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a b s t r a c t

It is widely accepted that a business requires constantly evolving strategies that can not only adapt to
external environmental change but also identify internal value-added activities and, even more effec-
tively, achieve the goals of management. A sourcing decision about whether to keep IT functions in-house
or contract with a third-party service provider is nevertheless entirely strategic and contingent upon
organizational goals and contextual and project-specific factors. In order to adequately evaluate such
sourcing decision and ensure that tasks can be assigned appropriately, this article proposes a Multi-Cri-
teria Decision Making (MCDM) approach to achieve effective problem-solving by combining the follow-
ing three methods: decision making trial and evaluation laboratory (DEMATEL), analytical network
process (ANP), and zero-one goal programming (ZOGP). The final research results reveal that an organi-
zation can – simultaneously – not only take advantage of its internal or external resources to set priorities
for task arrangements within the portfolio of sourcing decisions, but also optimize operating strategy and
management despite limited resources after consulting with the expert panel.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Optimal operations strategy and management

As the out-sourcing services market for information technology
(IT) evolves and grows, the sourcing decision models that involved
no integrated approach to project management and were prevalent
during the 1990s may now be less applicable, given both the deci-
sion maker’s needs and external environmental change. This is not
only because IT or information systems (IS) stays in the era of tur-
bulent marketplaces, global competition, and volatile technology
but also because past sourcing decisions used an entire IT/IS
department as a unit of analysis rather than treating individual
task arrangement of IT/IS projects separately. A business, more-
over, has to expose its services to customers, partners and third
parties continuously via new technologies in the race for better
customer service, shorter cycle times, higher operating efficiency
and growth (McBride, 2009). While the Worldwide Web, RFID,
location based services and search engines can greatly expand
the possibilities, these technologies also place significant burdens
on IT infrastructures at a time when insufficient investment is
being made.
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Traditionally, there have only been two primary choices in the
management of IT infrastructures. An organization can either man-
age its infrastructure in-house, or it can outsource the process to a
third party, which will typically take over IT assets and run them
with a mixture of on-site and remote services. There is a ‘‘third
way,” often called, ‘‘the Co-sourcing model” however, combining
the two tried and tested means of in-house team control with re-
mote operations support, utilizing remote-infrastructure manage-
ment. Under such circumstances, the IT department is best seen
not simply as a service provider concerned exclusively with inter-
nal resources or capability, but as a resource center with the capa-
bility of integrating all internal and external IT resources with the
objective of obtaining, managing, effectively utilizing and combin-
ing the technology and services required to achieve business objec-
tives. This means that the new operational environment to IT/IS
department will be more complex. IT department require an opti-
mal operations strategy which enables IT department take good
advantage of internal and external resources efficiently, so that it
can concentrate on its core competences and capabilities.

Dominguez Machuca, Alvarez, Domınguez, Garcıa, and Ruız
(1995) point out that operations strategy is basic to the develop-
ment and maintenance of competitive advantage. The key to devel-
oping an efficient operations strategy lies in understanding each
task attributes usually engaged in IT/IS department and the value
that each task can generate in the department. Distinguish task
attribute and assessing value-added activities can be achieved by
stressing the different priorities of IT/IS task arrangement (Davis,
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Aquilano, & Chase, 1999; Krajewski & Rizman, 2000). An organiza-
tion with such operations strategy will have the capabilities en-
abling direct CIO of IT/IS department to set priorities for task
arrangement within the portfolio of sourcing decisions in order
to obtain competitive advantage and operational flexibility.

Davis et al. (1999) state that the operations strategy is a long-
term plan which allows the organization to determine the best
way to use the IT/IS department’s resources so that the end use
of the resources and task arrangement are compatible with the cor-
porate operations strategy and objectives. Espino-Rodriquez and
Padron-Robaina (2004) argue that one of the aspects that the com-
pany must take into account when developing an operations strat-
egy is the relative extent to which operations are outsourced or
performed in-house.

The decision to keep IT/IS functions in-house or contract with a
third-party service provider is nevertheless entirely strategic and
can dramatically impact the bottom line of any organization. Also,
the factors motivating the IT department to achieve effective man-
agement might be different one another and might include factors
other than cost that relate to operations objectives, such as quality,
flexibility and technology acquisition. This gives companies differ-
ent strategic advantages, since they must pursue different compet-
itive priorities simultaneously in order to succeed (Ferdows & De
Meyer, 1990; Johnston, Chambers, Harland, Harrison, & Slack,
1993). Consequently, the IT/IS department not only has to take
good advantage of internal and external resources but also has to
consider new ways of planning and managing operational activi-
ties and making sourcing arrangement for the delivery of IT/IS ser-
vices. Also the role of the IT/IS department, as well as the supply of
its contents to organization should be re-examined and aligned
more closely to yield a successful operation result after objectives,
strategy and alternatives are more clearly understood and
articulated.

1.2. The research problems and goals

As is well known, a business requires constantly evolving strat-
egies that can not only adapt to external environmental change but
also identify internal value-added activities and, even more effec-
tively, achieve the goals of management. This high value strategy
is intrinsically very risky, however, since whichever mode of sourc-
ing – In-sourcing, Out-sourcing or Co-sourcing – has been adopted,
they are all conducted in complex, distributed environments. The
CIO of the IT/IS department therefore requires sophisticated tools
and techniques to ensure that corrective action can be taken proac-
tively and that the tasks involved are exactly assigned and exe-
cuted with a proper sourcing mode to manage IT infrastructures.

In facing the problem of how to decide the priorities of IS task
arrangement and which sourcing mode to operate with a proper
sourcing mode, the authors propose a novel hybrid model to opti-
mize the operations strategy for management of an IT project. Our
integrated model incorporates the decision making trial and eval-
uation laboratory method (DEMATEL), integrating these relation
weights along with the analytical network process (ANP) and
zero-one goal programming (ZOGP) to find an optimal sourcing
portfolio for task execution and to achieve objectives using limited
resources. Our ultimate objective was to devise a method to help
practitioners evaluate how well aligned each sourcing decision is
with the company’s strategic direction, and to reap the optimal
benefits from sourcing decisions regarding task arrangement.

This paper is organized into six sections. Section 1 will briefly
describe the optimal operations strategy and management, the re-
search problems and the goals of this study. Section 2 will intro-
duce the three generalized potential sourcing alternatives and
conclude five perspectives of operations strategy and management
as the evaluation principles of sourcing mode for the sourcing deci-
sion. In Section 3, we propose a novel hybrid model to optimize the
operations strategy of management of IT projects. In Section 4, an
illustrative application of IS sourcing strategy mix decisions is
introduced. Discussion of this illustrative application follows in
Section 5. In Section 6, we present our conclusions and future
research.
2. Literature review

2.1. Potential alternatives of IS sourcing

Certainly, recent trends indicate that a shift is underway, with
companies moving away from total In-sourcing or Out-sourcing
and towards other models (Liu & Wang, 2009). Generally speaking,
management with more easy perceives its sourcing provisioning op-
tions in a mutually exclusive manner: In-sourcing or Out-sourcing.
Current companies, however, are creating a third option by success-
fully combining the benefits of both these options while managing
their tasks: Co-sourcing. As regards the different types of sourcing
approach, therefore, In-sourcing, Out-sourcing and Co-sourcing
are the three main sourcing modes in the distribution of task
arrangement.
2.1.1. In-sourcing
The most basic level of sourcing modes is the so-called In-sourc-

ing. In-sourcing is a business sourcing decision that is often made
to maintain control of certain critical production or competencies.
At this level, the provider of In-sourcing services needs to manage
the day-to-day activities of the organization, using the organiza-
tion’s own employees and resources. Consequently, the main strat-
egy involved in the use of In-sourcing is to concentrate upon the
value-added task, achieve optimum operational efficiency and
make good use of internal resources (Venkatesan, 1992). Also, in-
sourced tasks are typically limited in number and reflect specific
activates along the value chain where the organization can domi-
nate and outperform its competitors and therefore provide unique
opportunities to leverage its knowledge assets and know-how to
offer a unique value proposition.

Although In-sourcing is often defined as the delegation of oper-
ation or job from production within a business to an internal entity
that specializes in that operation, this article is not just focused on
studying this traditional form of In-sourcing. Instead, the concept
and definition of In-sourcing will be extended and endowed with
a broader connotation. This new connotation of the In-sourcing
will comprehend the concept of some critical services or core com-
petence that an organization should keep it inside and enable the
IT department to transform these value contributions to the overall
corporate objective, from tactical tasks and transactional activities
towards a more strategically focused role. Therefore, In-sourcing a
product or service project not only deals with the internal provi-
sion and management of information technology products and ser-
vices but also entails certain competence and resources with full of
competitive tactical value or contribution that are conform to long-
term operational goal.

A more extensive In-sourcing assignment may involve support-
ing all aspects of the organization’s IT needs, including manage-
ment of current systems, development of new systems, and
management of telecommunications needs. Some of the most com-
plex In-sourcing assignments involve certain tasks of identifying
demand, formulating policy and strategy, instituting specifications
and integrating resources or tasks of the organization and even
managing in-house teams in partnership with outsourced teams
to leverage the expertise and economical resources of suppliers
while retaining control and knowledge throughout the project
with the company’s employees.
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2.1.2. Out-sourcing
Yet another way of traditional sourcing approaches is Out-

sourcing. Lacity and Hirschheim (1993) regard Out-sourcing as a
form of sub-contracting of activities previously carried out within
the company, i.e., the substitution of a service provided by the
company. The term, ‘‘Out-sourcing,” is usually used when compa-
nies opt for the disintegration of activities. Out-sourcing works
well for administrative tasks that primarily address employee
needs and require little ongoing employer involvement (Yang &
Huang, 2000). In recent years, however, many other functions in
various sectors have been outsourced (administration services, hu-
man resources activities, telecommunications, catering services,
customer service, security, logistics, etc.) (Greaver, 1999; Jharkha-
ria & Shankar, 2007). The Out-sourcing of materials, services and
components has been recognized as a source of competitive advan-
tage in as far as it aims at a higher value for the organization (Gup-
ta & Zhender, 1994; Han, Lee, & Seo, 2008; Jennigs, 1997; Quinn &
Hilmer, 1994).

Indeed, there are more compelling reasons for information pro-
fessionals to take another look at Out-sourcing, as it can help an
organization fulfill its mission. Out-sourcing, once used mainly
for ‘‘recovery-oriented” purposes, such as downsizing and cost
reduction at major corporations, is now becoming a growth-ori-
ented strategic tool that has a powerful impact on future corporate
innovativeness and profitability (Ozanne, 1997). This is all the
more true now as firms establish strategic partnerships through
syndication in the e-business arena to gain access to specialized
expertise and highly focused and customized information content
(Werbach, 2000).

Espino-Rodriquez and Padron-Robaina (2004) indicate that tac-
tical Out-sourcing is basically carried out for motives of cost, while
strategic Out-sourcing takes other aspects into consideration.
These include achieving improved quality operations, unavailabil-
ity of resources and ability to develop activities and/or to access
capabilities and knowledge. Strategic Out-sourcing, therefore, is a
broader, more complete conception of the process.

According to the Out-sourcing Institute, information technology
is the business function most likely to be outsourced. Goo, Kishore,
and Rao (2000) similarly state that even companies like Dupont
and British Petroleum, with well-run and innovative IS depart-
ments large enough to accrue the same scale and specialization
benefits as an IT vendor, are nevertheless engaged in IT Out-sourc-
ing. They seem to use Out-sourcing to gain access to the capabili-
ties and skills necessary to realize the potential of new and novel
information. It can be seen, therefore, that Out-sourcing has be-
come an alternative to In-sourcing, which all major corporations
must consider in order to remain competitive and flexible.

2.1.3. Co-sourcing
The third means of reaping some of the benefits of synergies

and leveraging replicable solutions to task assignment besides
Out-sourcing and In-sourcing for the IT department is Co-sourcing.
The concept of Co-sourcing can be defined best as putting together
a group of service providers who are all working toward achieving
one common goal (Borman, 2006). Co-sourcing, which represents a
close partnership between the management function and the ser-
vice provider is ideal for areas that are particularly strategic in nat-
ure and require regular client input. Here, bringing multiple service
providers together to provide a comprehensive solution for the IT
department saves money, time, and effort needed to obtain the
necessary resources, which ultimately leads to operational
efficiencies.

In a co-sourced environment, the IT department contracts with
an outsourced firm to provide part of the IT solution, while the IT
department handles the rest. Thus, internal organization has the
higher degree of hierarchical control over the project (Kishore,
Agrawal, & Rao, 2004). Although Co-sourcing is simply sharing
the functions in the most efficient manner to capitalize on specific
strengths and augment areas of weakness, its support service can
help the IT department to bring this ideal to reality. By Co-sourc-
ing, the IT department gains access to more advanced technology
than it might be able to experience or maintain if all the services
were kept in-house.

To be specific, the benefits to the IT department of Co-sourcing
include ability to redirect efforts toward higher-value tasks, ex-
panded skill, increased research capacity, and access to specialized
expertise and resources. Improving operational efficiencies by
leveraging the service provider’s investment in technology, market
data, and specialized capabilities that would be expensive to dupli-
cate internally or are needed only during peak periods or for spe-
cial projects, moreover, is not only highly beneficial in strategic
terms, but also brings the IT department both flexibility and an
opportunity to improve service, manage a variable cost structure,
and scale its service capacity to meet changing business needs.

A feasible Co-sourcing arrangement is a promising new alterna-
tive for effective operational management since Co-sourcing’s
inherent flexibility allows an organization to scale resources up
or down according to business requirements. Simultaneously
delivering service control alongside the cost benefits associated
with Out-sourcing, Co-sourcing enables organizations to scale IT
support up or down in line with business needs, ensuring guaran-
teed service levels. In addition, Co-sourcing differs from In-sourc-
ing in that it allows the outsourcing of activities that are
essential to the company but are not core competencies, leading
to medium or long-term cooperation with the supplier (Jennigs,
1997). Enjoying a strong partnership with the service provider,
therefore, the client retains the power of strategic decision making,
including that regarding technology refresh, policy definition and
architecture issues, IT strategy, etc. – while the service provider
takes over the day-to-day running of IT operations and provides
recommendations on strategic aspects.

2.2. The factors of IS sourcing

The scan of the previous literature of operations strategy and
management that were prevalent during the 1990s, the typical
drivers of are cost savings, efficiency gains, improved quality or
flexibility, etc. (Adam & Swamidass, 1989; Davis et al., 1999; Hayes
& Wheelwright, 1984; Janssen & Joha, 2006; Leong, Snyder, &
Ward, 1990; Skinner, 1969). Espino-Rodriquez and Padron-Robain-
a (2004) stated that the competitive advantages of leadership in
cost or in differentiation may be achieved by attaining the objec-
tives of operations management. The traditional criteria for evalu-
ation in sourcing decisions, moreover, take the minimum cost or
the maximum benefit as their single indicator, although these ap-
proaches may not be sufficient for the now increasingly complex
and diversified decision-making environment. The motives for
sourcing, have changed in this era of ‘‘Internet time”, and now in-
clude issues concerning operations objectives, such as competi-
tiveness, access to cash, time to market, innovativeness, round-
the-clock customer service, agility, and access to world-class tech-
nology and skills. These motives for sourcing give companies dif-
ferent strategic advantages to the operations strategy and
management, since they must pursue different competitive priori-
ties simultaneously in order to succeed (Ferdows & De Meyer,
1990; Johnston et al., 1993). Other researchers argued that the IT
department can enhance productivity and improve quality by
Out-sourcing the IS function (McFarlan & Nolan, 1995; Perry &
Devinney, 1997).

In order to adequately evaluate the sourcing decision, we con-
sidered critical criteria from various points of view on the basis
of reviews of literature regarding optimal operations strategy and
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management. We also considered available strategies from task
assignment and project management to validate the meaning of
sustainable sourcing management. Furthermore, since different
organizations should have different considerations on strategy or
objectives of operations managements, the IT department should
include all factors which might affect organizational benefit. On
the basis of factors for evaluating alternatives, i.e., optimal opera-
tions strategy and management of IT department in this study,
here, authors illustrate five factors with respect to the aspects
which we consider of perspectives in achieving its setting goal in
higher level of hierarchical system and combine a wide range of
criteria as the following five major evaluation principles. These five
major evaluation principles are task attribute, economic incentive,
service quality, technological concerns and management issues.
We excerpt two aspects for evaluating the task attribute, including
the nature (NA) and the resource requirements (RR) of the task it-
self. We considered product cost (PC) and transaction cost (TC) in
evaluating economic incentive, content enrichment (Enri.C.), and
service level enhancement (Enha.S.L.) for evaluating service qual-
ity, and new technology acquisition (GainT) and technological
innovation (Innov.T) with regard to technological concerns. Lastly,
we considered integration (Imgmt), flexibility (Fmgmt), security
and risk control (Srisk) for the evaluation of management issues.

2.2.1. Task attribute
The major considerations to keep IT functions in-house or con-

tract with a third-party service provider are based on the nature
(NA) and resource requirement (RR) of task itself. Firstly, the nat-
ure of task is meant to its core competency and value-added activ-
ities with the scale of economics. Thus, IT department may need to
identify its core competency and distinguish its value-added activ-
ities because the organization has invested in the hardware, soft-
ware and human resources, so the costs can be reduced and its
operational result is more possible to reach the necessary opera-
tional scale and effectiveness of economics. Secondly, it may also
need to focus on certain activities with strategic importance which
enable drives some strategic implication for future need of growing
in order to obtain competitive advantage and operational effective-
ness. More importantly, the IT department may have a better man-
agement skill as well as higher productivity of human resource
than outsider on the project. Depending on the value of such assets
or competency, the decision maker is inclined to keep these activ-
ities or competency in house rather than outsource the operations
because of desired significant operational efficiency.

On the other hand, another consideration of the task attribute is
its resource requirement of the task itself. By outsourcing to spe-
cialist organizations services not generated by core competencies,
companies can see an improvement in their organizational perfor-
mance (Barthelemy & Geyer, 2005; Bettis, Bradley, & Hamel, 1992;
Kotabe, 1989). The advantages of the Out-sourcing to the opera-
tions strategy and management are going to exert a positive influ-
ence on the organization’s financial and non-financial
performance. This is because it gives access to complementary re-
sources of a higher quality and at a lower cost than if the company
carried them out itself. Thus, the Out-sourcing of services of low
strategic value enables the company to reduce costs and improve
its competitive position (Gilley & Rasheed, 2000). Companies also
can focus on what they do well and improve the resources and
capabilities at their disposal. Certainly, researchers encourage
organizations to think of themselves as a collection of services that
provide value on the basis of an analysis of its nature and resource
requirement of task (Quinn, Doorley, & Paquette, 1990). Finally, in
line with the above reasoning, we establish two evaluation princi-
ples to assess task attribute that can influence the sourcing deci-
sion on the objectives of the operations management, that is, the
nature (NA) and its resource requirement (RR) of task itself.
2.2.2. Economic incentive
The exchange of organizational skills and routines between the

company and a specialist organization, and the joint use of capabil-
ities, can give some advantages to the company through the poten-
tial to generate additional rents (Chi, 1994). One of the benefits of
the exchange is cost efficiency (Jennigs, 1997). Williamson (1979)
proposed that organizations have two principles when faced with
a sourcing decision concerning economic incentive for value ex-
change between companies: production costs and transaction
costs. Although, in practice, production and transaction costs are
often difficult to assess, the framework created by Williamson for
categorizing the most efficient decision mechanism provides a
heuristic aid for estimating costs on the basis of the nature of the
transaction. Generally speaking, production costs are lower with
Out-sourcing because of vendor economies of scale achieved
through mass production efficiencies and labor specialization.
Mass production is assumed to reduce average costs by allocating
fixed costs over more units of output and by receiving volume dis-
counts on inputs. Labor specialization is assumed to reduce costs
by allowing workers to focus on tasks at which they are most
adept. Williamson, however, also argues that transaction costs
are lower with In-sourcing since organizations find it less costly
to coordinate, monitor, control, and manage internal employees
than external vendors. In order for the inherent efficiencies of
Out-sourcing or In-sourcing and even Co-sourcing to be realized,
therefore, it is recommended that product cost (PC) and transac-
tion costs (TC) be considered.
2.2.3. Service quality
Following that argument, economic incentive must not be the

only consideration of sourcing decision; there must also be an
improvement in quality. Most CIOs believe that there should be a
significant difference between the quality of service provided by
the Out-sourcing vendors and that of which the internal IS depart-
ment (Gupta & Gupta, 1992) would be capable.

Quality is an objective that enables the IT department’s opera-
tions to be improved in an organization. From the users’ point of
view, quality means obtaining a product or service that meets their
needs, while the IT department sees it as meeting specifications
and doing things well the first time (Garvin, 1998). If the IT depart-
ment chooses to outsource its processes, it recognizes that there
are companies in the market capable of carrying out part of its
operations better than it can itself.

In many cases, the external supplier’s capabilities include a spe-
cialized knowledge of the industry resulting from working with
many clients. The external supplier’s knowledge can be transferred
to the internal IT department opting for Out-sourcing, since, the
former’s abilities, processes or technology will be especially able
to satisfy the needs of the end user in the organization (Johnson,
1997). Those aspects have led to outsourced services of a quality
higher than could have been achieved in-house and which there-
fore influence the end users’ perception of quality to the organiza-
tion. Content enrichment and good quality of service are
nevertheless significant factors in the success of IT sourcing (Gro-
ver, Cheon, & Teng, 1996). To ensure high reliability and excellent
performance of IS and good service quality, the IT department must
establish performance goals and service levels in considering IT
sourcing alternatives.

In line with the above reasons, the IT department will be more
capability of telling by which sourcing mode they can pursue most
improvement of the quality or enrichment of content to their oper-
ations management. Therefore, content enrichment (Enri.C.) and
service level enhancement (Enha.S.L.) will be better to put them
forward in the evaluation principles of sourcing decision.
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2.2.4. Technological concerns
In the world of information technology, new technology acqui-

sition (GainT) and advanced technology innovation (Innov.T) are
very important and are highly expected because companies are
able not only to improve service and operations efficiency but also
to sustain competitive technological advantage. In addition, infor-
mation technology research and development costs are incurred to
fuel the development of new technologies. Only a few internal
information technology departments, however, have the critical
mass to justify large expenditures in research and development.
Consequently, the fastest and most effective way to get the newest
IT technology is to outsource. IS outsourcing allows management
to focus available IS talent on important and strategic IT applica-
tions rather than on mundane and routine activities. On the other
hand, the cost of acquiring technical expertise is also a major infor-
mation technology cost driver, particularly for emerging technolo-
gies. Almost all clients or participants perceive that vendors have a
cost advantage as far as technical expertise is concerned because
vendors invest more capital and labor in developing new technol-
ogies than internal information technology departments.

It can be seen, therefore, that internal technological innovation
and external new technology acquisition should work in union,
striving to optimize flexibility, economies of scale and internal
needs, and minimize unnecessary capital investment. Firms may
also forge strategic alliances with vendors to make up shortfalls
in technology. From strategic alliances, the firm may even develop
and acquire new technology. Other strategic considerations in-
clude that in-house workers may learn new IS management tech-
nology from the vendor.

2.2.5. Management issues
As is well known, sourcing management has been regarded by

senior managers as an effective means of strategic operations since
effective sourcing management can improve performance, enhance
resource integration and facilitate technology innovation by the IS
department through sourcing configuration and management. For
instance, Out-sourcing non-essential processes enables the organi-
zation to direct more managerial attention to the tasks it can do
well while entrusting those that can be done better by a supply
company to management by other companies. Blumberg (1998)
states that Out-sourcing frees time for management to devote to
priorities of a strategic nature and so have resources available for
other purposes, giving greater flexibility in operations. The IT
department, therefore, may outsource activities that do not fall
within their core competencies, resulting in increased attention
to their strategic activities.

For management issues, three aspects for achieving effective
management are considered while considering the sourcing deci-
sions in the previous literatures, which include integration (Curtis,
Kellner, & Over, 1992; Tan & Harket, 1999), flexibility (Coe, 2000;
Kotabe & Murray, 1990), and security and risk control (Clark,
Zmud, & McCray, 1995).

2.2.5.1. For integration (Imgmt). Since IT work involves complex
technology, information elements, and unique expertise of inter-
face integration, it is important that the result of any execution
of task not be a collection of incompatible systems or wasteful pro-
cesses in the IT framework or at the value chain of any business
process (Curtis et al., 1992). Tan and Harket (1999) indicated that
efficient task integration requires a unique capability to enable
each individual task within a process to remain integral and ade-
quate, and the interactions between the workflows in multiple
interacting processes to remain effective, even if the processes
may be instantiated as distributed workflows. In order, therefore,
to remove inefficiencies as well as to enhance manageability, a
tended to be integrated project between disparate task and func-
tional units through the whole project should be considered in
sourcing decision while decisions are taken about task arrange-
ment. Besides, the IT department also has to exploit the competi-
tive advantage of in-house developed know-how to achieve
productivity improvements by integrating disparate IT systems
and deliver it services to meet existing and future business needs.
2.2.5.2. For flexibility (Fmgmt). Flexibility refers to the ability to re-
spond to changes and to the degree of adaptability adopted when
facing changing circumstances. This is true in information technol-
ogy, since, once new technologies appear both the human and
technological environment will change immediately. This ever
changing environment has caused many organizations to reduce
their size, as well as their degree of vertical integration, and focus
on their main business or core competencies; in other words, they
outsource secondary services.

Another consideration of incentive is financial flexibility. In
Out-sourcing, facilities and employees are transferred to the ven-
dor, which transforms fixed costs into variable costs, resulting in
increasing financial flexibility. Furthermore, low or irregular de-
mand may cause the in-house supply of services to be inefficient
and unfeasible (Coe, 2000), while Out-sourcing can give greater
flexibility to the internal operations of an organization. It should
also be kept in mind that high levels of Out-sourcing are linked
to a higher concentration of core competencies (Kotabe & Murray,
1990). A successful and exact sourcing decision, therefore, will
make operational management of organizations more flexible,
more dynamic, and better able to face the changes and opportuni-
ties that appear.
2.2.5.3. For security and risk control (Srisk). Other strategic consider-
ations affecting the sourcing decision are those of security versus
risk control (Clark et al., 1995). Generally speaking, a sourcing deci-
sion is rare to experience opportunities where the managerial ac-
tions taken to generate benefits are not associated with potential
risks either. Operational security and risk control is a critical issue
confronting senior IT executives pursuing effective management of
the IT task assignment. In the Dataquest survey, 5.8% of the respon-
dents cite ‘‘sharing the risk” as an advantage (Schwartz, 1992).
Thirty-one percent, however, cite ‘‘loss of control” over the quality
of IS services as a disadvantage of Out-sourcing. Proprietary data
issues represent a large risk to the company that decides to out-
source. Thus, a good sourcing decision therefore must take security
and risk into serious consideration.

Consequently, for the above reasons, we put forward integra-
tion, flexibility, and security and risk control to be some of the
evaluation principles of sourcing decision with regard to the man-
agement issues.
3. An integrated IS sourcing model for the operations strategy
and management

In today’s information-intensive economy IT plays a pivotal role
not only in enabling firms to achieve operational excellence, but
also in facilitating strategic competitive advantage (Ferratt, Agar-
wal, Brown, & Moore, 2005; Neirotti & Paolucci, 2007). In order
to meet rapidly changing technology trends with low costs and
high quality, companies tend to rely on external vendors and con-
tractors to manage and maintain their information systems. Schol-
arly and practitioner articles in information system research,
however, have argued that out-sourcing may not be a panacea
for all IS performance problems, and have advocated selective In-
sourcing or Co-sourcing (William & Yogesh, 1999). There is a clear
need for a framework for further analyzing IS sourcing if operations
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strategy and management in relation to IT projects are to be
optimized.

3.1. The methodology of the research

Generally speaking, a project can be made up of several tasks.
The main issue of this study is to decide the priority of sourcing
mode to execute IS task by which sourcing mode the goal of opti-
mal operations strategy and management will be carried out and
achieved in the project.

The IS sourcing criteria of operations strategy and management,
as presented above, all essentially follow a one-way linear ap-
proach. Also, there is a network structure with an interdependent
relationship of feedback between perspectives, criteria and alter-
natives. These ‘‘causal chains” contain outcome measures and their
operations performance drivers, linked together in assumed cause
and effect relationships. Weber, Werners, and Zimmerman (1990)
stated that many real-world problems have an interdependent
property among the perspectives, criteria or candidate projects.
And an interdependent property IS problem, basically, can be clas-
sified into three types: (1) technical interdependencies, (2) re-
source interdependencies, and (3) benefit interdependencies. Lee
and Kim (2001) also pointed out that IS project selection / task
arrangement problems are Multi-Criteria Decision Making
(MCDM) problems, and that the criteria for MCDM can include
quantitative and qualitative factors, but the quantitative criteria
may be measured in incomparable units. Economic incentive crite-
ria and other criteria mentioned in this study – such as task attri-
bute, technology concern and service quality, which are less easy
to quantify – therefore, all need to be considered equally. Here,
DEMATEL, ANP and ZOGP are the main quantifying methods of
MCDM problems.

We therefore propose the following quantitative decision mod-
el, combining the DEMATEL, ANP and ZOGP methods with a view
to achieving effective problem-solving. This integrated model will
not only construct a network structure of ANP for IT sourcing strat-
egy mix decisions and address the relationship between sourcing
decision criteria, but also find an optimal sourcing portfolio for
execution of the project and attain the objectives of an organiza-
tion in accordance with the operations strategy and management
while allowing for restricted resources.

3.2. The evaluation process of the research

To better look insight the relationships of a network structure
with relation to evaluation principles, author can be easy to evalu-
ate and conclude the degree of interdependence by using the cal-
culation tools of DEMATEL. The DEMATEL model, therefore, could
be one of the tools for formalizing such relations. Such well-for-
malized relations will then be integrated into the ANP to construct
an IS sourcing decision model and obtain the weights of each per-
spective, criteria and potential sourcing alternative for each task of
the project conforming to the evaluation principles of the opera-
tions strategy and management.

Appendix A summarizes some definitions and properties of
DEMATEL. The DEMATEL, used to research and solve complicated
and intertwined problems, has been successfully applied in many
fields, such as marketing strategies, R&D projects, e-learning eval-
uation, managers’ competencies, control systems, airline safety
problems, corporate social responsibility programs, and so on
(Chiu, Chen, Tzeng, & Shyu, 2006; Liou, Tzeng, & Chang, 2009; Tsai
& Chou, 2009; Tsai, Chou, & Hsu, 2009; Tsai & Hsu, 2008; Tzeng,
Chiang, & Li, 2007; Wu & Lee, 2007a).

Lee and Kim (2000) stated that the ANP method may transform
qualitative judgments into quantitative values, and is more appro-
priate for making strategic decisions. This method has so far been
applied in a variety of academic fields, such as project selection
(Aragones-Beltran, Aznar, Ferrıs-Onate, & Garcıa-Melon, 2008;
Meade & Presley, 2002), production planning (Karsak, Sozer, &
Alptekin, 2002; Lin, Chiu, & Tsai, 2008; Meade & Sarkis, 1999),
and strategic decisions (Leung, Lam, & Cao, 2006; Wu & Lee,
2007b). Here, ANP that consider the interdependence effect among
criteria will be used to evaluate the weights of each potential
sourcing mode for each task of the project, no matter how many
tasks will be involved in the model. The result of the weights for
each task will not only be thought of as a preference for IS task
arrangement but also be deployed as a constrained condition in
the following ZOGP model. It is worth emphasizing that the ANP
method can not only conclude the priorities but also present the
weight (importance) for the selection of sourcing modes or task
arrangement. The information obtained from the ANP will, then,
affect the arrangement of the finite resources use in the organiza-
tion at the end. Appendix B summarizes some definitions and
properties of ANP.

Eventually, the method of zero-one goal programming (ZOGP)
will be employed to find the optimal task sourcing portfolio for
the project and to attain the objectives of an organization while
considering restricted resources (Mathirajan & Ramanathan,
2007). Goal programming (GP) was first introduced by Charnes,
Cooper, and Ferguson (1995). The method has been applied in a
variety of ranked resource selection schemes (Çekyay, Gümüssoy,
& Ertay, 2005; Chen & Shyu, 2006; Lee & Kim, 2000; Mathirajan
& Ramanathan, 2007; Schniederjans & Wilson, 1991). Chen and
Shyu (2006) mentioned that the model of ZOGP can assign optimal
values to a set of variables in situations involving multiple and con-
flicting goals. Lee and Kim (2000) stated that ZOGP permits the
consideration of resource limitations and other selection limita-
tions that must be rigidly observed in the project selection prob-
lems. Appendix C summarizes some definitions and properties of
ZOGP.

With this integrated model of DEMATEL, ANP and ZOGP, an
optimal task sourcing portfolio for the execution of the project will
be found. The ZOGP model results, thus, provide an optimal recom-
mendation that can help managers to decide the most appropriate
sourcing mode to execute to each task of the project, that is, an
optimal task sourcing portfolio for the project. The research pro-
cess of the integrated MCDM model is shown in Fig. 1.

3.3. The structure of the research

Many studies have stressed the importance of aligning the IS
planning process with the overall corporate strategy (MacDonald,
1991; Peak, Guynes, & Kroon, 2005; Powell, 1993). One reason
the PM/business strategy alignment has become the focus of atten-
tion is that companies must develop and execute innovative oper-
ations strategy and management in order to stay competitive
advantage and obtain operational effectiveness (Srivanaboon &
Milosevic, 2006). Moreover, authors devise task portfolio manage-
ment to enhance the business strategy alignment in the research
process of the integrated MCDM model. Here, task portfolio man-
agement is the process that links the mission, objectives and strat-
egy of the project to the execution of individual project tasks. Task
portfolio management represents the tactical level, where deci-
sions are made about what sourcing mode to carry out the task
in highly support of the company’s mission, objectives, and
strategy.

To ensure that sourcing decision mode is actually being imple-
mented by each task of the project, the delegated expert panel
could put the policies and principles of business strategy alignment
and task portfolio management and put them onto the sourcing
criteria of optimal operations strategy and management. Executive
decision makers, subsequently, may apply these sourcing criteria



Decompose the project into several tasks and execute necessary business alignment for each task of the project

Launch a new IS Project 
Project Decomposition & 

    Business alignment 

  Task X … …

Make a strategic sourcing decision for each task of the project  
to attain the optimal IT operations management 

Zero-one goal programming formulation 

Find an optimal task sourcing portfolio of the project 

Determine the parameters of goal constraints 

ANP 

  Task Y   Task Z 

Direct relative matrix 

Directly/indirectly relative matrix 

Relationship map 

          DEMATEL 

Network structure 

Priority weight matrix Priority weights 

Setting the threshold 
(To delete the unimportant relations) 
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to evaluate and select a more appropriate sourcing mode for task
execution to each task of the project. This fully designed frame-
work, therefore, provides an opportunity for executive manage-
ment to fulfill overall IT infrastructure of the institute in the
upper or strategic level according to mission and objectives of
the organization when making sourcing decisions. And the final
sourcing decision could be presented in the outcomes of an opti-
mal task sourcing portfolio for task execution of the project at
the end of the calculation in ZOGP model according to the priorities
specified.

4. An illustrative application of IS sourcing strategy mix
decisions

The following case gives a specific example of how an optimal
project task sourcing portfolio can be pursued in accordance with
the goal and criteria of operations strategy and management
and the limitation of finite resources through the proposed tools
of the integrated IS sourcing model.

4.1. Problem description

E. Sun Commercial Bank is a leader in the financial services
industry in Taiwan. By combining the latest technology with top-
notch service, E. Sun Commercial Bank has since 1999 successfully
developed electronic banking services with a suite of products be-
sides its over-the-counter services. However, owing to related
financial services those are still limited on the specific websites
of its proprietary banks and their safe mechanisms that are involv-
ing various kinds of potential risks, on-line intrusion, hacker’s Tro-
jan procedure, etc., affecting consumer confidence, the image of
banking and the tendency of use of their customers’.

To further improve the efficiency of banking operations and
achieve steady development under the strategy of IT introduction
and online service of penetration, E. Sun Commercial Bank has
been ushered to launch a project to build a new and improved
Internet Banking and bill payment system – called a WebATM sys-
tem – giving customers constant access to account information,
up-to-the-minute financial control and transaction security. This
project is expected to make Internet banking and bill payment
more efficient than ever, with easy-to-understand screens, user-
friendly navigation and added functionality, and enabling custom-
ers to carry out elementary transactions such as inter-bank ac-
count transfers, bill payments, tax payments, and balance
inquiries. E. Sun Commercial Bank, however, has always struggled
with its IT strategies, which present unique technological chal-
lenges and roadblocks that tend to center on flexibility, control
and scalability.
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Assume that E. Sun Commercial Bank can locate suitable service
vendors providing the necessary service and the latest IS solutions
with the explicit cost structure analysis and that it is certain, after
reviewing the market, that there are no differences between the
available services and solutions. Assume also that this project for
building a WebATM system normally involves at least three main
tasks which E. Sun Commercial Bank should kick off an Internet
homepage system on original electronic banking services system,
embed an online transaction processing system and develop the
customer relationship management system.

In its effort to meet the needs of the operations strategy and
management, E. Sun Commercial Bank has difficulty identifying
and making the necessary sourcing decisions among the potential
sourcing alternatives under the authority of project budget even
though all they have been done full examination thought the
cost-benefit analysis. For handling this MCDM problem of task
arrangement, assume E. Sun Commercial Bank adopts our pro-
posed method and sets up an expert panel. The following evalua-
tion process shows how the bank utilizes our proposed method
to decide logically on an optimal task sourcing portfolio for each
task execution of the project.

4.2. Applications of the proposed method

4.2.1. Constructing decision making structure of IS sourcing
Following the case scenario, an evaluation model can be devel-

oped for constructing an IS sourcing decision hierarchy. A typical
ANP hierarchy consists of at least three levels: the goal, the evalu-
ation criteria and the alternatives.

The highest level with only one element is the ultimate goal of
the decision maker(s). In this study, the goal of the ANP model is to
make sourcing decisions for each task of the project to attain the
optimal operations strategy and management, and is placed at
the first level of the hierarchy. The second level of the ANP model
is the factors of the perspectives and criteria for achieving the goal.
In the IS sourcing consideration, perspectives and criteria mean
those factors of evaluation principles that conform to of operations
strategy and management are built up by the expert panel as men-
tioned in Section 2.2. Lastly, the final level of the structure is the
sourcing alternatives. We consider three aspects of potential IS
sourcing modes as the alternatives of task arrangement, including
In-sourcing, Co-sourcing and Out-sourcing. That is, the expert pa-
nel will evaluate and assign the weights to each potential alterna-
tive for the execution of the task of the project individually, in
accordance with the perspectives and criteria of the operations
strategy and management. The overview of the ANP structure is
shown in Fig. 2.

In particular, such well-constructed evaluation process of
sourcing decision model could be extended and applied to any
existing or future tasks, projects or systems that need access to
both internal and external resources and fit in with the goals of
operations strategy and management simultaneously. This pro-
posed decision model to the sourcing mode could therefore be a
dynamic decision model of sourcing arrangement and will conform
more close to the decision need for the practitioners in reality.

4.2.2. Evaluating relationships between perspectives by DEMATEL
Before the IS sourcing decision hierarchy of ANP is applied to

obtain the weights of each potential sourcing alternative for each
task of the project, the causal relationships of the perspectives
and criteria involved should be analyzed and evaluated for further
application of ANP in order to identify their direct, indirect and to-
tal influences among the cause and effect groups. Following the
procedure of the DEMATEL method, the expert panel will be asked
to determine the intensity of the influence between each perspec-
tive and criterion through the use of scale and pairwise compari-
sons. Once the relationships between those factors have been
measured by the expert panel, the initial direct-relation and the
normalized direct-relation matrix can be produced. Then the to-
tal-relation matrix by using formula (A.3) and the impact-dia-
graph-map can be acquired by mapping a dataset of (D + R,
D � R). These are shown in Tables 1 and 2 for perspectives and cri-
teria, respectively.

Here, the expert panel has to choose an appropriate value as a
threshold in order to focus on those perspectives and criteria that
provide great influence, and not to blur in the network structure of
the whole system because of too many factors. Threshold values of
0.1 and 0.16 are, thus,chosen as a threshold to the perspectives and
criteria respectively after consulting with the expert panel. Each of
the two numbers is the most appropriate value for acquiring a suit-
able relationship from trying above and under this number. The
impact relations maps of the DEMATEL method are presented in
Figs. 3 and 4. Meanwhile, it should be emphasized that factors with
high (D + R) values that play a central role, and factors with high
(D � R) value that mainly dispatch influence to other factors. And
so forth, factors with low (D � R) value that mainly receive influ-
ence from the other factors.

As we can see in Fig. 3, the evaluation of the perspectives are
visually divided into the dispatcher group which is based on the
threshold value of 0.1, and comprising task attribute, technology
concern and management concern, while the receiver group is
composed of such factors as service quality and economic incen-
tive. This is to say that task attribute, technology concern and man-
agement concern will exert a great influence upon the final service
quality and economic incentive for IS sourcing. Similarly, it is quite
obviously that TA, RR, GainT, Innov.T will result in Enri.C., Enha.S.L.
and production and transaction cost (PC&TC) of the criteria based
on the threshold value of 0.16 in Fig. 4.

Subsequently, the expert panel deploys both of the well-formal-
ized relations of the perspectives and criteria into ANP model to
construct a complete IS sourcing decision model.

4.2.3. Set priority weight by ANP
After the relationship structure systems of the perspectives and

the criteria have been formulated and set in the IS sourcing deci-
sion hierarchy, the ANP approach is applied to derive the weights
of each potential sourcing alternative for each task of the project.

For determining the relative importance between elements, the
expert panel was asked to provide their subjective value judg-
ments through a series of pairwise comparisons. Each comparison
score was collected on the basis of Saaty’s nine-point scale, where a
score of 1–9 are of equal importance and the extreme importance
of one factor over another. Meanwhile, the consistency ratio (C.R.)
values are required under 0.1 for each node comparison. Here
Super Decisions 1.6.0 software was applied to aid calculation and
calculate the weights.

On the basis of the assessments of the expert panel, the values
associated with the unweighted supermatrix M for each task of the
case project are shown in Tables 3–5. Not all of the individual col-
umns, however, sums to one in the unweighted supermatrix. That
is because there are interactions between the clusters. In order to
minimize the possibility for divergence to infinity or convergence
to zero, a transformation is required for the columns to become
column-stochastic. The transformation process is to weight the
components according to their impact on the column of blocks.
In this case, the expert panel firstly assumed the two column block
weightings for the ‘‘Goal” column to be a 0.50 weighting for the
‘‘Goal” column block and 0.50 for the ‘‘Perspectives” column block.
Then, the two column block weights ‘‘perspectives” and ‘‘Criteria”
for the ‘‘perspectives” column were assumed to be 0.50 and 0.50,
respectively. Once again, assuming the two column block weights
‘‘Criteria” and ‘‘Alternatives” for the ‘‘Criteria” column are
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Table 1
The total-relation matrix for perspectives ðp P 0:1Þ.

Task attribute Economic incentive Service quality Technology concern Mgmt issue D D + R D � R

Task attribute 0.000 0.434 0.212 0.191 0.254 1.091 1.091 1.091
Economic incentive 0.000 0.000 0.000 0.000 0.000 0.000 1.400 �1.400
Service quality 0.000 0.278 0.025 0.014 0.095 0.413 1.117 �0.292
Technology concern 0.000 0.301 0.189 0.021 0.141 0.653 1.038 0.267
Mgmt issue 0.000 0.386 0.278 0.159 0.045 0.868 1.402 0.333

R 0.000 1.400 0.705 0.385 0.535 3.024

Table 2
The total-relation matrix for criteria ðp P 0:16Þ.

NA RR PC TC Enri.C. Enha.S.L. GainT Innov.T Imgmt Fmgmt Srisk D D + R D � R

NA 0.037 0.167 0.298 0.198 0.170 0.186 0.140 0.161 0.246 0.148 0.231 1.983 2.276 1.690
RR 0.162 0.032 0.217 0.286 0.168 0.179 0.138 0.164 0.240 0.229 0.146 1.961 2.254 1.668
PC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.763 �1.763
TC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.542 �1.542
Enri.C. 0.004 0.004 0.143 0.085 0.032 0.127 0.014 0.019 0.072 0.071 0.071 0.642 1.742 �0.459
Enha.S.L. 0.004 0.004 0.143 0.085 0.123 0.036 0.014 0.019 0.072 0.071 0.071 0.642 1.889 �0.606
GainT 0.006 0.006 0.198 0.214 0.131 0.140 0.020 0.128 0.105 0.105 0.105 1.157 1.747 0.568
Innov.T 0.004 0.004 0.197 0.154 0.082 0.116 0.014 0.019 0.074 0.074 0.074 0.813 1.661 �0.035
Imgmt 0.009 0.009 0.207 0.232 0.192 0.203 0.105 0.122 0.058 0.148 0.148 1.431 2.532 0.330
Fmgmt 0.005 0.005 0.212 0.153 0.088 0.095 0.063 0.121 0.080 0.032 0.080 0.934 1.917 �0.049
Srisk 0.062 0.062 0.148 0.136 0.115 0.166 0.081 0.095 0.154 0.105 0.057 1.182 2.165 0.198

R 0.293 0.293 1.763 1.542 1.101 1.247 0.590 0.848 1.101 0.983 0.983 10.745
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multiplied in turn by 0.50, respectively. Finally, the component
block weights were multiplied to each of the respective column
elements.

After the weighted supermatrices were adjusted and obtained,
they could be raised to limiting powers to catch all the interactions
and to obtain a steady-state outcome. The overall results revealed
that the task with the highest weight for kicking off an Internet
homepage system is recommended to adopt the In-sourcing mode;
the task to embed an online transaction processing system is rec-
ommended to adopt the Out-sourcing mode; the task to develop
a CRM system is recommended to adopt the Co-sourcing mode.
The final ANP weights represent a set of priority of the sourcing
modes by which priority IS task could be in turn arranged and exe-
cuted based on the recommendation of the expert panel. That is to
say that each task of the case project on the phase of ANP will be
suggested a set of priority of sourcing mode to execute, respec-
tively, in accordance with the goal of operations strategy and man-
agement of an organization. And this priority of sourcing mode is
fully with the company’s strategic direction. Consequently, the goal
of operations strategy and management of an organization could be
carried out on the task arrangement. The ANP weights of sourcing
mode for each task of the case project are shown as following:



Fig. 3. The impact-digraph-map of total-relation – for perspectives ðpP0:1Þ.

Fig. 4. The impact-digraph-map of total-relation – for criteria ðp P 0:16Þ.
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Table 3
The unweighted supermatrix, M for the task of the Internet homepage system (Homepage).

Goal Perspectives Criteria Alternatives

OSOM Task Econ. SQ Tech Mgmt NA RR PC TC Enri.C. Enha.S.L. GainT Innov.T Imgmt Fmgmt Srisk Insour. Cosour. Outsour.

Goal 1OSOM 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Perspectives Task 0.4710 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Econ. 0.1425 0.2751 0.0000 0.5000 0.2857 0.5714 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SQ 0.0751 0.1376 0.0000 0.0000 0.1429 0.2857 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tech 0.0437 0.0741 0.0000 0.0000 0.0000 0.1429 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Mgmt 0.2677 0.5132 0.0000 0.5000 0.5714 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Criteria NA 0.0000 0.8000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3667 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
RR 0.0000 0.2000 0.0000 0.0000 0.0000 0.0000 0.2607 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PC 0.0000 0.0000 0.6667 0.0000 0.0000 0.0000 0.2167 0.1716 0.0000 0.0000 0.0000 0.0000 0.5000 1.0000 0.2500 0.0000 0.0000 0.0000 0.0000 0.0000
TC 0.0000 0.0000 0.3333 0.0000 0.0000 0.0000 0.0940 0.0868 0.0000 0.0000 0.0000 0.0000 0.5000 0.0000 0.2500 1.0000 0.0000 0.0000 0.0000 0.0000
Enri.C. 0.0000 0.0000 0.0000 0.3333 0.0000 0.0000 0.0680 0.0512 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2500 0.0000 0.0000 0.0000 0.0000 0.0000
Enha.S.L. 0.0000 0.0000 0.0000 0.6667 0.0000 0.0000 0.0976 0.0641 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2500 0.0000 1.0000 0.0000 0.0000 0.0000
GainT 0.0000 0.0000 0.0000 0.0000 0.3333 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Innov.T 0.0000 0.0000 0.0000 0.0000 0.6667 0.0000 0.0612 0.0765 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Imgmt 0.0000 0.0000 0.0000 0.0000 0.0000 0.5714 0.0811 0.0865 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Fmgmt 0.0000 0.0000 0.0000 0.0000 0.0000 0.1429 0.0000 0.0966 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Srisk 0.0000 0.0000 0.0000 0.0000 0.0000 0.2857 0.1208 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Alternatives Insour. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.7071 0.6910 0.5396 0.7418 0.6833 0.5499 0.6833 0.5499 0.7306 0.5714 0.7418 1.0000 0.0000 0.0000
Cosour. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2227 0.2176 0.2970 0.1830 0.1998 0.2403 0.1998 0.2403 0.1884 0.2857 0.1830 0.0000 1.0000 0.0000
Outsour. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0702 0.0914 0.1634 0.0752 0.1169 0.2098 0.1169 0.2098 0.0810 0.1429 0.0752 0.0000 0.0000 1.0000

Table 4
The unweighted supermatrix, M for the task of the online transaction processing system (OLTS).

Goal Perspectives Criteria Alternatives

OSOM Task Econ. SQ Tech Mgmt NA RR PC TC Enri.C. Enha.S.L. GainT Innov.T Imgmt Fmgmt Srisk Insour. Cosour. Outsour.

Goal 1OSOM 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Perspectives Task 0.4710 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Econ. 0.1425 0.2751 0.0000 0.5000 0.2857 0.5714 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
SQ 0.0751 0.1376 0.0000 0.0000 0.1429 0.2857 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tech 0.0437 0.0741 0.0000 0.0000 0.0000 0.1429 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Mgmt 0.2677 0.5132 0.0000 0.5000 0.5714 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Criteria NA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3032 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
RR 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2603 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PC 0.0000 0.0000 0.6667 0.0000 0.0000 0.0000 0.1652 0.2552 0.0000 0.0000 0.0000 0.0000 0.5000 1.0000 0.2500 0.0000 0.0000 0.0000 0.0000 0.0000
TC 0.0000 0.0000 0.3333 0.0000 0.0000 0.0000 0.7301 0.0786 0.0000 0.0000 0.0000 0.0000 0.5000 0.0000 0.2500 1.0000 0.0000 0.0000 0.0000 0.0000
Enri.C. 0.0000 0.0000 0.0000 0.3333 0.0000 0.0000 0.5939 0.0451 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2500 0.0000 0.0000 0.0000 0.0000 0.0000
Enha.S.L. 0.0000 0.0000 0.0000 0.6667 0.0000 0.0000 0.1051 0.0609 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2500 0.0000 1.0000 0.0000 0.0000 0.0000
GainT 0.0000 0.0000 0.0000 0.0000 0.3333 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Innov.T 0.0000 0.0000 0.0000 0.0000 0.6667 0.0000 0.1260 0.0787 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Imgmt 0.0000 0.0000 0.0000 0.0000 0.0000 0.5714 0.0849 0.0704 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Fmgmt 0.0000 0.0000 0.0000 0.0000 0.0000 0.1429 0.0000 0.1080 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Srisk 0.0000 0.0000 0.0000 0.0000 0.0000 0.2857 0.1266 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Alternatives Insour. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1095 0.0841 0.0890 0.1634 0.0733 0.1000 0.0623 0.0608 0.1634 0.0695 0.1634 1.0000 0.0000 0.0000
Cosour. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3090 0.2109 0.3234 0.2930 0.2559 0.3000 0.2851 0.3531 0.2930 0.3484 0.2930 0.0000 1.0000 0.0000
Outsour. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5816 0.7049 0.5876 0.5396 0.6708 0.6000 0.6527 0.5861 0.5396 0.5821 0.5396 0.0000 0.0000 1.0000
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ANPHomepage ¼
In-sourcing
Co-sourcing

Out-sourcing

0
B@

1
CA ¼

0:62874
0:24041
0:13086

0
B@

1
CA;

ANPOLTS ¼
In-sourcing
Co-sourcing

Out-sourcing

0
B@

1
CA ¼

0:11053
0:30518
0:58429

0
B@

1
CA;

ANPCRM ¼
In-sourcing
Co-sourcing

Out-sourcing

0
B@

1
CA ¼

0:17352
0:56422
0:26226

0
B@

1
CA
4.2.4. Find an optimal sourcing portfolio of IS project by using the
Goal Programming Model

Although the expert panel suggested and provided a set of pri-
ority of the sourcing modes for each task of the project on the
phase of the ANP, E. Sun Commercial Bank still had to make an
optimal selection decision under the authority of project budget
and related resource constraints of the organization. Thus, when
the priority weights of sourcing alternatives of each task of the
project have been ascertained, these ANP weights will not only
be thought of as preferences for IS task arrangement but also
be deployed as a constrained condition of goal programming in
the ZOGP model.

Furthermore, performing a task/project will need to consume
some internal resources, no matter which sourcing mode has
been chosen. However, these involved resources to the organiza-
tion normally are limited in the capacity of IT department. Here,
tasks may be executed by different sourcing modes and may also
be consumed at different level of IT resources of its organization.
Thus, there exist several limitations to the available resources
that must be considered in order to fulfill the final project deliv-
erable. These consumptions of internal IT resources may nor-
mally involve and be counted by budget amount, programmer
hours, and some training hours and so on. Table 6 illustrates by
different sourcing mode some limitations and requirements for
building a WebATM system: (1) total maximum of $ 1,110,000
for budget amounts; (2) total maximum of 6650 h for analyst
hours; (3) total maximum of 13500 h of programmer time; (4)
total maximum of 1130 hours of training time for the new sys-
tem. Two flexible limitations exist. An initial budget allocation
was set at $900,000, which could vary up to but not beyond
the total maximum value of $1,110,000. Additionally, an initial
allocation scheme for labor hours was set at 4000 h, but deviation
from this allocation was permitted.

In Table 6, x1; x2 and x3 represent the sourcing mode (In-sourc-
ing, Co-sourcing and Out-sourcing) adopted by the task X of the
case project, respectively. y1; y2 and y3 represent the sourcing
mode adopted by the task Y of the case project, respectively.
z1; z2 and z3 represent the sourcing mode adopted by the task Z
of the case project, respectively. Eventually, ANP weights and
ZOGP method are combined for the final IS sourcing mode selec-
tion to perform each task of the project in building a WebATM
system under the limitations of organizational resources. Accord-
ing to the ANP priorities and organizational objectives and limi-
tations, the final ZOGP model formulation is built in Table 7,
where p represents the preemptive priority and dþi and d�i are
the negative and positive deviation variables, respectively. Mean-
while, xj; yj and zj are the binary variable. xj; yj or zj ¼ 1 represents
the jth sourcing mode was selected, and when xj; yj or zj ¼ 0 rep-
resents the jth sourcing mode was not selected respectively; aij

represents the quantity of resources required for the jth sourcing
mode; bi is the constraint on the available resources. Certainly,
only one sourcing mode will be accepted for each task of the pro-
ject in the model.
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The Lingo 10.0 software was used to solve the ZOGP model. The
results were as follows:

x1 ¼ 1; x2 ¼ 0; x3 ¼ 0; y1 ¼ 0; y2 ¼ 1; y3 ¼ 0;

z1 ¼ 0; z2 ¼ 0; z3 ¼ 1; d�1 ¼ 4950; dþ1 ¼ 0; d�2 ¼ 2540;

dþ2 ¼ 0; d�3 ¼ 4515; dþ3 ¼ 0; d�4 ¼ 3020; dþ4 ¼ 0;
d�5 ¼ 0; d�6 ¼ 1; d�7 ¼ 1; d�8 ¼ 1; d�9 ¼ 0; d�10 ¼ 1;

d�11 ¼ 1; d�12 ¼ 1; d�13 ¼ 0; d�14 ¼ 1140; dþ14 ¼ 0;

d�15 ¼ 0; dþ15 ¼ 0

Generally speaking, the sourcing mode with the highest weights
represented the most important degree to achieve organizational
objectives and would be best adopted to execute the task in ad-
vance. After considering the obligatory and mandated limitations,
as the result shows, it is not necessary that the sourcing mode with
the highest weights should be adopted in advance by the task in
every instance. The different ANP weights and limitations result
in the different optimal solutions. Finally, the results show that this
integrated MCDM support model can not only fully utilize the avail-
able resources of the organization but also find an optimal task
sourcing portfolio for executing each task of the project in building
a WebATM system.
Table 6
The resource requirements to each task of the project by different sourcing mode.

The resource requirements to each task of the proje

x1 x2 x3 y1

Budget amounts (1000 $) $500 $310 $1125 $600
Programmer hours (h) 1250 600 200 750
Analyst hours (h) 650 760 950 340
Training hours (h) 250 450 560 450
Labor hours (h) 900 1100 1500 650

Table 7
The ZOGP model formulation.

ZOGP model formulation

Minimize Z =
p1 dþ1 þ dþ2 þ dþ3 þ dþ4
� �

p2 w1d�5 þw2d�6 þw3d�7 þw4d�8 þw5d�9 þw6d�10 þw7d�11 þw8d�12 þw9d�13

� �
p3 dþ14 þ d�14

� �
p4 dþ15 þ d�15

� �
Subject to:
500x1 þ 310x2 þ 1125x3 þ 600y1 þ 410y2 þ 925y3 þ 600z1 þ 410z2 þ 1325z3 � dþ3 þ d

1250x1 þ 600x2 þ 200x3 þ 750y1 þ 500y2 þ 120y3 þ 1850z1 þ 1200z2 þ 1000z3 � dþ1 þ
650x1 þ 760x2 þ 950x3 þ 340y1 þ 400y2 þ 620y3 þ 250z1 þ 300z2 þ 450z3 � dþ2 þ d�2 ¼
250x1 þ 450x2 þ 560x3 þ 450y1 þ 600y2 þ 900y3 þ 550z1 þ 700z2 þ 950z3 � dþ4 þ d�4 ¼
x1 þ d�5 ¼ 1
x2 þ d�6 ¼ 1
x3 þ d�7 ¼ 1
x1 þ x2 þ x3 ¼ 1
y1 þ d�8 ¼ 1
y2 þ d�9 ¼ 1
y3 þ d�10 ¼ 1
y1 þ y2 þ y3 ¼ 1
z1 þ d�11 ¼ 1
z2 þ d�12 ¼ 1
z3 þ d�13 ¼ 1
z1 þ z2 þ z3 ¼ 1
500x1 þ 310x2 þ 1125x3 þ 600y1 þ 410y2 þ 925y3 þ 600z1 þ 410z2 þ 1325z3 � dþ14 þ d

900x1 þ 1100x2 þ 1500x3 þ 650y1 þ 800y2 þ 1200y3 þ 1000z1 þ 12002 þ 15553 � dþ15

xj ¼ 0 or 1 for j ¼ 1;2;3
yj ¼ 0 or 1 for j ¼ 1;2;3
zj ¼ 0 or 1 for j ¼ 1;2;3
5. Discussion

Constructing a framework for IT sourcing strategy mix decision
is the focus of this integrated MCDM support model. By using the
proposed decision support model in the IT sourcing decision mak-
ing, the decision makers can systematically consider the interde-
pendent relationships between the IS sourcing criteria of the
operations strategy and management to obtain the optimal task
arrangement for the project. Furthermore, through an iterative
and interactive procedure of collecting the decision criteria, the
common consensus of an organization can be ascertained. This
model is not only good for gathering group opinions and reducing
decision bias from a single or a few decision makers but also valu-
able for constructing an uncertain framework from an interdepen-
dent network structure. More importantly, the process can
enhance the transparency of the evaluation and allows good argu-
mentation in IT sourcing decision making. The processes presented
in the case served as an integrated MCDM support model for gath-
ering the opinions of the expert panel and considering the environ-
mental limitations of the organization or requirements of the
project. This paper can therefore show its contribution of the inte-
grated MCDM support model to IT sourcing strategy mix decision
ct by different sourcing mode ðaijÞ

y2 y3 z1 z2 z3 bi

$410 $925 $600 $410 $1325 $6750
500 120 1850 1200 1000 7700
400 620 250 300 450 4040
600 900 550 700 950 4820
800 1200 1000 1200 1500 3200

Goals

Satisfying four mandated resources constraint of the project

Selecting the largest weights by ANP priority weights

Using $3375 budget for all sourcing modes selection to the
project
Using $3200 labor hours for all sourcing modes selection to the
project

�
3 ¼ 6750 Avoiding over-utilizing maximum budgets amounts

d�1 ¼ 7700 Avoiding over-utilizing maximum programmer hours

4040 Avoiding over-utilizing maximum analyst hours

7700 Avoiding over-utilizing maximum training hours

Selecting In-sourcing mode for task X of the project
Selecting Co-sourcing mode for task X of the project
Selecting Out-sourcing mode for task X of the project
Selecting one of the sourcing mode for the task X of the project
Selecting In-sourcing mode for task Y of the project
Selecting Co-sourcing mode for task Y of the project
Selecting Out-sourcing mode for task Y of the project
Selecting one of the sourcing mode for the task Y of the project
Selecting In-sourcing mode for task Z of the project
Selecting Co-sourcing mode for task Z of the project
Selecting Out-sourcing mode for task Z of the project
Selecting one of the sourcing mode for the task Z of the project

�
14 ¼ 3375 Avoiding over- or under-utilizing expected budget

þ d�15 ¼ 3200 Avoiding over- or under-utilizing labor hours
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by combining with the ANP, DEMATEL and ZOGP methods in IT
sourcing decision making problems.

In the meantime, the DEMATEL method was applied to compute
the effects between criteria, divide a set of complex factors into dis-
patcher group and receiver group, and transform into a visible struc-
tural model. The ANP approach was employed to construct a
decision model for making a strategic decision, transform qualita-
tive judgments into quantitative values on the basis of the above
well-formalized relations, and obtain a set of the preferences or ex-
plicit weights of each potential sourcing mode for each task of the
project. Just looking at the preferences or priorities of the projects
on the stage of ANP, however, is not enough to select the best alter-
natives in a limited resource environment. The ZOGP model was
therefore used to assist the organization in finding an optimal solu-
tion without exceeding the limitation of its budget and other related
resource. Finally, this integrated MCDM support model succeed in
fully utilizing the available resources of the organization to find an
optimal task sourcing portfolio to execute each task of the project.

Indeed, IT sourcing decision making and project task arrange-
ment are necessary for all companies and industries. The motiva-
tions for companies to achieve effective management may differ
and, besides cost, may involve considerations related to operations
objectives, such as quality, flexibility and technology acquisition.
Companies therefore need a systematic framework to assist IT
decision makers in evaluating both quantitative and qualitative
criteria in the evaluation process. Through this well-constructed
hybrid Multi-Criteria Decision Model, the results of our research
have shown that a proper operations strategy and management
of both resource usage and task arrangement in accordance with
priorities laid out in sourcing mix decision can be central to keep-
ing the company working on an even keel and able to respond
quickly and effectively to changes in internal or external
circumstances.
6. Conclusions

It is widely accepted that a business requires constantly evolv-
ing strategies that can not only adapt to external environmental
change but also identify internal value-added activities and, even
more effectively, achieve the goals of management. Espino-Rodri-
quez and Padron-Robaina (2004), moreover, argue that a successful
operations strategy is a series of structured and established tactical
maneuvers of the task assignment. An organization is, therefore,
required to take advantage of internal resource and exactly in
charge of the main core competencies and capabilities but also
need to embrace co-sourced and outsourced IT solutions to extend
the breadth of resources available to it and its operational flexibil-
ity, as well as to maximize its in-house potential since an organiza-
tion that is expert in many things might nevertheless have
weaknesses in its provision of products or services.

The decision as to whether to keep IT/IS functions in-house or
contract with a third-party service provider is entirely strategic
and can dramatically impact the bottom line of any organization.
As with most organizational decisions, no single particular sourc-
ing mode is inherently superior to the others and the choice is con-
tingent upon organizational goals and contextual and project-
specific factors. In order to adequately evaluate the sourcing deci-
sion, an organization requires sophisticated tools and techniques
to ensure corrective action can be taken proactively and that tasks
can be assigned appropriately.

In this study, we concluded a hybrid Multi-Criteria Decision
Making for reaching effective problem-solving. This hybrid MCDM
model, combining the DEMATEL method, the ANP method and the
ZOGP method, can not only cope with the interdependencies be-
tween the criteria for IS sourcing arrangement but also achieve
the organizational goals of optimizing operations strategy and
management by fully utilizing limited resources and clearly deter-
mining optimal task arrangement.

A feasible evaluation process of sourcing decision in this inte-
grated model of this article could be extended and applied to any
range of potential tasks, projects or systems, be they current or fu-
ture. This model, therefore, could be a dynamic decision model that
needs access to both internal and external resources simulta-
neously, and such a well-constructed evaluation process will con-
form more close to the decision need in reality.

Finally, it is expected that this work will offer a quantitative deci-
sion model using the DEMATEL, ANP and ZOGP methods, and deter-
mine the weights of criteria for final ranking of the alternative that
can help practitioners to evaluate how well each sourcing decision
is aligned with the company’s strategic direction, set priorities, and
reap the greatest possible benefits from their sourcing decision.

Appendix A. Brief of the DEMATEL method

Decision making trial and evaluation laboratory (DEMATEL) is a
comprehensive method for building and analyzing a structural
model with involving causal relationships between complex fac-
tors (Warfield, 1976). DEMATEL was developed by the Science
and Human Affairs Program of the Battelle Memorial Institute of
Geneva between 1972 and 1976. The method can convert the rela-
tionship between the causes and effects of criteria into an intelligi-
ble structural model of the system (Tzeng et al., 2007). Thus, it is
practical and useful for visualizing the structure of complicated
causal relationships with matrices or diagrams. The steps of the
DEMATEL method are described as following:

Step 1: Producing the direct-relation matrix
Suppose that a system contains a set of criteria
C ¼ fC1;C2 . . . Cng, and the pairwise comparisons are
determined to model with respect to a mathematical
relation. From any group of direct matrices of respon-
dents it is possible to derive an average matrix A, which
is an initial direct-influence matrix, in where tij is
denoted as the influential degree of which the criterion
Ci to the criterion Cj. Accordingly, all main diagonal ele-
ments tij of matrix A are set to be zero.
Step 2: Normalizing the direct-relation matrix
On the basis of the direct-relation matrix A, the normal-
ized direct-relation matrix M can be obtained through
formulas (A.1) and (A.2), in which all evaluation princi-
ples diagonal elements are equal to zero (Chiu et al.,
2006).
M ¼ k � A ðA:1Þ

k ¼Min
1

max16i6n
Pn

j¼1jaijj
;

1
max16j6n

Pn
i¼1jaijj

 !
;

i; j 2 f1;2;3; . . . ; ng ðA:2Þ
Step 3: Obtaining the total-relation matrix
Once the normalized direct-relation matrix M has been
obtained, the total-relation matrix S can be derived by
using formula (A.3), where the I is denoted as the identity
matrix (Chiu et al., 2006).
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S ¼M þM2 þM3 þ � � � ¼

X
i¼1

Mi ¼MðI �MÞ�1 ðA:3Þ
Step 4: Compute dispatcher group and receiver group
Using the values of D � R and D + R where R is the sum of
columns and also D is the sum of rows in matrix S, a
level of influence to others and a level of relationship
with others are defined, as shown in formulas (A.4)–
(A.6) (Wu & Lee, 2007a). Some criteria having positive
values of D � R have higher influence on one another
and are assumed to have higher priority and are called
dispatcher; others having negative values of D � R
receiving more influence from another are assumed to
have a lower priority and are called receiver. On the
other hand, the value of D + R indicated degree of rela-
tion between each criterion with others and criteria
having more values of D + R have more relationship with
another and those having little values of D + R have less
of a relationship with others (Seyed-Hosseini, Safaei, &
Asgharpour, 2006).
S ¼ ½si;j�n�n; i; j 2 f1;2;3; . . . ;ng ðA:4Þ

D ¼
Xn

j¼1

si;j ðA:5Þ

R ¼
Xn

i¼1

si;j ðA:6Þ
Step 5: Set threshold value and obtain the impact-digraph-map
To obtain an appropriate impact-digraph-map, decision-
maker must set a threshold value for the influence level.
Only some elements, whose influence level in matrix S
are higher than the threshold value, can be chosen and
converted into the impact-digraph-map. The threshold
value is decided by the decision-maker or by experts
through discussion (Tzeng et al., 2007). An impact-
digraph-map can be acquired by mapping the dataset
of (D + R, D � R), where the horizontal axis D + R, and
the vertical axis D � R (Wu & Lee, 2007a).
Appendix B. Brief of ANP

ANP (Analytic Network Process) is an extension of the famous
AHP (Analytic Hierarchy Process). The AHP is designed for multi-
objective, multi-criterion, and multi-actor decisions with and
without certainty, for any number of alternatives. However, the
elements within the hierarchy of various rules are often interde-
pendent in reality. Saaty (2001) develops the ANP for decision-rak-
ings priorities without making assumptions about a unidirectional
hierarchical relationship among decision levels. The major differ-
ence between ANP and AHP is that ANP can handle interdepen-
dences of higher-level elements from lower-level elements, and
the independence of the elements within a level, by obtaining
the composite weights through the development of a supermatrix.
Therefore, ANP methodology can improve and support a complex,
networked decision-making with various intangible criteria (Halli-
kainen, Kimpimaki, & Kivijarvi, 2006).

ANP approach mainly consists of two stages, construction of the
network and calculation of the priorities of the elements. All of the
interactions between the elements should be considered when
building the structure of the problem (Karsak et al., 2002). These
interactions are evaluated using pairwise comparisons. Along with
asking about that how much importance of a criterion has com-
pared with another criterion with respect to the interests or pref-
erences of respondents. The candidate alternatives are also
evaluated by pairwise comparisons with respect to what is the
higher degree of satisfaction for each criterion. Both kinds of re-
lated values can be determined by using a scale of 1–9 to represent
equal importance to extreme importance (Saaty, 2001). This yields
an n� n matrix G as follows:

where gij ¼ 1 and gji ¼ 1=gij; i; j ¼ 1;2; . . . ;n. In matrix G, the prob-
lem becomes one of assigning to the n criteria C1;C2; . . . ;Cn a set
of numerical weights w1;w2; . . . ;wn that reflect the recorded judg-
ments. If G is a consistency matrix, the relations between weights
wi and judgments gij are simply given by wi=wj ¼ gij (for i, j = 1,
2, . . . ,n).

Saaty (2001) suggested that the largest eigenvalue kmax would be

kmax ¼
Xn

j¼1

gijwj=wi

If G is a consistency matrix, eigenvector X can be calculated by

ðG� kmaxIÞX ¼ 0

Saaty (2001) proposed to utilize the consistency index (CI) and con-
sistency ratio (CR) to verify the consistency of the comparison ma-
trix. CI and CR are defined as follows:

CI ¼ ðkmax � nÞ=ðn� 1Þ; CR ¼ CI
RI

where RI indicates the average consistency index over numerous
random entries of the reciprocal matrices with same orders. If
CR � 0:1, the estimate is accepted; otherwise, a new comparison
matrix is solicited until CR � 0:1. Finally, the result of these com-
putations forms a supermatrix. After the computation of the rela-
tionship of the supermatrix and the comprehensive evaluations, it
is possible to derive the interdependence of each valuation criteria
and options and the weighting of priorities. The higher the priority
weightings, the more priority will be placed. In this manner, it is
possible to select the most appropriate option. Here, Super Deci-
sions 1.6.0 software can be deployed to calculate the eigenvalue,
eigenvector and obtain the weighting of priorities of the
alternatives.
Appendix C. Brief of zero-one goal programming (ZOGP)

Goal programming (GP) is a well-known multiple-objective
programming technique. It was first introduced by Charnes et al.
(1995). The purpose of GP is to minimize the deviations between
the achievement of goals and their aspiration level. Therefore,
the zero-one goal programming (ZOGP) is good to be used to han-
dle the Multi-Criteria Decision Making (MCDM) problem and at-
tain the objectives of an organization while considering restricted
resources. The ZOGP model is described as follows (Wey & Wu,
2007):
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Minimize Z¼PK wjd
þ
i ;wjd

�
i

� �
Subject to

Xn

j¼1

aijxjþd�i �dþi ¼ bi for i¼1;2; . . . ;m; j¼1;2; . . . ;n

xjþd�l ¼1 for i¼mþ1; . . . ;mþn; j¼1;2; . . . ;n

dþi �0; d�i �0 for 8i

xj¼0 or 1 for 8j

where Z denotes the sum of the deviation variables from K goals
considered; i indicates m restricted resources; j indicates n selected
alternatives; PK indicates a preemptive priority ðP1 > P2 >

P3 >>> PKÞ for goal K; xj indicates the binary variable of the jth
alternative. When xj ¼ 1, then the jth alternative is selected; when
xj ¼ 0, then the jth alternative is not selected. and are the positive
and negative deviation variables for the ith restricted resource; wj

represents the ANP mathematical weight on the jth alternative; aij

is the usage of the jth alternative on the ith restricted resource; bi

denotes the ith available resource or limitation factors that must
be considered in the process of decision making. Here, LINGO 8.0
can be used to aid calculation and obtain the final optimal solution.
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