Angrist and Evans (1999) examine the effects of
changes in state abortion laws on teen pregnancy with the methods. Reinstein and Snyder (2005)
make use of a difference-in-difference approach to identify the effects of movie critics on sales.

3. Research Design
We use two datasets resulted from two experiments conducted in a Korean costume seller in
Tmall of Taobao. Regarding the Hallyu (Korean stream) triggered by the K-pops has been said to
increase demands for Korean clothes in Taobao for recent years. The store’s web site is
electronically linked to the vendors in Korea. If an order is made on the store site, the order is
transmitted real time to the partner vendor’s system automatically.
Time management matters as most of the products have about 45 day life cycles due to the
seasonality. Tenli treatment is crucial to the business in that the treatment rids of chances to be
sold out by securing the inventory of hit products. We have the key identifying assumptions that
the products in the Tenli list are selected randomly and consequently the treated and controlled
groups have the same characteristics. This model of treatment corresponds to the case that one
group of restaurants adopt the minimum wage systems in New Jersey while the other group in
Pennsylvania do not in the research of Card and Krueger (1994).
3.1 Difference-in-Difference Model
Let Si be the sales revenue for products i = 1, ... , I measured over the time period Di. Consumers
are likely to seek the signals of delivery service quality in advance of purchase, checking if the
products are on the list of Tenli, which is denoted Ti. The price of product i is denoted Pi.
Assume these variables influence consumer demand, and thus product sales, according to the
following equation:
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Si = β0 + β1 Dummyi * Ti + β2 Dummyi + β3 Ti + δPi + ei

(1)

where β0, β1, β2, β3 and δ are coefficients and ei is an error term. The variable Dummyi is a dummy
equal to zero if the product i is not on the list of Tenli Ti before the end of the period Di and
equal to one if Ti is on the list.
Simply we are able to implement the Difference-in-Difference methods as an ordinary least
square estimator. We have an outcome of interest Si, an indicator whether an observation belongs
to the treatment or control group: Ti = 1 treated, Ti = 0 control and (at least) two time periods
denoted by Di = 0 and Di = 1. Where the treatment, i.e. the legislation changes takes place
between the two periods. The Diff-in-Diff estimator is:
D-in-D estimator = [E(S|D=1, T=1)- E(S|D=1, T=0)] - [E(S|D=0, T=1)- E(S|D=0, T=0)]
= [(β0 +β1 + β2 + β3) - (β0 + β2 )] – [(β0 + β3) - β0]
= β1
(2)
The estimator of β1 is the difference between the effects of being not on the list of Tenli before
the end of period Di and on the list after Di. For the simple regression model of D-in-D
estimation, we add week day and vendors for control variables.
3.2 Data and Experiments
We conduct experiments twice. Products are randomly assigned to two different experimental
conditions which are persistent throughout the study. In the first pilot experiment, we select 17
products from 3 vendors. 9 products are assigned for Tenli list while 8 products are observed as a
controlled group during the period between 22nd August and 23rd September 2012. For each
product, we record the number of daily sales. The preliminary results from the first experiment
are delivered to the clothes seller. The second experiment is conducted with the results
satisfactory to the seller. In the second experiment, we choose 291 products from 8 vendors. We
have 46 products as a treatment group while 245 products are taken as a controlled group from
9th October and 7th December 2012.

4. Results
We present two basic sets of results for the first experiment: a simple pooled OLS specification
and a fixed effect panel specification. Regarding the sold-out situation, we have analyzed the
sales pattern for 5 days prior for treatment and 5 days after the treatment. The results of the
traditional way without D-in-D estimate and Pooled OLS which contains D-in-D estimator are
presented in Table 1.
First Experiment
Variables
Treatment
Period

Traditional Model
(without D-in-D
estimate)
11.39***
(1.006)
0.0448

Pooled OLS
7.601***
(1.356)
-5.341**

Second Experiment
Traditional Model
(without D-in-D
estimate)
17.81***
(0.854)
4.521

Pooled OLS
14.66***
(0.899)
1.101
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(1.641)
D-in-D estimator
Price(Chines RMB)
Week Control
Vendor Control
Category Control
Constant
Observations
R-squared

-0.121***
(0.0185)
Yes
Yes
Yes
29.19***
(5.708)
170
0.798

(2.077)
7.498***
(1.893)
-0.122***
(0.0177)
Yes
Yes
Yes
33.04***
(5.546)
170
0.816

(3.159)

-0.00627***
(0.00156)
Yes
Yes
Yes
-7.179***
(1)
2,900
0.598

(3.279)
6.325***
(1.549)
-0.00624***
(0.00155)
Yes
Yes
Yes
-4.017***
(1.301)
2,900
0.605

The dependent variable is the number of sales. The Standard errors are reported in parentheses
* Significant at 10% level. ** Significant at 5% level. *** Significant at 1% level.

Table 1. Regression Results for the Experiments
In both methods, a majority of coefficients are of the expected sign in demand. D-in-D estimator
is statistically significant in both models. The variables of price and vendor control are dropped
in the panel model as they are time invariant. Comparing our estimates from Pooled OLS to
those from traditional model without D-in-D estimator, we discover that the traditional model
can result in considerable positive bias. From the results of the two experiments, we come to
know that the products in the Tenli list are sold extra1.2 units per day more than are normal
goods.

5. Discussions
We examine the effects of delivery time on sales by a Korean costume market in Taobao.
Experiments were set up to identify the causal effects of treatments between two separated
groups in order to avoid the issue of omitted variables. Using the actual transactional data set of a
store in Tmall, we make use of the Difference-in-Difference method to measure the impact of
24-hour delivery. Specifically, products for which 24-hour delivery is applicable are sold at a
rate of 6.325 more units over 5 days after the treatment than normal goods to which such
delivery is not applicable. Consumers are likely to recognize the value of quick delivery, as must
wait longer for clothes which are comparatively more expensive.
This study provides extremely practical implications for business. We have been fortunate to
obtain both data and access to top management of a very active and highly successful clothes
trader on Tmall. We verified the model of Difference-in-Difference to identify the effects of
delivery time on sales. Our first experiment convinced the company to undertake another
follow-up experiment to verify whether Tenli treatment is indeed effective. The company’s
initial main concern was that they may end up with a large inventory of short life cycle products
if more products are on the Tenli list. We reported the initial findings from both experiments to
the company, which is now applying the Tenli treatment to a greater number of products, as they
witnessed a revenue increase following the two experiments.
The results of this study show that quick delivery increases sales, as it eliminates risks related to
online transactions. This raises the interesting question of how other characteristics in
e-commerce websites may influence transactions. This study’s results are consistent with
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previous research on pricing of shipping services of online retailers (Yao and Zhang, 2012), as
faster delivery services can be interpreted as a form of price discount
It should also be emphasized that D-in-D estimation is very useful both to identify the causality
and measure its impact precisely. In the settings of e-commerce web sites, any treatment between
two groups can be analyzed with this method as long as the operator agrees on the execution of
the experiments.
Certain limitations regarding this study still remain. At the moment, the results by category come
from the treated and controlled groups which included a relatively small number of products for
each category. Furthermore, the products in this study have a unique feature of seasonality, and
thus it is necessary to apply the method to other types of products in order to secure the ability to
generalize by increasing the number of products in both groups in future studies. Additionally,
we should endeavor to find more precise estimates to deal with “lagged variable” issues. It is
widely known that, to date, it has not been easy to implement the method to identify the
estimates which can capture changes in the D-in-D with a fixed effect and lagged variable bias at
the same time, as the model for lagged variables is likely to underestimate the treatment effect in
the fixed effect model. However, we have pursued the methodology to mitigate the methods to
identify the true estimator in the long run. The robustness check with propensity score matching
methods will fortify the conclusion of this research. In spite of these limitations, we believe that
our paper can contribute to the landscape of related IS studies by extending the applications of
the Difference-in-Difference method in the e-commerce domain.
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Abstract
This paper examines the optimal versioning strategy for an information product with
two-dimensional quality. Customer behavior in choosing among multiple versions of an
information product is characterized by introducing customers’ required quality to represent the
specific quality requirement of a customer and the intolerance-coefficient to measure customers’
degree of intolerance to quality degradation. The customers’ willingness to pay is defined as a
piecewise-linear function of the product quality. Computational experiments are conducted to
investigate the optimality of versioning strategy. Our key results are as follows: (a) The optimal
number of versions and maximal profit gained in multi-version schemes increase with customer
intolerance-coefficient. (b) Low-quality versions will change from horizontal differentiation to
vertical differentiation with the increase of versioning cost. (c) More than one local optimal
solution is obtained numerically under certain parameter settings.
Keywords: Information product, Versioning strategy, Customer intolerance, Versioning cost

1. Introduction
Information products are usually referred to as anything that can be digitized in the distribution
process (Li et al., 2012). Versioning, which refers to defining multiple versions of an information
product with different quality and price levels, enables a firm to segment customers, and it is
widely adopted by information product providers.
A lower quality version will cannibalize market share of higher-quality versions, as
suggested by previous researchers (Moorthy, 1984). Thus, a firm must limit the quality or
increase the price of a lower quality version to alleviate the cannibalization. Most studies on
vertical product line design assumed that a higher-type customer has greater marginal WTP than
a lower type customer (Bhargava and Choudhary, 2001, 2008; Jones and Mendelson, 2011).
However, in the real world, lower-quality versions are not that attractive to higher-type
customers because higher-type customers usually have no interests in a lower-quality version if it
can’t meet their basic requirements. When a product has a relatively lower quality, a higher-type
customer often has a smaller marginal willingness to pay (WTP) than a lower-type customer.
Therefore, cannibalization effects were overestimated in these articles.
This paper develops a new customer WTP function by considering customers’ quality
requirements and their intolerance to quality degradation. We introduce a new coefficient to
measure the degree of intolerance to quality degradation of customers. A larger
intolerance-coefficient implies that customers are less tolerant to quality degradation. The main
issue addressed in this paper is: what’s the optimal versioning decision when considering
customers’ quality requirements and intolerance to degradation?
The earliest study on product-line design dates back to Mussa and Rosen (1978). After that,
many studies extended the model by Mussa and Rosen (1978) to make analytical investigations
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on versioning information products through changing cost structure, utility function, customer
distribution, or considering competition, piracy, and network effects.
The optimization model in this paper is analytically intractable, and thus niching steady-state
genetic algorithm (Li et al., 2010) is adopted to solve it. Multiple local optimal solutions are
obtained. A firm could choose among these solutions based on the exogenous factors that are not
quantified in the model.
The rest of the paper is organized as follows. Section 2 introduces the utility function. Then
Section 3 numerically investigates the optimality of versioning. Section 4 concludes this study.

2. Two-dimensional Customer Utility Function
It is assumed that the monopolist has already developed the highest-quality version of the
information product, and the versioning strategy is implemented by quality degradation.
In the two-dimensional quality model, quality of information products is denoted by a vector
q = (q1 , q2 ) , ( q1 , q1 ∈ [qmin , qmax ] ). θ1 and θ 2 represent the customer’s preference for the product
along quality dimensions q1 and q2 respectively. (θ1 , θ 2 ) is the customer type.
In Krishnan and Zhu (2006), customer’s marginal willingness to pay is zero when the quality
of the information product is beyond his/her saturation quality. And the utility derived by the
customer from the version with quality level below reservation quality is zero. In this paper,
customers’ saturation quality in two dimensions are denoted as q1S and q2S , and reservation
quality in two dimensions are referred to as q1R and q2R . It is commonly assumed that higher
type customers have higher saturation and reservation qualities. We further assume that the
customer (θ1 ,θ 2 ) has a saturation quality qiS = αθ=
i (i 1,2,α > 0) and a reservation quality
qiR = β qiS=
(i 1,2, β ∈ (0,1)) along quality dimension i . The parameter β = qiR / qiS is defined
as the customer intolerance-coefficient. Naturally, a customer can tolerate a greater quality
degradation when β is smaller. The valuation of customer (θ1 ,θ 2 ) for product with quality
(q1, q2 ) is given by Eq. (1).
(1)
1, 2,
0, if qi ∈ [qmin , qiR ), i =

 θ q qi − qiR , if q ∈ [q , q ], i =
1, 2,
i
iR
iS
 i i iS qiS − qiR

V (q1 , q2 ;θ1 ,θ 2 ) = 
qi − qiR
+ θ j q jS , if qi ∈ [qiR , qiS ], q j ∈ (q jS , qmax ], i, j ∈ {1, 2} , i ≠ j ,
θi qiS
qiS − qiR

 θ q , if q ∈ (q , q ], i =
1, 2.
i iS
i
max
iS
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∑
∑
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Figure 1 WTP function when considering customers’
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The Projection of customers’ valuation in each dimension is a piecewise-linear function of
product quality, as shown in Figure 1. Figure 2 shows that when the WTP function is linear in
product quality and customer type, the WTP for every version of a higher-type customer is larger
than that of a lower type customer, regardless of where the quality of this version is positioned.
However, with the WTP function (1), a higher type customer’s WTP for a low-quality version
may be smaller than a lower type customer’s. The customer utility function is given as:
(2)
U (q=
1 , q2 ;θ1 ,θ 2 ; p) V (q1 , q2 ;θ1 ,θ 2 ) − p ,
where p is the price of the product (q1, q2 ) .

3. Optimal Versioning Schemes with Continuous Customer Distribution
3.1 Model Setup
The highest-quality version that has already been developed is denoted by H with quality
qH = (qH 1, qH 2 ) , where both qH 1 and qH 2 are normalized to be 1 ( q=
q=
H1
H 2 1 ). The firm can
provide versions of any quality level in the two-dimensional
space Q {(q1, q2 ) | q1, q2 ∈[0,1]} .
=
Customer type θ1 and θ 2 are uniformly distributed in the interval [0,1] .
Marginal cost and development cost are not considered in our model. We consider another
kind of cost, that is, versioning cost, which is always neglected in previous studies. Versioning
cost is the cost to implement versioning strategy. In this paper, versioning cost is given by
cd ( K ) = γ mK 2 , where m is the total number of customers, K is the number of versions
provided, and γ > 0 is a scalar parameter.
A K -version scheme contains the highest-quality version H and multiple lower-quality
versions: L1,..., LK −1 . Quality of low-quality version Lk is denoted by qk = (qk1 , qk 2 )
( k 1,2,..., K −1 ). Prices of H and Lk are denoted by pH and pLk , respectively. Thus, the
=
optimization problem is defined as follows:
K −1
(3)
πK =
pH nH + ∑ pLk nLk − cd ( K ) ,
max
pL1 ,..., pK −1 , pH ;q1 ,...,qK -1

k =1

s.t. pH > 0 ,
pH , k 1,2,..., K −1 ,
0 < pLk <=
0 ≤ qki=
≤ 1 , k 1,2,..., K −1 , i = 1,2 .
where, nH is the user number of the highest-quality version H , and nLk is that of the
lower-quality version =
Lk ( k 1,2,..., K −1 ). Deriving the closed-form solutions of problem (3) is
intractable, because nH and nLk cannot be determined analytically. A niching steady-state
genetic algorithm is developed to obtain the optimal numerical solution (Li et al., 2010).
To approximately represent a continuous distribution of heterogeneous customers, the total
customer space M
= {(θ1,θ 2 ) | θ1 ∈[0,1],θ 2 ∈[0,1]} is divided into 100×100 grids of equal sizes.
The total number of customers is 1,000,000, so the customer number in each grid can be
computed through the customer distribution function. Each grid has 100 customers when
customers are uniformly distributed. We use the centre point of the grid to represent the types of
all customers in this grid. Thus, nH and nLk is derived by counting the grids that choose to
buy each version. In numerical experiments, we take α = 1 . The numerical experimental results
are robust to minor changes in the values of m and α .
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3.2 Optimal versioning strategy considering versioning cost
It is assumed that the monopolist could offer at most 5 versions of the information product
including the highest-quality version ( K ≤ 5 ), because of technology or financial constraint.
Figure 3(a) shows the optimal number of versions as a function of the customer
intolerance-coefficient β . The firm intends to offer more versions when β gets larger. Figure
3(b) shows that the maximal profit has a parabolic relation with the number of versions offered
for β ∈{0,0.2,0.4,0.6,0.8} and γ = 1/ 400 . Profit gained by multi-version scheme increases with
β as illustrated in Figure 4. Thus, we conclude the following observation.
Observation 1. When versioning cost is considered as a quadratic function of version
number, there exist an optimal number of versions in multi-version schemes that brings greatest
profit to the monopolist (as shown in Fig. 3 (b)). The optimal number of versions and the
maximal profit gained by the multi-version schemes increases with β .
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Table 1 shows the optimal quality positioning strategies of low-quality versions with
different parameter settings. Symbol “H” and “V” in Table 1 indicate that low-quality versions in
the optimal scheme are horizontally differentiated or vertically differentiated respectively 1 .
Symbol “-” indicates only one or no low-quality version in the optimal scheme, and “M”
indicates that the differentiation of low-quality versions is not purely horizontal or purely vertical.
The quality positioning strategy of the low-quality versions changes from horizontal
differentiation to vertical differentiation when versioning cost gets larger, as shown in Table 1.
Table 1 Different quality positioning strategy with different parameter settings

γ
0
1/400
1/300
1/200

β

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

H
H
-

H
H
H
-

H
H
H
-

H
H
H
H

H
V
V
V

H
V
V
V

H
V
V
V

H
H
V
V

M
H
V
V

Observation 2. Numerical results indicate that the versioning cost will impact both the
optimal number of versions and the quality positioning strategy of the low-quality versions.
When versioning cost increases, the vertically differentiated low-quality versions become more
preferred than the horizontally differentiated low-quality versions.
1
The horizontal differentiation defined in this paper is different from that in several pervious studies (e.g. Lacourbe and Loch,
2009). The horizontal differentiation defined in these studies only considers customers’ preference in the horizontal dimension.
For instance, car color is a horizontal dimension, and customers disagree on which color is the best. However, customers are
always assumed to agree on preference ranking along the vertical dimension of an information product. In this paper, two
versions are called horizontally differentiated when neither is better than the other on both vertical dimensions.
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3.3 Multiple local optimal solutions for versioning strategy
Numerical experiments show that the optimization problem (3) is a multimodal problem. More
than one local optimal solution has been found under different parameter settings.
Figure 5 illustrates two different local optimal solutions obtained when searching optimal
five-version scheme with γ = 0 , and β = 0.5 . The solution in Figure 5(a) is a horizontal
differentiation scheme. And the solution in Figure 5(b) is a vertical differentiation scheme.
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A sensitive analysis is carried out for each decision variable di ( i ∈ {1, 2,...,13} ) to verify
that the two solutions in Figure 5 are both locally optimal. Each decision variable di is
fine-tuned separately: di =
di + lδ , i ∈ {1, 2,...,13} with other decision variables being constant.
As shown in Figure 6, the profit decreases when di is fine-tuned, and thus both solutions are
locally optimal.
As illustrated in Table 2, the horizontal scheme is the most profitable one, but the vertical
scheme has the largest market share. Two schemes yield almost equal profits
(433070/432109≈100.22%). Compared to the vertical scheme, the horizontal scheme is more
profitable and attracts more customers to purchase the highest-quality version, but the total
market share of the horizontal scheme is smaller than that of the vertical scheme. And the
one-version scheme is the least profitable, but has the largest market share of the highest-quality
version. Fig. 7 shows the market coverage of three types of solutions.

Profit
(Ratio over one-version scheme)

Total market share
Market share of H

Table 2 Comparison of three types of solutions
Horizontal scheme
Vertical scheme
432109
433070
(135.53%)
(135.83%)
75.41%
80.04%
28.88%
13.66%

One-version scheme
318825
(100%)
51.77%
51.77%

We have obtained several other sets of local optimal solutions. And there is no significant
difference in the profit (smaller than 2%) between each set of the local optimal solutions.
Observation 3. Multiple local optimal solutions exist in the two-dimension quality space and
the profit difference between the local optimal solutions is small (smaller than 2%). Thus the
firm has multiple versioning choices. The horizontal differentiation scheme is always advantaged
in market share of the highest-quality version while the vertical differentiation scheme is always
advantaged in market coverage capability. The monopolist could make decision based on the
exogenous factors, such as network externality, incumbent firm, technology evolution and the
like.

122

1

0.8

0.8

0.8

0.6

0.6

θ2

θ2

0.6

1

θ2

1

0.4

0.4

0.4

0.2

0.2

0.2

0
0

0.2

0.4

θ1

0.6

0.8

1

0
0

0.2

0.4

θ1

0.6

0.8

1

0
0

0.2

0.4

θ1

0.6

0.8

1

(a) Horizontal scheme
(b) Vertical scheme
(c) One-version scheme
Figure 7 Market coverage of each version in two optimal 5-version schemes and the one-version scheme

4. Conclusions
In this paper, we have analyzed the versioning strategy of the information product providers
when considering customers’ quality requirements and intolerance degree to quality degradation
in a two-dimensional quality space. Linear utility function overestimates the cannibalization
effects in the market, and thus reduces the profitability of the multi-version scheme. After
integrating customers’ quality requirements and intolerance degree into our model, utility
obtained by the customers is piecewise-linear in product quality, and the versioning strategy
becomes more preferred by the monopolist. The main contributions of this paper include two
aspects. First, investigations on customers’ quality requirements and intolerance to degradation
provided novel insights on how a firm should design a line of information products. Second,
multiple local optimal solutions are derived by using niching steady-state genetic algorithm.
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Abstract
Continuous product improvement in the form of successive product releases is critical for a firm’s
market success and profitability. In the presence of multiple successive product generations, how
to price each generation is a critical decision for firms. In this study, we extend the Generalized
Norton-Bass model to incorporate the impact of pricing on multigeneration diffusion and then use
the model to derive the optimal pricing policy for two product generations.
Keywords: multigeneration diffusion, Generalized Norton-Bass Model, pricing

1. Introduction
Continuous product improvement in the form of successive product releases is critical for market
success in today’s fast changing business environment. In fact, in most technological sectors, it is
unimaginable that a firm can survive for long without constantly improving its product lines. For
instance, black and white TVs existed for decades before being replaced by color TVs. Analog
cellular phones had a shorter life before being overtaken by digital phones. Nowadays,
manufacturers of tablets and smart phones introduce new models almost once every year.
Product pricing is always an important decision for firms. The decision is even more critical in the
presence of successive product generations. In a competitive market, pricing can have a significant
impact on a firm’s market share and profitability. Even for a monopolist firm, which is the focus of
this study, multiple generations of the same product line can both compete and complement one
another. Hence, the price of a given generation affects not only the adoption rate and eventual
market share of that generation, but also affects the market acceptance and success of other
generations. Therefore, the primary question we attempt to address in this study is how the
multiple product generations should be priced such that a firm’s total profit is maximized.
The diffusion of successive product generations has been well studied in the prior literature (e.g.,
Norton and Bass 1987; Mahajan and Muller 1996; Jiang and Jain 2012). In the operations
management literature, existing studies have analyzed pricing decisions for product lines with
multiple generations (e.g., Klastorin and Tsai 2004; Li and Huh 2011; Li and Graves 2012).
However, the focuses of these studies differ significantly from ours. In addition, they do not
consider the diffusion dynamics across generations (e.g., how the adoption rates change over time)
and do not explicitly model the repeat purchases across successive product generations (e.g., a
customer who bought an earlier generation and a newer generation of iPad), while both aspects of
product diffusion are important to this study. Furthermore, some of the prior studies examine the
pricing decision only for a transitional period, during which the residual inventory of old
generations are cleared out, whereas the present research examines the pricing decisions for
product generations that coexist for the entire planning horizon. In the marketing literature, a study
by Padmanabhan and Bass (1993) addresses a research question similar to ours. However, their
models do not consider across-generation repeat purchases, an important aspect of multigeneration
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diffusion and a critical source of revenue for firms, while this study consider cross-generation
repeat purchases. As a result, the key findings of this study also differ from theirs.

2. The GNB Model and an Extension
In order to decide the optimal pricing policy for successive product generations, we need a model
that can capture the impact of pricing on their adoption rates. After extensive literature review, we
conclude that extending the Generalized Norton-Bass (GNB) model (Jiang and Jain 2012) is the
best model option. This is because the GNB model provides closed-form expressions for both the
instantaneous adoption rate and the number of systems-in-use, and has strong empirical support
(Jiang and Jain 2012) compared to earlier multigeneration diffusion models.
The GNB model for the two-generation case can be illustrated by Figure 1. As shown in the figure,
Generation 1 (G1) is introduced to the market at time zero and Generation 2 (G2) at time τ2. Before
the introduction of G2, the diffusion of G1 is governed by the well-known single-generation Bass
diffusion model (Bass 1969). After the introduction of G2, a portion of the potential adopters will
skip G1 and directly adopt G2. This is referred to as leapfrogging by Jiang and Jain (2012). In
addition to leapfrogging, some of the existing adopters of G1 may decide to upgrade to G2, a
phenomenon termed as switching. To illustrate, the dashed line in Figure 1 represents the
hypothetical cumulative adoptions curve for G1 if G2 was never introduced. With the introduction
of G2, leapfrogging from G1 to G2 lowers the cumulative adoptions of G1 to the dotted line shown
in the figure. Switching further decreases the actual units-in-use of G1 to the solid line. For G2,
since there is no leapfrogging or switching to an even newer generation, the cumulative number of
adoptions and the number of units-in-use are the same, both represented by the solid line for G2.
Cumulative adoptions
for G1 without G2
Cumulative adoptions
for G1 with G2
Units-in-use for
G1 and G2

Leapfrogging

G2

G1
Switching
0

τ2

t

Figure 1. The Generalized Norton-Bass Model
Separating leapfrogging from switching and providing closed-form expressions for both is a
critical advantage of the GNB model over earlier models, and this separation allows us to project
the number of cross-generation repeat purchases between multiple generations. Given that most
industries face a relatively constant customer base, cross-generation repeat purchases are very
important for a firm’s long-term profitability.
Despite its advantages, the GNB model does not include the impact of pricing on the process of
diffusion. Although prior research has proposed multigeneration diffusion models to incorporate
the impact of pricing (e.g., Speece and MacLachlan 1995), those models are not appropriate for the
present research because they do not separate leapfrogging from switching. Therefore, we choose
to extend the GNB model to incorporate the effect of pricing on the market potential and hence the
diffusion rates of two product generations.
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In the product diffusion literature, researchers have extended the single-generation Bass model
(Bass 1969) to incorporate the impact of marketing mix variables, such as price, on the speed of
diffusion (e.g., Jain and Rao 1990; Bass et al. 1994). One such extension assumes that the product
price affects the total number of potentials adopters (e.g., Mahajan and Peterson 1978). Since this
is a very intuitive extension and is consistent with the demand theory in economics, the present
research adopts a similar assumption. We assume that in the presence of multiple product
generations, the price of each generation affects the total market potential for that generation.
Since manufacturers and retailers often keep the prices of their multigeneration products (e.g.,
iPad, iPhone) relatively constant for a long duration, we focus on the scenario where the prices of
the two successive product generations remain constant during the planning horizon. We denote
the prices for G1 and G2 by P1 and P2 respectively.
In extending the GNB model, we keep the original notations whenever possible. In the GNB model,
the parameter m1 represents the total market potential for G1, i.e., the number of eventual adopters
of G1, assuming that G2 is never introduced. With pricing considered, as explained earlier, we
expect m1 to be a function of P1, denoted by m1(P1). Then, based on the GNB model, the rate of
leapfrogging from G1 to G2 is
  =         −  ,  ≥  .
(1)
Similarly, the rate of switching from G1 to G2 equals
  =         −

 ,

≥

.

(2)

In Equations (1) and (2), fG(t) and FG(t) represent the instantaneous and cumulative rate of
adoptions of generation G, both in terms of the fraction of the market potential for that generation.
Their expressions are provided by Jiang and Jain (2012).
Given the rates of leapfrogging and switching, we can obtain the instantaneous adoption rate for
G1 as
 < ,
   ,
(3)
  =    
      −   =      [1 −   −  ],  ≥  .
Hence the cumulative number of adoptions of G1 equals
    ,
 < ,


(4)

=
      −          −   ,  ≥  .
In the GNB model, the number of potential adopters who are only interested in G2 is denoted by
m2. Here, with the price factor considered, it is reasonable to assume that m2 is also a function of
the relative pricing for both G1 and G2, denoted by m2(P1, P2). Similar to the GNB model, the rate
of adoption by these G2-unique potential adopters take the form
   ,     −  .
By adding the rates of leapfrogging and switching adoptions (by those counted in m1) to the
G2-specific adoption rate (by those counted in m2), we have the realized adoption rate for G2:
  =    ,     −   +    [     −   +     −  ].
(5)
The cumulative number of adopters of G2 is, therefore,
  =    ,     −   + "  + # 
= [   ,   +      ]   −  ,  ≥  .
(6)
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We next examine the numbers of units-in-use for both generations. The number of units-in-use of
G1 equals the cumulative number of adoptions of G1 minus the cumulative number of switching
adoptions from G1 to G2, i.e.,
$  =   − #  =      [1 −   −  ].
(7)
On the other hand, the number of units-in-use of G2 equals the cumulative number of adoptions of
G2, hence
(8)
$  =   = [   ,   +      ]   −  .
Equations (1) through (8) represent the GNB model with Pricing (or GNBP model for short) for the
two-generation case. Following the original logic of GNB model, we can extend the GNBP model
to include multiple product generations as well.

We next derive the functional-forms for     and    ,  . In the economics literature,
demand is often assumed to be a linear function of price. Although a linear demand curve may
appear to be a strong assumption, it is frequently used in the prior literature because it captures the
key tradeoffs between the demand and the price of a product. Assume that the market potential for
G1 is a linear function of its price P1, then
    = % − & ∙  ,
(9)
where M1 represents the market potential at price zero, and b1 represents the change in market
potential for G1 as a result of a unit change in its price.

In the GNB model, it is assumed that at time infinity, all potential adopters of G1 will leapfrog or
switch to G2. Suppose the total market potential for G2, which includes m1(P1) as well as the
G2-specific m2(P1, P2), is also a linear function of P2, and takes the following form:

    +    ,   = % − & ∙  .
(10)
In equation (10), M is the total market potential for G2 if its price is set to zero. An implicit
assumption included in (10) is that the increase in price from G1 to G2, if any, is never higher than
the increase in valuation from G1 to G2. From (10), we have
   ,



= % − & ∙



− % − & ∙



= % − %  + & ∙



− & ∙



⇒

   ,   = % + & ∙  − & ∙  .
(11)
Since m2 represents the incremental market potential for G2, its value also depends on the price of
G1. Specifically, when the price of G1 turns higher (lower), the value of m1 becomes smaller
(larger), subsequently the value of m2 will increase (decrease).

3. Optimal Pricing for Two Generations
Based on the GNBP model, we next estimate the total profit during a planning horizon [0, T] and
derive the optimal prices for two successive product generations. We still assume that G1 is
introduced to the market at time 0, and G2 is introduced at time τ2 (0< τ2<T).
If the planning horizon is short, the discount factor is insignificant and can be omitted. In case the
planning horizon is long, it is reasonable to expect that the cost of production, delivery, and
promotion will increase with inflation, and the firm will adjust the product price to account for the
increase in cost. Assume that the price and the cost of product both increase over time with the
pace of the cost of capital, then the time-discounted price and cost remain constant for both
generations. With both scenarios considered, we assume that the time-discounted costs and prices
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remain constant for both G1 and G2. For notational simplicity, we assume that P1 and P2 in the
GNBP model already represent the time discounted prices, and denote the constant costs of G1 and
G2 by c1 and c2, respectively. Then, the total profit for both generations during the planning
horizon is
Π  ,



=



− *  + + 

    



− *  +.

(12)

For simplicity of exposition, let , =
−   ,  =  + ,  =  + ,  =
 +, and  =  + −  . Substituting Equations (3), (6), (9), and (11) into (12), the firm’s
total profit over the planning horizon becomes
Π  ,

The FOC of (13) w.r.t.
01

023

= & 
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05

02






=
=
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 &  
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= 0.

(14)

is

= % + &



− &



+ % − &    



− & 



− * 



=0

(15)

The firm’s profit function is strictly concave if and only if the Hessian matrix of the profit function
is negative definite, which further requires the inequalities
0 1
02

0 1

−02

3 02

0 1
023

= 2& , −



< 0 and

0 1
023

∗

 > 0 to hold for all feasible (P1, P2) pairs. The former holds because we have

> , from the expression of Z, while the latter holds if and only if &   − 1  +
4& , −   < 0 . In this draft, due to space constraint, we limit our analysis to the scenario where
the condition &   − 1  + 4& , −   < 0 holds. In such a scenario, we can further
conclude that the stationary point obtained from the above FOCs is a global maximum.


Thus, solving (14) and (15) simultaneously, we obtain the optimal prices for G1 and G2:
∗
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(16)
(17)

4. Numerical Study
We conduct a series of numerical analysis to examine the optimal pricing policy based on the
model developed in the previous section. The coefficient of innovation and coefficient of imitation
take the average parameter values reported in the prior literature (Sultan et al. 1990), i.e., p = 0.03,
q = 0.38, for both G1 and G2. The market potentials at price zero are set to M1 = 1 million and M2
= 2 million, and the price sensitivity parameters to b1 = 10,000 and b2 = 15,000. The cost of
production is c1 = $50 for G1 and c2 = $60 for G2. The planning horizon is T = 20 years and the
release time of G2 is assumed to be τ2 = 10 years. Based on these parameter values, the optimal
prices for the two generations are found to be ∗ = $75.11, and ∗ = $129.97, respectively. At
this price level, the total market potential for G1 is m1 = 248,902, and the G2-specific market
potential is m2 = 801,097.
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We have also conducted some sensitivity analyses on the impact of the key model parameters. We
find that within a reasonable range, the optimal pricing is not very sensitive to the duration of the
planning horizon or the release time of G2. On the other hand, the optimal pricing is very sensitive
to the costs of the two product generations. Sensitivity analyses on other model parameters have
also been analyzed. Unfortunately, due to space limitation, the detailed results cannot be reported
in this preliminary study.
5. Conclusions
Pricing decisions are important for firms with successive product generations. In this study, we
built on the Generalized Norton-Bass model (Jiang and Jain 2012) and propose a model to derive
the optimal prices for two product generations. The proposed model can help firms make informed
pricing decisions and hence has important practical implications.
The current study assumes that the prices for the two generations are fixed during the entire
planning horizon. We are currently analyzing a more general scenario, under which the price of G1
can be changed once G2 is released. In another more challenging direction, we plan to further
explore the possibility of developing a dynamic pricing policy for multiple product generations.
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Abstract
We study the effect of online product reviews on different players in a supply chain, where a
retailer sells two substitutable products produced by different manufacturers, and products differ
in both qualities and fits to consumers' needs. Reviews provide information to mitigate the
uncertainty about products' quality and fit. We find the quality and fit information play very
different roles in changing upstream competition between manufacturers, and same reviews
would have very different implications for retailer and each manufacturer. The effect of reviews
on upstream competition is critical in understanding which firms to gain and lose. Depending on
context and review characteristics, we illustrate that the manufacturer with favorable reviews
does not necessarily benefit from reviews and the manufacturer with unfavorable reviews does
not necessarily hurt by reviews. The retailer can be harmed by reviews, and in some cases, the
harm occurs only when reviews have a high precision.
Keywords: Online Product Reviews, Competition, E-Commerce

1. Introduction
With the ubiquity of the internet and the prevalence of user-generated content, more and more
consumers read online product reviews before they make purchase decisions. In particular,
online product reviews have become an important information source for consumers to mitigate
the uncertainty about the quality of a product and about its fit to consumers' needs. Consumer
surveys report that online product reviews strongly influence consumers' purchase decisions.
According to Deloitte and Touche (2008), while 43% of surveyed consumers were reinforced of
their original purchase intention by reviews and bought the product originally intended for, 43%
of consumers changed their opinions about which product to buy and 9% of consumers even
abandoned their purchase plan after reading the reviews. These data suggest that consumers rely
on their own assessments of products as well as others' embedded in the reviews in evaluating
competing products and making purchase decisions. In this paper, we study the effect of online
product reviews in a supply chain and investigate how reviews affect the upstream competition
between manufacturers as well as the retailer.

2. Model
We consider a retailer R that sells two products, A and B. The products are imperfect substitutes,
and are produced by different manufacturers. We call the manufacturer that produces product A
(B) manufacturer A (B). The marginal production cost for each product is assumed to be zero.
The manufacturers sell their products to the retailer that sells them to consumers.
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We use Hotelling's horizontal differentiation model to capture consumer preference. We assume
that products A and B are located at the positions 0 and 1 of a line of length 1 (i.e., at the two
ends of the line), respectively. A continuum of consumers of measure 1 are uniformly distributed
along the line, and each consumer has a unit demand. Consumer utility for a product is her
perceived quality of the product net the disutility from the mis-fit between the product and her
need, measured by the distance between the product's and her locations on the line. We assume
that the consumer's disutility per unit distance is t, and thus for the consumer located at , her
disutility for product A is t and disutility for product B is (1–)t. If we denote the perceived
quality difference between products A and B as , a consumer at position  perceives utility
difference between products A and B equal to [+ (1–2)t].
Consumers are uncertain about both product quality and the misfit. The uncertainty in the misfit
is modeled as that consumers know the locations of the two products but are not sure about their
own locations. In the absence of the reviews, based on the product description and other
information sources, each consumer has her own assessments of the quality difference between
the two products and of her location. We denote a consumer's own assessment of the quality
difference as xC that satisfies uniform distribution over [-,]. For the fit dimension, a consumer's
assessment is that she is located at y with probability C and can be anywhere on the line equally
with probability (1–C). Different consumers perceive different y, and we assume that
consumers' assessments are unbiased such that y satisfies the uniform distribution as in the true
distribution of consumers.
Online product reviews provide public information about the products, and consumers use this
information in addition to their own assessments to evaluate the products. We denote as xR the
perceived quality difference in the two products revealed by the reviews. In the presence of the
reviews, consumers combine their own assessments xC and the public common assessment xR to
form their judgment of the quality difference between the products. For the fit dimension, with
the additional information from reviews, consumers know better about the fit. A consumer's
updated assessment is y at a specific location along the Hotelling line with probability R and can
be anywhere equally with probability (1–R), where R > C.
Regardless of the review availability, we denote  (     ) as a consumer's price sensitivity of
a product that measures the marginal decrease in demand of each product from a marginal
increase in prices. We implicitly model that consumers may have outside options and consumers
with surplus above some threshold purchase such that the market is not always covered.
The sequence of events is as follows. In stage 1, manufacturers set wholesale prices wi
simultaneously. In stage 2, the retailer sets retail prices pi. In stage 3, consumers evaluate
difference of product utility, and make their purchase decisions. We consider two scenarios: one
without reviews and the other with reviews. We use the scenario without reviews as the
benchmark to analyze the effect of reviews. Consumers' own estimates about product quality
difference and their locations are private. All other model parameters are common knowledge.
All players are risk neutral.
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3. Effect of Online Product Reviews
In this section, we first explain how we derive the subgame perfect equilibria for both scenarios
without and with reviews and then analyze the effects of reviews on the retailer and
manufacturers.
In stage 3 of the game, for the quality dimension, without reviews, a consumer's perceived
quality difference is xC. With online product reviews, a consumer has two sources of information,
xC and xR, to estimate . As shown by Bates and Granger (1969) using the minimum variance
estimation, the consumer's expected quality difference  becomes rxC  (1  r ) xR , where r,
r  (0,1) , depends on the relative precisions of the two information sources. For the fit
dimension, a consumer who perceives her locating at y with probability  has expected location
y + (1–)/2, and in the scenario without reviews  =C and in the scenario with reviews  =R.
Altogether, we formulate the net utility difference as
 xC  (1   ) xR   1  2 y   t   p A  pB 

in which ( ,  )  (1, C ), (r ,  R ) with  =1 and  =C for the scenario without reviews and  =
r and  =R for that with reviews. Besides consumers' own assessments, the reviews also affect
consumers' perceived net utility differences between products by changing  and .
We focus on the cases in which reviews play a moderate role in changing the competition such
that in equilibrium manufacturers are comparably competitive. We next distinguish two cases:
Case I (quality-dominates-fit): in which the quality dimension dominates the fit dimension such
that even the consumer who has the lowest fit with a product may derive higher net utility from
the product than from the other when her perceived quality difference is strongly favorable
toward the product (Figure 1a).
Case II (fit-dominates-quality): in which the fit dimension dominates the quality dimension for
some consumers such that they always derive higher net utility from the product that offers a
better fit, regardless of the perceived quality difference (Figure 1b).

(a) Case I

(b) Case II
Figure 1: Competitive Cases

In stage 2 of the game, the retailer maximizes its profit by choosing optimal prices and, in stage 1
of the game, the manufacturers maximize their profits by choosing their optimal prices. Using
backward induction, we derive the equilibrium wholesale prices, retail prices, manufacturers’
profits, retailer’s profit.
Without loss of generality, we next consider xR  0 ; that is, the reviews are favorable to product
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A. We use the regular notations (e.g.,  R ) for the scenario without reviews and use the notations
with hats (e.g., ˆ R ) for the scenario with reviews.
Proposition 1 In the quality-dominates-fit case, in the presence of reviews with xR  0 :
(a) Product B's wholesale price is lower and manufacturer B's profit is lower; that is, wB > wˆ B
and  B > ˆ B ;
(b) Product A's wholesale price is lower (i.e., wA > wˆ A ) if and only if
 (3  4 r )
xR <
(1)
(1  4 )(1  4 r )
and manufacturer A's profit is lower (i.e.,  A > ˆ A ) if and only if
 (3  4 r )
(1  2 )r
r (3  4 r )

(2)
(1  r )(1  4 ) (1  2 r ) (1  r )(1  4 r )
(c) Product B's retail price is lower and the retailer's profit is higher; that is, pB > pˆ B and
 R < ˆ R ; Product A's retail price is lower (i.e., p A > pˆ A ) if and only if
xR <

xR <

2 (1   r )(3  4 r )
(1  4 )(1  4 r )(5  6 r )

In the presence of symmetric reviews (i.e., xR = 0), we can verify the conditions specified in
Proposition 1 are all satisfied. Therefore, the wholesale prices and manufacturers' profits are
lower; the retail prices are lower and retailer's profit is higher. The intuition is as follows. In the
scenario without reviews, each consumer's perceived quality difference is from her own private
assessment. In the scenario with reviews, the consumer combines her own assessment with the
quality difference assessment revealed by the reviews. Because the quality difference revealed
by the reviews is public and common to all consumers, the presence of reviews reduces the
heterogeneity of consumers' perceived quality difference and thus reduces the heterogeneity of
their perceived utility differences. We call this effect variance-reducing effect. The reduced
heterogeneity in consumers' perceived utility differences between the two products makes the
two products more substitutable overall and makes consumers more price sensitive to a specific
product, and thus it increases the competition between the two manufacturers. The increased
competition between the two manufacturers drives their wholesale prices down as well as their
profits. On the other hand, the retailer benefits from the increased competition between the two
manufacturers. With the lower wholesale prices, the retailer lowers its retail prices, which
increases the demand for each product. In addition, the lower wholesale prices leave the retailer
with higher profit margin from each sale, which explains why the retailer's profit is increased by
the reviews.
In the general case as prescribed in Proposition 1, the reviews have asymmetric effect on each
manufacturer. The favorable quality information toward product A revealed by the reviews (i.e.,
xR >0) uniformly changes each consumer's perceived quality difference between the two products
favorably toward product A. As a result, in the presence of the favorable reviews toward product
A, on average consumers' perceived quality differences and thus their perceived utility
differences between the two products are favorable for product A. We call this effect
mean-shifting effect. With favorable reviews for product A, consumers are more likely to have a
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higher utility from product A. As a result, the mean of their perceived utility differences is
shifted toward the right-hand side and is changed favorably for product A. Manufacturer B
suffers from the reduced potential market size resulting from unfavorable reviews, in addition to
increased competition from the variance-reducing effect as in the symmetric case. As a result, the
wholesale price for product B is reduced and manufacturer B's profit is lower because of the
reviews.
For manufacturer A, the favorable reviews have positive effect on its wholesale price and profit
because of the boosted appeal in the market, whereas the increased competition resulting from
the variance-reducing effect has a negative effect. Whether the manufacturer can benefit from the
reviews depends on the relative strength of the two effects. In general, more favorable reviews
make the positive effect more significant, which in turn makes manufacturer A more likely to be
better off from the reviews. When the reviews are highly favorable for A, compared to the
scenario without reviews, the increased potential market size allows her to set a higher wholesale
price without hurting the demand, which may compensate the loss from the increased
competition and make manufacturer A better off. Inequalities (1) and (2) essentially show that
only if the reviews are favorable enough, the wholesale price and profit for manufacturer A
become higher because of the reviews.
The retailer benefits from the reviews both from the variance-reducing effect and from
mean-shifting effect. First, as illustrated in the symmetric case, the variance-reducing effect
intensifies the upstream competition, which, per se, reduces the wholesale prices and thus
increases the profit of retailer. Second, the mean-shifting effect makes the downstream demand
asymmetric in terms of their potential market sizes, which engenders more room for the retailer
to exploit its market and benefits the retailer. All together, the retailer obtains a higher profit in
the presence of the reviews because of the benefits from both effects. The retailer charges a
lower price for product B because of the lower wholesale price in the supply side and the lower
demand in the demand side. The retailer may charge a higher or lower price for product A,
depending on the balance between the variance-reducing effect and the mean-shifting effect, in
which the variance-reducing effect tends to lower the price whereas the mean-shifting effect
tends to increase the price.
Proposition 2 In the fit-dominates-quality case, in the presence of reviews with xR  0 :
(a) Product A's wholesale price is higher and manufacturer A's profit is higher; that is, wA < wˆ A
and  A < ˆ A ;
(b) Product B's wholesale price is higher (i.e., wB < wˆ B ) if and only if
t (  R   C )(3  4 R t )
xR <
(1  r )(1  4 R t )(1  4C t )
manufacturer B's profit is higher (i.e.,  B < ˆ B ) if and only if
xR <

(1  2C t ) C  R
 R t (3  4 R t )
t (3  4 R t )

(1  r )(1  4 R t ) (1  r )(1  4C t )
(1  2 R t )

(c) Product A's retail price is higher (i.e., p A < pˆ A ); Product B's retail price is higher (i.e.,
pB < pˆ B ) if and only if
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xR <

2t (  R   C )(1   R t )(3  4 R t )
(1  r )(1  4 C t )(1  4 R t )(5  6 R t )

the retailer's profit is lower (i.e.,  R > ˆ R ) if and only
4t 2  R (  R   C )(1   R t )(3  4 R t ) 2 1  3 R t   (3  8 R t )  C t 
xR2 <
(1  r ) 2 (1  2 R t ) 2 (1  4 R t ) 2 (1  4 C t ) 2
In the presence of symmetric reviews (i.e., xR = 0), we can verify the conditions specified in
Proposition 2 are all satisfied. Therefore, the wholesale prices and manufacturers' profits are
higher; the retail prices are higher and retailer's profit is lower.
This fit-dominates-quality case can be interpreted in a similar fashion. The main difference in the
intuition is here we have variance-increasing effect, instead of variance-reducing effect.
Different from the quality dimension, in the fit dimension consumers have different preferences
and the reviews provide more information for them to further calibrate their own fits. With the
additional information, consumers become less uncertain about the products' fits to their needs
(from with probability C to with probability R for some degree of the fit). The reduced
uncertainty thus makes consumers more heterogeneous in terms of their perceived fits, which
tends to increase the heterogeneity in consumers' perceived utility differences. We call this effect
variance-increasing effect. The increased heterogeneity in consumers' perceived utility
differences between the two products makes the two products less substitutable overall and
makes consumers less price sensitive to a specific product, and thus it softens the competition
between the two manufacturers. The softening of the competition between the two manufacturers
increases their wholesale prices as well as their profits. On the other hand, the retailer hurts from
the decreased competition between the two manufacturers. With the higher wholesale prices, the
retailer increases its retail prices, which decreases the demand for each product. In addition, the
higher wholesale prices leave the retailer with lower profit margin from each sale, which
explains why the retailer's profit is decreased by reviews.

4. Conclusion
We examine the effect of online product reviews in a supply chain with a retailer selling
substitutable products from competing manufacturers. We consider consumers face uncertainty
in both the product quality and fits to their needs, and the reviews provide additional information
and reduce their uncertainties. We find the information in the quality and fit dimension
embedded in the reviews has very different effects on the competition between the two products.
Reviews reduce the heterogeneity of consumers' perceived quality differences and thus increase
the competition between the two manufacturers, which generally hurts the manufacturers and
benefits the retailer. Additionally, reviews shift the mean perceived quality difference in favor of
the product with favorable reviews, which generally benefits the manufacturer with favorable
reviews and the retailer. In contrast, for the fit dimension, online product reviews provide
additional information for consumers and enable them to better understand the products' fits to
their needs. We demonstrate, consumers are differentiated further from each other in their
perceived fits because of the reviews, which softens the competition between the manufacturers
and generally benefits the manufacturers and hurts the retailer. As a result, reviews hurt the
retailer if the negative impact of fit information from reviews outweighs the positive impact of
mean-shifting effect.
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Abstract
We consider an online market where consumers may obtain digital goods from two mutually
exclusive channels: a legitimate channel consisting of many law-abiding retailers, or a piracy
channel consisting of many piracy services. We analyze consumer choice, retailer strategy and
piracy control using a sequential-search approach where information-acquisition is costly for
some consumers (non-shoppers), yet costless for others (shoppers). Firstly, we show that a nonshopper’s channel choice is determined by a simple comparison of two reservation prices.
Secondly, we analyze how piracy threats affect in-channel pricing among retailers. If the inchannel competition intensity among retailers is high, piracy does not affect retailer pricing. If
the intensity is medium, retailers respond to piracy by giving up some shoppers and, surprisingly,
raising prices. If the intensity is low, the legitimate channel loses both some shoppers and some
non-shoppers to the piracy channel. Thirdly, we consider several mechanisms for fighting piracy
and analyze their impacts on firm profit and consumer surplus. Reducing piracy quality and
increasing piracy search costs are both effective in controlling piracy, yet they affect consumer
surplus differently. Reducing the number of piracy services is less effective in controlling piracy.

Keywords: digital good, piracy, search, channel competition, price dispersion
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Abstract
Catastrophic consequences of inappropriate decisions for liquidity management in banks lead to
questions for the traditional decision-making process during the recent financial tsunami. The
traditional decision-making process depends on the experiences of managers and mental models
with static and local knowledge. System Dynamics (SD) modeling provides a more advanced
method to support decision-making by taking a holistic view of management, offering logic
visibility, and achieving rigorous analysis. Despite the existence of SD decision models designed
for risk management, a general decision support framework supporting SD model development
in liquidity risk management is not yet available. In this paper, we fill this research gap by
introducing a SD based decision support framework, which analysts could use to conduct
decision analyses on SD models to manage liquidity risk. Our decision support design follows a
user-centric theory for decision support systems, and the proposed framework is evaluated with
a representative liquidity risk case.
Keyword: Decision support system, financial intelligence, system dynamics, liquidity risk
management

1. Introduction
Decision support and decision analysis in bank liquidity risk management have been dominated
by naive analytical methods, such as spreadsheet-based and experience-based analyses. Failure
to make appropriate decisions in liquidity risk management under distressed market conditions
(e.g., financial tsunami) has contributed to catastrophic failures of individual banks and the
whole banking industry. Invisible and unexpected consequences of decisions often surprised
bank managers and shareholders. Without systemic and dynamic analysis, good intentions may
turn out to be disasters. One solution to fill the gap between the intended outcome of a decision
and reality is the complexity theory. Transformation from deterministic theories and perspectives
to a complex system provides a new means to explain organizational phenomena and offer
insights in organizational management. This advanced analysis also enables banks to use
simulations. Combining the advantages of complexity theory and simulation, complex system
simulation offers an alternative approach to decision-making for liquidity risk management in
banks.
Mainstream complex system simulation approaches include Agent-Based Simulation (ABS),
Discrete Event Simulation (DES) and System Dynamics Simulation (SDS). As the scope of this
study is liquidity risk management for an individual bank, we focus our simulation on SDS for
the following reasons: (1) Stable structure: The basic structure of a bank is stable, and the
relationships among its components are fixed in the short term. This characteristic ensures the
robustness of SD models. (2) Data availability: firm-specific data (e.g., balance sheet, cash flow,
and income statement) are easy to obtain and transform to representations in SDS. (3)
Relationships supported on a theoretical basis: Relationships among system components are
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supported by standardized accounting rules and regulatory documents that enable model
developers to easily build valid SD models.
SDS is an approach to studying complex systems behavior over time, as well as describes
internal feedback loops and time delays that affect the behavior of the entire system. At present,
the method has become a strong analytical tool for policy analysis in both the private and public
sectors. In the field of banking risk management, researchers have designed several SD models
for stress testing, systemic risk analysis, and banking policy study (Anderson et al., 2011; Chaim,
2007; Rafferty, 2008; Wu et al., 2012; Wu and Zhao, 2012). However, they are designed with
different components for specific purposes in risk management. Little effort has been made to
design a general framework for model development in bank risk management. Without such
framework, the range of SDS applications could be limited and the qualities of decision models
may vary.
In this study, we proposed a decision support framework based on SDS with which managers
and analysts can build SD decision models according to their purposes and available resources.
The design of the decision support framework follows the theoretical framework of decision
support systems development presented in (Arnott, 2006). This framework includes several main
development cycles including initiation cycles, analysis cycles and delivery cycles, which
correspond to problem identification, model development and validation, and simulation
conduction, decision analysis and updating in the proposed framework. The aim of this design is
to help decision makers improve decision quality and realize a better user calibration (i.e., when
one’s belief in decision quality approaches the objective decision quality) to reduce the costs of
under/overconfidence in a decision (Kasper, 1996). With the assistance of SD decision models,
user calibration can be improved by visualizing and expanding decision makers’ mental models
to narrow the distance between expected and real outcomes. Besides, simulation analyses in the
framework further improve rigor of the decision support. SD models and simulations are based
on solid theoretical foundation to overcome the deficiency of mental model and static decision
making process. A real-world example is likewise provided to show the effectiveness of the
proposed framework.
The remainder of this paper is organized as follows: Section 2 reviews relevant studies. Section 3
presents the SDS-based decision support framework along with an example of its application. In
Section 4, we conclude this paper and discuss future work.

2. Relevant Studies
2.1 System Dynamics and Financial Risk Management
Instead of considering external factors, SDS provides an alternative explanation of organizational
phenomenon from the perspective of internal structure. In the research domain of financial risk
management, using SDS is becoming a new trend in analyzing risk management decisions,
causes of financial risk, and impacts of partial changes to the entire system. In (Rafferty, 2008),
a case study is conducted on liquidity risk in Northern Rock plc in late 2007. The SD model
developed in this paper shows how the bank was engulfed by the combined effects of several
events. Important insights on how to cooperate with the central bank to actively manage the bank
are concluded. Pension funds risk management could also be enhanced by using SDS (Chaim,
2007). Risk-oriented asset and liability management is achieved by providing long-term liquidity
prognoses for investment decisions under different scenarios. Moreover, SDS offers the
capability to model risks in financial systems for individual banks and for the entire financial
market. In (Wu and Zhao, 2012), a decision model based on SDS is proposed to support liquidity
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risk management in banks under the Basel III framework (Supervision, 2010). As a more
advanced liquidity risk management approach when compared with conventional liquidity
management, the proposed model has achieved the advantages of capturing dynamic factors,
offering logic visibility, and considering rare but fatal events. For risk management of the
financial system, (Anderson et al., 2011) studied the systemic risk from the point of view of
central banks. By emphasizing on the interactions among economic subsystems, SDS assists in
policy reform, emergency liquidity assistance planning, and loss quantification for global
regulators. These studies suggest the potential of SDS in enhancing financial risk management
by presenting specific SD models. However, no general framework has been proposed on how to
design these models for financial risk management.
2.2 System Dynamics and Accounting
The capability of SDS in studying nonlinearity has led researchers in the accounting domain to
conduct corporate financial analyses by adopting SDS (Nair and Rodrigues, 2012; Yamaguchi,
2003). In (Yamaguchi, 2003), principles of financial statement (i.e., balance sheet, cash flow,
and income statement) analysis and SD are combined to form consolidated principles of
accounting SD. A stock-and-flow diagram represents the quantitative SD model. Stocks
represent accumulations in a system that can only be changed by flows that consist of inflows
and outflows, and are connected to stocks to change their values. According to accounting SD
principles, initial values of stocks in a system dynamic model are obtained from balance sheets,
whereas information on flows can be found in the cash flow and the income statements. This
study exhibits the importance of employing SDS in the accounting system. SDS is used in
analyzing dynamics of corporate financial system in (Nair and Rodrigues, 2012). Incorporating
other factors (e.g., net cash flow, gross income, net income, debt, and receivables) into financial
condition analysis of a corporation besides ratios (e.g., current ratio, return on equity and return
on assets) are important, and as such, SD provides an efficient mechanism for studying the
dynamics of these variables. In the context of an electronic industry, production capacity
expansion is simulated by capturing the non-linear pattern of debt and book value.

3. Simulation-based Decision Support Framework
3.1 Introduction to the Framework
In this section, we introduce the SDS-based decision support framework for liquidity risk
management in banks. The proposed decision support framework combines the methodologies of
SD and financial statement analysis. Following the framework, bank managers and analysts
could develop a SD decision model based on their requirements and available resources in risk
management. The SDS methodology includes problem identification, cybernetics, model
formulation, simulation and validation, as well as policy analysis and improvement (Sterman,
2000). The basic framework for financial statement analysis consists of objective establishment,
data collection, data processing, data analysis, conclusion, and updating (White, 2006). We
integrate the methodologies in the two areas to create a decision support framework for SD
model building in liquidity risk management. Table 1 demonstrates this analytical framework.
The proposed framework consists of seven steps that include problem identification, model
development, model validation, simulation conduction, decision analysis, conclusion, and
updating. The design of the seven steps follows the decision support systems development model
(Arnott, 2006) and incorporates methodologies in SD and financial statement analysis. In the
first step, problem context is analyzed according to the objectives of the analyst. This step
corresponds to the initiation cycles of the model (Arnott, 2006) according to which the general
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problem area and available resources should be involved. In the first step, the problem context is
analyzed according to the objectives of the analyst. The identity (or role) of the analyst
determines the analysis objectives and the available resources he/she is able to obtain. Resource
availability affects the modeling building process in many aspects, such as the time horizon of
the analysis and abstraction level of the model. Objectives of the analysis determine which
performance measures to select, analyzing time horizon as well as the time stamp of simulations.
For example, if the objective is to manage long-term liquidity risk in banks, the performance
measure should be the net stable funding ratio introduced in Basel III (Supervision, 2010) and
the time horizon of the simulation should be greater than one year. Performance measures may
be gathered from internal management requirements or external regulatory requirements, which
could include target values or range of values of accumulations (e.g., a bank plans to increase its
assets to a target value), ratios (e.g., a bank is required to maintain its liquidity coverage ration
above 1), and cash flows (e.g., a bank decides to cut its net interest cost to promote profitability).
These performance measures can be represented by the SD elements (i.e., stocks, converters, and
flows).
In the steps of model development and model validation, a valid decision model is constructed
which forms the foundation for the decision supporting process. The two steps correspond to the
analysis cycles of the development model in (Arnott, 2006) which encourage decision makers to
have a better understanding of the decision. The major business functions of a bank need to be
invigilated to build a causal loop diagram that represents the high-level decision model that is
used to communicate with managers or analysts and expand the mental models. Components and
interactions among each business function should be identified from internal staff or relevant
literature. Causal loop modules are then combined to form a complete causal loop diagram. After
that, financial statement items are mapped to quantify the causal loop diagram when the
necessary data has been collected. The balance sheet items are mapped to the stocks, whereas
cash flow and income statement items are mapped to flows. Converters may be the performance
measures that are the output of the model or elements that temporally store values to affect flows
or decisions. The mapping process is based on the principles in (Yamaguchi, 2003). After the
quantitative decision model is established, a combination of commonly used validation methods
is used to evaluate the model. Validation methods are categorized into the following classes:
direct structural tests (e.g., structure and parameter assessment), structure-oriented behavior test
(e.g., extreme conditions and integration error tests), and behavior test (e.g. behavior
reproduction) (Forrester and Senge, 1978).
The steps of simulation conduction, decision analysis, conclusion and updating represent the
delivery cycles of the model in (Arnott, 2006) which can be considered as a process of training
and feedback. Managers and analysts could conduct simulations on the decision model after its
validation. Benchmark should be set to generate different scenarios, and is usually chosen based
on some representative historical event. Market indicators at the current time are used to simulate
the external market conditions. Different scenarios are then conducted to reflect the differences
between benchmark and simulated markets. Sensitivity analysis (that focuses on one variable
only) and scenario analysis (that changes values of multiple variables simultaneously) are used to
analyze decisions under different scenarios. The analytical results help draw the conclusion on
decision-making. The context, business function, scenarios, and decisions may change over time,
and thus models and simulations should be updated periodically or when changes occur.
Table 1. A User-Centric Decision Support Framework for liquidity risk management in banks
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A User-Centric Decision Support Framework
Major Steps
Key Tasks
Analyzing Objects
Identity of analyst
Problem Identification Context analysis
Performance measure selection
Model Development

Model Validation

Business function invigilation and
analysis
Data collection
Financial statement items matching
Apply SD model validation methods
to ensure model validity

Simulation
Conduction

Simulation setting

Decision Analysis

Sensitivity analysis
Scenario analysis
Draw conclusion on decision making
Update the model and simulation

Conclusion
Updating

Resource availability
Objectives
Internal goals or restrictions
External restrictions
Causal loop diagram
Financial statements
Market indicators
Stock and flow diagram
System dynamics model
Benchmark
Scenario
System dynamics simulations
Decisions
System dynamics model and
simulations

3.2 An Example
This section shows an example of how to apply the proposed framework to support decisionmaking in a bank. Consider the following context: an external analyst plans to study the liquidity
risk of a bank under financial crisis with different levels of severity to examine how decisions in
borrowing, lending, and investment affect the liquidity position and profitability of this bank.
This analyst is not an insider of the bank, and thus he/she could only access public information
about the bank and market. Therefore, the resources available to him/her are the quarterly and
annual reports (10-Q and 10-K fillings) that can be obtained from the SEC Edgar database and
market relevant indicators (such as house price index, default rate of loans, and interest rates).
Based on the context analysis, performance measures can include liquidity ratios [such as
liquidity coverage ratio in Basel III (Supervision, 2010)] and interest income to represent the
liquidity and earning positions of the bank. After carefully studying the major business banking
functions, the analyst decides to capture those accepting deposits, granting loans, and investment
of funds in the SD model. Subsequently, based on the interviews and literature, a causal loop
diagram is then constructed and further quantified into a stock and flow diagram according to the
mapping principles in (Yamaguchi, 2003). The 10-Q form is not audited, and thus, the analyst
uses the 10-K and market data in the quantitative model. The benchmark is the real market
condition during the 2008 financial tsunami, based on which several scenarios are generated to
represent markets with different levels of risk severity. Sensitivity and scenario analyses are
conducted to test the impact of decisions on the bank performance under different scenarios.
Outputs of the analysis are used to draw the conclusion on which decisions should be made
under certain market conditions. Once the analyst determines that the market condition may be
more severe than his/her estimation, he/she should update the benchmark or scenarios to reflect
the change. The generated stock and flow diagram of this example and analysis results are
presented in (Wu and Zhao, 2012).
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4. Conclusion and Future Work
SDS provides an opportunity for decision makers in liquidity risk management to see the ‘forest’
(by taking a holistic view of management) and the ‘trees’ (by formulating the quantitative model
with data and equations). In order to expand its application, we proposed a SDS-based decision
support framework for liquidity risk management in banks. This framework is designed based on
the SD methodology and basic framework in financial statement analysis. Following this
framework, bank analysts or managers could develop SD decision model, conduct simulations,
and analyze decisions according to their objectives and available resources.
In the future, the decision-supporting framework would be evaluated under diverse
circumstances to further ensure its effectiveness. The generated models would be compared with
existing ones that have similar properties (i.e., business functions, available resources, and
objectives) to show whether decision models generated under this framework are more reliable.
Furthermore, more diverse data sources such as financial news could be incorporated into the
framework.
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Abstract
Due to the high proportion of errors in aviation incidents attributable to human factors, accurate
identification of the presence of human factors in past aviation incidents is critical to improving
aviation safety. Most existing research for identifying the causes of aviation incidents are based
on manual work by experts and often rely on just structured data. In this study, a text mining
approach was used to extract the topics from the database to identify the human factors in the
incidents. These topics, along with structured data, are then used to build classifiers using three
different models: memory-based reasoning (MBR), support vector machines (SVM), and decision
trees (DT). The experiments show that the best model in terms of the overall classification rate is
the DT model with textual and structured data. The best model in terms of sensitivity is SVM with
textual and structured data. These results could help us explain the causes of the incidents and
reduce the frequency of these incidents.
Keywords: aviation incidents, human factor, classification, topic mining, text mining

1. Introduction
Among the causes of aviation incidents the proportion attributed to human errors approaches
90% (Wiener & Nagel, 1988). As the number of incident reports increases, the task of correctly
identifying the causes of incidents becomes very time-consuming. Given the impact of human
errors on aviation incidents it is critical that we can accurately identify the presence of human
errors in aviation incidents. The two main approaches of text classification used in existing
aviation incident data analysis are expert systems and machine learning (ML). In the expert
system approach the incidents are classified by the rules derived from an expert’s knowledge, a
very costly and time consuming process. And in the ML approach the incidents are classified
through learning from a training set. Most of the existing research on aviation incidents analysis
use the expert system approach(Barrientos, Castle, McIntosh, & Srivastava, 2007; Ferryman,
Posse, Rosenthal, Srivastava, & Statler, 2006). Only a few studies use ML(Gürbüz, Özbakir, &
Yapici, 2009). Some ML-based studies apply unsupervised clustering to detect aviation incident
types(Andrzejczak, Karwowski, & Mikusinski, 2012; Maille, Statler, Ferryman, Rosenthal, &
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Shafto, 2006; Srivastava, 2006) while others use semi-supervised algorithms (Persing & Ng,
2009).
Most existing research for improving aviation safety is based on Aviation Safety Reporting
System (ASRS) data provided by the National Aviation Safety Data Analysis Center. In ASRS
the identification of incident types is made by human experts who analyze the data from
voluntarily submitted reports and make the final determination. The “narrative” field in each
incident report provides very useful information about the causes of the incident. Text mining
offers a potentially very useful tool for automatically identifying the causes (such as human
errors) in incident reports. Additionally, as different experts may have dissimilar subjective
opinions, more objective evaluation is needed. Finally, even though we can classify the incident
types from the fields except free text in ASRS, it is very difficult for find what human errors
occurred.
A text mining approach offers promise as it allows us to more accurately identify the causes of
these incidents through the analysis of the unstructured text data in the narratives. This paper
presents a topic-mining based approach to classify aviation incidents. Natural language
processing (NLP) and topic-mining techniques were used first to extract topics from the
narratives. These topics were then used in three different classification models to determine if an
incident was human-factor related. The results show that topic mining is a viable approach in
aviation incident analysis.

2. Methods
Text mining is the discovery and extraction of interesting, non-trivial knowledge from free or
unstructured text. Our text mining approach consists of three steps: preprocessing using NLP,
topic mining, and classification. SAS Enterprise Miner 7.1 was used for text mining. Figure 1
shows the architecture of our approach. The details are described below.
Aviation	
  Incident	
  Reports

Unstructured
Data

Structured
Data

NLP
Processing

Topic
Mining

Classification
Models

Classification
Results

	
  
Figure	
  1	
  Architecture	
  of	
  Text	
  Mining	
  Model

2.1 Topic mining
Before topic mining, NLP was used for preprocessing the narratives in ASRS. Because the
aviation database includes a categorical target variable, the method of term weights is set to
"Mutual Information" to distinguish important terms from others.	
  The weight is proportional to
the similarity of the distribution of documents containing the term to the distribution of
documents that are contained in the respective category. Term weights wi are:
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𝑤! = 𝑚𝑎𝑥!! log  (

!(!!     ,!!   )
!(!!     )!(!!   )

)

where p(ti) is the proportion of documents that contain term ti, p(ck) is the proportion of
documents that belong to category ck, and p(ti ,ck) is the proportion of documents that contain
term ti and belonging to category ck.
Topic mining methods can extract useful information and help us better understand the human
factors in aviation incidents. Furthermore, the results can be used as input to build the
classification models. Our topic mining approach used a probabilistic model in selecting topics
according to the distribution and estimate the probability that certain topic was used in
documents (Griffiths & Steyvers, 2004; Kao & Poteet, 2006; Steyvers & Griffiths, 2007). Our
model grouped the documents and summarized the collection by identifying one term or multiterm topics. Singular value decomposition (SVD) was used to extract information from the
resulting sparse term-by-document matrix, and the topics identified include single-term topics or
multi-term topics in the textual data. The final topics were used to analyze the causes of incidents
from the terms in the identified topics. These topics were further used as input in predictive
models to identify the presence of human factors in the incident reports. In this study 25 topics
were identified and used as 25 input variables to the classification models.
2.2 Classification
Text classification refers to the process of assigning a textual data instance to a predetermined set
of classes. In this study three classification models: MBR, SVM, and DT were used to classify an
incident as either caused by human factors or not. 	
  
The MBR model used 16 as the number of neighbors and the method property of MBR was set
to RD-Tree (Reduced Dimensionality Tree). A linear kernel function of SVM was used to define
the large dimensional space in the input data because of its better effect in text classification (Sun,
Lim, & Liu, 2009). The DT models used in this study had different splits based on nominal,
ordinal, and interval inputs. Splitting rule in the DT train properties was set to default where
Interval Criterion was ProbF (p-value of F-test associated with node variance), Nominal
Criterion was ProbChisq (p-value of Pearson Chi-square statistic for target vs. the branch node),
and Ordinal Criterion was Entropy in the tests.

3. Data Set and Performance Measurement
This section describes the results of testing using 18,734 incident reports in ASRS from Jan 2009
to July 2012. The structured data includes information such as time, place, environment, aircraft,
component, personnel, events, etc. There are a total of 52 input variables and one output/target
variable named Primary Factor. Because the focus of our research is on detecting the presence of
human factors, we reassign the values of Primary Factor as "human factor" and "non-human
factor".
In a binary target variable, the true positives (TP) and true negatives (TN) are correct
classifications and the false positive (FP) and the false negative (FN) are incorrect classifications.
We use sensitivity, specificity and overall classification rate to measure performances of the
models. Because some human factor incidents could result in a catastrophe, the detection of the
presence of human factor in incidents is more important than that of non-human factor incidents,
and therefore sensitivity or overall accuracy is more important than specificity.
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4. Results and discussion
4.1 Extracting Information from Preprocessed Data
The topic mining performs cluster analysis to group textual data by identifying topics in a text
parsing algorithm. Our topic mining algorithm can identify single-term topics as well as multiterm topics. In the study 25 multi-term topics were identified through various trials. Table 1
shows a sample of the 25 topics. These topics can be used to classify the incidents as caused by
either human factors or non-human factors. From the terms in the topics we can infer what terms
are an indication of human factor incidents. To improve the classification process a term’s
percentage of human factor incidents (PHFI) was introduced to represent the importance of the
term’s contribution to the presence of human factors in the incident. PHFI is defined as:
𝑓! 𝑡!
𝑃𝐻𝐹𝐼!! =
𝑓 𝑡!
where ti is a term from a dataset D, fH(ti) is the frequency of ti’s occurrence in human factor
incidents and f(ti) is the total number of occurrences of ti in all the incidents. The terms with a
higher PHFI value tend to be associated with human factor incidents.
Table	
  1	
  Muti-‐term	
  topics	
  using	
  Topic	
  mining	
  
ID	
  

Descriptive	
  Terms	
  

Freq	
  

	
  	
  	
  HF	
  Freq	
  

PHFI	
  

12	
  

+instruction,+issue,+instruct,runway,short	
  

2554	
  

1199	
  

0.469460	
  

15	
  

+realize,+look,+time,+mistake,+turn	
  

2160	
  

1066	
  

0.493519	
  

23	
  

+student,+instructor,+pattern,cessna,+turn	
   1706	
  

824	
  

0.483001	
  

24	
  

+mistake,+error,+clear,+read,+look	
  

2295	
  

1101	
  

0.479739	
  

25	
  

+factor,+contribute,fatigue,+time,+miss	
  

2069	
  

874	
  

0.422426	
  

	
  	
  	
  	
  	
  	
  	
  *terms	
  that	
  are	
  parents	
  are	
  preceded	
  by	
  a	
  plus	
  (+)	
  symbol.	
  HF	
  Freq	
  represents	
  the	
  frequency	
  in	
  human	
  factor	
  incidents.	
  	
  	
  	
  
	
  

4.2 Classification results using three machine-learning algorithms
Three different data source combinations were used in testing the classification models: (1)
structured data only; (2) textual data only; (3) textual data and structured data. Stratified
sampling was used to divide the data set into three parts, the training set (40%), validation set
(30%), test set (30%). The training set was used to build the predictive models. The validation
set was used to fine tune the models. The test set was to test the performance of the models. In
order to get truer results, all the models were tested for 10 different random generations of the
three sets and the results were the averages of these 10 runs. Textual data exist in combinations
(2) and (3) as described above and were represented as extracted topics.
In the first test scenario the three classification models were applied to data source 1/structured
data. In scenario 2 only the extracted topics were used as input variables. Finally both
unstructured (topics) and structured data were used as input variables in scenario 3.
Table 2 shows the classification results. When textual and structured data were both used as
input, the overall classification rates of MBR, SVM and DT were 62.3%, 64.8%, and 75.5%
respectively. Although the overall classification rate of SVM is lower (64.8%) in these models,
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its sensitivity is 70.79%, which is what we are primarily concerned with for the human factor
incidents(Zhang et al., 2009). The experiments show that the best model in terms of the overall
classification rate is the DT model with textual and structured data. The best model in terms of
sensitivity is SVM with textual and structured data. Not all the models with textual and
structured data have shown improved performance.
Table	
  2	
  The	
  average	
  counts	
  and	
  classifications	
  rates	
  (%)	
  for	
  the	
  three	
  test	
  scenarios	
  

Classifier	
  

TN	
  

FP	
  

FN	
  

TP	
  

Scenario	
  1	
  (Structured	
  Data	
  Only)	
  
MBR	
  
2744	
  
547	
  
1298	
  
SVM	
  
2333	
  
960	
  
605	
  
DT	
  
2801	
  
492	
  
740	
  
Scenario	
  2	
  (Textual	
  data	
  Only)	
  
MBR	
  
3546	
  
226	
  
1624	
  
SVM	
  
3536	
  
236	
  
1478	
  
DT	
  
3279	
  
479	
  
1217	
  
Scenario	
  3	
  (Structured	
  and	
  Textual	
  Data)	
  
MBR	
  
2510	
  
782	
  
1049	
  
SVM	
  
2039	
  
1257	
   474	
  
DT	
  
2865	
  
438	
  
770	
  

Sensitivity	
  
TP/(TP+FN	
  
(%)	
  

Specificity	
  
TN/(TN+FP)	
  
(%)	
  

Classrate	
  
(TP+TN)/(TP+FP+FN+TN)	
  
(%)	
  

325	
  
1019	
  

20.30	
  
53.34	
  

83.39	
  
72.73	
  

62.45	
  
66.65	
  

884	
  

55.11	
  

84.71	
  

74.94	
  

226	
  
371	
  
633	
  

12.23	
  
20.09	
  
34.23	
  

94.01	
  
93.74	
  
87.27	
  

67.10	
  
69.51	
  
69.76	
  

475	
  
1149	
  
853	
  

34.31	
  
70.79	
  
52.38	
  

76.24	
  
61.86	
  
86.86	
  

62.30	
  
64.80	
  
75.50	
  

	
  
	
  

Table 3 shows sample if-then rules generated by DT when topics were used as input. From the
table we can see that some topics are a more likely indication of human factor incidents. For
example, rule 4:
If "+mistake,+read,+realize,+turn,+error"<1.1985 Then
Y=53.0% N=47.0% (with Count=1676)
else
Y=72.0% N=28.0% (with Count=400)
In this rule Y represents the likelihood of a human factor incident and N represents the likelihood
of a non-human factor incident. The rule states that if the topic for
"+mistake,+read,+realize,+turn,+error"≥1.1985, the likelihood of an incident being a human
factor incident is 72.0%.
Table	
  3	
  Sample	
  rules	
  generated	
  by	
  the	
  decision	
  tree	
  	
  

Rule	
  

Count	
  and	
  percentage	
  of	
  cases	
  classified	
  as	
  Human	
  factor	
  
incident	
  or	
  Non	
  Human	
  factor	
  incident	
  

1	
  

If	
  qrh,+emergency,+declare,+message,+checklist	
  <1.2925	
  Then	
  
	
  	
  	
  	
  	
  Y=41.3%	
  N=58.7%	
  (with	
  Count=5384)	
  
Else	
  
	
  	
  	
  	
  	
  Y=11.5%	
  N=88.5%	
  (with	
  Count=2110)	
  
If	
  +mistake,+read,+realize,+turn,+error<1.1985	
  Then	
  	
  
	
  	
  	
  	
  Y=53.0%	
  N=47.0%	
  	
  (with	
  Count=1676)	
  
else	
  	
  
	
  	
  	
  	
  Y=72.0%	
  N=28.0%	
  	
  (with	
  Count=400)	
  
If	
  +factor,fatigue,+contribute,+error,+fatigue<0.3865	
  Then	
  	
  	
  
	
  	
  	
  	
  Y=31.2%	
  N=68.8%	
  	
  (with	
  Count=1846)	
  
else	
  	
  
	
  	
  	
  	
  Y=45.6%	
  N=54.4%	
  (with	
  Count=790)	
  

4	
  

5	
  

PHFI	
  

0.0437	
  

0.4707	
  

0.4224	
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10	
  

If	
  +controller,controller,local,+clearance,	
  position	
  <1.5555	
  Then	
  	
  
	
  	
  	
  	
  Y=68.8%	
  N=31.2%	
  (with	
  Count=301)	
  
0.4097	
  
Else	
  	
  
	
  	
  	
  	
  Y=41.4%	
  N=58.6%	
  (with	
  Count=70)	
  
*Y:	
  Human	
  Factor	
  Incident	
  N:	
  Non-‐Human	
  Factor	
  Incident	
  Count:	
  total	
  #	
  of	
  training	
  incidents	
  

We can gain insight into the cause(s) of an incident by examining the rules of the DT. From
these topics, some causes of the incidents could be identified. A topic whose PHFI is very small
(Rule 1, PHFI=0.0437) indicates that it is unlikely that the incident was caused by human
factor(s). Likewise, a large PHFI value (Rule 4, PHFI=0.4707) indicates that the incident was
likely caused by human factors.

5. Conclusions
The paper presents a text-mining approach to extract the information related to human factors in
aviation incidents. NLP techniques were used to extract topics from the narratives in aviation
incident reports. The findings demonstrate that text mining is a viable approach to detect the
presence of human factors in the incident reports and this approach may also help identify the
causes of these incidents. The output of text mining, i.e., topics, can serve as input for building
the classification models that identify the presence of human factors in an incident. Three ML
models were used in the classification/identification process and their performances were
compared. The results show that DT with textual and structured data is the best model in terms of
the overall classification rate. The resulting rules of DT may help reveal the causes of the
incidents. SVM with textual and structured data is the best model in terms of sensitivity. The
results in this study show promise of textual data as an additional source of input in the analysis
of aviation safety.

References
Andrzejczak,	
  C.,	
  Karwowski,	
  W.,	
  &	
  Mikusinski,	
  P.	
  (2012).	
  Application	
  of	
  diffusion	
  maps	
  to	
  identify	
  human	
  
factors	
  of	
  self-‐reported	
  anomalies	
  in	
  aviation.	
  Work:	
  A	
  Journal	
  of	
  Prevention,	
  Assessment	
  and	
  
Rehabilitation,	
  41,	
  188-‐197.	
  
Barrientos,	
  F.,	
  Castle,	
  J.,	
  McIntosh,	
  D.,	
  &	
  Srivastava,	
  A.	
  (2007).	
  Preliminary	
  Evaluation	
  of	
  an	
  Aviation	
  
Safety	
  Thesaurus’	
  Utility	
  for	
  Enhancing	
  Automated	
  Processing	
  of	
  Incident	
  Reports.	
  
Ferryman,	
  T.	
  A.,	
  Posse,	
  C.,	
  Rosenthal,	
  L.	
  J.,	
  Srivastava,	
  A.	
  N.,	
  &	
  Statler,	
  I.	
  C.	
  (2006).	
  What	
  Happened,	
  and	
  
Why:	
  Toward	
  an	
  Understanding	
  of	
  Human	
  Error	
  Based	
  on	
  Automated	
  Analyses	
  of	
  Incident	
  Reports—
Vol.	
  II.	
  
Griffiths,	
  T.	
  L.,	
  &	
  Steyvers,	
  M.	
  (2004).	
  Finding	
  scientific	
  topics.	
  Proceedings	
  of	
  the	
  National	
  Academy	
  of	
  
Sciences	
  of	
  the	
  United	
  States	
  of	
  America,	
  101(Suppl	
  1),	
  5228-‐5235.	
  
Gürbüz,	
  F.,	
  Özbakir,	
  L.,	
  &	
  Yapici,	
  H.	
  (2009).	
  Classification	
  rule	
  discovery	
  for	
  the	
  aviation	
  incidents	
  resulted	
  
in	
  fatality.	
  Knowledge-‐Based	
  Systems,	
  22(8),	
  622-‐632.	
  
Kao,	
  A.,	
  &	
  Poteet,	
  S.	
  R.	
  (2006).	
  Natural	
  language	
  processing	
  and	
  text	
  mining:	
  Springer.	
  
Maille,	
  N.	
  P.,	
  Statler,	
  I.	
  C.,	
  Ferryman,	
  T.	
  A.,	
  Rosenthal,	
  L.,	
  &	
  Shafto,	
  M.	
  G.	
  (2006).	
  What	
  Happened,	
  and	
  
Why:	
  Toward	
  an	
  Understanding	
  of	
  Human	
  Error	
  Based	
  on	
  Automated	
  Analyses	
  of	
  Incident	
  Reports.	
  
Persing,	
  I.,	
  &	
  Ng,	
  V.	
  (2009).	
  Semi-‐supervised	
  cause	
  identification	
  from	
  aviation	
  safety	
  reports.	
  Paper	
  
presented	
  at	
  the	
  Proceedings	
  of	
  the	
  Joint	
  Conference	
  of	
  the	
  47th	
  Annual	
  Meeting	
  of	
  the	
  ACL	
  and	
  the	
  
4th	
  International	
  Joint	
  Conference	
  on	
  Natural	
  Language	
  Processing	
  of	
  the	
  AFNLP:	
  Volume	
  2-‐Volume	
  
2.	
  

	
  
148

	
  
Srivastava,	
  A.	
  (2006).	
  Enabling	
  the	
  discovery	
  of	
  recurring	
  anomalies	
  in	
  aerospace	
  problem	
  reports	
  using	
  
high-‐dimensional	
  clustering	
  techniques.	
  Paper	
  presented	
  at	
  the	
  Aerospace	
  Conference,	
  2006	
  IEEE.	
  
Steyvers,	
  M.,	
  &	
  Griffiths,	
  T.	
  (2007).	
  Probabilistic	
  topic	
  models.	
  Handbook	
  of	
  latent	
  semantic	
  analysis,	
  
427(7),	
  424-‐440.	
  
Sun,	
  A.,	
  Lim,	
  E.-‐P.,	
  &	
  Liu,	
  Y.	
  (2009).	
  On	
  strategies	
  for	
  imbalanced	
  text	
  classification	
  using	
  SVM:	
  A	
  
comparative	
  study.	
  Decision	
  Support	
  Systems,	
  48(1),	
  191-‐201.	
  
Wiener,	
  E.	
  L.,	
  &	
  Nagel,	
  D.	
  C.	
  (1988).	
  Human	
  factors	
  in	
  aviation:	
  Gulf	
  Professional	
  Publishing.	
  
Zhang,	
  S.,	
  Tjortjis,	
  C.,	
  Zeng,	
  X.,	
  Qiao,	
  H.,	
  Buchan,	
  I.,	
  &	
  Keane,	
  J.	
  (2009).	
  Comparing	
  data	
  mining	
  methods	
  
with	
  logistic	
  regression	
  in	
  childhood	
  obesity	
  prediction.	
  Information	
  Systems	
  Frontiers,	
  11(4),	
  449-‐
460.	
  
	
  

	
  
149

Understanding Consumer Behavioral Responses toward Social Shopping Sites:
An Integrative Perspective
Jian Tang
Syracuse University
jtang04@syr.edu

Ping Zhang
Syracuse University
pzhang@syr.edu

Abstract
Social shopping is a subset of social commerce, which represents various collaborative behaviors
undertaken by consumers to assist other consumers in online shopping environment. The
consequences of visiting social shopping sites can go beyond buying products or services.
Consumers’ approach and avoidance behaviors in social shopping sites lead to collective efforts
or accumulative wisdom that can have significant impacts on consumers’ daily lives and
companies’ business outlooks. Yet, the lack of solid theoretical foundation increases the ambiguity
in understanding the underlying factors for these distinct behaviors. This paper examines those
factors from an integrative perspective (personal, environmental, and social), and proposes a
research agenda for future empirical investigation.
Keywords: Social shopping, consumer behaviors, motivation, stimulus-organism-response, social
comparison theory

1. Introduction
The rapid growth of social networking sites (SNS) such as Facebook, Twitter, and Youtube, as
well as social media in general, contributes to transforming the ways business is done in online
environments. Social commerce is a commerce activity built on the basis of web 2.0 platform,
which consume and remix data from multiple resources, and create network effects through a
wide scope of participation (O' Reilly 2007). Social commerce is also referred to as a subset of
e-commerce that is mediated by social media, supporting social interactions, transactional
activities, and user content contribution in both offline and online environment (Liang et al.
2011b; Wang et al. 2012). Social shopping emerges from the idea of using SNS features to benefit
traditional e-commerce activities (Hsiao et al. 2010; Liang et al. 2011b). Social shopping and
social commerce are sometimes used interchangeably in the literature (e.g., Leitner et al. 2007;
Leitner et al. 2008), however, other researchers distinguish social shopping from social
commerce by emphasizing social shopping as the collaborative actions among buyers, whereas
social commerce indicates interactions which involves both buyers and sellers (Kang et al. 2011a;
Kang et al. 2011b; Liang et al. 2011a; Pagani et al. 2011; Stephen et al. 2010).
Although most current publications on social commerce are primarily practitioner-oriented blogs,
reports or articles, this phenomenon has gradually gained attention from academia (Huang et al.
2013; Wang et al. 2012). Several research papers used descriptive theoretical models to allocate
important components of social commerce, and then provided a general overview of different
parties involving in social commerce phenomenon. Leitner (2007) designed a social shopping
framework which integrates the main entities: the consumer, product, repository, and vendor.
Liang and Turban (2011b) proposed a research framework on social commerce and suggested
that social commerce is an integration of social media technologies, community interactions, and
commercial activities. Wang and Zhang (2012) analyzed the evolution of social commerce by
using a four-dimensional (Information, people, technology, and organization& society)

150

descriptive conceptual framework. These conceptual developments contribute to the
consolidation of social commerce research. However, the drawbacks of these models are that
they do not provide further illustrations of inter-correlated relationships among these components
and also lack the capability of envisioning the variety of human behaviors. Hence, the descriptive
nature of these models lead to their limitations in explaining or predicting the dynamics of
behaviors at the individual level (e.g.,Rad et al. 2011; Wang et al. 2012; Zhou et al.
Forthcoming).
Social shopping has not yet been fully understood in the literature. One indicator is the variety of
definitions of social shopping. Social shopping is sometimes referred to as collaborative shopping,
which is defined as “shopping activity conducted by two or more people together” (Goswami et al.
2007, p.33). It is also defined by Kang and Park-Poaps (2011a; 2011b) as “consumer behavior
involving verbal and nonverbal interaction with others in the process of shopping for fashion
products” (p.340). However, these definitions only described the surface of collaborative attributes
of social shopping, and neglected the inter-dependent relationships among individual participants
as well as the social meaning of individual behaviors. For this paper, social shopping is defined as
activities conducted by consumers to assist others‟ shopping decisions in online environments.
Examples of social shopping behaviors are sharing their opinions, attitudes, and comments on
products or shopping experiences. Those consumers are usually connected in physical or online
environments. Connection in physical environment indicates that consumers may know peer
consumers in the real world, such as being family, friends, co-workers, or classmates.
Connection in online environments indicates that consumers are virtually connected, such as
Facebook friends or Twitter followers, who share common interests and do not necessarily know
others in person.
Another indicator of immaturity of research on social shopping is the lack of solid theoretical
development in this area. Hajli (2012) constructed a social commerce acceptance model (SCAM)
to predict consumers‟ intention to buy by extending the technology acceptance model. Social
shopping behavior is not equal to rational technology adoption behavior, which is the assumption
taken by a large body of technology acceptance literature. Instead, social shopping behavior can
be rational, emotional, or social. In addition, shopping behaviors in web 2.0 platform are closely
related to user generated content and information sharing (Huang et al. 2013). Thus, research
models simply extended from the technology acceptance research has limitations to identify
particular attributes of social shopping activities. Features of social shopping sites, such as user
reviews, ratings, and recommendations, are considered as important outlets for information
sharing and social communication among consumers. Social communication also happens in the
traditional markets and e-commerce sites. Overall, research on social shopping, which is
considered as a facet of social commerce phenomenon or one stage of social commerce activities,
faces the following challenges: 1) Lack of conceptual clarity; 2) Increased variety of consumer
behaviors beyond traditional online shopping; and 3) Lack of theoretical foundation to understand
underlying factors for different types of consumer behaviors. Given the scarcity of academic
research on social shopping, we aim to address these issues by answer the following research
questions: RQ1: What are the essential characteristics of social shopping behaviors? RQ2: How
do consumers‟ behavioral responses in social shopping context differ from those behaviors in
traditional online shopping context? RQ3: To what extent do some of the personal,
environmental, or social factors contribute to consumer behavioral responses in the social
shopping context?
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2. Conceptual Development
It is suggested that research on social behaviors be conducted with an examination of the setting
as a whole, incorporating the joint contribution of physical, psychological, and social
components (Altman 1976). Given the integrative nature of social shopping, we propose to tailor
the social shopping phenomenon into three interdependent dimensions, including personal,
environmental, and social, and incorporate theories from cognitive, environmental, and social
psychology to shed light on research on each of these dimensions. In this way, we expect to fill the
gaps in current conceptualization work and to explain the enriched interactions among human
actors, technologies, tasks, and environments in social shopping context.
The overarching theory we use is the Stimulus-Organism-Response Model (S-O-R) (Mehrabian et
al. 1974). The S-O-R model is selected as the base model because it specifically illustrates the
predictive effects of environmental features on emotional reactions and subsequent human
behavior. Approach and avoidance behaviors are two behavioral responses to environmental
stimuli. Approach behavior indicates actions towards the stimuli, whereas the avoidance behavior
leads to actions away from the stimuli (Mehrabian et al. 1974). Examples of approach behavior are
staying, exploring, and affiliating with the environment, whereas avoidance behavior includes the
opposite behaviors, such as escaping. However, the original S-O-R model lacks the capability to
explain the interactions between the environmental stimuli (objective features) and human
information processing. The S-O-R model only covers the affective reactions towards
environmental stimuli, and lacks the explanation of aspect of cognitive information processing.
To address these gaps, we use the theory of affordances (Gibson 1977; Gibson 1979; Norman
1999) to understand the interactions between interface design and consumer information
processing. Affordances of environment are defined as “what it offers to animals, for good or ill”
(Gibson 1979, p.127). Affordances reflect the reciprocal relationships between the person and
the environment, and the extent to which the affordances are perceivable depends on experience
inherited from previous generations and the knowledge gained through the learning process
Perceived affordances are closely related to user perceptions (Norman 1999), and indicate the
featured information picked by animals or human beings. Theory of affordances is also used by
scholars to understand the relational interactions between designed artifacts and users (Tang et al.
2011; Zhang 2008a; Zhang 2008b; Zhao et al. 2013).
Social comparison theory (Festinger 1954) involves seeking of information about opinions and
attitudes toward self-evaluation when objective criteria are not readily available (Hill 1987). The
reflective appraisal and comparative appraisal are two basic processes in which people gain the
understanding of the abilities and opinions from others (Moschis 1976). Reflective appraisal is to
understand one‟s belief, abilities, and emotions through direct interaction with reference groups;
the comparative appraisal does not require direct interaction with the reference group. Instead,
one can acquire the information of his stance regarding the attitude, belief, ability, and emotion
by observing other people‟s behavior. In the social shopping, reflective appraisal is supported by
features, such as “like” or positive comments, which indicates the direct judgment of others on
one‟s taste of products. Comparative appraisal is assisted by features, such as ranking and
symbols of shopping leader, which imply one‟s position within the informal shopping group.
Figure 1 is an integrative research model to depict the effects of personal factors, environmental
factors, and social factors on users‟ affective reaction and cognitive evaluation as well as their
subsequent behavioral responses in the context of social shopping. The affordances supported by
website features for consumers‟ behaviors should be perceived to motivate their further reactions.
Thus, perceived affordances of shopping websites are proposed to be the antecedents of
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consumers‟ cognitive or affective reactions. Sun and Zhang (2006b) reviewed the role of affect
in the IS, marketing, and psychology literature, and identified that the directional influences can
be from affective reaction to cognitive evaluation (Forgas et al. 2001), and also be from
cognitive evaluation to affective reaction (Garbarino et al. 1997). Hence, Figure 1 indicates
bi-directional interactions between these two constructs. It is important to note that although
these three dimensional factors are presented separately as individual antecedents of users‟
reactions, they are not independent from each other and may take effect collectively or become
embedded within each other.

Figure 1. A proposed framework of factors for behavioral responses in social shopping context

3. Hypotheses Development
3.1 Behavioral Responses
Behavioral response is the subsequent actions elicited by stimuli in internal or external
environments. Approach and avoidance are two general directions of consumers‟ behaviors.
Instances of approach behaviors can possibly be: re-visit, consultation, and purchase (Y. J. Wang,
et al., 2011), and example of avoidance behavior can be leave. Lurking behavior is one typical user
behavior in online communities (Preece et al. 2004; Schneider et al. 2013). Lurking behavior is not
equal to avoidance behavior because it indicates the moving towards behavior of consumers.
Instead, it represents the passive approach status of user behavior in the online community.
3.2 Immediate Reactions
3.2.1 Cognitive Evaluations
Cognitive evaluation is defined as one consumer‟s direct mental processing of the degree of
effort demanded to interact with the shopping website. It is argued by Parboteeah et al. (2009)
that task-relevant and mood-relevant cues lead to cognitive reaction, and one of the most studied
cognitive evaluation variables is perceived usefulness in the IS literature (Sun et al.
2006a).Therefore, we posit:
H1a: Perceived usefulness of websites features are positively associated with approach behavior.
H1b: Perceived usefulness of websites features are negatively associated with avoidance
behavior.
3.2.2 Affective Reactions
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Affect is a critical factor for human decisions and behaviors, and affective reaction is “a broad
term broader term to include both a person‟s emotions induced by a stimulus and affective
evaluations of the stimulus” (Zhang 2013, p.254). Affective reactions are possibly aroused by
interacting with website features (Sun et al. 2008) or comparing with others (Buunk et al. 1990).
Parboteeah et al. (2009) suggested that perceived enjoyment is a robust and well-established
construct for capturing the affective reactions to an environment.
H2a: Perceived enjoyment of websites features are positively associated with approach behavior.
H2b: Perceived enjoyment of websites features are negatively associated with avoidance
behavior.
3.3 Motivation (Personal)
Shopping motive is a function of multiple psychological needs in addition to actual buying
products (Tauber 1972). Two groups of generic shopping motivations, including utilitarian and
hedonic motivation, are usually presented in the marketing literature (Babin et al. 1994; Childers
et al. 2001). Although the term social motivation is not specifically mentioned, socially related
motives underpinning shopping activities are proposed and studied in prior studies, (Arnold et al.
2003; Arnold et al. 2012; Westbrook et al. 1985), particularly under the category of hedonic
motivation. For this study, motivation is a multi-dimensional construct, covering several types of
motivation with different focuses, namely utilitarian, hedonic, and social. The hedonic
motivation has an exclusive focus on intrapersonal aspects of shopping motivation, and the social
motivation is the dimension with an emphasis on the interpersonal aspect of shopping. Therefore,
we posit:
H4a: Shopping motivations (utilitarian, hedonic, and social) are positively associated with
approach behavior.
H4b: Shopping motivations (utilitarian, hedonic, and social) are negatively associated with
avoidance behavior.
Shopping motivations are not directly related to consumers‟ reactions to the design features.
Hence, we posit:
H5a: Shopping motivations (utilitarian, hedonic, and social) are not associated with cognitive
evaluation of social shopping websites.
H5b: Shopping motivations (utilitarian, hedonic, and social) are not associated with affective
evaluation of social shopping websites.
3.4 Affordances of Stimuli (Environmental)
As it is argued by Porat and Tractinsky (2012), studying higher order, more abstract dimensions
of design elements can probably yield better insights. Given the importance of utilitarian,
hedonic, and social capabilities of social shopping websites for consumers, functional, affective,
and social affordances are three higher-order abstraction of consumers‟ appraisal of interface
design. Functional affordances refer to the action possibilities enabled by properties of technical
objects for goal-directed shopping tasks (Grange et al. 2010). van Vugt et al. (2006) attribute the
level of engagement to the action possibility afforded by the interface design, indicating the
potentiality of designed features to arouse emotional reactions. Affective affordances refer to the
potentiality that technical features of shopping websites arouse emotional reactions. Bradner,
Kellogg and Erickson (1999) define social affordances as relationships between the properties of
technical objects and the social characteristics of certain user groups to enable the interactions
among group members. In the setting of social shopping, social affordances refer to the action
possibility that technical features of shopping websites support social interactions among
consumers, depending on the social characteristics of certain consumers.
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Perceived functional affordances are defined as one‟s perception or appraisal of the action
possibilities enabled by properties of technical objects for goal-directed shopping tasks.
Perceived affective affordances are defined as one‟s perception or appraisal of the potentiality
that technical features of shopping websites arouse emotional reactions. Perceived social
affordances refer to one‟s perception or appraisal of the action possibility that technical features
of shopping websites support social interactions among consumers, depending on the social
characteristics of certain consumers. Therefore, we posit:
H6: Perceived affordances (functional, affective, and social) of website features are positively
associated with cognitive evaluations.
H7: Perceived affordances (functional, affective, and social) of website features are positively
associated with affective reactions.
3.5 Social Comparison Orientation (Social)
Social comparison indicates one‟s intention to acquire information about self (Gibbons et al. 1999).
Social comparison orientation refers to a measure of individual differences in terms of the
willingness and tendency to compare with others. Social shopping sites create more opportunities
for social interactions among consumers. Consumers who tend to compare with others will find
these shopping platforms more intriguing, and consequently, they may spend more time on the
social shopping activities. On the other hand, the tendency to compare with others may also result
in negative emotional reaction if one feels he or she is a worse condition. In that case, the social
comparison orientation may drive consumers to leave the shopping sites. Hence, we posit:
H9a: Social comparison orientation positively influences the approach behavior.
H9b: Social comparison orientation negatively influences the avoidance behavior.
4. Research Design

The proposed empirical study will use a mixed-method approach to address the three research
questions. RQ1 and RQ2 are qualitative-oriented questions to resolve issues about conceptual
clarity, so literature review and exploratory investigation will be used. As for RQ3, experiment
will conducted to examine the effects of interface design on consumer behaviors in social
shopping websites. We will follow Moore and Benbasat‟s (1991) multi-step method on instrument
development.
4.1 First Phase (Focus groups and Interviews)
Given the novelty of the social shopping phenomenon, the prior research offers little in-depth
understanding of consumers‟ rationale in participating social shopping activities. Multiple types of
cognitive evaluations and affective reaction have been investigated in different contexts. Focus
group is a non-directive style of interviewing, and has the advantage of encouraging a variety of
viewpoints on a topic (Kvale et al. 2008). Thus, focus groups (may follow up with individual
interviews) will be conducted to collect the insights into following questions: 1) What are the
website features associated with perceived affordances of social shopping websites? 2) What are
prominent cognitive evaluations and affective reactions in social shopping context? 3) What are
the possible behavioral responses in social shopping context? And 4) What are other unique
characters of social shopping?
According to the focus group, a pool of website features related to perceived affordances will be
identified. Then, a number webpage screenshots from selected social shopping websites will be
selected for the next task where several rounds of card sorting exercises are used to rate three
types of affordances of those webpages respectively. The webpages get the highest or lowest
scores of affordances will be used in the lab experiment as the experiment treatment.
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4.2 Second Phase (Experiment)
A pilot study will be conducted to test the internal validity of experiment procedures as well as the
validity of instruments. The experiment will include the following three steps.
4.2.1. Pre-Questionnaire
Pre-questionnaire is used to collect information about individuals‟ personal shopping motivations
and their social comparison orientations. As this information is closely related to individual habits,
it is considered as controlled factors or moderating factors.
4.2.2. Experiment
As the personal and social factors are embedded in individuals‟ personalities or social environment,
it is difficult to manipulate these two factors in the lab experiment. Thus, this study will use a 2
(high functional affordances vs. low functional affordances) ×2 (high affective affordances vs. low
affective affordances) ×2 (high social affordances vs. low social affordances) factorial design to
manipulate the environmental factors of social shopping websites. Within-subject experiment
design is used to reduce the effects of heterogeneity resulted from individual differences.
Participants are given a purchase task, and then directed to webpages selected from the interview
process. In order to minimize the confounding effects from price or brand, participants will be
given certain amount of budget, and the product should not be closely related to certain brands.
The potential product can be a book on certain topic.
4.2.3 Post-Questionnaire
Post-question is used to collect information about participants‟ behavioral responses, and the
manipulation check question will be asked to confirm their evaluations of the affordances of
shopping webpages.

5. Discussion
The contribution of this research lies in reducing the conceptual ambiguity of social shopping
and proposing an integrative research model to understand factors motivating consumers‟
general approach-avoidance behaviors in social shopping context. More work is needed to
elaborate the dimensions of consumer behaviors and consolidate the theoretical development of
the research model.
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Abstract
Understanding consumer behavior for cable TV services consumption creates the basis for
greater value for the stakeholders involved: consumers through higher viewership satisfaction,
and providers through higher revenues per user. This research explores a new large data set on
cable TV services subscriptions and viewing at the household level of analysis. We construct
household viewership preference clusters, and then use econometric methods to assess the relative
efficiency and concentration of channel viewership patterns. We estimate a system of limited dependent variable models for the different measures: one with a beta distribution for proportional
dependent variables; and the other with a quasi-likelihood function-based regression that exploits
the asymptotic requirements of the model for larger cuts of the data but does not employ a fully-specified distribution for the dependent variables. Our findings suggest that households’ cable
TV viewing behavior is affected by their channel subscription, genre preference, and available
time to watch TV. Taking those factors into consideration will help service providers to understand viewer characteristics better and redesign their program offerings.
Keywords: Cable TV, consumers, data analytics, households, preferences, viewership
______________________________________________________________________________
1. Introduction
In media industries such as cable TV services, understanding viewer preferences and predicting consumer behavior are precursors of profitability for the provider. Due to problems with
household-level data collection and the diverse nature of consumer preferences, it has been hard
for services providers to obtain meaningful information on what kinds of content are demanded
and to what extent consumers want to watch it. Today though, two-way set-top boxes that deliver
cable TV services to households have made it possible for providers to collect nearly complete
viewership information: micro-level data on household viewership patterns can be tracked continuously, including information on what channel is being watched at a given time, and on the
continuous stream of clicks that are made via the remote control handset. New methods, especially
data analytics for business, consumer and social insights, have become available for use.
Cable TV services are subscription-based information goods, so understanding household
subscription choices and viewership patterns will provide useful information as a basis for refining
product and service designs. Prior research has focused on pricing ads (Wilbur 2008), and on
customer retention and services churn (Niculescu et al. 2012). We explore household TV viewing
behavior based on a subscribe-and-view process, which is typical in understanding consumer
behavior in this context (Crawford and Yurukoglu 2012). Two problems are evident. One is to
determine what viewership patterns and behavior households exhibit. Another is to identify how
viewing behavior is shaped by the channels to which households subscribe, and their available
viewing time and content preferences. We ask: To what extent do cable TV service subscribers
make use of the full spectrum of contents of their channel subscriptions? Do we observe efficient
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and concentrated channel viewing patterns? How useful are patterns of household channel preferences, bundle choices, viewing time and household demographics in explaining the observed
outcomes? The results we will report suggest that cable TV services providers may need to rethink
how they design and offer television bundles and channel promotion campaigns.
2. Research Process, Models and Data
We will specify cable TV viewing models at the household level, considering factors such as
channel subscriptions, viewing times, and observed channel viewing preferences. We consider two
different dependent variables. One captures household-level TV channel viewing efficiency relative to the channel bundle selected, and the other assesses the extent of concentration of TV
channels viewed. Our models estimate the marginal effects of different factors on the observed
household-level outcomes. We next discuss our dependent, main effects, and control variables.
Dependent variables. To reflect different aspects of channel viewing behavior at the household level, we propose two metrics. One is ViewingEfficiency. It measures the proportion of
available channels a household watches at least thirty minutes a month, to capture whether all
subscribed services are necessary. The other is ViewingConcentration, which gauges the distribution of channel viewing time, reflects the extent of households’ diversity seeking behavior.
These variables are important to measure business performance in the TV business.
Main effects variables. Several factors affect viewing behavior. The number of Subscribed
Channels captures the viewing constraint imposed on a household due to its channel bundle choice.
The total ViewingTime measures how much time the members of a household spend watching TV
during a month, and determines the viewing efficiency and concentration. Our field study analysis
suggested the presence of a significant relationship between the differences in household preferences and their observed viewing behavior. For this, we applied the k-means algorithm with Euclidean distance similarity (Landau et al. 2011) on a genre level clustering analysis. Prior research
has suggested classifying programming content into multiple genres to better capture common
features within hundreds and thousands TV programs (Creeber et al. 2001). We segment TV
channels into eight genres based on program content: Movies, Children’s, Drama, Documentaries,
Lifestyle, Sports, News and Music. For each observation, we calculated household viewing time
spent on each genre, and divided by total household viewing time to yield a normalized
eight-dimensional vector of values to prepare for clustering feature set. Dummy variables are used
to indicate household PreferenceClusters after clustering.
Control variables. Control variables are appropriate: #Rooms, a proxy for the number of
viewers in a household; and SubscriberAge, which may influence subscription choice and viewing
time. Other demographics information including ethnic, gender or profession might also affect
observed viewing behavior, but since our observation unit has been limited to household, which
usually contains multiple individuals, more individual level demographic variables included in
models will not generate meaningful implications.
Estimation models and methods. We propose two separate but related models with the two
different dependent variables:
ViewingEfficiency =

f (SubscribedChannels, ViewingTime, PreferenceClusters,
#Rooms, SubscriberAge) +

(1)

ViewingConcentration = g (SubscribedChannels, ViewingTime, PreferenceClusters,
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#Rooms, SubscriberAge) + 

(2)

The main effects and control variables’ coefficients can be estimated for each household, with
the error terms  and  determined across the same set of households for the same time periods.
The dependent variables’ values are proportions (0% to 100%), and their variances are different.
Their variance approaches 0 as the mean approaches 0 or 1 (Kieschnick and McCullough 2003).
So limited dependent variable estimation models are appropriate.
We initially estimated the models in two different ways. One approach involves a fully specified distribution assumption for the dependent variables, the beta distribution, which is well
known for estimating models with dependent variables that represent proportions. Our second
estimation involves a quasi-likelihood function-based approach to obtain the model's parameters,
Li (). It only considers the moments of the distribution of the dependent variable, but the distribution is not fully specified. See the Estimation Models Appendix for additional details.
3. Data and Model Diagnostics
Data and k-means analysis. We randomly sampled data for 10,000 cable TV-subscribing
households from a larger dataset with several hundred thousand Singaporean households for one
month in 2011. The viewing data we collected cover thirty-second time-stamped intervals, with
the household set-top box as the unit of analysis. After controlling for the dwelling type of the
households, our final data set contained 4,720 records. Using randomly-sampled data from the
larger data not only supports the effectiveness of data analyses for the whole population, but also
provides a way to check for robustness. For PreferenceClusters, we applied k-means clustering
analysis on the identified channel genre viewing times for the households. We determined that
nine clusters are appropriate: eight clusters with preferences for each of the eight genres; and one
cluster with mixed preferences for all genres.
Model diagnostics. See Table 1 for descriptive statistics of the data.
Table 1. Descriptive Statistics
VARIABLES
ViewingEfficiency
ViewingConcentration
SubscribedChannels
ViewingTime (hours)
SubscriberAge

< 20
20 - 40
40 - 60
> 60

#Rooms

PreferenceClusters
(with Movies as the
base case category)

Children’s
Drama
Documentary
Lifestyle
News
Sports
Music
MixedGenre

N
4,728
4,728
4,728
4,728
43
2,221
2,013
445
4,728

4,728

MEAN
0.195
0.565
64.388
120.556
12.581
32.590
48.082
80.243
4.166
0.256
0.178
0.118
0.051
0.077
0.042
0.019
0.127

STD. ERR
0.112
0.151
18.032
103.063
2.771
4.403
5.628
21.672
0.772
0.436
0.383
0.322
0.219
0.267
0.200
0.135
0.333

MIN
0.017
0.008
23
1.150
1
20
40
60
1
0
0
0
0
0
0
0
0

MAX
0.674
0.970
145
798.833
19
39
59
111
5
1
1
1
1
1
1
1
1

We checked pair-wise correlations between the variables; most are lower than 0.30, except
ViewingTime and ViewingEfficiency at 0.61, and ViewingTime and ViewingConcentration at 0.46.
We also checked to for multicollinearity via variance inflation factors. The highest value is 2.22
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for the Children’s viewing cluster, so multicollinearity is not a problem (Kennedy 1998).
We currently are evaluating whether endogeneity is an issue, based on whether ViewingTime
and the dependent variables exhibit simultaneity. We considered the following possible instrumental variables for ViewingTime:


#ChildrensChannels measures how many children’s channels a household subscribes to.
This is a proxy for whether children are viewers in the household. A report published by
Nielson (2009) shows that children two to five years old spend more than 32 hours a week
on average in front of a TV screen. Children are important TV viewers and often represent
most of a household’s TV viewing time.



#AddOnChannels measures how many add-on channels a household subscribes to. These
channels are different from others included in basic bundles. Customers are not required by
cable TV providers to subscribe to add-on channels. Instead, they can freely choose what
they want to watch, but they will have to pay, and this may results in their spending more
viewing.

We performed a Hausman test with the null hypothesis that our estimators for the ViewingEfficiency and ViewingConcentration models are consistent, but could not reject it for either model.
We are continuing to explore the empirical modeling issues here, and will report updated results at
CSWIM 2013.
4. Results and Discussion
Table 2 shows our results for the ViewingEfficiency and ViewingConcentration models. SubscribedChannels is negative and significant in the ViewingEfficiency model. This negative relationship indicates that the number of channels viewed does not increase proportionally with the
number of subscribed channels. Instead, households apparently focus on a limited number of
channels with programs that match their interests, rather than use the entirety of their subscribed
bundles. Some households may have low ViewingEfficiency too. This may be unrelated to whether
they subscribe to fewer channels or discontinue their service accounts later.
Also, ViewingTime positively influences the two dependent variables, ViewingEfficiency and
ViewingConcentration, in our models. This implies that viewers who spend more time watching
TV have a higher propensity to watch a more diverse set of channels, whereas investing more time
on their favorite channels than the others. From a business perspective, letting viewers explore
more channels makes it more likely that they will upgrade their existing subscriptions. Cable TV
service providers should encourage customers to watch more different channels when they are
expected to have more available time, say, during weekends or holidays. Free channels and promotions can be designed based on these findings.
The empirical results further show how the program genre preferences affect viewing behavior.
One interesting finding is that the households that belong to the Documentaries and Lifestyle
preference clusters seem to have higher channel viewing efficiencies than those in the Sports and
News preference clusters. Households exhibiting focused viewing of Children’s channels have
more concentrated viewing behavior, which indicates the important role children play in TV
viewing. The different effects of preferences offer a new perspective on channel bundle design.
Bundles with more channel genres will encourage customers to explore more channels.
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Table 2. Estimation Results
Models

Variables
Constant
SubscribedChannels
ViewingTime
SubscriberAge
#Rooms

ViewingEfficiency Model
Fully-Specified Beta
Not Fully-Specified
Distribution
Distribution
for Dep. Var.
for Dep. Var.
Coef. (Std. Err.)
Coef. (Std. Err.)
-1.497***
(.061)
-1.179***
(.064)
-0.006***
(.000)
-0.006***
(.000)
-0.395***
(.008)
-0.398***
(.010)
-0.048***
(.012)
-0.013
(.013)
-0.029***
(.010)
-0.013
(.011)

ViewingConcentration Model
Fully-Specified
Not Fully-Specified
Beta Distribution
Distribution
for Dep. Var
for Dep. Var.
Coef. (Std. Err.)
Coef. (Std. Err.)
-0.466***
(.064)
-0.402***
(.062)
-0.001
(.000)
-0.000
(.000)
-0.302***
(.009)
-0.304***
(.009)
-0.009
(.013)
-0.002
(.012)
-0.040***
(.011)
-0.024**
(.011)

PreferenceClusters Dummy Variables
2
3
4
5
6
7
8
9

Children’s
Drama
Documentary
Lifestyle
News
Sports
Music
MixedGenre

Model R2
AIC
BIC
Observations

-0.072***
-0.119***
-0.229***
-0.178***
-0.011
-0.063
-0.072
-0.444***
42.6%
8.84
92.81
4,720

(.028)
(.029)
(.033)
(.041)
(.037)
(.046)
(.064)
(.030)

-0.031
-0.061**
-0.141***
-0.149***
-0.017
-0.057
-0.072
-0.463***
39.8%
10.56
94.54
4,720

(.030)
(.030)
(.038)
(.044)
(.043)
(.050)
(.073)
(.033)

-0.103***
-0.019
-0.056*
-0.050
-0.044
-0.116**
-0.039
-0.126***
21.2%
10.17
94.15
4,720

(.029)
(.030)
(.034)
(.042)
(.037)
(.047)
(.063)
(.032)

-0.070**
-0.014
-0.026
-0.025
-0.031
-0.036
-0.057
-0.152***

(.027)
(.028)
(.034)
(.040)
(.035)
(.049)
(.073)
(.030)

25.1%
9.87
93.85
4,720

Note: Each model has a limited dependent variable estimated at the household level. They were estimated in two ways for
comparison: (1) with a beta distribution for the dependent variable, and (2) with a quasi-likelihood-based function for the
independent variables, and without a fully-specified distribution for the dependent variable. Signif.: *** p < .01, ** p < .05, *
p < .10. The Movies cluster (Cluster 1) is the base case for the PreferenceClusters dummy variables.

5. Conclusion
The main purpose of this research was to identify TV viewing patterns in terms of efficiency
and concentration. We used the data on household TV viewing patterns, and implemented two
complementary types of estimation models. Our results show that subscribed channels, viewing
time, and viewer preferences affect the efficiency and concentration of viewing patterns. They also
suggest that more personalized marketing strategies may be on more effective promotion and
channel bundle redesign.
To further develop this research, we are exploring how to implement more detailed measurements for the viewing patterns we observed. We plan to expand our data sets to include
time-based viewing patterns and find out how TV viewing patterns change by time. We are also
exploring in greater depth how subscription constraints may affect viewing behavior, and how
efficiently customers use the channel bundles. We are further assessing the link between household viewing patterns and household cable TV bundle subscription changes too.
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Appendix. Estimation Models
For the beta distribution estimation model, we assume a two-parameter distribution Beta(p, q),
with f (y) = 1 / Beta(p, q) y p - 1 (1 - y) q - 1, and a 0 ≤ y ≤ 1 dependent variable (Kieschnick and
McCullough 2003). With this distribution, the conditional expectation of the dependent variable is
given by E(yi|xi) = ui = h(i) = 1 / (1 + exp(-i)) = 1 / (1 + exp(-xi)), where i = g(ui) = ln(ui / (1 ui)) = xi. By relating this to the two parameters of the beta distribution, p and q, we can obtain
q(xi) = p exp(-xi). Next, let µ = p / (p + q) and ϕ = p + q, with p = µϕ and q = (1 - µ) ϕ. Substituting these into the definition of the beta distribution f (y) gives the conditional distribution of
the beta-distributed variable that represents the dependent variables for efficiency and concentration of household channel consumption in each regression. Then we can apply maximum likelihood estimation to obtain coefficient estimates. For the quasi-likelihood function-based estimation
model, Papke and Wooldridge (1996) proposed a log-likelihood model, Li () = yi ln [G(xi, )] + (1
– yi) ln [1 – G(xi, )] for continuous proportions with the logistic function, G(xi, ) and 0 < G(xi, )
< 1. This is what we implement.
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Abstract
The rich context of interactions between online shoppers and Web sites is largely underexplored
in the studies of online information privacy. This study drew on Multidimensional Development
Theory to jointly examine the effect of general privacy concern and cognitive appraisals and
emotions formed during actual Web site interaction. The results of this study suggest that
situational appraisals and emotions are dominant determinants of privacy behaviors. Consumers
are more likely to disclose their personal information when they have formed positive cognitive
appraisals of the Web site and like the Web site. The findings provide a novel perspective to
understand the so-called privacy paradox phenomenon beyond the commodity view.
Keywords: Privacy concern, Cognitive appraisal, Emotion, E-commerce

1. Introduction
Over the past decade, considerable research efforts have been devoted to the issue of information
privacy in IS field. One interesting phenomenon identified is the so-called privacy paradox
referring to the contradiction between one’s reported privacy concern and actual privacy
behaviors. Until now, the phenomenon of privacy paradox has been largely explained through
the commodity view where the privacy calculus, i.e. the cost-benefit tradeoff analysis, was
suggested to cause the deviation of privacy behaviors from the stated level of privacy concerns
(Smith et al. 2011). The benefits of information exchange such as monetary compensation were
found to help consumers overcome some of their information privacy concern to engage in
information disclosure. Although the perspective of privacy calculus has provided valuable
insights in understanding the privacy paradox, the rich context accounting for the formation of
privacy is still underexplored. Situational factors related to a specific Web site have been argued
as the important reason that supersedes the effects of privacy concern. Besides benefits explicitly
assessed in the privacy calculus, other situational factors such as overall look, feel and
functionality of the Web site, may also provide an explanation for the privacy paradox. For
example, Berendt, et al (2005) found that online users with high privacy concerns could easily
disclose their most private information when they are actually interacting with a Web site that
they find entertaining. The emotional responses formed during the actual interaction with a Web
site is very likely the reason causing online shoppers to forget about their information concern.
Such situational interactions may be particularly important to understand privacy behaviors in
the context of unfamiliar websites as consumers may primarily rely on their initial impressions to
form privacy-related appraisals and feelings about an unfamiliar Web site.
Thus, the primary objective of this study is to investigate the privacy paradox in the context of
actual interaction with an unfamiliar Web site. Specifically, we will focus on the effect of

163

cognitive appraisals of the situation and emotional responses on privacy behaviors. Cognitive
appraisals and emotions may supersede the effect of general privacy concern (as personality
traits) in determining online shoppers’ willingness to disclose personal information. The results
of the study would enable both practitioners and researcher to have a better understanding of
situational factors and their effects on online privacy decisions/behaviors.
2. Theoretical Development
Laufer and Wolfe (1977) proposed a Multidimensional Developmental Theory (MDT) to
understand the formation of individual privacy. MDT emphasizes the importance of situational
factors in the formation of individual privacy. In this study, we applied MDT as the underlying
theoretical framework to explain online shoppers’ privacy behaviors in the context of actual
interaction with unfamiliar website. In the subsections below, we review the three basic
dimensions of MDT: self-ego, environmental, and interpersonal (Figure 1).
Multidimensional
Developmental Theory
(Laufer et al. 1977)

Manifesting
Dimensions in
Online Shopping

Variables in this study

Self‐Ego Dimension

Personal Traits

Privacy Concern

Environmental
Dimension

Website
Features

Website Interaction
Experience
Emotional Responses

Interpersonal
Dimension

Information
Disclosure

Perceived Privacy
Control

Figure 1 Conceptual research framework.
2.1 Self-Ego Dimension
The self-ego “refers to a developmental process that, in our society, focuses on individuation
(autonomy) and, by implication, personal dignity.” (Laufer et al. 1977). The concept of privacy
touches human’s deep need for self-ego. We want to separate from the social and physical
environment and have the freedom to choose being left alone or interacting and functioning with
others. Individuals with different levels of self-ego are likely to express different level of
concerns regarding their personal information. Such concern for information privacy is likely to
further drive online shoppers’ privacy behaviors when they are interacting with a Web site.
2. 2 Environmental Dimension
Environmental dimension consists of environment elements that “influence the individual’s
ability to perceive, have, and use available options.” (Laufer et al. 1977). A physical space could
achieve its privacy character by design, activity, and meaning. People may feel that some
physical space may “fit” human privacy better than another place. In the context of online
shopping, Web site features constitute important social-physical elements. Similar to a physical
space, a Web site could achieve its privacy character through design, content and functionality.
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We primarily examined how the cognitive appraisal of the overall website interaction experience
may influence an online shopper’s emotional responses and their privacy behaviors.
2.3 Interpersonal Dimension
Privacy essentially arises from the existence of an interpersonal relationship between an online
shopper and a vendor. Online shoppers could control their information privacy by deciding
whether to interact with the Web site, whether to disclose personal information, and what kind of
personal information to disclose. Due to the uncertainty commonly involved in the disclosure of
personal information in online shopping, the perceived level of privacy control, as one type of
cognitive appraisals, may play a key role in overcoming the uncertainty involved in information
disclosure and further influence consumers’ emotions and privacy behavior.
3. Research Model
Our research model (Figure 2) proposes that (a) an online user’s appraisals of the overall Web
site interaction experience and the level of privacy control decide whether (s)he likes the Web
site, and (b) the liking of the Web site and cognitive appraisals have a salient effect on behavioral
intention to disclose personal information, which may override the effect of privacy concern.

Motive
Consistency
(Overall Website
Interaction
Experience)

Privacy
Concern
H
H

6

H
3
0.19*

1

0.35***

Liking
R2= 35%

H

5

0.26**

-0.11

+

Behavioral
Intention
R2= 52%

H

2

Perceived
Privacy Control
Cognitive Appraisals

0.32***

H

4

0.30***

Covariates:
Sex
Internet experience*
Past invasion of privacy**
Task type

Figure 2. Research model and hypothesis testing. +p<0.1, *p < 0.05, **p < 0.01, ***p<0.001.
3.1 Cognitive Appraisals and Liking
Appraisals are the evaluations of the potential harm or benefit in certain circumstances
confronting an individual (Smith et al. 2001). Appraisals of environments are then expected to
elicit appropriate emotions that pull us toward good or push us away from bad things. While
many appraisal dimensions have been identified in previous studies, we focus on two appraisal
components: motivational consistency and problem-focused coping potential in this study as they
are the two most examined cognitive appraisals in the literature.
Motive consistency is an appraisal of the extent to which a situation is in line with one’s motive,
reflecting whether the situation can help to achieve one’s goal. Motive consistency is the primary
dimension that differentiates positive emotions from negative emotions (Roseman et al. 1996). In
the context of online shopping, motive consistency reflects the consumers’ holistic shopping
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experience (Éthier et al. 2006). A favorable overall website interaction experience is expected to
increase the level of liking toward the website.
H1: Motive consistency has a positive impact on liking.
Problem-focused coping potential is one type of cognitive appraisals, which evaluates one’s
ability to cope with the situation to increase its desirability (Smith et al. 2001). Problem-focused
coping potential is considered to be high when the situation is within one’s control. In the
context of online shopping, we operationalize problem-focused coping potential as perceived
privacy control as online shoppers are highly concerned about their ability to control their private
information to be exchanged in online transactions, especially when online vendors are
unfamiliar. A higher level of perceived privacy control could help reduce the uncertainty
involved in online shopping and increase the attractiveness or liking of the website.
H2: Perceived privacy control has a positive impact on liking.
3.2 Cognitive Appraisals and Privacy Behaviors
Cognitive appraisals have also been suggested to directly influence behaviors in various research
disciplines. For example, cognitive appraisals of health threats and coping potential were found
to increase patients’ intention to engage in the recommended healthy behaviors (Rippetoe et al.
1987). In IS field, the cognitive appraisals of security threat and coping efficacy were supported
to increase employees’ intention to comply with IS security policies (Siponen et al. 2006). In line
with these prior studies, cognitive appraisals of a website may also directly influence online
shoppers’ privacy behavior. Favorable overall website interaction experiences entail increased
potential for online shoppers to accomplish their desired outcomes from the website. As a result,
they would be more willing to engage in private information disclosure.
H3: Motive consistency has a positive impact on online consumers’ behavioral intention.
Perceived privacy control, as one component of coping appraisals, reflects online shoppers’
cognitive evaluation of their ability to control their own personal information against potential
privacy violations. A high level of perceived privacy control helps assure online shoppers that
the online vendor is less likely to behavior opportunistically. This would increase the desirability
of information exchange. Therefore,
H4: Perceived privacy control has a positive impact on online consumers’ behavioral intention.
3.3 Liking and Behavioral Intention
Emotions serve important adaptive functions directly invoking behaviors to increase the benefits
or avoid the harms of the situation (Ohman 1997). Researchers have demonstrated that emotions
could directly influence various consumer behaviors. For example, consumers experiencing
positive shopping emotions were found to stay longer or spending more money (Sherman et al.
1997; Yalch et al. 2000). Online shoppers with liking emotions toward a website would be more
willing to disclose their personal information to the website.
H5: Liking has a positive impact on online consumers’ behavioral intention.
3.4 Privacy Concern and Behavioral Intention
Privacy concern was suggested to directly influencing an individual’s privacy behaviors by many
prior studies. In most of these studies, privacy concern was examined as general privacy concern
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reflecting one’s general tendency to worry about information privacy (Malhotra et al. 2004),
which is stable across information exchange situations. High general privacy concerns were
found to reduce consumers’ intention to disclose personal information or cause them to take
other privacy protective behaviors such as removing their personal information from the
databases, etc (Smith et al. 1996; Son et al. 2008). In this study, we focused on the effect of
situational interaction and applied Multidimensional Developmental Theory to jointly examine
the effect of general privacy concern and situational factors. The effect of general privacy
concern is expected to be weakened by those situational factors. However, for unfamiliar
websites, the effect of general privacy concern is very likely to endure as the initial interaction
may not provide sufficient to completely supersede the preexisting general privacy concern.
H6: Privacy concern has a negative impact on online consumers’ behavioral intention.
4. Methodology
4.1 Participants and Procedures
Student volunteers at a major Midwestern U.S. university were recruited as subjects to test our
research model. Each subject was assigned to either interact with an unfamiliar website for
vacation condo rental in Florida or search for a MP3 player at an unfamiliar website selling
computer electronics. These two types of tasks were dummy-coded with 0 representing vacation
condo search and 1 for MP3 player search. After interacting with the assigned website, the
subject was then asked to fill out the questionnaire to report their cognitive appraisals and
emotions formed toward the website. A total of 152 usable responses were received (59 females
and 93 males) and used in our data analysis.
4.2 Variable Measurement
Items used to measure latent constructs were drawn from previous literature and re-worded
slightly for our research context. In addition, we controlled task type and three individual
differences including gender, Internet experience and prior privacy invasion experience.
5. Data Analysis
PLS Analysis was applied to test our measurement model and research hypotheses. Our
measurement model has sound reliability and validity. Detailed measurement model testing
results are available upon request.
The results of hypothesis testing are summarized in Figure 2. Privacy concern is a marginally
significant determinant of behavioral intention (p-value < 0.1). All other hypothesized paths (H1H5) are significant with p-values <0.05. Therefore, the research model is well supported. Among
the four control variables, Internet experience and past privacy invasion experience are
statistically significant.
6. DISCUSSION AND CONCLUSIONS
We drew upon the Multidimensional Developmental Theory to provide a situational analysis of
online users’ privacy-related behaviors when they are interacting with an unfamiliar Web site.
The results of our study show that, for an unfamiliar Web site, the positive appraisals about the
overall Web site interaction experience (motive consistency) and the extent of privacy control
could trigger liking emotions in online shoppers. Cognitive appraisals and liking were then
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found to jointly influence online shoppers’ privacy behaviors. Consumers are more likely to
disclose their personal information when they have formed positive cognitive appraisals of the
Web site and like the Web site. Privacy concern, defined as an individual’s general tendency to
worry about information privacy, was found to have only weak impact on online users’ privacy
behaviors. When an online shopper is interacting with a specific website, the situational factors
(appraisals and emotions) become the major drivers of privacy behaviors. The results of our
study provide a new perspective to explain the so-called privacy paradox phenomenon.
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Abstract
The competitions among the third-party payment providers become fairly serious. The presence
of mobile internet sheds the new light to those struggling in the third-party payment industry. To
survive in the competitive mobile payment market, they continuously roll out new products,
services, or features, which requiring substantial investment on technologies such as cloud
computing and massive data analysis, even without any charge of use for the customers. This
paper is intended to develop a game-theoretic model to explain why they constantly promote the
new products or add new features to their subscribers with a little or no charge, even though the
high cost of such improvements might suggest the advantages of delay.
Keywords: Mobile credit payment, Mobile payment, Third-party payment, E-commerce

1. Introduction
According to the statistics from Enfodesk (http://enfodesk.com/), the market size of the Internet
third-party payment services in China has reached 3,870 billion RMB in 2012. The main
participants are AliPay, TenPay, UnionPay, 99Bill, and ChinaPnR, who share the market at
46.6%, 20.9%, 22.9%, 6.2%, and 6.0% respectively. More and more companies and customers
would like to make transactions through third-party payment platform. It is forecasted that in
2015, the market size of the Internet third-party payment services in China will reach 13,920
billion RMB, which is 3.6 times bigger in 2012. All the existing third-party payment service
providers (TPSPs) and the potential providers tend to catch this opportunity to increase their
market share and gain more profits. The competitions among the TPSPs become fairly severe.
Meanwhile, the relationship between the bank and the TPSP is subtle. It is important for a TPSP
to closely and properly collaborate with the banks. Therefore, TPSPs endure the tough pressure
of survivability.
In order to reinforce themselves with competitive advantages, TPSPs need to keep on increasing
their service quality including innovating service products (e.g. AliPay Wallet), capturing new
markets (e.g. mobile payment), employing new market strategies or business models (e.g.
alliance, such as TenPay+WeChat, Alibaba+Sina), adopting new technologies (e.g. Barcode pay),
and so on. Different TPSPs may choose different innovation strategies depending on their
resources, existing business strategies, and market position and share status.
Internet capacity has grown exponentially, with increasingly wireless capability. The explosive
growth of the mobile Internet promotes the rapid development of mobile payment. According to
the statistics from Enfodesk, the market size of the mobile payment in China was 44 billion
RMB in 2010, 125 billion RMB in 2012, and will reach 712 billion RMB in 2015. These
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advances have enabled the realization of innovative business concepts, such as new e-business
models, and also coincided with rapid user acceptance of services offered over the Internet. It
sheds light to those straggling in the third-party payment industry. Many companies, such as
AliPay, TenPay, UnionPay, and 99Bill, realize that it is a good chance to grasp more customers
and enlarge their market share. Their active responses to the mobile payment market have
rewarded them more market share, leaving those slower movers behind. They make use of their
strength and launch the innovated products to satisfy various types of consumers. Since their
install base of customers and scales of the companies are different, their competing strategies in
the mobile payment industry are different. For example, AliPay’s Wallet targets at the individual
customers; 99Bill’s KuaiShua targets at the merchants; TenPay collaborates with WeiChat to
attract more customers in mobile payment service; and ChinaPnR collaborates with airline
companies and provide credit payment service for the ticketing agencies.
However, in the market of mobile payment, the market segmentation is changing dramatically
over time. According to the statistics of iResearch (http://www.iresearch.cn/), the market share of
AliPay in mobile payment was only 4.7% in 2011, and rose to 31.5% in 2012; the market share
of UMPay was 34.6% in 2011, but reduced to 27.8% in 2012; the market share of TenPay was
too small to shown in the figure in 2011, and increased to 4.9% in 2012. The market is opening
to those who equips well. In order to survive in the market, the participants must keep on
building their competitive advantages. Although AliPay is the thumb in third-party payment
providers, they still feel threatened by other competitors. Alibaba has already been trying to
expand its e-commerce platforms in the mobile space through smartphone apps and its own
mobile operating system according to the consumers and market’s needs. On February 28 2013,
Alibaba launched its new product – credit payment service to AliPay customers which is the
evolution in mobile payment and is stirring the already-white-hot e-payment market. Two
months later, on April 29, Alibaba struck a deal with Sina, the company that runs China's
Twitter-like Weibo service, to acquire an 18% stake in the popular social-media outlet for $586
million. The alliance with Sina marks its biggest step in expanding its e-commerce platforms in
the mobile space.
Mobile credit payment service is a marriage of the innovations of the advanced technology and
the new business model. The targeted audience is individual consumers. It aims to increase the
turnover generated by customers using mobile devices. Through cloud computing and big data
analysis of the historical behaviors of consumers in Taobao, AliPay and other Alibaba products,
collaborating with the bank, AliPay assigns the credit to each consumer for their payment and the
consumers can obtain interest-free loans for up to 38 days. The credit payment service is free to
individual consumers. A pilot version of the program, which will be first available to users in
Taobao Marketplace and Taobao Mall on mobile devices, will be rolled out in some regions of
China. Obviously, the emergence of credit payment will significantly affect the market structure
of the mobile payment. The profitability of other mobile payment firms is affected (if not
threatened) when the consumers are offered with an alternative convenient and secure payment
service. Third-party payment companies are now confronted with the critical decision on how to
optimally compete with the competitors.
With a large number of subscribers, AliPay would continue to roll out new products, services, or
features bundled with credit payment services, which requiring substantial investment on
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technology such as cloud computing and massive data analysis. We realize that this competition
strategy is distinguished from traditional quantity and price based competition. Because there is
not much room in reducing price for third-party payment companies to compete with each other
in their market, as the services are either low-priced or free, the only way that they can attract a
high number of subscribers or users is by increasing their quality (e.g., by offering more and
better features like credit payment service, by collaborating with Sina to benefit more users).
Increasing the number of users would lead to a potential increase in earnings. The increase in
earnings, of course, depends on the level of investment required of the firm to attain the
improvement in quality sufficient to attract more users. The other distinct feature that deserves
further analysis is the cost of the investment to the new product or service. For example, to carry
out credit payment service to the consumers, AliPay needs to use cloud computing, massive data
analysis and other technologies to analyze the historical data of the consumers and design the
consumers’ credits. This cost may determine whether the potential competitors enter the market,
and whether the incumbent firm deters or accommodates the entrants. We gain insights into this
phenomenon by using a game-theoretic approach to investigate the behavior of mobile payment
market participants, and to answer the key question about how the third-party payment
companies should compete with each other.

2. The Model and Results
In the context of online information services, we define quality as the objective level of the
functions, features and performances designed for the services (such as credit payment service to
be rolled out by AliPay). The economically defined quality, the objective quality, is not
necessarily to be the same as perceived quality by consumers (Mitra and Golder 2006). In this
context, perceived quality is the key determinant to consumers’ preferences and relevant to
several factors, such as consumer expectation distributions (Rust et al 1999). Therefore, given
the same quality of an online service, different types of users may reach different quality
evaluations. This is because of their perceived values that are diversified from user to user with
accordance to their knowledge of service, experiences, needs, expectations, weights on different
attributes of the service, and the learning speeds. Another aspect regarding perceived quality is
its multi-dimensionality associated to the utility function with regard to different attributes of a
product or service. In the case the quality level is measured by multiple factors, the same level of
quality with different combinations of factors should not have the same impact on consumers’
preferences. To solve this problem, we propose the concept of composite quality – the concept of
one-dimension quality that is composed of multiple attributes.
Our approach extends previous research (Banker et al. 1998; Dewan et al. 2000, 2003; Hall and
Porteus 2000; Mukhopadhyay et al. 2004, Lin and Jones, 2007). We assume that all consumers
in the online service market are homogeneous in quality evaluation, and heterogeneous in utility
evaluation with regard to price and quality. Based on this assumption, we can define a consumer
composite quality evaluation vector V = (1, …n) for the product with n attributes a = (a1, …,
an). The composite quality with a given set of quality attributes for product gk is xk = x(ak)= VakT.
V is fixed. This definition is suitable for the quality level of online service user preference. When
there is more than one combination of (a1, a2, …, an), such that a(1)  a(2) and x(a(1)) = x(a(2)), two
online services can still be referred to as differentiated even if the quality levels are the same. In
addition, we assume there exist an optimum a* that minimizes the cost of the online service with
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a given composite quality level x(a*). In default, we will use x(a) to denote the x(a*) without
extra explanation.
Consider two firms labeled i and j competing in the mobile payment market. They offer their
services free of charge to the end users but earn revenue indirectly from other sources that are
positively related to the size of the user population such as the fees paid by merchants. Each of
them chooses a quality level xi and xj to maximize its revenue, such that xi  0 and xj  0. There is
no direct effect of service quality on the price of other chargeable services that are underpinned
by the free online services. Typically, the prices for those services are fixed.
We assume that the revenue function for each firm is linear with regard to quality. The revenue
function for firm i is as follows:
(1)
Ri(xi, xj) = di1 + di2xi - di3xj, i  j, and di1,di2,di3>0
where di1 is the intrinsic revenue factor that is independent of quality; di2 is the self-quality factor,
which is the coefficient of the firm’s own quality; and di3 is the competing-quality factor, which
is the coefficient of the rival’s quality. Here we make the assumption that di2 > di3, meaning the
marginal revenue from improving its own quality is higher than the marginal revenue loss from
the rival’s quality improvement. Let the firm’s revenue also be proportional to its demand; thus,
Qi(xi, xj) = Ri(xi, xj) / bi, i  j, where bi >0 is the exogenous price.
Let the cost function of firm i be given by the following form:
i(xi, xj) = ci 0  ci1 xi  ci 2 xi2  ci 3  ci 4 xi  Ri(xi, xj)/bi
where ci0 , ci1 , ci2 , ci3, ci4 >0

(2)

As in Banker et al (1998), we allow the investment in quality to impact the total cost in two ways.
However, in an IT advancement environment, the impacts are exactly the opposite of those
proposed by Banker et al (1998). Total fixed cost ci0 may be subject to change with regard to the
impact of IT advancement, but is not relevant to the upgrade of service quality; the operational
cost, ci1xi + ci2xi2, is relevant to the service quality, as a higher level of service quality requires
more input. The last term in the cost function is the variable cost contingent to demand
consisting of two components: ci3 is the marginal cost independent of quality, and ci4xi is the
marginal quality-cost that increases with firm’s quality. Assume ci3<bi. The cost function can be
rewritten as
i(xi, xj) = ci 0  ci1 xi  ci 2 xi2  c ' i 3  c ' i 4 xi Ri(xi, xj)
(3)
where c’i3 = ci3 /bi, and c’i4 = ci4 /bi.





The profit function of the firm i is given by
i (xi, xj)= Ri(xi, xj) – i(xi, xj)
= [1 – c’i3 – c’i4xi]( di1 + di2xi - di3xj) - ci0 - ci1xi - ci2xi2
= [di2 - ci1 - di2 c’i3 - di1c’i4]xi– [ci2 + di2c’i4]xi2 + di3c’i4xixj
– [1 – c’i3]di3xj + (di1 - ci0 – c’i3di1)
Let Ai = di2 – ci1 - di2 c’i3 - di1c’i4
Bi = ci2 + di2 c’i4 > 0
Ci = di3c’i4 > 0
Di = [1 - c’i3]di3 > 0
Ei = di1 - ci0 – c’i3di1

(4)
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Profit function (4) can be expressed in a more general form:
i(xi, xj) = Aixi– Bi xi2 + Cixixj - Dixj + Ei, i  j
(5)
Let di2 be sufficiently large, such that (1- c’i3)di2– ci1 - di1c’i4 >0, and thus, Ai > 0. It is
straightforward to show that the profit function is concave in xi.
Analyzing the profit maximizing problem, we find that the intrinsic revenue factor, di1, has a
negative effect on both the firm’s own equilibrium quality and its rival’s equilibrium quality.
Such effect is greater on its own equilibrium quality. Higher intrinsic revenue factor will result in
an upward shift in the firm’s revenue and market share. While this revenue increase is
independent of its quality level, the market share increment necessarily incur additional costs that
are partially linked to its chosen quality, based on the marginal quality-cost, c’i4. Thus, to
optimally extract the revenue gains from di1, the firm has incentives to undercut quality to
minimize additional costs associated with increased demand. The rival firm then faces a
mitigated competition and also reduces quality to conserve costs. The magnitude of the direct
effect of di1 on firm i dominates that of the indirect effect on its rival.
The self-quality factor, di2, has a positive effect on a firm’s own equilibrium quality; the effect
on the rival’s equilibrium quality is also positive, if the competing-factor, di3, is sufficiently low.
The revenue-cost tension is more severe in the effect of the self-quality factor compared to that
of the intrinsic revenue factor. Here the firm’s quality plays a role both in the returns generated
by higher self-quality factor and the associated costs. The competitive force acts to enhance the
revenue gain as well as magnifying the tradeoffs, through the competing-quality effects two
firms exert on one another. For analytical tractability, we assume symmetric firms, such that
their coefficients hold the identical values. A higher self-quality factor leads the firm to
implement a higher equilibrium quality, and the quality of the rival may improve as well given
the competing factor is sufficiently low. In other words, in a relatively balanced industry, a
higher marginal quality return will provide the incentives for an firm to offer enhanced service
quality, whereas the rival service will only exhibit improvement as well when the competition is
relatively mild.
The competing-quality factor, di3, has a positive effect on the firm’s own equilibrium quality and
its rival’s equilibrium quality. Increases in the competing-quality factor imply that rival’s quality
becomes more detrimental; intuitively, the rival’s quality elevates, which in turn pressures the
firm to aggressively improve its own quality. Such variation in competing-quality factor tips the
scale in favor of one firm while putting the other at disadvantage. The tension arisen triggers an
overall improvement in both firms’ qualities.

4. Conclusion
In this study, we employ a game-theoretic model to study the competition among the third-party
payment companies in the mobile payment market. We have observed concomitant features in
the mobile payment markets that IT advancements have made possible continuing improvements
in the quality of services provided; and that the participants have been willing to continually
invest, not only to make the improvements in quality available to users, but do so at very low
costs or for free to the users. In traditional economics theory, “wars” based on price or quantity
implied that there would be winners and losers in a specific case. In the war of mobile payment,
however, the situation may be advantageous for all stakeholders, including competitors and their
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subscribers, if certain assumptions apply. These are owing to the IT advancement. The improved
IT will always add in more values to different products and increase the benefits to users. In this
way, both producers/participants and consumers/users will find more room to increase their
utility.
The adoption of advanced IT for online information service is driven by the market competition
and maintains the profit of the business. In particular, when a new technology emerges, the
service providers will inevitably adopt it in order to keep their status in the market. It is obvious
that the adoption of an innovative IT to improve the quality may not be chosen by all online
service providers in the same market simultaneously. However, once enough players in a
networked market decide to switch to a new product, everyone else’s motivation to do so
becomes stronger (Chakravorti 2004). In a multi-firm market, if the adoption timing for one firm
is randomly distributed, its impact on other firms also will occur randomly. In this way, any firm
not adopting advanced IT to improve its business will allow the value of its services to erode and
its market share to decline over time.
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Abstract
Innovations in the mobile payments industry provide potentially profitable investment opportunities for banks. Nonetheless, significant uncertainties are associated with decision-making for this
IT investment context. We develop a model for a bank’s mobile payment systems adoption decision when it faces endogenous technological risks and exogenous dynamic market conditions.
We assess the projected benefits and costs of investment as a continuous-time stochastic process
to determine the optimal investment timing. We find that when the rate of benefit flows, the time
horizon for decision-making and the time value of money change, the recommended investment
timing and optimal investment value will change too; and when the jump occurs at different
stages and in different directions, the optimal timing and maximal payoffs also exhibit unexpected changes. We further consider how network effects influence decisions.
Keywords: Decision-making under uncertainty, IT investments, Jump diffusion, Mobile payments, Network effects

1. Introduction
Historically, innovations in the payment industry have been relatively invisible to consumers
and industry practitioners. A mobile payment (m-payment) is any payment where a mobile device is used to initiate, authorize and confirm an exchange of financial value in return for goods
and services. As consumers have become increasingly connected via smartphones, tablets and
other mobile devices in recent years, mobile payments have emerged across the world as a new
and innovative means for payment. After 2011, a number of companies and industry partnerships
announced new m-payment technology solutions built upon NFC contactless chips, cloud servers
and attachable card readers that plug into mobile devices, for example, Google Wallet
(www.google.com/wallet) and Isis (www.paywithisis.com).
Significant uncertainties are associated with investment decision-making for m-payments
though. M-payment systems involve multiple stakeholders, including consumers, merchants,
mobile network operators, mobile device manufacturers, financial service firms, software and
technology providers and government agencies (Au and Kauffman 2008). There is no standard
business model yet, nor has there been an effective revenue model developed. Also, we have not
yet seen any truly successful collaboration among the stakeholders. Uncertainty about future
regulation and ownership of the customer relationship affect participation and cooperation in
cross-industry alliances to establish common operational, process and technology standards.
Despite the large potential benefits associated with m-payment systems adoption, only a few
banks have been investing in m-payments technology, including Citibank in the U.S. and DBS
Bank in Singapore. Most of them are waiting for the resolution of key uncertainties with the
technology and in the marketplace. As the major players in the financial services industry, banks
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play an indispensable role in the m-payment market. Their participation is essential for mpayment systems to achieve success. Although there has been prior research on consumer perspectives related to mobile payments (Dahlberg et al. 2008), we will study a new set of issues on
the bank’s side: its m-payment system adoption decision when it faces endogenous technological
risks and exogenous dynamic market conditions. The characteristics of m-payment systems investing make the financial economics of decision-making under uncertainty an appropriate theoretical perspective for evaluating a bank’s flexibility of choosing an optimal time to invest (Dixit
and Pindyck 1994). Schwartz and Zozaya-Gorostiza (2003) contributed a cost-benefit diffusion
analysis methodology for different kinds of IT investment decision-making, when the investment
costs and benefits are subject to change over time, and this is relevant for us.
With the uncertainties associated with investments in m-payments technologies in mind, effective strategic managerial decision-making requires a bank’s managers to understand a number
of key issues. (1) How can the business value of m-payments technology adoption be maximized
under uncertainty? (2) How long can a bank postpone its investment and commitment to a specific technological solution? (3) How does adoption by other stakeholders influence the timing of
a bank’s own adoption in the presence of changing expectations about the relevant business and
technology standards for mobile payments? And, (4) how should we model and analyze changing managerial sentiments in light of decision-relevant information that is revealed over time?

2. The Model
We next introduce a continuous-time stochastic model to evaluate a bank’s investment decision related to m-payments technology adoption. The bank is assumed to be risk-neutral and value maximizing. It has the option to wait until an optimal time point to invest. We also include a
jump process to capture the possibility that a sudden event may occur during the diffusion process. It will create a shock with respect to the value flows. Based on the IT investment framework developed by Schwartz and Moon (2000), we view uncertainty in m-payments investment
as being summarized by three stochastic processes. They relate to the investment cost, future
benefits, and possibility that a jump event may occur before the investment opportunity expires.
The bank can decide whether and when to invest I dollars to sign a contract with m-payments
technology providers or to set up the m-payment systems infrastructure such as an embeddedNFC point-of-sale (POS) service network. The investment decision is irreversible because it will
be hard for the bank to unwind payments to contractors or employees. We further assume that
once the investment decision is made, the system will be installed and will begin to function immediately. The future costs of operation and maintenance are negligible after acquisition. IT innovations happen fast. Without loss of generality, we assume that the investment opportunity
lasts for a finite period of time [0, T]. The benefit flows from investing in the m-payment system
infrastructure occur only within this period; after that, the investment opportunity expires. The
bank can invest at any point in time up to T, the maximum length of the deferral period. The current value of I is known for certain, but future changes of I are uncertain. Considering uncertainty of investment costs, we assume that I exhibits geometric Brownian motion of the form:
,
(1)
where dz is a standard Wiener process, αI is a drift parameter describing the trend of cost change,
and σI is the standard deviation affecting the volatility of I. We further assume that the drift parameter of the investment cost is negative, αI < 0, since the investment cost tends to decrease
over time due to technological progress and increased scale of the m-payment infrastructure.

176

After an investment is made, the bank will receive benefit flows until time T. (See Figure 1.)
Let B be the benefit flow arising from the m-payment investment. It follows a stochastic process:
,
(2)
where αB is a drift parameter and σB is the standard deviation of the cash flow based on a standard Wiener process. We assume σB is decreasing over time: as more information is revealed, uncertainty over the benefit flows will be resolved. Positive network effect is associated with a positive drift value for cash flow increases during the lifetime of the investment, i.e., αB > 0. As
more consumers and merchants use and support m-payments, the benefit flows will be higher. It
also captures the trend in the value of the network based on the growth of the user base. Another
important assumption is that no other competitors that offer a similar m-payment mechanism will
enter the market during the period of [0, T]. We further assume there is no correlation between
the stochastic changes in the investment cost I and the benefit flows B, i.e., ρBI = 0.
Figure 1. Investment timeline

The bank has an incentive to defer the m-payment investment decision due to: (1) declining
investment costs over time; (2) the resolution of uncertainty of benefit flows over time; and (3)
the larger cash flow from a later investment. On the other hand, deferring m-payment investment
is costly for the bank. Investing later shortens the length of time the bank will receive benefit
flows from the investment. It may also miss the advantage of an earlier mover. Another related
consideration is the time value of money. When determining the optimal investment timing for
m-payment, the bank must consider all these factors, which may offset one another’s effects.
The value of an investment in m-payment system technology at time t is the expected present
value of the stream of future benefits B, adjusted for the relevant costs. Value can be assessed
based on the discounted benefit flows from the time t when the bank makes the investment decision to the latest deferral time, T, and
[∫
]. Here Et denotes the expectation conditional on information available at time t and Bt = B, rf is the risk-free discount rate or
time value of money, and τ is the period of time over which discounting occurs. The process representing the cash flow drift is given by
,
*
where ηB is the risk premium due to cash flow uncertainty, and dz is a risk-neutral measure for
the Wiener increment. The result of integrating over the interval (t, T) is:
[
].
(3)
Also, the expected value of investment I at time t is:
,
(4)
where ηI is the risk premium due to investment cost uncertainty and I0 is the investment cost at
time 0. The decision to invest at any point of time 0 ≤ t ≤ T is equivalent to exercising an option
before its expiration date T. Let F(B, I, t) denote the value of this investment opportunity at time
t. Given that B and I do not involve traded assets, but instead represent the expected values of a
pair of random variables, they have a risk premium associated with them. The net present value
(NPV) of this investment opportunity with an embedded deferral option can be written as:
( – )
.
(5)
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The related real option value is:
.
(6)
By substituting Equations 3 and 4 under the risk-neutral measure into Equation 6, we obtain:
[

(

[

)

]

].

(7)

Applying Ito’s Lemma to obtain the differential real option value for the investment gives:
.

(8)

We next substitute Equations 1, 2 and 8 into the Bellman optimality equation,
. This yields a second-order differential equation:
.

(9)

The Bellman optimality equation says that the value of a state under the optimal policy − in
this case, the value of the investment opportunity − must equal the expected return for the action
from that state. The action here is the exercise of the real option. The solution to Equation 9 must
satisfy two boundary conditions. First, the value of the real option must be 0 at time T, because
the decision to make the investment cannot be deferred anymore. That is,
.
Second, at any other time, 0 ≤ t < T, the value of the investment opportunity is always nonnegative:
. An optimal decision rule is as follows. When
and
, the best decision for the bank is to wait, if waiting is possible. Only
when
and
, will it be the optimal time to invest in m-payment techand
, the bank should wait
nology at cost I. However, when
for the cost flows to decrease or for the expected value to increase. If waiting is not possible, the
bank should abandon the project.

3. Jump Diffusion Process
So far, we have modeled a continuous diffusion process. It is more realistic to include a discontinuous jump into our continuous process to capture unexpected sudden changes in investment value. Such changes, called “jumps” in our context, might be caused by the entry of a
strong competitor. Government regulation could cause a jump in value too. Also, other financial
institutions or card associations may charge excessive fees for third-party payers. When the related business environment experiences sudden changes, the payoffs associated with investments
in m-payments can be modeled as a mixed Poisson-Wiener process. Merton (1976) referred to
this as a jump diffusion process. If B(t) is the cash flow representing benefits derived from mpayment investment at time t and Y is a random variable, then the value of the investment at time
t + dt will be the random variable B(t + dt) = B(t)Y, Y ≥ 0, given that a jump occurs between t and
(t + dt). We only consider the influence of a Poisson event that occurs after the m-payment system investment is made. Let q denote a Poisson process with independently distributed jumps:
{

,

(10)

where λ is the mean number of jumps per unit of time.
Cash flows derived from investment at time t including the jump diffusion process are:
,
(11)
where
, dq and dz are independent, and
. (Y 1) is a random variable
for the percentage change in investment value if the jump event occurs. The jump diffusion process will be continuous most of time, and only a small percentage of jumps will be discontinuous.
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4. Numerical Analysis
We next numerically illustrate the model and assess a bank’s optimal investment timing
strategy and best payoffs with and without jumps. The parameter values are chosen to represent a
typical electronic payments network development project (Benaroch and Kauffman 2000). Table
1 contains the data for the benchmark simulation. Table 2 summarizes the numerical results for
the benchmark case, offers sensitivity analysis for some key parameters, and considers one value
jump occurring at different stages and in different directions.
Table 1. Simulation parameters
Table 2. Simulation results
Parameter
I0
B0(t)
αI
αB
σI
σB
T
λ
k
rf
N
Δt

Description
Initial investment cost
Initial benefit flow
Rate of cost change
Rate of benefit change
Cost uncertainty
Benefit uncertainty
Maximal deferral time
Mean number of jumps
% change of benefits, B
Risk-free discount rate
Number of simulated paths
Duration of each time step

Value
$10 million
$0.1-1 million
-0.1
0.7
0.2
1.0-0.1
5 years
0.05
0.5
6%
100,000
1 month

Simulation
Benchmarking
T = 4 years
T = 6 years
rf = 0.5
rf = 0.7
B = 0.6
B = 0.8
Jump ↑ at t = 10
Jump ↑ at t = 44
Jump ↓ at t = 11
Jump ↓ at t = 31

Optimal Time (t)
14 months
15 months
13 months
13 months
16 months
18 months
11 months
9 months
15 months
15 months
31 months

Maximal Payoff
$4.10 million
$2.42 million
$5.70 million
$7.27 million.
$2.23 million
$2.60 million
$6.53 million
$ 8.17 million
$ 4.02 million
$ 3.69 million
$ 1.94 million

Figure 2. Sensitivity analysis of benchmark simulation with respect to T, rf and αB

(a) Investment timing benchmark simulation

(b) Optimal investment timing, T = 4 years and T = 6 years

(d) Optimal investment timing, αB = 0.6 and αB = 0.8

(c) Optimal investment timing, rf = 0.5 and rf = 0.7
*

In the benchmark case, the bank should invest at t = 14 months, when it is expected to obtain
a $4.10 million payoff. Figure 2 shows that when the benefits are expected to flow over a longer
time window or at a faster increasing rate (via a larger drift parameter for benefit flows) or the
time value of money is less, the bank should invest earlier and it can receive higher total payoffs
from the investment, and vice versa. The simulation results for the jump diffusion process in Ta-
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ble 2 suggest that, when an upward jump happens before t* or a catastrophic jump might occur
after t* and the jump magnitude is not large enough, the bank should invest sooner to reap extra
benefits or defer the decision-making to avoid possible loss. We also find that when an upward
jump happens after t* or a catastrophic jump happens before t*, the bank should adopt the similar
investment timing strategy as that of the continuous-time case.

5. Discussion
Our approach allows a bank’s management to consider the endogenous and exogenous uncertainties. This allows the bank to develop an optimal investment timing strategy and estimate the
profitability of its m-payment investment. Moreover, our model is especially applicable to mpayment system technology investments subject to strong network effects. Admittedly, the applicability of our model relies on the bank’s senior managers’ ability to process the information
and appropriate expectations about future trends regarding the technology, the market, as well as
the volatility of investment costs and benefits. In our multiple-stakeholder setting, information
processing becomes more difficult because bank managers will act based on interactions with
other stakeholders in the m-payment ecosystem. The information processing is rather complicated, which could lead to inappropriate expectations and eventually cause the recommendation to
deviate from the optimal investment strategy suggested by the related theoretical model.
Our research offers a new modeling perspective to enrich managerial knowledge on how financial economic theory can be used to support decision-making under uncertainty for mpayments and other kinds of IT investments. Second, we contribute practical advice and recommendations to senior managers in banks by helping them assess optimal investment timing and
estimate business payoffs from the investment. Third, our work demonstrates how to use a mixed
Poisson-Wiener process in modeling the non-stationary changing value of the underlying mpayment investment. The limitations are worth mentioning though. For example, strategic interaction between a leader and follower bank is not included in our model. Another limitation is
that we assume the investment is instantaneously implemented by the bank. This makes it possible for benefits to flow to the bank without any additional uncertainty about lagged value. Finally,
our results are theoretical: they cannot be validated yet because m-payment systems are not mature enough to have achieved successful investment and implementation.
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Abstract
In this study we propose an integrative framework which identifies the factors that contribute
to the assessment of a firms’ preparedness to embrace cloud computing and explores how
cloud computing could lead to sustainable competitive advantage. Adapting the theory
of technological frame of reference to the context of cloud computing, we integrate the theory
of diffusion of innovations and the theory of dynamic capabilities to synthesize the strengths
of the theories when developing the framework.
Keywords: cloud computing, competitive advantage, dynamic IT capability, organizational
success, business sustainability.

1. Introduction
A firm’s IT (information technology) investments are made to achieve a broad range of
management objectives and are expected to influence its performance in a number of ways.
The IT budget, competition and globalization needs coupled with the current global economic
downturn mandate organizations to find cost-effective and flexible solutions for IT services.
The perennial gaps between IT budget, IT service supply and business demand makes the
economic and business agility benefits of cloud computing a highly attractive solution to the
delivery and consumption of IT services, applications, and content (Marston et al. 2011).
Cloud computing is an evolving paradigm based on many established technologies such as
grid computing, virtualization, service-oriented architecture (SOA) shared services and largescale, systems management automation (Hirschheim et al. 2010; Stanoevska-Slabeva et al.
2010). In this study we adopt the definition of cloud computing as “a model for enabling
convenient, on-demand network access to a shared pool of configurable computing resources
(e.g., networks, servers, storage, applications, and services) that can be rapidly provisioned
and released with minimal management effort or service provider interaction” (Mell and
Grance 2011).
Cloud computing disrupts the conventional on-premises IT model, where one has to acquire
servers, PCs, networking, and software licenses. Running application services on a cloud
platform moves capital expense to operational expense because it allows a business to
develop, deploy and use application services as they require them, without needing huge
initial capital investments and ensuing operational costs for dedicated applications and
infrastructure that may become underutilized or obsolete in the near future with the advent of
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newer technologies. It is therefore a new IT delivery and services model that offers
enterprises creative ways to address how they utilize IT (Armbrust et al. 2010).
As with any new paradigm, cloud computing raises a broad range of issues from technicallyoriented to organizationally-oriented that are related to cloud evolution and migration (Hugos
and Hulitzky 2011; Wei and Blake 2010). On one side, the present hype about cloud
computing has created some unrealistic expectations about what a cloud can deliver (Cass
2009). On the other side, to majority of business professionals cloud computing is confusing
and hard to understand. To them, trying to grasp just what the cloud represents can be
challenging as well. A key aspect for the companies therefore is to assess 1) their ability to
integrate both their applications and business processes around the cloud solutions that they
are considering to adopt, and 2) how to harvest competitive advantages from adopting cloud
computing.
The theoretical challenges surrounding the successful initialization, adoption and use of the
cloud technology have yet to be comprehensively explored. Extant cloud computing literature
is heavily focused on the technological aspects. For effective business use, the current
dialogue needs to be moved away from technical issues to business-related issues (Iyer and
Henderson 2010). As cloud computing strategy and practice initiatives within organizations
recently began to emerge into an active research area in the IS discipline (Weinhardt et al.
2009; Zhang et al. 2010), amajor gap that still exists in the literature today – and one that we
address in this study – is the absence of a theoretical framework that can be used to assist
organizations to successfully initiate cloud computing for improving their effectiveness and
performance (Birman et al. 2009; Marston et al. 2011; Wang et al. 2010).
This study also attempts to bridge another gap in literature: the paucity of scientific
investigations in how cloud computing help achieve organizational agility and
competitiveness (Leavitt 2009). Many competitive organizations today are seeking to create a
dynamic infrastructure that converge business and IT infrastructure to work in concert to
achieve high levels of productivity and business value. As such, we posit that effective
initiation of cloud computing can be a key facilitator to building such dynamic infrastructure
and we propose to view this process holistically. Drawing on multiple theories including
technological-frame-of reference (TFR) framework (Davidson 2006; Orlikowski and Gash
1994), diffusion-of-innovation (DOI) framework (Cooper and Zmud 1990; Fichman 2001;
Fichman and Kemerer 1999), and dynamic capabilities (DC) (Eisenhardt and Martin 2000;
Teece et al. 1997), this paper breaks new ground by presenting an integrative research model
that incorporate these theoretical lenses to synergistically achieve the strengths of each for
assessing the success of cloud computing initialization at the firm level.
The rest of the paper is organized as follows. The three theoretical underpinnings used in this
study – TFR, DOI, and DC – are summarized in section 2 to set up the theoretical foundation
of our study. Section 3 describes our proposed research model and the hypotheses based on
this model. Section 4 is a very brief introduction to the research method we are using to
empirically test the model. In the final section, we discuss the contributions we would like to
make with this study and provide some concluding remarks.

2. Theoretical Foundation
IT that are not accepted and henceforth used by their intended users will not result in any
sought-after benefits (Venkatesh et al. 2003). In this study, we define cloud computing
initialization as organizational process of evaluating and experiencing the benefits of cloud
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computing to improve a firm’s competiveness. Cloud computing has roots in a variety of
technologies that went in and out of fashion over the last a couple of decades. Today it
encompasses a large set of technologies that can be used at different levels of IT platforms
(Iyer and Henderson 2010) in different ways (Mell and Grance 2011), which can significantly
confuse business users. To examine how cloud computing adoption was affected by how
business users view and understand cloud computing, we turn to the theory of Technological
Frames of Reference (TFR).
Since Orlikowski and Gash (1994) articulated a theoretic framework centered on
technological frames of reference (TFR) to investigate interpretive processes related to IT in
organizations, the TFR framework has been cited across a wide range of publications and has
formed the basis for a genre of studies on the interpretive aspects of IT and organizational
change (Barrett 1999; Davidson 2002; Sahay et al. 1994). Their central concern was how
organization members make sense of IT and how their interpretations influence their actions
related to IT. They defined frame structure as categories or domains of knowledge and frame
content as the specific knowledge within a domain. Frames act as “webs of meaning” that are
flexible in structure and content and that shift in salience over time and context (Davidson
2006).
Subsequent empirical research has used the TFR framework to identify frame domains and
content in different technology and organizational settings (Lin and Silva 2005). The
following three frame domains appear to be widely applicable: (a) frames related to
information technology features and attributes, (b) frames related to organizational
applications of IT, and (c) frames related to incorporating IT into work practices. For
example, Orlikowski and Gash (1994) identified the nature of technology, technology
strategy, and technology-in-use as frame domains that influenced organization members’
understanding of a groupware technology and their appropriation of it. These three domains
were shown to be related to organizational success in the adoption of the groupware.
Subsequent TFR studies have used these categories to examine frame content related to other
technologies in a variety of organizational settings (Iivari et al., 2002; McGovern et al., 2004;
Shaw et al. 1997; Yoshioka et al., 2002).
Compared with other theoretical frameworks investigating technology initialization and use,
TFR addresses the social and organizational challenges in addition to the technical challenges
of selecting and implementing technologies and adapting business procedures to the
technologies. TFR research highlights the importance of understanding how IT is viewed and
used in organizational settings. It stresses that simply communicating about the technological
aspect of an IT – the specification, functionalities, and user manuals – may be ineffective for
bringing about desired outcomes because various users may have incongruent frames, and
thus they may interpret the communications differently. The framework proposed in our
study is intended to illustrate how the three most important technological frames –
technology nature, strategy, and use – of cloud computing can be used to systematically
categorize factors impacting the adoption and use of the technology. In doing so, we contend
that technological frames offer an interesting and useful analytic perspective for explaining
and anticipating actions and meanings that are not easily obtained with other theoretical
lenses.
Within the TFR framework, regarding the nature of technology frame, we turn to the DOI
theories to understand the nature of cloud computing, especially how it is compared to
existing technologies. Diffusion theory provides tools, both qualitative and quantitative, for
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assessing the likely rate of diffusion of a technology, and additionally, identifies numerous
factors that facilitate or hinder technology initiation and adoption (Forman 2005; Zhu and
Kraemer 2005). These factors include characteristics of the technology, characteristics of the
adopters, and the means by which adopters learn about and are persuaded to adopt the
technology. The innovation diffusion of a technology possesses certain innovation
characteristics, such as relative advantage, compatibility, complexity, triability and
observability, which, as perceived by adopter, determine the ultimate rate and pattern of
adoption (Kautz and Pries-Heje 1996; Reich and Benbasat 1990).
That a same technology is adopted by some companies but rejected by others and that
companies who adopt the same technology can produce vastly different results suggest
technology alone cannot fully account for organizational assimilation of technologies. The
strategy frame and the technology-in-use frame highlight the importance of the factors
beyond technologies. Simply speaking, why and how technologies are considered and used
are essential to understand technology initialization and usage by organizations. Just as
motivations at individual level drive user acceptance and use of technologies (Davis et al.
1992), strategic motivations by companies drive organizational decision on whether to adopt
a technology and shape how it is used. In this study, we consider both motivations driven by
both business and IT considerations.
The technology-in-use frame refers to people’s expectation of how the technologies would be
actually used: in which ways, under what circumstances, and with what results (Orlikowski
and Gash 1994). With technology-in-use frame, users make speculations of what the
technologies are and how the technologies can be used. They envision what the technologies
can do and how effective they can be. Essentially, they try to examine how prepared they are
to take advantage of the technologies under consideration. As all these anticipations can
actually affect how successfully the technology is adopted (Orlikowski and Gash 1994), such
evaluations and assessments are important to informing organization of whether taking on
new technologies or not.
Organizations make similar examinations to decide whether they are in the position to benefit
from technological innovations such as cloud computing (Zhu and Kraemer 2005; Zhu et al.
2006). In this study, we specify such examinations by organizations along three dimensions:
security, business integration, and collaboration. We argue that when organizations ponder on
whether to adopt cloud computing, they are especially concerned about how secure it can be
(security readiness), to what extent it can be integrated into the business process (business
readiness), and how effective it can support organizational collaborations and coordination
(collaboration readiness).
Moreover, firms acquire new IT ultimately to gain sustainable competitive advantages, but
whether IT can actually lead to this intended outcome has been under great debates. Earlier
research has led to “productivity paradox” that questioned the commonly held beliefs in the
value of IT . Such questioning culminated in the bold proclaimed that “IT Doesn’t Matter
(Carr 2003)” anymore because all companies have similar market access to same IT. To solve
this apparent contradiction, researchers began to adopt a capability perspective on IT. This
perspective is rooted in the resource-based view of firms, which believes that sustainable
competitive advantages can only come from heterogeneously distributed, economically
valuable, and imperfectly imitable resources (Barney 1991; Grant 1991). Following this line
of reasoning, capability is considered “a special type of resource … whose purpose is to
improve the productivity of the other resources possessed by the firm (Makadok 2001, p389,
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italic original).” Thus investment in IT is not just to procure hardware and software, but more
to cultivate IT capabilities, which we refer to as an organization’s capabilities to maximize
economic return from other organizational resource through IT. The validity of the capability
perspective is supported by empirical research showing that IT capabilities are positively
related to firm performance, directly or indirectly (Bhatt and Grover 2005; Kim et al. 2011).
Yet the strategic value of IT capabilities may be diminishing once they become well-known
and stagnant and hence more susceptible to be replicated by competitors. Researchers in
strategic management have long argued that to remain competitive today, businesses must
attain dynamic capability (Teece 1998; Teece et al. 1997). Dynamic capability is “the ability
to integrate, build, and reconfigure internal and external competencies to address rapidly
changing environments (Teece 1998)”. In the context of our current research, we believe IT
capabilities have to be dynamic too for it to drive competitive advantage. Following Teece’s
definition of dynamic capability, we refer dynamic IT capabilities to an organization’s
capabilities in dynamically integrating, building, and reconfiguring internal and external IT
resources in respond to and in expectation of fast changes in service demand from businesses.
We further posit that compared with conventional on-premise, user owned IT, cloud
computing can better support dynamic IT capability.

3. Theoretical Framework and Hypotheses
In summary, we present an integrative research model (see Figure 1) that incorporates the
above theoretical lenses to synergistically achieve the strengths of each for assessing the
success of cloud computing initialization and adoption at the firm level.

Figure 1. The Integrative Research Model

3.1 Dynamic IT Capability and Competitive Advantage
In this study, our viewpoint on how cloud computing can help lead to competitive advantage
is based on the previously proposed concept of dynamic IT capability. Dynamic IT
capability allows companies to assemble, deploy, and reconfigure its IT resources as needed.
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Because superior IT capability will lead to better firm performance (Bhatt and Grover 2005;
Kim et al. 2011), we have the following hypothesis:
H1: Dynamic IT capability will positively affect a firm’s sustainable competitive advantage.
We note that cloud computing can greatly facilitate the development of dynamic IT capability.
Compared with conventional on-premise, user-owned IT model, cloud computing requires
much lower upfront cost and takes significantly shorter time to develop. With cloud
computing, companies pay for only the services they use when they need them, and they can
shop from various vendors. All these features make it easier for companies to dynamically
acquire and assemble its IT resources to rapidly respond to the changes in business demands,
which is the essence of dynamic IT capability:
H2: Cloud Computing Initialization will positively affect dynamic IT capability.
3.2 Nature of Technology
Within the technology frame, we consider the three characteristics of cloud computing that
can either promote or prohibit its initialization and use: complexity, compatibility, and
triability. All three characteristics are considered by Rogers as important factors affecting the
rate of innovation adoption, and are especially pertinent to the current research context, cloud
computing. Rogers (2003) defined complexity as the “degree to which an innovation is
perceived as relatively difficult to understand and use”, compatibility as “the degree to which
an innovation is perceived as consistent with the existing values, past experiences, and needs
of potential adopters (p240)”, and triability as the "degree to which an innovation may be
experimented with on a limited basis (p258)".
With a plethora of service and delivery models, cloud computing can be confusing for
organizational users to understand. It is also arguable that applications and data stored on
remote servers are not as easy to use as those located on local computers, especially given the
current developmental stage of cloud computing services. With ease-to-use an important
predictor of user acceptance of technologies (Davis 1989), technologies that are difficult to
use are shunned. Thus we propose:
H3: Complexity of cloud computing will negatively influence cloud computing initialization.
As organizations consider switching to cloud computing, organizational users will have to
understand it in terms of their prior experiences with previous technology (Orlikowski and
Gash 1994). If cloud computing technologies used are more compatible with previous
technology and fit better with their business process, they are easier to understand, bring less
uncertainty to the adopting organizations, and hence are more like to be adopted (Moore and
Benbasat 1991; Zhang and Xu 2011):
H4: Compatibility of cloud computing will positively influence cloud computing
initialization.
With cloud computing, triability can play an even more important role as many vendors offer
free trial. Through trials, companies can attain hands-on experience with the IT, assess its
strengths and weakness in the environment where the IT is to be used, and predict the
outcome (Watanabe and Kondo 2003). All this help to reduce the uncertainty in the
organization’s decision. Thus,
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H5: Triability of cloud computing will positively influence cloud computing initialization.
3.3 Technology Strategy
While efficiency considerations underlay earlier adoptions of IT, with the emergence of
information age, global competition, and knowledge economy, IT has gained increasingly
more strategic importance. Many organizations view IT as invaluable assets in maintaining
competitive advantages, while others are consciously using IT to create competitive
advantage (Porter and Millar 1985). Cloud computing deviates from traditional on-premise
computing paradigm drastically in terms of ownership structure, service delivery model,
governance body, and cost structure. Its potential at different levels of IT platform makes it as
disruptive as Internet when it was emerging more than two decades ago (Lyytinen and Rose
2003). Not surprisingly, many companies are deploying cloud computing technologies as
strategic moves to acquiring competitive advantages. As companies are increasing pressed
into heated competitions, we posit,
H6: Companies who intend to use cloud computing to attain competitiveness are more likely
to initiate cloud computing.
Another motivation – albeit more operational – for companies to adopt cloud computing is to
ease their burden in IT resource management. IT managers have to find an optimal solution
juggling four key variables/constraints: (a) achieving highest levels of reliability, (b) at the
lowest cost, (c) within a compliance framework, and (d) with limited resource. As
organizations increasingly rely on IT in their operations, IT infrastructure and applications
are becoming increasingly complex and difficult to manage. Cloud computing appeals greatly
to these organizations. For example, instead of owning and maintaining complicated IT
infrastructure, companies can now pay for infrastructural services, eliminating the initial cost
in setting up the IT infrastructure in house. They can also manage cloud computing reliability
through negotiating sensible Service Level Agreements. Thus,
H7: Companies who are under pressure in IT resource management are more likely to initiate
cloud computing.
3.4
Technology in Use
Security is always a concern with any IT (see Orlikowski and Gash 1994 for an example of
how security concerns affect adoption of a collaboration software). It is even more so with
cloud computing (Grobauer 2011; Kaufman 2009). Recent survey conducted by IBM found
that 50 percent of respondents are concerned about data breaches or loss and 23 percent
indicate that weakening of corporate network security is a concern (Coleman 2011). We refer
security readiness to the extent to which organizations are confident that they can alleviate
the security concerns over cloud computing. Organizations can improve security readiness
with both technical solutions and organizational changes. For example, they can implement
tighter access control to prevent unauthorized access to data stored on the cloud (Kong 2010).
They can also require venders to be more transparent about how they handle security so that
they can better assess the risks (Kothari 2011) and make sure vendors to be held accountable
for any future incidents (Heiser and Nicolett 2008). Thus,
H8: Security readiness will positively influence cloud computing initialization.
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It is one thing for an IT to be adopted, it is another thing for it to reach its full potential (Zhu
et al. 2006). In fact, in many cases, hyped technologies were not used as much as expected
(Fichman and Kemerer 1999). For an IT to deliver the promised results, it has to be integrated,
routinized, and institutionalized into the business process (DeLone and McLean 1992). This
process can be daunting to organizations, as illustrated by knowledge management initiatives
in many organizations. While it is relatively easy to put in place a knowledge management
system, it is much more difficult to get organizational members to actually use it. To address
this issue, organizations have to tackle social, organizational, managerial, and personal
challenges above and beyond technical challenges (McDermott 1999). Cloud computing can
be another case in point. Cloud computing deviates from traditional, user-owned, onpremises IT model; adopting it can entail substantial changes to organizational structure and
business processes. As organizations learn from their previous lessons and begin to
appreciate the challenges in addressing organizational changes caused by technology changes,
they have to assess whether they can make the organizational changes necessary to take full
advantage of cloud computing. Referring business readiness to how resourceful organizations
are to assimilate cloud computing into their business process – not just to start using cloud
computing, we propose:
H9: Business readiness will positively influence cloud computing initialization.
In particular, cloud computing can be instrumental in changing how people work together.
Technically, cloud provides a shared and open working environment that makes it easy to
share data and documentations, thus encouraging collaboration and improving coordination
between organizational members. This is especially important given today’s global economy.
As teams go virtual (Griffith et al. 2003) and community-based innovation (Lee and Cole
2003) become an increasingly important and popular, cloud computing can significantly
improve information and knowledge sharing within and across organization boundaries. Yet
it takes efforts and resources to develop effective teams and communities. Understandably,
not every organization can adapt to this change, taking full advantage of what cloud
computing can offer collaboration-wise. We thus define collaboration readiness as the extent
to which organizations can use cloud computing to facilitate its collaborative work, and posit,
H10: Collaboration readiness will positively influence cloud computing initialization.

4. Proposed Research Method
Currently, we are collecting field data – both qualitative and quantitative – to test the
finalized research model and the final hypotheses. To our best knowledge, the research model
we present is the first attempt at integrating the theories of DC, TFR, and DOI, and the
technology under study – cloud computing – is still emerging and evolving. In these senses,
the study proposed here is exploratory in nature. Qualitative field data collected through field
observations and interviews will allow us to gain more insights into the process of cloud
computing initiation and use in a situated organizational context, and allow us the opportunity
to verify our theoretical development and refine it. Quantitative data collected through
surveys, on the other hand, allow us to test the developed hypotheses in the positivist way.
Through triangulating the findings from both analyses, we can gain more confidence in the
validity of the findings. We expect to have preliminary results soon.
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5. Discussion and Conclusion
In this study we posit that successful initialization and implementation of cloud computing in
all its forms will be an important strategic issue for companies. Drawing upon
conceptualization in the theories of dynamic capabilities (DC), technological frames of
reference (TFR), and diffusion of innovations (DOI), our study presents an integrative
framework in an effort to synergistically achieve the strengths of each theoretical lens for
fathoming the potential for initiating cloud computing and its influence on dynamic IT
capabilities as well as sustainable competitive advantage.
We attempt to make several contributions to the literature on cloud computing. First, we
sought to propose a theoretical framework to help understand business and innovative IT
phenomena that cannot be explained by existing theories in the IS literature, and highlight the
importance of taking a holistic view when attempting to understand cloud computing vis-àvis sustainable competitive advantage in business and technological processes. Second, we
contend and demonstrate that technological frames offer an interesting and useful analytic
perspective for explaining and anticipating actions and meanings that are not easily obtained
with other theoretical lenses. For one example: to the extent that this study has sought to
develop a research model that takes in theoretical perspectives of technology innovation
diffusion in association with the TFR framework, our model may help further address the
predicament which Damsgaard and Lyytinen (1998) referred to as the insufficiency of relying
solely on innovation diffusion theory for study standards diffusion. Finally, our proposed
model has important theoretical implications to explain how cloud computing can lead to
competitive advantage. Just as Carr (2003) conjectured, cloud computing would probably
soon become a readily available commodity, but its value does not necessarily diminish. We
believe that the modeled outcomes of cloud computing can help explain that extensive use of
cloud computing services would be able to produce significant organizational performance
impacts on both IT and business success. In congruence with the contention of Zhu et al.
(2006), this study can confirm that systematic utilization of cloud computing via both
business and technological processes could be an intermediary stage that organizations need
to undergo in which they acquire the dynamic IT capability leading to competitive advantage
toward business success.
Surfacing today as a commercial infrastructure that eliminates the need for maintaining
expensive computing infrastructure, cloud computing is to be an alternative to specialized
clusters, grids, and supercomputers in business settings. With the emergence of cloud
computing as the paradigm in which computing is done exclusively on resources leased only
when needed from big data centers, organizations are now faced with a new technological
revolution option. Albeit the glaring potentials, cloud computing inevitably raises important
challenges in many business settings, including technological initialization versus business
sustainability, which is the focus of this study. We hope that our integrative model provides a
general theoretical framework which sets the stage for future research on cloud computing
and stimulates further research in this emerging paradigm in IS domain.
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Abstract
Companies and organizations in healthcare are facing many challenges when dealing with big
data sets in size ranging from terabytes to petabytes, especially managerial and cultural
challenges such as how to change people’s way of decision making using data and analysis. To
address the aforementioned gaps, this research in progress paper proposes a theoretical
framework and a case study to investigate the big data’s impact on the decision making process
in the healthcare domain.
Keywords: big data, decision making, public health

1. Introduction
According to McAfee and Brynjolfsson, about 2.5 exabytes of data are created each day in 2012,
and that number is doubling every 40 months or so (McAfee and Brynjolfsson 2012). Companies
such as Google, Facebook, and Walmart are collecting data from the Internet, social networks,
and customer transactions and store them in data sets in size ranging from terabytes to petabytes.
The size of such data sets makes it beyond the ability of commonly used software tools to
capture, manage, and process within a tolerable elapsed time. Referred to as “big data”
(Manovich 2011), however, such data sets offer great opportunities for better decision support in
fields like e-commerce, e-government, healthcare, and economic forecasting. For example,
researchers have successfully estimated flu activities by aggregating Google search requests for
terms like “flu symptoms” and “flu treatments” weeks before official report of an increase in flu
patients in a region (Bughin et al. 2010). On the other hand, a survey of nearly 3,000 executives,
managers and analysts working across more than 30 industries and 100 countries finds that
top-performing organizations use data analytics five times more than lower performers (LaValle
et al. 2011).
Just as every opportunity comes with challenges, companies and organizations are also facing
many challenges when dealing with big data. In the last few years, researchers have focused on
technical challenges and developed many underlying data processing and analytical technologies
to help with big data capture, storage, organization, and analysis. However, in an MIT conducted
study regarding big data adoption, researchers found that contrary to popular opinion, the top
challenges that organizations face most are managerial and cultural rather than related to data
and technology (LaValle et al. 2011). For example, almost four of 10 respondents in their study
listed “lack of understanding of how to use analytics to improve the business” as the leading
obstacle to widespread analytics adoption. The common problem is that many organizations
don’t have the right talent and processes to extract business value from big data, which require
executives to change their way of making decisions from trusting instincts and experience to
trusting data and rigorous analysis (Bughin et al. 2010).
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These managerial and cultural challenges exist in any domain that applies the “Big Data
Analytics”. Besides these general challenges, certain domain such as healthcare faces more
difficulties, requires more attention, but at the same time provides more opportunities. Across the
world, healthcare system infrastructures lag well behind the commercial systems such as
Amazon (Miller 2012a). Usually the systems are dispersed and disjointed; medical records are
less organized, and the capacity to store and process the whole-genome sequencing data is
significantly lacked (Miller 2012a). To improve this situation, many new government initiatives
have been started recently. In January 2009, China’s government announced a plan to spend
more than $120 billion on the first phase of a 10-year overhaul of its healthcare system (Chen
2011).
To address the aforementioned gaps, we propose a new framework and a case study to
investigate the big data’s impact on the decision making process in the healthcare domain.
Specifically, we aim to answer the following research questions:
1. How the big data environment features impact the decision making process?
2. How can big data help making decisions on program budgeting and priority setting in
public health domain?

2. Theories
2.1 Data-driven Decision Making: Values and Challenges
There are plenty of media stories and cases trying to demonstrate the value of being data-driven
in management and decision making, but we found very few academic research studies
investigating it rigorously. In one of the few studies, a team of researchers from MIT, McKinsey,
and Wharton conducted structured interviews with executives at 330 public North American
companies to find out whether data-driven companies would be better performers. The
interviews asked about the companies’ organizational and technology management practices, and
gathered performance data from their annual reports and independent sources (McAfee and
Brynjolfsson 2012). Although the study found a broad spectrum of attitudes towards data-driven
decision making, it got a significant and encouraging result: companies in the top third of their
industry in the use of data-driven decision making were, on average, 5% more productive and
6% more profitable than their competitors, even after accounting for the contributions of labor,
capital, purchased services, and traditional IT investment. At the same time, the study also found
that many senior executives are still not data-driven and rely too much on experience and
intuition and not enough on data. McAfee & Brynjolfsson summarized the managerial challenges
of being data-driven (and possible solutions) in the following five areas: leadership, talent
management, technology, decision making, and company culture. Specifically, for companies to
succeed with big data, the leadership teams should set clear goals and ask the right questions;
data scientists and professionals should be recruited; proper software tools need to be applied to
handle the volume, velocity, and variety of big data; expertise should be allocated with the right
data to make decisions; and companies should move away from acting solely on hunches and
instinct but asking more for data (McAfee and Brynjolfsson 2012).
Another study conducted by a different group of researchers from MIT and IBM discovered
similar results (LaValle et al. 2011). In this study, researchers conducted a survey of nearly 3,000
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executives, managers and analysts working across more than 30 industries and 100 countries.
They found that top-performing organizations use analytics five times more than lower
performers, clearly demonstrated the value of big data and analytics. Similarly, when being
asked about the top challenge that organizations face when adopting analytics, most respondents
selected managerial and cultural issues such as “lack of understanding of how to use analytics to
improve the business”, instead of barriers related to data and technology. To address such
challenges, LaValle et al. proposed a five-point methodology for successfully implementing
data-driven management to create value. In summary, they recommend that organizations (1)
focus on the biggest and highest value opportunities; (2) within each opportunity, start with
questions, not data; (3) embed insights getting from analytics into business processes to drive
actions and deliver value; (4) keep existing analytics capabilities (tools, methods, etc.) while
adding new ones; and (5) use an information agenda to plan for the future (LaValle et al. 2011).
The recommendations provided by McAfee & Brynjolfsson and LaValle et al. all focused on
managerial and culture issues and addressed similar issues. They also share a common problem:
the recommendations are more like heuristics, lacking of strong theoretical support and have not
been systematically tested. In this study, we tackle this problem by incorporating a phase model
for decision making processes.
2.2 Decision Making Process Model
A number of conceptual models have been developed to describe the complex decision making
process. Among them, the phase model is used most commonly. In a phase model, decision
making is represented in terms of a number of distinct stages or phases (Mintzberg et al. 1976),
such as Simon's intelligence-design-choice trichotomy (Simon 1965). However, (Witte et al.
1972) found that although distinct phases do exist in the decision making process, they do not
follow a simple sequence as suggested in most of the literature. Mintzberg et al. (1976) agreed
with Witte's basic conclusions and developed a conceptual framework that consists of three
distinct phases (identification, development, and selection) of the strategic decision process, with
a set of “routines” in each phase but no simple sequential relationship among them. In this
framework, the identification phase includes two routines: decision recognition, in which
problems are recognized and evoke decisional activity, and diagnosis, in which the evoking
stimuli are examined and cause-effect relationships are determined for the decision situation. The
development phase is the heart of the decision-making process, consisting of two basic routines,
search and design, and leads to the development of one or more solutions to a problem. Search is
about finding existing, ready-made solutions, while design is used to develop custom-made
solutions or modify ready-made solutions. Finally, the selection phase is a multistage, iterative
process involving the following three routines: screen, which is used first to reduce a large
number of ready-made alternatives to a few feasible ones; evaluation-choice, which is then used
to investigate the feasible alternatives and to select a course of action; and authorization, which is
used to ratify the chosen course of action at a higher level in the organizational hierarchy. The
seven central routines, together with three sets of supporting routines (decision control,
communication, and political), constitute the entire strategic decision process.
We think the Mintzberg model clearly describe the complex decision making process and we
will use this model as the basis for developing our own framework to explain data-driven
decision making process, particularly in the healthcare domain.
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2.3 Big Data in Healthcare
Despite the infrastructure challenges, the healthcare community is facing a large volume of data
generated from many different sources. Among them, two main sources of health big data are
genomics-driven big data such as sequencing data and payer–provider big data such as electronic
health records and insurance records (Miller 2012a). Those data, if handled well, could make
great contributions to clinical decision making, patient-centered therapy, and knowledge bases
for disease, genome, and environment (Chen et al. 2012). For example, Medco, a large PBM that
covers about 65 million people in the United States, accumulates longitudinal pharmacy data and
extract associations between drug use, patient characteristics, and clinical impact in order to
determine whether a drug works the way it should (Miller 2012a). (Hanauer et al. 2011) used
large-scale, longitudinal electronic health records (EHR) to research associations in medical
diagnoses.
(Lin
et
al.
2011)
identified
clinically
relevant
and
accurate
symptom–disease–treatment (SDT) associations from a comprehensive EHR of approximately
2.1 million records from a major hospital. These works add significant clinical knowledge and
bring a deeper understanding of patient disease patterns. In addition, patient-driven personal
health records (PHRs) and records from health social media sites such as PatientsLikeMe
provide unique opportunities in healthcare decision support (Miller 2012b), especially for
chronic diseases such as diabetes and cancer.
Although adopting big data analytics clearly adds value to the healthcare community, working
with health big data poses significant research and practical challenges, especially considering
the requirements for privacy (Chen et al. 2012). As codified in the form of the federal Health
Insurance Portability and Accountability Act (HIPAA), personal health information should be
kept confidential and used only for the patient’s benefit (Miller 2012b). However, as health data
accumulate in ever larger databases, protecting privacy becomes more and more difficult. For
example, the most commonly employed privacy protection method in healthcare,
de-identification, or anonymization, suppress or modify part of the data that might uncover
precisely to whom a particular record belongs. A so-called “safe harbor” method involves
removing 18 identifiers, including names, dates, and Social Security numbers, and data that has
been de-identified under the safe harbor method is no longer considered to be individually
identifiable (Miller 2012b). However, as more and more data is collected, from online databases
to social networking sites to publicly available government repositories, it becomes easier and
easier to launch a linkage attack and re-identify someone’s medical records, creating privacy
breaches. Currently, more sophisticated methods are developed to protect electronic health data
from unwanted exposure. For example, differential privacy, a process-driven approach,
introduces some random noise into the query responses so that the underlying data are left
untouched but the results cannot be linked to any individual record (Miller 2012b).
In short, to successfully work with big data in healthcare, besides infrastructure and managerial
challenges, one must also carefully address the privacy concerns, protecting data privacy even
before analyzing any data.
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3. A Framework for Decision Making with Big Data in Healthcare
Based on the Mintzberg model (Mintzberg et al. 1976) described earlier, we propose a new
framework for decision making with big data in healthcare. We keep the three phases the same,
but modified the routines based on the unique features of big data in healthcare. Table 1
illustrates this new framework.
Table 1. A Framework for Decision Making with Big Data in Healthcare
Table 1. A Framework for Decision Making with Big Data in Healthcare

Routines

Phases
Identification
Development Selection
Decision Recognition
Search
Evaluation-choice
Diagnosis
Design
Authorization
Allocation (Data, Technology, Talent)
Privacy Protection
Decision Control
Communication
Political

First, we add two new routines in the identification phase. As suggested both by McAfee &
First, we add
two and
newLaValle
routinesetinal.the
identification
As suggested
both by McAfee
Brynjolfsson
(2012)
(2011),
asking thephase.
right questions
and allocating
the right&
Brynjolfsson
(2012)
and
LaValle
et
al.
(2011),
asking
the
right
questions
and
allocating
right
resources are among the most critical success factors when making decisions with bigthedata.
resources after
are among
the the
most
criticalmaker
success
factors
when making
with
bigright
data.
Therefore,
diagnosis,
decision
needs
to allocate
the rightdecisions
data source
with
Therefore,
after
diagnosis,
the
decision
maker
needs
to
allocate
the
right
data
source
with
right
person using right technology. Another routine, privacy protection, is added because of the
personrequirement
using rightoftechnology.
routine,
privacy
is privacy,
added because
the
unique
healthcare Another
data. Without
proper
way protection,
of protecting
none ofofthe
unique
requirement
of
healthcare
data.
Without
proper
way
of
protecting
privacy,
none
of
the
data can be used in making decisions in healthcare.
data can be used in making decisions in healthcare.
We do not add or remove any routines from the development phase. However, we believe the
Weroutines
do not could
add orberemove
from
the development
phase. However,
we designing
believe the
two
mergedany
intoroutines
one mixed
routine
in big data environment,
because
two
routines
could
be
merged
into
one
mixed
routine
in
big
data
environment,
because
designing
a custom-made solution to a problem with large volume of data could be as straightforward
as
a
custom-made
solution
to
a
problem
with
large
volume
of
data
could
be
as
straightforward
searching for associations and patterns from the big data. However we still keep the two routinesas
searching
for associations
patterns
from the big
data.still
However
stilla keep
the two
routines
separate
because
we believeand
some
organizations
would
like towe
keep
manual
process
of
separate
because
we
believe
some
organizations
would
still
like
to
keep
a
manual
process
searching or designing solutions based on intuition, especially when they don’t have the rightof
searching  
or  for
designing  
data
and tools
analysis.solutions   based   on   intuition,   especially   when   they   don’t   have   the   right  
data and tools for analysis.
We remove the screen routine from the selection phase because solutions resulted from big data
We remove
the screenprecise
routineand
from
the have
selection
because solutions
resulted
from
big the
data
analytics
are normally
don’t
a lotphase
of alternatives.
Therefore
we only
need
analytics  are  normally  precise  and  don’t  have  a  lot  of  alternatives.  Therefore  we  only  need  the  
evaluation-choice
routine to evaluate the alternatives getting from either the manual process
evaluation-choice
routine to
evaluate
theonalternatives
getting from either the manual process
based
on hunch or automatic
process
based
data and facts.
based on hunch or automatic process based on data and facts.
We plan to illustrate this framework using a case study.
We plan to illustrate this framework using a case study.

Methodology
4.4.Methodology

Sincethere
thereis isrelatively
relativelylittle
littleprior
priorknowledge
knowledgeininthe
thefield
fieldweweinvestigate,
investigate,wewewill
willadopt
adoptanan
Since
in-depth
case
study
method
in
this
research
study.
We
will
follow
Klein
and
Myers'
(1999)
seven
in-depth case study method in this research study. We will follow Klein and Myers' (1999) seven
principlesofofinterpretive
interpretivefield
fieldresearch
researchinindata
datacollection
collectionand
andanalysis.
analysis.For
Fordata
datacollection,
collection,wewe
principles
will first select a few organizations that have already implemented systems to help making
decisions based on large volume of public health data (e.g., provide personalized
recommendation for health exam packages within budget). We will then conduct observations
(site visits) and semi-structured interviews with organization members involved in various
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phases of the decision making process, ranging from data professionals to senior executives. All

will first select a few organizations that have already implemented systems to help making
decisions based on large volume of public health data (e.g., provide personalized
recommendation for health exam packages within budget). We will then conduct observations
(site visits) and semi-structured interviews with organization members involved in various
phases of the decision making process, ranging from data professionals to senior executives. All
interviews will be recorded and transcribed. We will analyze the data using thematic analysis
technique.
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Abstract
Recommender Systems (RS) are the most widely used techniques to overcome information
overload. However, most of current techniques neglect the uncertainty associated with user
preferences and make recommendations based on single criterion. In this study, we propose a
new hybrid recommendation approach based on Fuzzy Multiple Criteria Decision Making
(MCDM) methods. Three MCDM methods, DEMATEL, AHP and TOPSIS are integrated with
user-based and item-based collaborative filtering method. In order to evaluate proposed
approach, we collect data from an online research. MAE and TOP-k hit rate have been used to
evaluate the performance of proposed method. The experiment results show significant
improvement in recommendation accuracy.
Keywords: Hybrid Recommender Systems, MCDM, AHP, DEMATEL, TOPSIS

1. Introduction
Information overload has been widely experienced now. RS are a specific type of information
filtering technique to overcome this problem. The first step of RS is, generally, to represent
user/item feature in the purpose of users’ preference modeling, which still pose challenges for
researchers (Zenebe et al. 2010). This work will mainly focus on two interesting questions: first,
using precise numbers or linguistic terms to describe users’ preference information; and second,
using single or multiple attributes to describe item information. This is because, on the one hand,
most of current RS force users to provide their preferences in a unique numerical scale and
neglect the uncertainty associated with user preferences (Martınez et al. 2008); on the other hand,
most of current RS ignore the multi-valued nature of item features and use single criterion to
represent the utility of an item to a user in a two-dimensional Users×Items space (Adomavicius
et al. 2007), however, it is crucial to incorporate multi-criteria ratings into recommendation
methods (Adomavicius et al. 2005) in order to deal with many and sometimes conflicting
evaluation criteria. RS are usually classified into the following two categories: (1)Content-based
recommendations. (2) Collaborative filtering (CF) recommendations. Also there are hybrid
approaches which combine multiple techniques together to achieve some synergy between them.
As time went on, the importance of introducing fuzzy logic and studying multi-criteria RS has
been highlighted as a separate strand in the RS literature (Adomavicius et al. 2007). First, studies
have suggested that fuzzy logic is valuable for preferences discovery. (Martınez et al. 2008)
proposed a Knowledge Based RS which adopted fuzzy linguistic approach to obtain user’s
preferences information. (Zenebe et al. 2010) proposed a general framework for preferences
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discovery based on fuzzy set theories. Researchers (Perny et al. 2011) described a
recommendation principle defined from individual fuzzy preference relations. Second, RS and
MCDM have been applied separately in spite of their resemblance in providing
recommendations. The combination of them has started receiving attention by RS researchers
only recently. Researchers (Adomavicius et al. 2007) proposed two new approaches to
incorporate multi-criteria rating information in RS. Researchers tried to integrate CF and MCDM
to raise customer loyalty in commerce environment (Choi et al. 2009). While the literatures show
some progresses in the integration of RS with fuzzy logic and MCDM, this research area has
been largely unexplored (Manouselis et al. 2007). The common defects of existing researches are:
(1) The combinations of RS with MCDM and fuzzy logic are sparse (Adomavicius et al. 2011).
(2) The recommendation problem is a new type of MCDM problem that requires new modeling
approaches (Perny et al. 2011). (3) There are a plethora of additional techniques that can be
readily adopted in RSs, such as sensitivity analysis (Adomavicius et al. 2011). (4)Testing
methods that may support the evaluation in the context of real-life applications are limited
(Manouselis et al. 2007). For this new area of RS to be successful, it is crucial to have a number
of standardized real-world multi-criteria rating datasets available to the research community
(Adomavicius et al. 2011). With so many problems to settle, the researches on multi-criteria RS
remain pretty much open. Being aware of these problems, this research will propose a new
hybrid multi-criteria RS using linguist terms and fuzzy logic to capture users’ preference
information. Several MCDM will be introduced to enhance the predication accuracy in
multi-criteria environment. The rest of the paper is organized as follows: first, we analyze the
research problem of RS in multi-criteria environment. The procedures for proposed method are
presented in next section. The following section provides our experimental evaluation. The
contributions of this study are shown as well.

2. Problem Statements and Analysis
Table I. Single-Rating Recommender System
The
Go
dfat
h
5

Alex[1]
[2]

Forr
est
Gum

Star
War
s

The
Matrix

Tita
nic

7

5

7

?[3]
[4]

Table II.Multi-Criteria Recommender System
The
Godfath
er

Forrest
Gump

Star
Wars

The
Matrix

Titanic

Alex[1]

5(2,2,8,8)

7(5,5,9,9)

5(2,2,8,8)

7(5,5,9,9)

?(?,?,?,?)[3]

Mary

5(8,8,2,2)

7(9,9,5,5)

5(8,8,2,2)

7(9,9,5,5)

9(8,8,10,10)

6(3,3,9,9)

6(4,4,8,8)

6(3,3,9,9)

6(4,4,8,8)

5(2,2,8,8)[4]

…

…

…

…

…

Mary

5

7

5

7

9

David

6

6

6

6

5

David

…

…

…

…

…

…

…

[2]

Ratings for each movie in Table II: over-all (story, direction, action, visual effects)
[1] Target user
[2] Most similar to the target user [3] Rating to be predicted

[4] Rating to be used in prediction

Table III. Multi-Criteria Movie Recommender System with Linguist Terms
The Godfather

Forrest Gump

Star Wars

The Matrix

Titanic

Alex

P(VP, VP,G,G)

G(P,P,VG, VG)

P(VP, VP,G,G)

G(P,P, VG, VG)

? (?,?,?,?)

Mary

P(G,G, VP, VP)

G(VG, VG,P,P)

P(G,G, VP, VP)

G(VG, VG,P,P)

VG (G,G, VG,VG)

David

F(VP, VP, VG, VG)

F(P,P, G,G)

F(VP,VP, VG, VG)

F(P,P,G,G)

P(VP, VP,G,G)

…

…

…

…

…

…

VP: Very Poor

P: Poor

F: Fair G: Good

VG: Very Good

We cite and modify the example from (Adomavicius et al. 2011) to illustrate the importance of
incorporating multi-criteria ratings in RS. Then extend the example to fuzzy logic. A movie site
needs to recommend movies. The CF technique, which predicts a user’s rating for a given item
based on the ratings of neighbors, is used. In a single-rating RS, Alex and Mary show similar
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rating patterns (Table I). The predicated rating of movie Titanic for Alex is Mary’s rating (i.e., 9).
Now we extend single-rating to multi-criteria ratings. Users can use four criteria to specify their
preferences on four attributes of a movie. Two users may have same overall ratings, however,
they may show different rating patterns on each criterion. It can be found that Alex and David
have analogous rating patterns. Therefore, Alex’s overall rating for movie Titanic is more
suitable to be predicted as 5 - based on David’s overall rating for this movie. Then, assume that
users are allowed to express their preference close to their own language habits. Alex, Mary and
David can rate the movies with phrases instead of quantitative numbers (Table III).

3. Hybrid Multi-Criteria Recommendation Algorithm
In this section, we present our method. The whole procedure consists of five phases.
Phase I: Define the recommendation decision object.
The decision object is an item i or an item set {i1 , i2 " in } that belongs to the set of all candidate
items I and RS believe which will be preferred by users. The decision objects ‘Ranking’ are
included in proposed algorithm, which is both common in RS and MCDM.
Phase II: Determine criteria and criteria weights.
Step 1. Identify a consistent family of k criteria {c1 , c2 " ck } , which are exhaustive and
non-redundant, in order to analyze all items in terms of multiple criteria.
Step 2. Determine the type of criteria. Get the weight wi of criterion ci by DEMATEL (Fontela
& Gabus 1974) method when criteria are interdependence with each other. Get the weight wi of
criterion ci by AHP (Torfi et al. 2010) method when priorities of criteria are difficult to measure.
Phase III: Acquire users’ multi-criteria ratings by linguistic variables and fuzzy numbers.
Step 1. Choose appropriate linguistic variables for items with respect to criteria. Collect users’
preference information with linguistic variables (Table IV) to get multi-criteria rating ru ,i ,
denoted by: (( ri , si , ti )c1 , ( ri , si , ti ) c2 , ……( ri , si , ti ) ck ) , which is a set of triangle fuzzy numbers (TFN),
represents the utility of item i to user u , eg, ((0.75,0.90,1.00)story, (0.35,0.50,0.65)direction,
(0.35,0.50,0.65)action, (0.55,0.70,0.85)visuals).
Step 2. Construct user-item rating matrix R Table IV. Linguistic Variables for Item
by linguistic rating variables, and convert the Ratings
linguistic evaluation ( Table IV) into TFNs to Linguistic variables Criteria Fuzzy numbers
construct the fuzzy user-item rating matrix R .
grade
Step 3. Construct the weighted normalized
Very poor (VP)
1
(0.00,0.10,0.25)
fuzzy user-item rating matrix R̂ , where rˆu ,i is
also a set of TFNs, where rˆu ,i ,cl = wl ( ri , si , ti ) cl
(l = 1, 2, …… k ) .

Poor (P)

2

(0.15,0.30,0.45)

Fair (F)

3

(0.35,0.50,0.65)

Good (G)

4

(0.55,0.70,0.85)

Very good (VG)

5

(0.75,0.90,1.00)

Phase IV: Fuzzy TOPSIS to aggregates the preferences on each criterion into users' global
preference on each item.
Modify fuzzy TOPSIS (Chen et al 2000) to aggregate the values of each criterion ci , (i = 1, 2, … k )
to express the preferences between different items by closeness coefficient CCi and use CCi in
substitution for users’ raw ratings in recommendation algorithms.
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Step 1. Determine fuzzy positive-ideal solution (FPIS) A* and fuzzy negative-ideal solution
(FNIS) A− . FPIS represents the most favorite item while FNIS represents the most disliked item.
A* = (v1* , v2* , ……vk* ) , A− = (v1− , v2− , ……vk− ) , where vl* = wl (1,1,1) and vl− = (0, 0, 0) .
Step 2. Calculate the distance of item i ′ in I from FPIS and FNIS by Eq. (1) and Eq. (2),
respectively, i ′ denotes item has been rated by user u ,
k

d i* = ∑ d (vl* , rˆu ,i ,cl )

k

(1)

l =1

di− = ∑ d (vl− , rˆu ,i ,cl )

(2)

l =1

(l = 1, 2, …… k ) (i = 1, 2, …… N ) and d (.,.) is the distance measure between two fuzzy numbers.

Step 3. Calculate user closeness coefficient of each item i ′ for user u by Eq. (3).
d−
(3)
CCi = * i − , (i = 1, 2, …… N )
di + di
Phase V：Provide Recommendations.
Get final prediction by a linear combination (Choi et al. 2009) of user-based and item-based CF.
Step 1. Predicate users’ closeness coefficient by item-based (Eq. (4)) and user-based (Eq. (5)) CF
algorithm. Use the closeness coefficient from fuzzy TOPSIS method instead of users’ raw rating
since closeness coefficients include the information of fuzzy logic and multi-criteria ratings
which have more information about users’ preference.
∑ (sim(i, i′) × CCu ,i′ )
all − similar − items
(4)
CCu ,i (CB ) =
∑ | sim(i, i′) |
all − similar − items

CCu ,i (CF ) =

1
∑ sim(u, u′) ×CCu′,i
∑ u′∈U | sim(u, u′) | u′∈U

(5)

Step 2. Linear combination of RS, the combination coefficient ŵ will be determined by
experiment. ŵ is the weight that measures the importance of each algorithm.
(6)
CCu ,i = wˆ ∗ CCu ,i (CB ) + (1 − wˆ ) ∗ CCu ,i (CF ), ( wˆ ∈ [0,1])
Step 3. Get recommendation results. Rank items from the best one to the worst one according to
CCu ,i for a specific user. Top N items with highest values will be recommended to this user.

4. Experimental Evaluation
4.1 Datasets
Experimental datasets for multi-criteria RS is concerned as an acknowledged difficulty. We
conduct an on-line research to collect multi-criteria data set. 2200 internal message were sent
through Douban.com to potential respondents. A link to the online research along with a cover
letter including background details of the study was sent. Respondents are invited to rate at least
20 popular movies with linguistic variables in four criteria: story, direction, acting and visuals.
The response rate is 15.54%. Respondents who had spent less than 400 seconds in filling the
questions and who had chosen the same alternative in all choice sets were deleted. The amount
of responses to be analyzed was 330. We ended up with a multi-criteria rating dataset that
includes 330 users, 200 movies, and 6600 known multi-criteria ratings.
4.2 Experimental Results
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First, we have performed the analysis at above mentioned data set of the following approaches
(Table V). Second, 10-fold cross validation technique is adopted in order to obtain reliable
results. The metrics are Mean absolute error (MAE) (Eq.7) and TOP-k hit rate(Eq.8).
N + ,k
1

TOPKu (k ) = u + 100%
(8)
(9)
MAE = ∑ | rij − rij |
Nu
N
where N u+ denotes all items relevant to user u , and N u+ ,k counts the relevant ones in the top-k
recommendation list.

Table V. Comparison with Other Methods
CF

cosine based single rating user-based collaborative approach

CB

cosine based single rating item-based collaborative approach

CF+CB

linear combination of CF and CB (Eq. (7)) use single ratings

ru ,i = wˆ ∗ ru ,i (CB ) + (1 − wˆ ) ∗ ru ,i (CF ), ( wˆ ∈ [0,1]) (7)
HYBRID

The single ratings are
acquired as the mean of
arithmetic average of users’
multi-criteria ratings.

proposed hybrid multi-criteria recommendation algorithm

The experimental results (Fig. 1) show that proposed method can get best performance
when wˆ ∈ [0.4, 0.45] , so the value of ŵ will be fixed at 0.45 in further experiments. Next, criteria
weights derived from both DEMATEL and AHP methods are used in proposed algorithm (Fig. 2).
According to the experimental results, criteria weights derived from the DEMATEL method will
be used in further experiments.

Algorithm: HYBRID; Similarity: Cosine;
Criteria weights: AHP
Fig. 1. Experiment to determine the
combination coefficient ŵ

Algorithm: HYBRID; Similarity: Cosine;
Criteria weights: AHP
Fig. 2. Performance of proposed algorithm by
using different criteria weights

Proposed method has been compared with other approaches. Experiment results are summarized
in Fig. 3 and 4: (1) a linear combination of user-based and item-based CF can decrease the value
of MAE, which verified previous studies; (2) proposed method performed significant better than
all other approaches. Then, in TOP-k hit rate, each user is recommended k movies (k = 6, 10, 15
and 20) that he/her most like. The results show that the proposed algorithm performed much
better than other methods.

5. Contributions
In this paper, we propose a new hybrid recommendation algorithm for the purpose of accuracy
improvement in multi-criteria environment. The contributions of this work are: First, extending
several MCDM in recommendation technique, which have never been considered in this area
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before. Second, fuzzy logic is introduced to model users’ preference information, and the
experiment results show significant improvement in recommendation accuracy. In addition,
engage hybrid technique in multi-criteria recommendation. Furthermore, we conduct an on line
research to collect real word multi-criteria data set for experiment evaluation.

Similarity: Cosine; Criteria weights:
ˆ = 0.45
AHP; w
Fig. 3. Compare the performance of proposed
algorithm with different approaches (MAE)

Similarity: Cosine; Criteria weights: AHP;
ˆ = 0.45
Neighborhood size: 80; w
Fig. 4. Compare the performance of proposed
algorithm with different approaches (TOPK)
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Abstract
Many studies have been done on expert-rated crowdsourcing contests. Few have examined
crowdsourcing contests in which winners are voted by the crowd. What are the implications of two
different rating mechanisms for participants of the crowdsourcing contests? We compare the two
rating mechanisms in terms of winning determinants. Based on prior studies, we identify three key
winning determinants: expertise, submission timing, and social capital. Our initial investigation
using a crowdsourcing platform that permits both kinds of rating mechanisms shows that relevant
winning determinants are very different in expert-rated and crowd-rated prizes. To our knowledge,
this study is the first to compare winning determinants in expert-rated and crowd-rated contests.
Keywords: Crowdsourcing contest, Open innovation, Social capital, Winning determinant

1 Introduction

Crowdsourcing contests (or tournaments or competitions) are becoming an important and efficient
channel to spur innovation in product development and marketing, to acquire creative solutions for
practical problems, and to seek new ideas and concepts (Huang et al. 2011; Morgan and Wang
2010; Yang et al. 2011). In order to achieve best outcomes, contest sponsors or platforms use
several ways to motivate participation, efforts, and performance. Among these motivators,
monetary rewards are found to be a major one (Archak 2010; Brabham 2010; DiPalantino and
Vojnovic 2009). Accordingly, some research focuses on prize design in crowdsourcing contests
(Archak and Sundararajan 2009; DiPalantino and Vojnovic 2009; Morgan and Wang 2010).
In practice, crowdsourcing contests vary greatly in rating mechanisms. Some crowdsourcing
sites such as Topcoder, Taskcn, and Wooshii only use expert ratings, i.e., winners are determined
by a panel of expert judges or a rating system employed by the solution seeker; other
crowdsourcing sites such as Jovoto, and PimTim use crowd ratings, i.e., winners are determined by
the voting of the crowds; a few sites such as Zooppa use both crowd ratings and expert ratings. In
some cases, Zooppa offers crowd-rated prizes and expert-rated prizes in the same contest.
However, most current empirical studies on crowdsourcing contests collected their data on
expert-rated crowdsourcing sites including Taskcn (DiPalantino and Vojnovic 2009; Yang et al.
2008; Yang et al. 2010, 2011; Zheng et al. 2011) and Topcoder (Archak 2010; Archak and Ghose
2010). Despite the diversity of rating mechanisms, few have examined crowd-rated contests, much
less compared crowd-rated and expert-rated contests. This paper attempts to fill the gap through
answering the following questions: what are the roles of winning determinants in winning
expert-rated and crowd-rated crowdsourcing contests? Are they the same across two rating
mechanisms? Answers to the two questions will contribute to the design of rating mechanisms.

2 Research Framework

Prior studies on crowdsourcing contests have identified three categories of determinants for
winning a prize: expertise, submission timing, and social capital.
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2.1 Expertise
Expertise is context dependent, emerging from patterned interactions and practices in specific
scenarios (Yang et al. 2010). Contestants’ expertise is a critical determinant to win an expert-rated
prize, either in a crowdsourcing contest or a traditional contest. A contestant could transfer his
expertise to crowdsourcing site when he participates in some contests, and also could employ the
expertise, which he has attained from crowdsourcing contests, in the offline scenarios. Expertise is
usually measured by the past experience, skill, knowledge, and performance (Archak 2010;
Terwiesch and Yi, 2008; Yang et al. 2010, 2011).
Both modeling and empirical studies indicate that expertise variables are a good predictor for
winning. Using the data drawn from Taskcn, Yang et al. (2010, 2011) find the number of prior
winnings has a very significant effect on the probability of winning in the current contest. Using
the data drawn from Topcoder, Archak (2010) presents that highly rated contestants, who obtain
high performance in previous contests, move first in the registration phase to deter rivals. By doing
so, they increase their winning probability and payoffs. Using a modeling approach, both Archak
and Sundararajan (2009) and DiPalantino and Vojnovic (2009) find that contestants’ skills are a
critical indicator of their performance in crowdsourcing contests. However, experts and crowds
may evaluate entries in different ways, so past success with expert-rated contests may not predict
the success in crowd-rated contests, and vice versa. Therefore, we anticipate:
H1a: An entry submitted by the user with more expertise in expert-rated prizes has a higher
probability of winning an expert-rated prize, but not a crowd-rated prize.
H1b: An entry submitted by the user with more expertise in crowd-rated prizes has a higher
probability of winning a crowd-rated prize, but not an expert-rated prize.
2.2 Submission Timing
All the contests have time restrictions. Contestants have to finish and submit their entries before
the contest ends. Entry timing is very important for contestants (DiPalantino and Vojnovic 2009;
Yang et al. 2010, 2011). In online auctions, many bidders wait to submit their bids in the last
minute. Yang et al. (2010, 2011) consider timing as a temporal strategy and summarize three
timing strategies, each of which has advantages and disadvantages. Timing variables usually
include submission order and submission time.
Submission timing has been found to influence winning probability in the contests in which
performance is rated by a panel of experts. Yang et al. (2008) and Yang et al. (2010, 2011) indicate
that winners are more likely to submit their solution late to increase their probability of winning. If
there exist collaborations between the seeker and designers, some designers might prefer to submit
their solution early to get more feedback from the seeker and thus to increase their winning
chances (Yang et al. 2010). For crowd-rated contests, it is reasonable to expect that contestants
who submit their solution early have a higher chance of gaining early recognition because
popularity tends to build on itself. Thus:
H2a: An entry submitted early or late is more likely to win an expert-rated prize than one
submitted neither early nor late (U-Shaped).
H2b: An entry submitted later has lower probability of winning a crowd-rated prize.
2.3 Social Capital
Few studies discuss the role of social capital in crowdsourcing contests. According to Peng and
Zhang (2010), social capital in crowdsourcing site could be defined as “the specific resources
accumulated through the relationships among online participants” (p.1). Like seeking expertise,
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accumulation of social capital is also an intrinsic motivation for the participation in crowdsourcing
contest (Zheng et al. 2011). Participants may use crowdsourcing platforms to make more friends
and interact with them by commenting on their submissions. Typically, social capital variables
include the number of followers, following, and the comments posted.
Elevated social capital could be associated with winning a crowd-rated contest. Higher social
capital could increase a contestant’s self-promotion performance, leading to a higher probability of
winning a crowd-rated prize. Using the data from Wikipedia, Nemoto et al. (2011) find the higher
the social capital of editors, the sooner the articles edited by them will reach higher quality status
such as featured articles. Like editors in Wikipedia, contestants in crowdsourcing contests could
employ their social capital to promote their entries to get a high voting score, and thus to win a
crowd-rated prize. On the other hand, social capital may not predict the probability of winning an
expert-rated prize. Accordingly, we raise the following hypotheses:
H3a: Social capital of the user has no effect on his probability of winning an expert-rated
prize.
H3b: An entry submitted by the user with higher social capital has a higher probability of
winning a crowd-rated prize.

3 Data and Research Method

We collect contest data from Zooppa, which is a global social network of creative talents who help
partner companies launch user-generated advertising campaigns. These ads can take various
formats including video, print, banners, concepts, and radio. Zooppa was founded in Italy in 2007,
and then launched in the U.S. in 2008. Its global headquarters is located in Seattle, Washington.
Today, Zooppa has over 109,000 members and its clients include Google, Nike, Hershey’s,
General Mills, Microsoft, NBC Universal, Zinio, and Mini Cooper, among others.
Zooppa not only permits multiple prizes for each contest, the client (i.e. sponsor of the contest)
can also give both crowd-rated and expert (client)-rated prizes. From this website, we collect
information on the variables listed in Table 1. Our dataset includes all the contests between
December 10, 2007 and February 8, 2013, resulting in a total of 110 contests and 7,407 video
entries (we focus on video entries and do not collect information on other entries). Each contest
receives an average of 67 entries. In total, 3,658 users have participated in at least one contest.
Zooppa calculates a seniority classification for each user according to their participation and
wining history. We include seniority and other expertise variables suggested by prior research
(Yang et al. 2010, 2011), such as the number of prizes the contestant has won in the past. In
addition, our timing variables also follow the definition given by Yang et al. (2010, 2011).
Type
Dependent
Variable

Expertise

Variable
winExpertPrize
winCrowdPrize
pastWinExpert
pastWinCrowd
videoExperience
nonvideoExperience
seniority*

Social

logNumFollowers*

Table 1. Variables and Their Definition
Definition
Whether the entry was selected as an expert-rated prize.
Whether the entry was selected as a crowed-rated prize.
The number of expert-rated prizes the contestant has won in the past
The number of crowd-rated prizes the contestant has won in the past
The number of video entries the contestant has submitted in the past.
The number of non-video entries (print, radio, etc.) a contestant has
submitted prior in the past.
The seniority rating of the contestant (1-Fan, 2-Novice, 3-Creative,
4-Senior, 5-Pro) at the time of the entry.
Log number of followers the contestant has at the time of the entry.
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Capital

logNumFollowings*
commentsGiveBefore
commentsReceivedBefore
commentOnContest

Log number of followings the contestant has at the time of the entry.
The number of comments posted by the contestant before the contest
The number of comments received by the contestant before the contest
The number of comments posted by the contestant on the contest.
The number of comments posted by the contestants on the entries of this
commentOnEntry
contest (own entry included).
1-2*|submitOrder-0.5|, where submitOrder is the number of existing
submitAtTwoEnds^
entries at the time of submission (including the submission).
Timing
gSubmitOrder
Equals submitOrder divided by total number of entries.
*
Because the number of followers and followings and the seniority of the contestant change over time, for some older
entries, it is not likely for us to go back in time to find the values of these variables at the time of submission. In such
cases, we used the closest snapshot for these variables. We discuss the possible remedies at the end.
^We did not use the usual submitOrder, submitOrder^2 specification because the two variables showed an
unacceptable value of collinearity.

As a preliminary analysis, we estimate a conditional logit model for winExpertPrize and
winCrowdPrize separately. A conditional logit model estimates the probability of an entry winning
a contest conditional the total number of winning entries in this contest. Because time-invariant
characteristics are common across all entries, they are canceled out in a logit model specification.
Thus, a conditional logit model grouped by contests has the advantage of controlling for
unobservable contest heterogeneities, such as the brand effect associated with the sponsoring
organization or the inherent appeal of the project. As a result of the model specification, we do not
need to include contest characteristics such as total award amount.

4 Preliminary Findings

We first conduct a preliminary analysis on our variables, which includes descriptive statistics and a
correlation analysis. We also test for multicollinearity among explanatory variables and the
resultant VIF values are below 5 (the suggested cutoff value is 10). We report our results of
Conditional Logit Regression in Table 2. We present odds ratios instead of raw coefficients for
ease of interpretation.
Table 2 Results of Conditional Logit Regression
DV: winExpertPrize Odds ratio (SD) DV: winCrowdPrize Odds ratio (SD)
pastWinExpert
0.899 (0.088)
0.724* (0.094)
*
pastWinCrowd
0.748 (0.098)
1.246** (0.099)
***
videoExperience
0.814
(0.025)
0.750*** (0.035)
nonvideoExperience
0.998 (0.001)
1.004* (0.002)
***
seniority
9.757
(1.044)
2.891*** (0.377)
submitAtTwoEnds
1.109 (0.216)
gSubmitOrder
0.211*** (0.067)
logNumFollowers
0.954 (0.070)
1.361** (0.156)
*
logNumFollowings
0.896 (0.044)
1.090 (0.071)
commentsReceivedBefore
1.003** (0.001)
1.006*** (0.001)
commentsGiveBefore
0.997* (0.001)
0.996*** (0.001)
commentOnContest
0.996 (0.377)
0.000 (0.090)
commentOnEntry
1.011*** (0.003)
1.021*** (0.004)
Log-likelihood
-959.68
-445.63
Adjust R-squared
0.309
0.280
Sample size (N)
5102
2724
*
p<0.05, ** p<0.01, *** p<0.001
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As shown in Table 2, a very significant explanatory variable is seniority, which is expected
because seniority synthesizes the prior wins and submission experience. Interestingly, the factors
contributing to winning an expert-rated prize and a crow-rated prize are very different. Starting
from past wins, we note that each additional pastWinCrowd is correlated with a 25% increase in
the probability of winning a crowd-rated prize. But each additional pastWinExpert decreases it by
28%. Similarly, each additional pastWinCrowd decreases the probability of winning an
expert-rated prize by 25%. The effect of pastWinExpert on winExpertPrize is insignificant.
Overall, we find that expertise (as represented by seniority) contributes to the probability of
winning. We find support for the second half of H1a. Furthermore, our results support H1b. The
negative effects pastWinCrowd on winExpertPrize and pastWinExpert on winCrowdPrize suggest
it takes quite different expertise to win expert-rated and crowd-rated prizes. We also find negative
effects for videoExperience. This finding is reasonable because controlling for seniority, the more
video entries it took (to reach this seniority), the lower the winning rate the contestant had.
We do not find significance on the effect of submitAtTwoEnds on winExpertPrize. Thus H2a is
not supported. This finding is likely because of limited sponsor feedback for contestants during the
contest and long contest duration (so that a contestant always has plenty of time to work on their
submission regardless of submission order). We do find support for H2b, a negative effect of
gSubmitOrder on winCrowdPrize, which suggests that submitting early in the case of crowd-rated
prizes is advantageous.
Consistent with H3, logNumFollowers has a positive effect on winCrowdPrize but has no
effect on winExpertPrize. We do not find significance for the effect of logNumFollowings on
winCrowdPrize, indicating that incoming links (logNumFollowers) is a better indicator of social
capital than outgoing links (winCrowdPrize). The variable logNumFollowings has a marginally
negative effect on winExpertPrize, suggesting a negative correlation between socializing activities
(i.e., following others) and winning expert-rated prizes. Furthermore, commentsReceivedBefore
has a positive effect on both winExpertPrize and winExpertPrize, but commentsGiveBefore is
negatively correlated with winning probabilities. This is likely because commenting on other
submissions infers that the focal contestant is still learning and perhaps not yet skillful.
Alternatively, this may be interpreted as commenting on other entries is a wasteful activity.
Further analysis is needed to disambiguate these explanations. The effect of commentOnContest is
insignificant on either type of prizes. However, commentOnEntry has a positive effect on both
kinds of prizes. A potential reason is that, commentOnEntry, which captures the comments the
contestant posts on his/her own entry or other entries during the contest, may be interpreted as an
indicator of efforts the contestant puts into this contest. This finding may reflect that the more
effort spent in the contest, the higher the chance of winning.

5 Conclusions and Discussions

This study raises an important question about crowdsourcing contests: how different they are when
the entries are evaluated by experts and when they are evaluated by the crowd – a question that has
not received much attention in the nascent crowdsourcing literature. While we focus on a
contestant’s winning probability, our results hold application for crowdsourcing platforms and
contest sponsors as they choose the contest rating formats. Using a unique data set that permit two
kinds of rating mechanisms in the same contests, we are the first study to examine the differences
between crowd-based and expert-based rating mechanisms.
Based on our preliminary analysis, we find that expert- and crowd-rated prizes have very
different inner workings. Not only the experiences in winning one type of prizes do not carry over
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the other type, the timing and social capital required to winning these different type of prizes are
also markedly different. Our results highlight that incoming links and comments are associated
with higher probability of winning. But outgoing links are not. Interestingly, our findings raise
question of whether commenting on other entries, which can be seen as social capital building and
learning efforts, is helpful for the contestants.
As a work-in-progress, the current research can of course be strengthened in a number of
different ways. We hope to use the conference as an opportunity to get feedback on our paper. Our
plan is to present a more advanced version of the paper by the time of the conference.
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Abstract
This paper developed a research model to explain firm performance through IC incorporating innovation
capability as mediating variable and environmental dynamism as moderating variable. A sample of
high-technology firms in Jiangsu Province of China was surveyed, and 252 usable questionnaires were collected.
We found that innovation capability partly mediates the effect of IC on firm performance. Environmental
dynamism moderates the relationship not only of structural capital, relational capital and innovation capability
with operational performance, but also of structural capital with financial performance.
Keywords: Intellectual Capital, Innovation Capability, Firm Performance, Environmental Dynamism

1. Introduction
In the era of knowledge-based economy, resources and competencies are crucial for firms to survive in
dynamic environment. As the necessary intangible asset which bases largely on knowledge, intellectual capital
(IC) should be elaborately managed in any firms. Beyond researches which alleged IC would play a central
theoretical function in explaining performance variances (Namvar et al. 2010; Phusavat et al. 2011; Simsek and
Heavey 2011), a few studies believed that certain factors would mediate the relationship between IC and firm
performance (Hsu and Sabherwal 2011; Hsu and Wang 2012). As innovation capability will be undoubted
closely tied and enhanced by IC and its contribution to organizational competitiveness or performance has been
accepted by innovation theorists (Börjesson and Löfsten 2012; Han et al. 1998). It should be the likely
intermediate in the process regarding the effect of IC on firm performance. However, extant research has not
shed much light on the mediating role of innovation capability in the relationship between IC and firm
performance. Furthermore, few studies have discussed how to anticipate and respond to environmental changes
for ensuring the contribution of IC and innovation capability to firm’s competitiveness and survival.
To fill these research gaps, we develop a model to explain how a firm’s performance is influenced by IC
through innovation capability, which incorporates the moderating effect of environmental dynamism. Based on
252 usable questionnaires from high-tech enterprises in Jiangsu Province of China. This study seeks to make
three potentially important contributions. Firstly, this paper puts forward an integrated framework of IC,
innovation capability and firm’s performance, which provides new theoretical and empirical insights to the
content of KBV processes. Second, it helps understand the relationships among the three components of IC,
innovation capability and two firm performances, which gives more detail concerning the value of IC and
innovation capability. Finally, it considers the moderating effects of environmental dynamism on IC and
innovation capability to firm performance, which will extend our understanding of IC and innovation theories
under different contextual conditions.

2. Theoretical development and hypotheses
2.1. IC and firm performance
IC has been widely viewed as the sum of knowledge resources of an organization. The three forms of IC,
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human, structural and relational capital, which correspond to intangible asset or knowledge capability as
conceptualized by knowledge-based view (KBV), offer a powerful approach in differentiating organizational
performance (Hsu and Sabherwal 2011; Phusavat et al. 2011).
Including employees’ knowledge, experience, capabilities and wisdom, human capital is deemed as the
source and momentum of revolution and innovation. Firms which invest in human capital and attach
importance to employees tend to enjoy better business returns or competitive advantages (Cabello-Medina et
al. 2011; Campbell et al. 2012; Wang et al. 2008).
Structural capital, sometimes used interchangeably with organizational capital in existing literatures,
includes all non-human reserves of knowledge in a firm for better innovativeness and performance
(Martinez-Torres 2006; Youndt et al. 2004). As efficient inter-organizational tool and flexible infrastructure,
structure capital enables efficient processes of communication and operation, which facilitate knowledge
related activities and eventually contribute to values and profits.
Regarded as the building block of relation, as well as knowledge exchange and combination in work
settings through networks, relational capital is essential to improve knowledge combination capability in an
organization for developing innovative technological products. Through the internal and external connections,
firms have access to specialized important information which facilitates them to assess current knowledge for
attaining and sustaining better performance. Therefore, we hypothesize that
Hypothesis 1: IC positively relates to firm performance.
2. 2. The Mediating Effect of innovation capability between IC and firm performance
Innovation capability implies the accumulation, appearance or potential of a firm’s innovation relating to
conceiving and implementing something new. As one of the main driving forces, if not the most relevant one,
innovation significant enables firms to create value and sustain competitive advantage in the increasingly
complex and rapidly changing environment.
With the characteristics of firm-specific and path-dependent, innovation capability depends heavily on
knowledge, skill, and experience inside an organization. Accumulation and exploitation of IC determines the
level of a firm’s innovativeness, such as the development of new product and new problem-solving methods.
Though many organizational factors, including technologies, managerial support, and specific firm design,
may facilitate innovation capability, the role of human capital or individual knowledge in an organization has
been emphasized as the primary resource (Alegre and Chiva 2008; Liao et al. 2010; Teece et al. 1997). Agile,
well-informed, and trained individuals are fundamental for innovation capability and form the basis of creation,
integration and transfer of knowledge within a firm.
Structural capital, which an organization uses to preserve and reuse its knowledge, facilitates the ongoing
pursuit and harnessing of innovations(Zangoueinezhad and Moshabaki 2009). With the establishment of
structures, processes, and routines that are perceived to be more reliable and robust than other knowledge,
organizations can develop innovation capability successfully when faced with new and unstable circumstance.
Relational capital contains a firm's interaction with its stakeholders which often provide the organization
with important external resources. With a diversity of perspectives, competencies, and experiences relational
capital provides, firms’ strategic communities, including customers, suppliers, and other partners are helpful to
achieve the desired innovation capability (Chen et al. 2009; Kodama 2005). Therefore, we hypothesize that
Hypothesis 2: Innovation capability mediates the relationship between IC and firm performance.
2. 3. The moderating role of the Environmental Dynamism
Environmental dynamism refers to the rate and unpredictability of change in a firm’s external environment
(Heavey et al. 2009; Jansen et al. 2009). It may be characterized by rapid and discontinuous change in demand,
competitors, technology, and/or regulation with inaccurate, unavailable, or obsolete information (Wang and Li
2008).
In stable environments, commodity-like resource suffice to achieve business process efficiency without much
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reconfiguration, customization, and updating, IC therefore has few opportunities to exhibit its effect in terms of
acquiring and sustaining competitive advantage. In contrast, as the environment gets more dynamic, IC should
tightly couple in circumstance to reconfigure existing configurations and acquire new ones, so that the focal
firm is agile enough to survive external changes. Hence, IC has more probability to acquire and sustain
competitive advantage in dynamic environments than in stable environments.
In dynamic environments, the higher innovation capabilities a firm possess, the better performance it can
earn by heightening the alignment between inner capabilities and outer requirements. In stable environments, a
firm is faced with fewer obliged changes of its product, process and management capabilities. It becomes easier
for predicting the current and preferred future states. So the contribution of innovation capability to firm
performance may drop down when the level of environmental dynamism is relatively low. Therefore,
Hypothesis 3: Environmental Dynamism positively moderates the relationship between IC and firm
performance.
Hypothesis 4: Environmental Dynamism positively moderates the relationship between innovation capability
and firm performance.

3. Research methodology
3.1. Data collection
We conducted a survey with a sample of 691 high-technology firms in Jiangsu (one of the most developed
provinces in China) to validate the theoretical model empirically using convenience sampling method.
Following the key informant approach, which states that top managers represent the best source of information
for this type of study, we directed our questionnaires (each company received one questionnaire) to the
CEO/general manager or senior manager. From these, 263 surveys were collected; among which 252 are valid
for analysis (valid return rate was 36.5 percent).
3.2. Measurement
In order to ensure reliability and validity, measurement items of all constructs were adapted from existing
scales in the literature.
3.3. Control Variable
To account for differences among firms, control variables are included in our research model: firm age and
size. They are selected for reflecting past success and the potential to impact current and future performance
(Ravichandran and Lertwongsatien 2005). They may imply the power of pricing and bargaining, and the
pervasiveness of operation and management routines, all of which can influence firm performance. Firm age is
measured from the date the firm was founded to the date the survey was administered. Firm size is measured by
the natural log of assets and employee number in our study.

4. Results
4.1. Measurement model
We performed a confirmatory factor analysis (CFA) to evaluate measurement model consisting of seven
latent constructs. We evaluated the internal reliability by using Cronbach’s alpha (C-α); this statistic ranges
from 0.90 to 0.95, which are all higher than 0.7, showing acceptable reliability. We tested convergent validity
by assessing factor loadings which should be significant and exceed 0.5, composite reliabilities which should
exceed 0.6, and the average variance extracted (AVE) that should be more than 0.5 for all constructs. In our
model, all the indicators fall in the acceptable ranges. Factor loadings range from 0.70 to 0.91. Composite
reliabilities (CR) range from 0.90 to 0.95. AVE ranges from 0.65 to 0.78. The results show that our model meets
the convergent validity criteria.
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Discriminant validity is the degree to which, factors that are supposed to measure a specific construct do not
predict conceptually unrelated criteria. We used Fornell and Larcker’s approach (Fornell and Larcker 1981) to
assess discriminant validity. The results show that each diagonal element is higher than respective off-diagonal
elements, suggesting adequate discriminant validity.
4.2. Hypothesis tests
Table 1 presents regression analysis of IC-firm performance, innovation capability-firm performance, and ICinnovation capability, respectively. Models 1a and 1b are the base models that include the control variables.
Models 2a and 2b capture the direct effects of IC on the operational and financial performance respectively. The
effects of human capital, structural capital and relational capital on operational performance have values of 0.20,
0.23, and 0.20, which are all positive and significant. Similarly, human capital, structural capital and relational
capital have effects on financial performance with the values of 0.25, 0.35 and 0.16, which are all significant.
These results strongly support hypothesis 1.
We follows Baron and Kenny's (1986) procedure to analyze the mediating effect of innovation capability
between IC and firm performance. The first step is to examine the relationship between independent variable
and the dependent variable. As models 2a and 2b show, three IC factors relate significantly to firm performance.
The second step is to examine the effect of the mediator, innovation capability, on the independent variable, IC.
The results of models 6 indicate that human capital and structural capital have positive and significant effects
on innovation capability whereas relational capital has not. The third step is to examine the relationship
between mediator and the dependent variable. Models 3a and 3b show that innovation capability has significant
and positive effects on firm performance with the value of 0.39 (p < 0.05) and 0.41 (p < 0.05) respectively. The
fourth step is to include the mediator, innovation capability, in the models to examine whether it reduces the
effects of the antecedent. As models 4a and 4b show, innovation capability significantly reduces the effects of
IC factors on the dependent variable. Thus, except relational capital, innovation capability plays a mediating
role between IC and firm performance, partly supporting hypothesis 2.
Table 2 presents the results of the hierarchical moderated regression using the centered data. The result of
Model 9a and 9b suggest that environmental dynamism has negative moderating effect of on the relationship
between structural capital and firm performance with the value of -0.14(p < 0.05) and -0.13 (p < 0.05),
respectively. On the contrary, relational capital is positive moderated by environmental dynamism when it
contributes to operational performance with the value of 0.18 (p < 0.05). Therefore hypothesis 3 is partly
supported. As for hypothesis 4, the results of Model 9a show that environmental dynamism positively moderate
the relationship between innovation capability and operational performance with the value of 0.12 (p < 0.1).
However, Model 9b indicates innovation capability is not significantly moderated by environmental dynamism
when contributing to financial performance. Thus hypothesis 4 is also partly supported.
Table 1 IC-firm performance, innovation capability-firm performance, and IC- innovation capability
Variable

Operational performance

Financial performance

Innovation capability

Model 1a

Model 2a

Model 3a

Model 4a

Model 1b

Model 2b

Model 3b

Model 4b

Model 5

Model 6

Firm age

-0.04

-0.06

-0.05

-0.07

-0.03

-0.05

-0.05

-0.06

0.03

0.01

Ln(asset)

-0.08

-0.03

-0.08

-0.05

0.01

0.07

0.01

0.06

0.01

0.08

Ln(number)

-0.07

-0.09

-0.07

-0.08

0.07

0.05

0.08

0.06

-0.01

-0.04

Human capital

0.20**

0.13**

0.25**

0.21**

0.33**

Structural capital

0.23**

0.16**

0.35**

0.31**

0.32**

Relational capital

0.20**

0.18**

0.16*

0.15**

0.09

Innovation capability
R2

0.01

0.22

0.39**

0.21**

0.16

0.25

0.01

0.33

0.41**

0.14**

0.17

0.34

0

0.31
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F

1.09

11.52**

12.09**

11.61**

0.54

20.10**

12.83**

18.17**

0.08

18.45**

Note: * Significant at the 0.10 level (2-tailed), ** Significant at the 0.05 level (2-tailed).
Table 2 Results of environmental dynamism’ moderation effects
Variable

Operational performance

Financial performance

Model 8a

Model9a

Model 8b

Model 9b

Firm age

-0.06

-0.06

-0.05

-0.05

Ln(asset)

-0.04

-0.06

0.07

0.05

Ln(number)

-0.07

-0.06

0.06

0.06

Human capital

0.13**

0.12*

0.21**

0.20**

Structural capital

0.11*

0.11*

0.28**

0.27**

Relational capital

0.14**

0.11*

0.13**

0.12**

Innovation capability

0.18**

0.20**

0.12*

0.13**

Environmental dynamism

-0.17**

-0.20**

-0.09

-0.08

Controls

Direct effects

Moderation effects
Human capital * Environmental dynamism

-0.04

0.00

Structural capital * Environmental dynamism

-0.14**

-0.13**

Relational capital * Environmental dynamism

0.18**

0.04

Innovation capability * Environmental dynamism

0.12*

0.03

R2

0.27

0.31

0.35

0.36

F

11.25**

8.81**

16.24**

11.22**

Note: * Significant at the 0.10 level (2-tailed), ** Significant at the 0.05 level (2-tailed).

5. Discussion
The relationships among IC, innovation capability and firm performance may provide a guide as to how
companies should achieve better performance by using IC and innovation capability. Scales put forward in this
study offer a checklist for companies to evaluate themselves in certain domain. Companies should think over
the important antecedents that lead to types of IC in improving innovation capability and firm performance. In
addition, the findings suggest the level of environmental dynamism plays a significant moderating role in the
relationship not only of structural capital, relational capital and innovation capability with operational
performance, but also of structural capital with financial performance. Future research therefore needs to give
proper considerations to the implementation of programs supporting these activities in order to enhance firm
performance. Furthermore, strategies for the development of IC or innovation capability should be designed for
various firm performances according to environment Dynamism.
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Abstract

Web Accessibility can help visual handicaps to enjoy equal rights and to have easy access to the
wealth of information on the Internet. Providing Web Accessibility can be considered as an
important element for firms to manifest corporate social responsibility (CSR). Employees being
an integral part of the firm can play a vital role in this process. This paper proposes a conceptual
model to understand how employees can influence firms’ decision to fulfill their social
responsibility on Web Accessibility. Five factors are suggested to affect employees’ intention to
exert pressure on their firms to engage in CSR on Web accessibility, including three
psychological needs comprising of control, belonging, and meaningful existence, and relevant
knowledge of Web accessibility and perceived importance of CSR. Relevant hypotheses and are
discussed and the potential contributions are presented.
Keywords: Web accessibility, Corporate social responsibility, Employee psychological motives
1. Introduction
For the handicaps, physical disabilities have created a divide between them and the Web.
Currently around 10 % of the world's population, or about 650 million people, live with some
form of disabilities (Disabled World News, 2008). In the world’s most populous country, the total
number of disabled people in China is over 82.96 million, which is 6.34% of the nation's total
population. In particular, number of people with visual impairment is 12.33 million (National
Bureau of Statistics of the People's Republic of China, 2006).
Web accessibility will provide the handicaps with equal opportunity to access online information.
According to the Web Accessibility Initiative (WAI), Web accessibility refers to the situation
whereby people with disabilities can use Internet to search and understand information. Firms are
increasingly being pressured to engage in the implementation of better Web accessibility by many
different stakeholders. Being a key stakeholder of a firm, employees can also have a significant
impact on a firm’s decision to implement CSR initiative (Mehegam, 1996).
Using Web accessibility as a research context, this paper examines the role that employees can
play to influence their firms to engage in CSR on Web accessibility. We first propose a
conceptual model and then put forth the related hypotheses of the determinants that can affect an
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employee’s decision to exert pressure on their employer to provide Web accessibility. Next we
describe the research methodology that will be used to assess the hypotheses. Finally, we discuss
the expected contributions of the study.
2. Theoretical Model and Hypotheses
2.1 Web Accessibility and CSR
In this study, we consider Web accessibility as a type of CSR and attempt to understand how
employees can influence their firm to engage in Web accessibility. We used the multi-level CSR
theoretical model by Aguilera et al (2007) as the underlying theoretical foundation. Aguilera et
al.’s (2007) model attempts to understand why organizations engage in CSR activities. The model
includes four levels of actors, i.e. individual, organizational, national, and transnational, and
systematically illustrates the factors that influence firms to engage in CSR activities.
Figure 1 shows the research model. In this model, we focus on the employee psychological needs
and perceptions when it comes to Web accessibility’s responsibility of their employer. We posit
that the three types of employees’ psychological needs will influence their intention to exert
pressure on their firm to engage in CSR on Web accessibility. Furthermore, we propose that
perceived CSR importance moderates the effects of needs for meaningful existence on pressure.
FIGURE 1 Research Model
Need for control
Familiarity

H1
Need for

H2

belongingness
H3

Intention to exert
pressure

Industry

Need for
meaningful
existence

H4

Perceived CSR
importance

Tenure

2.2 Three Kinds of Psychological Needs
In the organization multi-level CSR change theoretical model by Aguilera et al. (2007), the
authors pointed out that as one of the stakeholders that can promote CSR change, employees have
three kinds of psychological motives, i.e. instrumental motive, relational motive, and moral
motive. These motives result from three kinds of psychological needs, i.e. need for control, need
for belongingness, and need for meaningful existence respectively.
Need for control. Both learning theory (Skinner, 1996) and motivation theory (Bandura, 1995)
have found that human beings have an innate need to control the environment. This need reflects
an individual’s desire to be able to predict and manage changes of expected results or things of
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equal importance. To a large extent, people are self-interest driven. The utility model proposed by
Tyler (1987) concludes that people are motivated to seek control right because controlling
situation has the tendency that helps to maximize results. CSR can help employees foretell the
organization's action more accurately and thus will allow employees with a sense of owning
control right. Hence, employees may have instrumental motive to pay attention to a firm’s CSR
activities. As a result, employees may regard a firm that participates in CSR as a firm that cares
about both internal persons and external persons. If the firm focuses on common fairness, the
employees will conclude that opportunity is fair for them and that the firm will also care for them.
Employees pursue and promote their firm’s engagement in CSR because they believe that they
can benefit from it so as to meet their need for control. By evaluating the fairness of services and
information that the firm provides to the public, employees infer organizational culture and
values and predict firm’s behavior.
Hypothesis 1 (H1): Employees’ need for control positively affects their intention to exert pressure
on their firm to engage in CSR on Web accessibility.
Need for belongingness. People are always looking forward to having meaningful interaction
with others (Baumeister and Leary, 1995). In fact, it is through these meaningful communications
that we can form self-identity to a certain extent (Tajfel and Turner, 1979). As a member of the
firm, most employees will seek a sense of belongingness from firm, internal person and the
management, hoping to become a member of a respectable social group. Therefore, they can
create self-identity and trust of the firm, which can satisfy their psychological need. The
relationship model established by Tyler and Lind (1992) shows that fairness of the firm conveys
the quality of the relationship between management and employees. This relationship has a
strong influence in an employee's sense of self-identity and self-worth. When firms focus on Web
accessibility, they are focusing on the firm's fairness. Employees rely on their fairness perception
to implicate if their needs for belongingness are being met. They expect a firm to be socially
responsible not only because they hope that the firm can generally pay attention to fairness but
also because CSR activities, such as implementing Web accessibility, require management and
employees working together for social benefits.
Hypothesis 2 (H2): Employees’ need for belongingness positively affects their intention to exert
pressure on their firm to engage in CSR on Web accessibility.
Need for meaningful existence. Social psychologists believe that people generally seek a need
for the meaning of life (Williams, 1997), and the purpose of ethics is precisely to search for
personal meaning and worth (Becker, 1993). Moral standard of people are consistent with their
values. If people perceive something is inconsistent with their values, they will take defensive
reaction (Cropanzano et al., 2001). It has been shown that people will care about fairness even
though there are no obvious economic benefits and even if it concerns strangers.
On the moral level, employees want to work in a firm with a high level of CSR; this desire
sometimes will surpass their need for control and need for belongingness (Folger et al., 2005).
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This kind of moral motive can also affect employees to be involved in the implementation of
CSR: employees not only want to be a member of the firm with CSR, but also hope to participate
in activities that contribute to social benefits directly. If firms provide Web accessibility, it shows
that they are concerned about under-privileged people. Hence, employees are likely to influence
their employers to implement Web accessibility so that it is consistent with their own value and
ethics to bring equal rights to the vulnerable group’s equal access to information.
Hypothesis 3 (H3): Employees’ need for meaningful existence positively affects their intention to
exert pressure on their firm to engage in CSR on Web accessibility.
2.3 Perceived Importance of CSR
Robin, Reidenbach and Forrest (1996) put forward perceived personal relevance and importance
on moral problems, which is a temporary trait to adjust personal values, beliefs, needs, perception,
and pressure contextually. As employees are the perceiving subject, their own value and ethic
determines their understanding and views to any issue to a certain extent. Perceived relevance
and importance on ethical concerns and CSR has an impact on whether employee takes measures
to promote firm to be engaged in CSR activities. It also affects employees’ intention to exert
pressure on their firm to implement Web accessibility. Although CSR is receiving more attention,
there are still arguments as to whether firms have social responsibilities beyond their
wealth-producing function (McWilliams, & Siegel, 2000; Margolis, & Walsh, 2003).
Consequently, we expect that the extent to which employees perceived CSR as being an
important issue will strengthen the relationship between their need for meaningful existence and
the pressure that they will exert on CSR.
Hypothesis 4 (H4): Employees’ perceived importance of CSR positively moderates the
relationship between their need for meaningful existence and the intention to exert pressure on
their firm to engage in CSR on Web accessibility.
2.4 Control Variables
Consistent with previous research on CSR implementation, we expect the level of pressure that
employees exert on their firms to engage in CSR on Web accessibility to be affected by tenure
(i.e. number of years that employee work for current firm). Next, the pressure that employees
exert on their firms might differ across different industries. It is also likely to be affected by
familiarity on Web accessibility knowledge because familiarity on an issue will influence
respondent judgment and related decision (Brucks, 1985). Therefore, we chose these three factors
as control variables for intention to exert pressure.
3. Research Method
This study will adopt the survey method to collect data from Chinese employees. The
questionnaire will be designed by adopting and extending measures from prior research in the
context of Web accessibility. The scale for measuring need for control will be adapted from Work
Locus of Control Scale (WLCS) (Spector, 1988). The scale used to measure employees’ need for
belongingness will be based on Social Connectedness Scale (Lee and Robbins, 1995). The scale
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to measure need for meaningful existence will be based on Moral Motive Scale (MMS)
(Janoff-Bulman et al., 2008). The scale used to measure intention to exert pressure will be based
on the theoretical propositions by Aguilera et al. (2007) on promoting the implementation of CSR.
We will use the three items of Perceived Role of Ethics and Social Responsibility (PRESOR)
(Singhapakdi et al., 1995) from the perspective of stakeholders to measure perceived CSR
importance of employees. Tenure will be coded as the number of years that the employee works
for current firm and industry will be coded as dummy variables for different industries. The scale
for measuring familiarity on Web accessibility knowledge will be adapted from Brucks (1985).
We will use the partial least squares (PLS) statistical technique implemented in the software
SmartPLS 2.0 (Ringle et al., 2005) to test the hypotheses.
4. Expected Contributions
This study is expected to provide benefits to both researchers and practitioners. The results will
provide empirical evidence to understand the role of employee in exerting pressure on their
employer to engage in CSR on Web accessibility. Thus, researchers will have a better
understanding of Web accessibility, which is a relatively new CSR issue that warrants attention.
Practitioners (e.g., non-profit organizations, policy makers, and organizations) will be able to take
effective measures to increase the awareness of CSR and Web accessibility so that there will be
more widespread adoption of Web accessibility standards in designing Websites.
Future research can be extended to other stakeholders that may affect a firm’s implementation of
Web accessibility, including top management, institutional investors, governments, and NGOs.
The impact of corporate strategy, cost, resources, and external environment of the firm can also
be investigated. Subsequent cross-cultural research involving respondents with different social
values can also be conducted. Moreover, future studies could use a qualitative approach to
examine the relationship between employee’s perceptions, values, and firm’s CSR actions.
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Abstract
This study investigates the influence of social learning and self-learning on information
technology adoption via a hierarchical Bayesian learning model and applied to 22 months of
panel data detailing physician use of a mobile health technology from a community health system.
Our model results confirm that both self-learning and social learning effects reduce the
uncertainty around the perceived quality value of a new information technology, with subsequent
positive impact on users' adoption of the technology. Simulations of potential policy
interventions indicate that opinion leader effects are stronger than general peer effects: by adding
an opinion leader to a group without opinion leaders, the users’ technology adoption probability
will increase by 17%, on average; by adding opinion leader effects to solo users, the average
technology adoption probability will increase by 40% (including both peer effects and opinion
leader effects), on average.
Keywords: Social learning, self-learning, Bayesian learning, information technology adoption,
healthcare, opinion leaders, peer effects

1. Introduction
Information technology adoption has been studied in many fields through various social
psychological research methods, such as the Theory of Reasoned Action (TRA, Ajzen and
Fishbein 1980), Theory of Planned Behavior (TPB, Ajzen 1991), and Technology Acceptance
Model (TAM, Davis 1989). Although the advantages of this stream of research are many (Hao et
al. 2012), those methods ignore that technology adoption or diffusion is a dynamic process in a
social system (Rogers, 2003). In the classic book, Diffusion of Innovations by Rogers (2003), the
author noted that technology adoption is a process whereby people perceive an innovation with
uncertainty and concerns of risk initially, so most people may not adopt the technology
immediately but seek out others who have already adopted the innovation for feedback and input
that may reduce their uncertainty. Thus the innovation will diffuse from the early adopters to
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their circle of acquaintances over time. However, Rogers only surveyed field studies and
conducted case analyses about the impact of such social influence on new technology adoption and
diffusion, but have not quantitatively examined the social influence on the technology diffusion
process. Thus, the present study wants to examine social learning influence on users’ information
technology adoption behavior through a dynamic learning process based on a quantitative
Bayesian learning model methodology. Bayesian learning models have been used in marketing
research for studying consumers’ brand switching and product choice behavior (Erdem and Keane,
1996; Naranyanan et al. 2007; Erdem et al. 2008). However, the existing Bayesian learning
models mainly study consumers’ product choices process, and have not been applied to quantify
the social learning and self-learning on information technology adoption.
This paper makes a few contributions as follows. First, theoretically, this study quantifies the
social learning and self-learning influence on information technology adoption decision process
using a novel Bayesian learning approach, adding a new research perspective to the existing
technology adoption literature. Second, this study estimates the learning model with
demographic heterogeneity by adding a hierarchical structure for users’ risk coefficient without
the assumption that every user has the same risk perception. Third, empirically, we find both
opinion leader effects and peer effects show significant impact on users’ technology adoption
behavior.
The rest of paper is organized as follows. Section 2 introduces the data used for this study.
Section 3 develops a Bayesian learning model for technology. Section 4 summarizes the model
results and policy implications.

2. Data
The study site is a community-based healthcare delivery system located in Southwestern
Pennsylvania. It is in partnership with more than 400 physicians and nearly 4,000 employees
with over 500 beds. In June 2006, the health system deployed a Mobile Clinical Access Portal
(MCAP), which is a wireless, client-server solution providing physicians with on-line clinical data
accessible from Personal Digital Assistants (PDA) via any Wi-Fi connection. Physicians were
provided PDAs free of charge and were able to use the PDA to access MCAP anywhere, anytime,
at their convenience. Use of the MCAP was voluntary and supplemented the health system’s
desktop EMR system, with no requirements or incentives for using it. All the MCAP features
were accessed via menu clicks and easy to use. Thus the use of MCAP technology over time
should primarily reflect physician users’ preferences based on the utility of the technology.
The community health system provided four datasets for this research: 250 physician
individual-level demographic data, physician practice grouping information, physician MCAP
usage data over 22 months, and patient visit volume data over 21 months. It was necessary to
exclude 58 out of the 250 physicians with some missing demographic information or missing
patient visit information, leaving 192 physicians in the merged file for the data analysis in this
study, with extensive tests removing any concerns about non-random distribution.
The social structure of this community health system has its own characteristics: many clinical
practices are spread throughout the community and are physically and financially autonomous and
independent entities. Therefore, we assume that physicians from the same group practice will
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have more social interactions within their own groups than across groups. Thus, the social
influence in this community health system is mainly derived from peer influence from the same
practice group. Furthermore, social influence is rarely symmetrical because early adopters or
influential people generally have a stronger influence on their colleagues than vice versa (Rogers,
2003). We call this asymmetrical social effect “opinion leader effects” and the influential early
adopters "opinion leaders" (OPL). In the present study, OPLs were identified by the health
system administration based on their longtime dynamic observations, referred to as the informants’
rating method (Roger 2003).
Table 1. Descriptive statistics for 171 physicians (no opinion leaders)
Variable

Mean

Total adoption rate

66% (113)

Solo user adoption rate
Adoption rate by users in non-OPL group
Adoption rate by users in OPL group

Std. dev.

Min

Max

Total number of users

171

56% (29)

Number of solo users

51

63% (55)

Number of users in non-OPL group

88

90% (29)

Number of users in OPL group

32

Male

78%

N/A

0

1

Age

50

9.8

30

78

Age 45 years old and under

34.5%

N/A

0

1

Age btw 46 and 55 years old

35.7%

N/A

0

1

Age 56 years old and above

29.8%

N/A

0

1

General Practitioner

45%

N/A

0

1

Group size

3.4

3

1

12

Total months used

15

5.2

1

20

Total MCAP use

796

1,857

1

13,438

Average monthly MCAP use
Average monthly inpatient visits

36

84

0.05

611

42

40

0

177

Average monthly outpatient visits

444

514

0

2,153

Average monthly physician office visits

355

435

0

2,170

Average monthly emergency visits

45

95

0

601

3. A Bayesian Learning Model of Technology Adoption
3.1 Users’ Utility Function and Bayesian Learning Process
It is assumed that, on average, users are rational in a social system and that they will adopt the new
technology when the utility of using it is higher than not using it. The utility of using this new
technology can be approximated by a quadratic functional form in technology’s quality,
considering that users might be risk-averse or risk-seeking (Erdem and Keane, 1996). Therefore,
a user i’s utility function at time period t for using a new technology can be expressed as follows:
U
A
r ∗A
β ∗ In_P
β ∗ Out_P
β ∗ Phy_P
β ∗ Em_P
ε
(1)
where A is the experienced quality of the new technology by user i at time period t; r is the risk
coefficient for user i and its sign will indicate users’ risk perception, whether risk-averse or
risk-seeking, which is also a function of the demographic characteristics as model (2) shows; In_P,
Out_P, Phy_P and Em_P are the number of inpatient visits, outpatient visits, physician office visits,
and emergency visits by physician user i at time period t to represent the work load and β ′ are
their coefficients, respectively. ε is a random shock known only to the user.
r
δ
δ ∗ Male
δ ∗ Age δ ∗ General Practitioner ϑ
(2)
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One of the critical concepts of our Bayesian learning model is the experienced technology quality,
A . A Bayesian learning model assumes that there is a true quality value, α, of a new technology
or a product that users are unlikely to know at the beginning of its availability, resulting in user’s
uncertainty (Erdem and Keane, 1996). Users will learn about this true quality over time via
various signals using a Bayesian updating mechanism, by decreasing the uncertainty. Usually,
when a user is introduced to a new technology, before using it or adopting it, he or she may have
some general expectation or an assumption about the value or the “quality” of this new technology,
which is called a prior belief. Then, as time goes by, the user may learn more about the new
technology via various information sources (or signals), at certain time period (time period t), and
will update his/her prior belief about the technology’s quality to a new level based on those signals;
this new level is referred to as the posterior belief. This posterior belief at the end of time period
t will be a prior for the next time period t + 1. Thus, this learning-updating-learning cycle can be
repeated again and again until, ideally, the total noisy variance will decrease to zero and the user’s
belief about the new technology quality converges to the true “quality value” at some time point in
the future (Erdem and Keane, 1996).
For purposes of estimation simplicity, the random shock, ε , in model (1) is assumed to be
stochastic and follow i.i.d. Gumbel distribution. Thus, the choice probability for adopting the new
technology (or using up to 30 times per month) for user i at time t is a typical logit function of the
form,
(3)
P
Based on Equation (3), a hierarchical Bayesian approach can be used to estimate this Bayesian
learning model with a demographic heterogeneous risk coefficient incorporated.
3.2 Model Results and Simulations
3.2.1 Model Result
Table 4 presents the estimated posterior means and posterior standard deviations for the
parameters of the Bayesian learning model, estimated using Markov Chain Monte Carlo method.
First, we observe that self-learning effect signal variance is the smallest, followed by the opinion
leader effect signal variance and group peer effect signal variance. This result is consistent with
expectations because generally people should trust their own experiences (self-learning) more than
the signals from others. Further, between the opinion leaders’ signals and general peer colleagues’
signals, people likely trust opinion leaders’ signals more than general peer colleagues’ signals
because opinion leaders are influential and early adopters.
Table 2 Estimated Bayesian Learning Model Parameters
Parameter
Self-learning signal variance
Peer effect signal variance
Opinion Leader effect signal variance
Technology true mean quality
Physician office visits
Inpatient visits
Outpatient visits
Emergency visits
Heterogeneous risk aversion
Heterogeneous risk coefficient
Intercept
Age<=45

σ
σ
σ

α
Phy
Inp
Outp
Emp

r

Posterior Mean

Posterior Std. Dev.

1.342
23.586
10.148

7.277
34.570
23.543

1.949
0.152
0.101
0.201
-0.248
1.225

0.199
0.148
0.299
0.242
0.223
0.891

1.702
-0.366

0.232
0.152
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Age between 46 and 55
General practice
Male
Covariance

V

0.0057
-0.145
-0.398

0.131
0.181
0.143

1.004

0.131

Model Fit Statistics

- Log L
375.331
AIC
Notes: the reference gender group is female; the reference age group is the group with age above 56 years old; the reference group
for general practice is the specialists group.

We also can see that there is substantial heterogeneity across individual users as seen in the
risk-aversion coefficient, even after controlling the demographic variables. Still, the largest
impact on the risk coefficient is the intercept, which indicates that heterogeneity is strong across
users. The covariance of the heterogeneous risk coefficient is also rather significant, which is
another indicator of the heterogeneity across the individual users.
3.3.2 Policy Simulations
In this section, we use the estimated parameters for Bayesian learning model for adoption to
simulate social influence on users’ technology adoption decision. Bayesian learning models are
complex, not like conventional regression models, which can use the estimated coefficients to
explain the impact of independent variables on the dependent variables, therefore simulated policy
experiments can help to illustrate the effects of social influence on the technology adoption
decision. We simulate the model results from several perspectives to examine the OPL effects
and peer effects on physician’s technology adoption: increasing opinion leader use frequency,
decreasing opinion leader use variability, adding OPLs to group users who had no OPLs and to
solo practitioners. Fig. 1 exhibits the simulation result of doubling the OPLs’ original MCAP use
per time period and it shows that the simulated adoption probabilities by their colleagues increased
over the 22 months by a modest 1.5%, on average (not very noticeable or significant). The solid
line is the original aggregated MCAP adoption probability by physicians who had OPLs in their
groups in a given month; the dashed line is the simulated aggregated MCAP adoption probability.
Fig. 2 Simulation of OPL signal variance decreased by 50%
(adoption probability increased 9.4% on average)
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Fig. 1: Simulation: OPL use doubled per time period
(Increased adoption prob. by 1.5% on average)
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One of the important characteristics of a Bayesian learning model is that it specifically estimates
the unobservable signal variances (such as self-learning signal variance and social learning signal
variance) and how those signal variances impact users’ learning. Fig. 2 displays simulation result
for adoption probability by decreasing OPLs’ signal variability by 50%. This time, the users’
aggregate adoption probability increases by 9.4% compared to the original adoption probability
without the simulated policy intervention, and the learning variance decreases by almost 40%.
This simulation result suggests that if OPLs adjust their signals (including both behavior and other
verbal communications) to be more consistent, or less variable, their colleagues will learn the new
technology faster and will be more likely to adopt the new technology. Figures 3(because only a
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small proportion of users received the PDA at month 3, the abnormal curve at month can be
ignored) and 4 show the impacts of adding OPL effects (using 30 instances in each time period) to
group users originally without OPLs and to solo users. The increased adoption probabilities are at
17% and 40% respectively. These simulations indicate OPLs’ impact dramatically influences their
colleagues’ adoption behavior with a positive relation because OPLs are adopters and their
impacts also encourage adoption probability.
Fig. 3: Adoption probability for simulation of adding OPLs to groups
without OPLs (increased by 17%)
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Fig. 4: Simulation of adding OPLs to solo users
(adoption probability increased by 40% ignoring the first three
months)
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4. Conclusion
This research develops a Bayesian learning model for adoption to investigate the social influence
on users’ technology adoption behavior. First, our model results suggest that self-learning is
more reliable learning signals than social learning signals during adoption process. Second, this
study quantifies the impact from social influence, OPL effects and peer effects, on technology
adoption to examine how do they and how much do they influence people’s technology adoption
behavior. Based on the model estimates, the policy simulations show that social learning signals
assist people to reduce the uncertainty of the new technology, thus adopt the new technology: a) if
adding opinion leaders to a group without opinion leaders, the group users’ technology adoption
probability will increase by 17% on average; b) if adding opinion leader effects to solo users, the
average technology adoption probability will increase by 40% because it contains both peer effects
and opinion leader effects. Third, on average, users are risk averse and the most heterogeneity
comes from the individual level, not the demographics.
This research has some limitations. First, the model only includes self-learning signals and
social-learning signals for a user’s learning process of a new technology, which may not represent
a completed reality. Second, we do not have the exact working load or working environment
information of the physicians, but instead use the number of patient visits as the working load and
working environment indicator, which may not be accurate and may be varied by physical location
in the community, or by a physician’s personal choice. Third, we also simplify the social
interactions and specified the interactions are only within the physicians’ practice group, not
across the groups. Finally, the assumption that every user is a Bayesian learner might be a little
strong. This may not be true for everyone because some people may be forgetful and do not learn a
new technology in a Bayesian way. Future research can explore and investigate those limitations.
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