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ABSTRACT

Lu, Yikun

An Information System Design Product Theory for the Class of eSourcing
Requirements, Delivery and Completion Management Systems for eSourcing
Service Providers

Jyvéaskyld: University of Jyvaskyld, 2014, 76 p. (+ included articles)

(Jyvéaskyla Studies in Computing

ISSN 1456-5390; 212)

ISBN 978-951-39-6080-3 (nid.)

ISBN 978-951-39-6081-0 (PDEF)

Information and Communications Technology (ICT)-enabled international
sourcing of software-intensive systems and services (eSourcing) is increasingly
used as a means of reducing costs, increasing quality, searching missing skills
and capabilities, and achieving strategic objectives. To reap maximal benefits
from eSourcing and mitigate the risks, service providers and clients have to be
aware of and build capabilities for the entire eSourcing life-cycle. China is
growing fast in the international eSourcing service provisioning market, but most
Chinese eSourcing service providers are small or medium-sized and typically
work for larger intermediaries instead of end-clients, limiting their business and
capabilities development. The current literature does not extensively address this
business model and ways to overcome its limitations. To overcome this gap in
research, this doctoral thesis focuses on eSourcing life-cycle management from
service providers’ perspective and probes the eSourcing life-cycle management in
Information and Communications Technology Sourcing (ICTS) and Business
Process Sourcing (BPS) contexts. The specific research domains are sourcing
services for software testing and logistics. This thesis presents the best practices
for eSourcing service providers and creates an Information System Design
Product Theory (ISDT) for each domain. The thesis also develops an ISDT for the
class of eSourcing requirements, delivery and completion management systems,
which offers as generalizable scientific knowledge as possible concerning the
most important business practices for eSourcing service providers from the
viewpoint of service provisioning, breakdown recovery, and the redesign of the
eSourcing life-cycle. eSourcing service providers can use it to establish domain-
specific design product theories and to instantiate them into information systems
that support the design, service provisioning, and breakdown recovery within
the eSourcing life-cycle, which could help eSourcing service providers to
overcome the mentioned limitation for Chinese sourcing providers. While the
research focuses on Chinese service providers, the results can be generalizable to
service providers in other nations with powerful eSourcing industries.

Keywords: information system design product theory, eSourcing life-cycle,
software testing, logistics
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1 INTRODUCTION

International sourcing of software-intensive systems and services (eSourcing)
enabled by information and communications technology is used worldwide as
a means to reduce costs, improve quality, share risks, access skills and achieve
strategic aims (Barthelemy & Geyer, 2005; Gorla & Somers, 2014). Already in
the beginning of this millennium, over 50% of the American Fortune 500 firms
and a significant proportion of Western European and Japanese firms leveraged
offshore software sourcing (Carmel & Agarwal, 2002; Sahay, Nicholson, &
Krishna, 2003). International sourcing is used not only by large enterprises but
also by small and medium-sized enterprises, who also try to use this strategy to
reduce costs and provide high-quality services (Carmel & Agarwal, 2002;
Carmel & Nicholson, 2005). India, Russia, Philippines and China are important
nations for service provisioning (Carmel & Nicholson, 2005; Carmel, Gao &
Zhang, 2008). The use of Information and Communications Technology (ICT) is
crucial in eSourcing because “it is expected to be a key factor in the remodeling
of how and where business is done and how organizations create value. As
such, ICT contributes to the appearance of networked organizations, the
shaping of virtual enterprises, the development of partnerships and the
formation of strategic alliances.” (Van der Zee & Ribbers, 2000, 1)

International sourcing has been available for many years, but the reported
success rate of the projects is still comparatively lower than expected (Herath &
Kishore, 2009). To enhance the success rate, considerable amount of research on
multiple aspects is conducted. For example, clients and service providers need
to manage their relationship effectively with appropriate risk mitigation,
coordination, and control strategies (Carmel & Nicholson, 2005; Levina & Ross,
2003; Sabherwal, 1999, 2003), which help them to cooperate closely and execute
their engagement effectively (Gottschalk & Solli-Seether, 2006). Selecting the
providers cautiously helps clients to control sourcing projects and establish
trust with sourcing service providers (Earl, 1996; Lacity & Hirschheim, 1993;
McFarlan & Nolan, 1994). Trust is important for clients and sourcing service
providers to establish long term strategic relationship and cooperation (Hart &
Saunders, 1997; Ring & Van de Ven, 1994). The types of contracts in different
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scenarios have been analyzed (Wang, Barron & Seidmann, 1997; Lee, Miranda
& Kim, 2004; Aron, Clemons & Reddi, 2005; Herath & Kishore, 2009) to formal
processes in relationships management and facilitate long-term relationships
for clients and service providers (Kern, Willcocks & Van Heck, 2002; Shi,
Kunnathurb & Ragu-Nathan, 2005; Lee, Miranda & Kim, 2004). Sourcing
projects need to be governed through structural mechanisms, such as
deliverables, penalty clauses, and reporting arrangements (Sabherwal, 1999).
However, most research in sourcing focuses on clients (Plugge, Bouwman &
Molina-Castillo, 2013), among them the clients from the US and Europe (Koveos
& Tang, 2004). The service providers’ perspective has not been studied
sufficiently (Feeny, Lacity & Willcocks, 2005; Borman, 2006; Plugge, Bouwman
& Molina-Castillo, 2013). In fact, service providers are important in
international sourcing because offshoring of services is critically dependent on a
supply of providers with operational and strategic capabilities to offer
comparative cost advantages, satisfactory quality, and on-time delivery despite
the differences in distance, time zones, and culture (Carmel & Tjia, 2005).
However, international sourcing research is limited to the service model based
on India and to their American clients (Kaiser & Hawk, 2004; Oshri, Kotlarsky
& Willcocks, 2007). American and European enterprises are familiar with the
large Indian sourcing service providers and their sourcing services. For
example, Indian companies gained 90% of US enterprises’” sourcing business in
2002 (Schniederjans, Schniederjans & Schniederjans, 2007, 20). In 2008, India
had some 65 per cent of the ICT sourcing and 43 per cent of the business
process sourcing market (Oshri, Kotlarsky, Rottman, & Willcocks, 2009).

India has dominated the global sourcing market for several years, but its
role will change (Rottman & Lacity, 2004; Oshri, Kotlarsky, Rottman, &
Willcocks, 2009). China’s national policies and its growing economy are
encouraging multinational firms to seriously consider China as a major
complement in their sourcing strategy (Oshri, Kotlarsky, Rottman, & Willcocks,
2009). The government helps the software industry and companies to enhance
the importance and prevalence of exporting IT services in order to enhance
Chinese role in the global sourcing market. Chinese sourcing service providers
initiated a strategic shift from domestically focused markets to international
markets in 2000, and the main export markets have expanded from Japan and
South Korea to Europe and North America (Carmel, Gao, & Zhang, 2008).
However, the Chinese sourcing market is less mature than the Indian sourcing
market, and unlike the Indian market, it is not dominated by several big
sourcing providers. The top ten Chinese sourcing providers account for less
than 30 per cent of the Chinese sourcing market (Ziqun et al.,, 2007). Most
Chinese providers leverage the mediated offshore outsourcing business model,
whereby a small or a medium-sized Chinese provider delivers offshore
software services to a larger foreign ICT client that contracts and interfaces with
the actual end-clients onshore (Jarvenpdd & Mao, 2008). This business model
usually restricts the providers to small, low-value projects and hampers the
sharing of knowledge with end-clients, severely impeding the capability and
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business development of Chinese providers. Jarvenpad and Mao (2008) focus on
the client-specific, process, and human resources capabilities development, but
their research does not cover the entire eSourcing life-cycle and cannot enhance
service providers’ capabilities comprehensively. The current literature does not
extensively address this business model and ways to overcome its limitations.
Rottman and Lacity (2004) describe the twenty important practices for CIOs to
help them to work with sourcing service providers and mitigate risks. This
research, however, does not cover the entire eSourcing life-cycle. Momme (2002)
describes a comprehensive framework for the eSourcing life-cycle from clients’
perspective. The framework includes the main activities and performance
measures for each phase. Based on this framework, Kikold (2008) presents the
best practices framework for international eSourcing and proposes the
supporting ICT tools for each phase of the sourcing life-cycle to manage the
eSourcing life-cycle comprehensively. In his research, the eSourcing life-cycle
was divided into seven phases from clients’ perspectives, starting from clients
making a strategic sourcing analysis and decision. The best practices framework
includes main activities, supporting ICT tools, performance measures and
expected outcomes in each phase, but the introduced supporting ICT tools are
for clients, not for providers. The eSourcing Capability Model for Service
Providers (eSCM-SP, 2010) is the most comprehensive eSourcing model
available for service providers, but this model does not include the ICT tools to
support providers’ practices during the eSourcing life-cycle. At the end of
Chapter 3 of this doctoral thesis, the best practices framework for international
eSourcing service providers is presented. Chapter 4 creates an information
system design product theory for the class of eSourcing requirements, delivery
and completion management systems to help sourcing service providers to
manage the entire sourcing life-cycle and support their activities in the sourcing
life-cycle. The best practices framework for eSourcing service providers
includes the main activities in each phases, the supporting ICT tools,
performance measures and expected outcomes. Current literature provides
little theory-based guidance to help companies to design and use information
system design product theory for the class of eSourcing requirements, delivery
and completion management systems to achieve the goals of improved product
quality, cycle time reduction, service delivery, and overall effectiveness.
Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems and the other
supporting ICT tools work together to support the entire eSourcing life-cycle.
“Design theories, unlike other theories, support the achievement of goals
(Hevner, March, Park & Ram, 2004; Markus, Majchrzak & Gasser, 2002; Van
Aken, 2004; Walls et al., 1992, 2004). An information systems design theory
(ISDT) is “a prescriptive theory based on theoretical underpinnings which says
how a design process can be carried out in a way which is both effective and
feasible” (Walls et al., 1992, 37). It prescribes both the design product and
process aspects of a class of information systems, namely, (1) the value
propositions to be fulfilled by implementing an instance of the class, (2) meta-
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requirements describing the problem(s) to be solved by the class, (3) the meta-
design prescribing the class of artifacts used to solve the problem(s), and (4)
applicable kernel theories from social and natural sciences for understanding,
governing, and/or solving the problem(s) shared across all products within the
class, and how the products should be built (Walls et al., 1992, 2004).” (K&kol4 et
al, 2010, 3)

Following Walls et al. (1992), the doctoral thesis creates information
system design product theories for the classes of eSourcing requirements,
delivery and completion management systems that support eSourcing life-cycle
from providers perspective and help clients and providers to establish dynamic
capabilities and enable them to (1) interact transparently, (2) monitor the
sourcing life-cycle in real time, (3) identify communication and breakdowns, (4)
reconfigure resources flexibly, and (5) create knowledge to recover from
breakdowns and to redesign routines in order to proactively eliminate similar
breakdowns in future. Breakdowns in work routine impacts service progress
and quality, which requires stakeholders to create solutions or new knowledge
to get services back to work routine (Heidegger, 1977; Bell & Zemke, 1987).

eSourcing can be divided into two categories: ICT sourcing (ICTS) and
business process sourcing (BPS), and in the global market there are some large
eSourcing service providers, such as Flextronics, Infosys, and Wipro (Manning,
Massini & Lewin, 2008; Engardia & Einhorn, 2005). ICT sourcing occurs when
an organization contracts one or more providers to perform an ICT function
instead of performing the function themselves. The service provider could be a
third party or another division or a subsidiary of a single corporate entity
(ITAC, 2003). “ICT has had a major impact on the way business is conducted,
especially with traditional value chains disintegrating and organizational
boundaries becoming blurred.” (Cachia & Kruger, 2007, 33) BPS involves the
sourcing of non-core business processes, along with their ICT support, to
internal or external service providers. It enables clients to focus on their
primary business operations and to achieve a combination of lower costs,
improved productivity, and flexible staffing options (Schniederjans,
Schniederjans & Schniederjans, 2007, 245-246). The major reasons for BPS are to
reduce costs associated with the business process as well as access to quality
services (Kim & Kim, 2008; Lacity & Willcocks, 2014). The usually sourced
processes have ranged from sales/marketing, accounting/finance and human
resource to call centers (UN, 2003). ICTS and BPS have been among some of the
biggest business trends and highest IT growth sectors in developed economies
in the beginning of this millennium (Willcocks, Hindle, Feeny & Lacity, 2004).
Clients make the sourcing decision not only to reduce labor costs, but also to
access pools of highly talented individuals around the world (Manning, Massini
& Lewin, 2008; Lewin & Peeters, 2006; Farrel, Laboissiere & Rosenfeld, 2006).
Corresponding to this, the sourcing business has increasingly involved product
development functions, such as engineering, research and development, and
production (Manning, Massini & Lewin, 2008; Subramaniam & Venkatraman,
2001; Patel & Vega, 1999).
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This research uses the case study research methodology (Eisenhardt, 1989;
Cunningham, 1997; Runeson & Host, 2009) for studying one service provider in
each of these two contexts to offer scientific knowledge concerning the most
important business practices, activities, and classes of information systems for
eSourcing (1) ICT services and (2) business processes. The research investigates
the two contexts, respectively, through the following two eSourcing domains in
the Chinese eSourcing market: (1) software testing services and (2) third-party
logistics services (hereafter called logistics services). The two research cases are
Ltesting (http://en.ltesting.com.cn/) and PG Logistic (PGL) (http:/ /www.pgl-
world.com/).

The chosen two research domains and the two case firms have close
relationships with the Chinese government’s development strategy. In 2006, the
Ministry of Commerce set up the 1000-100-10 Project to nurture 1000
outsourcing companies, to attract 100 major foreign companies to use offshore
services in China, and to establish 10 outsourcing parks (Carmel, Gao & Zhang,
2008). Testing services are a part of this 1000-100-10 Project because a majority
of Chinese providers can offer them. To support software industry
development, government-issued policies including tax incentives, tax-free
zones, local incentives to ease creation of software parks, and special tax rates
for employers of IT staff (Oshri, Kotlarsky, Rottman, & Willcocks, 2009). To
overcome the global financial crisis in 2009, the Chinese government set up a
plan to restructure and revitalize the top ten industries, among them the
logistics industry (XNA, 2009).

Modern logistics services need to successfully align the ICT infrastructure
and business strategy (Hughes & Kaplan, 2009). It is a proper research domain
which studies how ICT-enabled business processes build business value and
improve service quality, offering a comprehensive perspective for the eSourcing
of logistics services from the service provider’s viewpoint. However, most of
the literature neither covers ICT-enabled logistics services holistically
(Gunasekaran & Ngai, 2003a; Zhang & Han, 2010) nor takes the perspective of
the eSourcing service providers (Lai, Zhao & Wang, 2006; Zhang & Han, 2010).
For example, integrated logistic information system management (Chiu, 1995)
focuses on electronic data interchange (EDI) among the distribution systems,
but the relevant transportation and warehouse management in the logistics life-
cycle are not considered in this research. Other early research on integration
logistics services focuses on seamless integration of the logistics functions
among various stakeholders (Stock et al,. 1998, 2000; Childerhouse and Towill,
2003). Frohlich and Westbrood (2001) proposed five different logistics
integration strategies for clients and service providers, but the research does not
explain how to integrate the logistics information in the logistics process
integration for clients and service providers, the relevant transportation
management and warehouse management having not been integrated with
order management. The research of Sheu et al. (2006) concluded that better IT
capabilities and information sharing between clients and service providers help
them to achieve better coordination and problem-solving activities. The
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research of Zhou et al. (2007) and Li et al. (2009) found that information sharing
has significant impact on integration of logistics systems and delivery
performance, but their research has no direct effect on IT implementation
performance or on integration order, transportation and warehouse
management (Prajogo & Olhager, 2012). The existing literature offers the service
providers limited guidance to design and execute integrated ICT-enabled
logistics services supporting the entire logistics life-cycle from product or
service design to delivery.

Ltesting is a medium-sized (less than 50 employees) software testing
services provider (Ltesting, 2014). It is suitable for this research because it has
established a leading position in the Chinese testing service market and has
testing experience from multiple domains (e.g., banking, insurance and
telecommunications) and professional services. It can offer various types of
testing-related services. There are two reasons for selecting PG Logistics (PGL)
as the second research case company. First, PGL is the leading and most
influential third-party logistics enterprise in the Chinese market. It is also the
first Chinese company to provide clients with integrated logistics services.
Second, PGL has developed its own flexible and scalable third-party logistics
information integration platform.

Therefore, this research examines software testing services and logistics
services to identify the most crucial classes of information systems and to
integrate them into the class of eSourcing requirements, delivery and
completion management systems that support the entire eSourcing life-cycle.
While this doctoral thesis focuses on Chinese eSourcing service providers, it
seems likely that the results are generalizable to providers in other nations with
powerful eSourcing industries.

The rest of this introductory chapter is organized as follows. Section 1.1
presents the research questions addressed in this dissertation. Section 1.2 briefly
describes the theoretical foundations of this research: the eSourcing Capability
Model for Service Providers (eSCM-SP) and the Information Systems Design
Theory (ISDT) for Dual Information Systems (DIS). Section 1.3 describes the
included original articles and their relationships. The last section describes the
structure of the dissertation.

1.1 Research questions

This doctoral thesis focuses on the abilities of Chinese eSourcing service
providers to (1) establish and implement efficient practices and business models
throughout the eSourcing life-cycle, (2) recover from unanticipated
coordination breakdowns quickly and effectively, and (3) design and use
technology infrastructure and information systems that enable effective
enactment, breakdown recovery, and redesign of the eSourcing life-cycle.
Therefore, this research addresses the following research question: Which
eSourcing practices, associated activities, and enabling classes of information
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systems are the highest priority ones for eSourcing service providers from the
viewpoint of executing the eSourcing life-cycle, recovering from coordination
breakdowns during execution, and redesigning the life-cycle practices, and
which are the systems to ensure organizational long-term effectiveness?

This doctoral thesis focuses on the following four sub-questions from
service providers” perspective during the case studies and cross-case research (1)
What are the major activities in each phase of the eSourcing life-cycle and how
are these activities managed? (2) What are the performance measures of each
phase? (3) Which information and communication technology tools best
support the eSourcing life-cycle and each phase? (4) What are the internal
relationships between the organizational structure, enabling classes of
information systems, information systems architecture, business strategy, and
the eSourcing life-cycle?

It is important to establish and execute effective service delivery processes
and business models throughout the eSourcing life-cycle. Routine practices and
enactment will work under normal conditions, and this is important for
achieving efficient organizational performance and service delivery (Kakold
and Taalas, 2008). Recovering from unanticipated coordination breakdowns
quickly and effectively is also important (Kékolda and Taalas, 2008). By
analyzing breakdowns and the underlying causes, stakeholders in the
workplace can identify the problems that are not easily visible in normal
routines and create new knowledge to solve such problems. Redesigning the
eSourcing life-cycle when necessary ensures organizational survival, proactive
elimination of some breakdowns, and effective long-term enactment of routines
(K&kold and Taalas, 2008). Analyzing specific eSourcing activities and enabling
information systems holistically as work systems (Alter, 2006) help uncover: (1)
which eSourcing practices and associated activities have the highest priorities
for service providers in ensuring service and organizational long-term
effectiveness and (2) which enabling classes of information systems help the
most in accomplishing the business objectives. Therefore, this doctoral research
uses the sub-questions in both case studies and in the cross-case study to guide
data collection and analysis.

1.2 Theoretical foundations

The eSourcing Capability Model for Service Providers (eSCM-SP) is the
foundation of this research because it is the most comprehensive eSourcing
model available from service providers’ perspective. According to eSCM-SP, a
life-cycle (Table 1) has three phases, (1) an engagement is carried out and
involves gathering and negotiating requirements with a client, contracting,
designing, resourcing, and deploying a service, (2) the service is delivered
according to the commitments established for the engagement, and (3) the
engagement is completed primarily by transitioning the resources from the
provider to the client or to a third party (eSCM-SP, 2010).
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TABLE 1

The eSCM-SP V2.01

Ongoing practices represent management functions that need to be performed
during the entire eSourcing life-cycle in order to satisfy the intent of these

practices.

Initiation

Delivery

Completion

Practices focus on the
capabilities needed to
effectively prepare for
service delivery. The
practices are concerned
with collecting and
analyzing service
requirements,
negotiating, contracting,
and designing and
deploying the services,

Practices focus on service
delivery capabilities,
including the ongoing
management of service
delivery, on the
verification that
commitments are being
met, and on the
management of the
finances associated with
service provision.

Practices focus on the
capabilities needed to
effectively close an
engagement with
particular client(s) at the
end of the eSourcing life-
cycle. They include the
capture of the lessons
learned from the
engagement and the
transition of resources to

the client, or to a third
party, from the provider.

including the transfer of
the necessary resources.

Ongoing management function practices take place throughout the life-cycle.
The three phases and the ongoing practices cover ten capability areas (e.g.,
knowledge management, threat management, performance management), and
there are specific practices in each phase. This research uses eSCM-SP v2
(eSCM-SP, 2010) as the reference model, the capability areas of this version
including a total of 84 specific practices. eSCM-SP prescribes five capability
levels. Therefore, certified assessors can use eSCM-SP as a reference model to
determine the capability levels of service providers, and clients can use the
certifications to find and select service providers. Service providers can use
eSCM-SP as a roadmap to improve their capabilities to higher levels. This
investigation collected data and compared the practices of the case firms to
eSCM-SP based on the three phases and specific practices. Therefore, the eSCM-
SP helps this research to analyze the eSourcing life-cycle services from the
perspectives of service processes.

The authors of eSCM-SP convincingly argue that (1) eSCM-SP is
applicable to both ICT and business process sourcing and (2) it can help service
providers improve their capabilities related to both ongoing, phase-specific, and
engagement-specific eSourcing practices throughout the eSourcing life-cycle
(eSCM-SP, 2010). Yet, eSCM-SP has not been used or studied extensively in
China. This doctoral research employed only a relatively small subset of the
relevant best practices envisioned in eSCM-SP for Chinese service providers,
mainly because most providers are in relatively early phases of eSourcing
capability development (Oshri, Kotlarsky, Rottman, & Willcocks, 2009) and thus
cannot use the most advanced practices of eSCM-SP. For example, the practices
of encourage innovation and career development are not used in either of the two
case companies. Providers with the capabilities of maturity managing applied




19

to organization performance who proactively enhance value could use these
practices.

Information Systems Design Theory (ISDT) for Dual Information Systems
(DIS) is also the kernel theory for this research. As the businesses of the case
companies are growing, the existing information systems in the case companies
restrict them from improving service quality and sharing information with
clients. For example, to meet client complex requirements and share important
information timely, the logistics case company bought a new warehouse
management system to replace the original one developed by themselves,
because the new warehouse management system can offer more detailed
information (e.g., inventory information, cargo type, size) on service and share
the information with clients timely. Information systems design theory for DIS
helps bridge the design/use dualism, because the conceptual design of most
information systems reflects a design/use dualism of technology, making it
difficult for users to feel responsible for the computerized aspects of work
(K&kolad & Taalas, 2008). Information Systems Design Theory (ISDT) for Dual
Information Systems (DIS) has three layers: knowledge-base layer, business-
system layer and project-system layer. The knowledge-base layer stores and
makes accessible reusable current and historical work and information system
designs and their justifications and performances in the organizational units.
"The knowledge-base layer of Dual Information Systems is a repository of
explicit work and IS design knowledge in the knowledge-base layer of a
hypertext organization.” (K&kold & Taalas, 2008, 4) "Hypertext organization is a
dual organization structure coordinating the allocation of time, space, and
resources so an organization can achieve high performance in routines and
ensure long-term survival. Hypertext organization is comprised of knowledge-
base, business-system, and project-system layers.” (Kékold & Taalas, 2008, 4)
Work routines are enacted in the business-system layer. The project-system
layer provides a field of interaction where project teams create knowledge.
Knowledge is also created through the circular movement of actors amongst the
layers (Kdkold & Taalas, 2008). Information Systems Design Theory (ISDT) for
Dual Information Systems (DIS) helps the doctoral research to systematically
analyze the eSourcing life-cycle services from the viewpoints of the different
layers.

1.3 The relationships among the included articles

This dissertation contains five articles focusing on the research objectives from
different aspects of the research questions. The relationship between the articles
and the structure of the doctoral research project is as follow:

Articles I, II, and III focus on software testing services. Article IV focuses
on logistics services. A cross-case analysis is conducted in Article V and in
Chapter 4.
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Article I describes the reusable test artifacts for testing service providers,
which helps testing service providers to meet client requirements such as lower
costs, shorter service times, and to improve software quality and productivity.
This article finds test plans, test cases, and test reports to be the most important
test artifacts that can be reused in the testing services. Lessons learned from the
testing services need to be accumulated so as to improve providers’ services
capability in the future. Test environments and test procedure documents can
be reused in specific domains. Test case patterns and test plan templates are
high-level artifacts, which can save time and help novices to perform test
services effectively. Significant reuse work is implemented in the initiation
phase when test managers and test analysts choose suitable reusable test
artifacts from the test database and define the best practices to meet client
requirements. Testers provide valuable feedback concerning the reused artifacts,
thus improving the quality of domain-specific test artifacts and the usefulness
of test artifact database. Test tools can be reused too. For example, HP Quality
Center offers test management services which can be reused across various
types of testing projects. Reusable test artifacts research is helpful for the
industry and service providers. The created Information System Design Product
Theory for the class of Requirements, Test and Defect Management Systems
(RTDMS) (Article 3), as well as its meta-requirements and meta-design are
reusable artifacts. Testing service providers should be able to reuse them for
process redesign and acquisition and/or development of the information
system design product theory for the class of RTDMS instances.

Article II creates a comprehensive eSourcing life-cycle model for testing
services, enabling service providers and clients to manage the sourcing life-
cycle effectively. This article also presents the most important class of
information systems for testing service providers, that is, the class of
Requirments, Test, and Defect Management Systems (RTDMS), which helps
testing service providers to transcend the limitations of the mediated sourcing
business. The most important testing practices are requirements analysis and
test planning, primarily conducted in the initiation phase.

Article III presents an Information Systems Design Product Theory (ISDT)
for the class of Requirements, Test and Defect Management Systems (RTDMS).
The theory helps clients and testing service providers to manage and control the
testing process, carry out the service process standardization, and improve
service effectiveness. This paper establishes the meta-requirements and the
meta-design of the the Information System Design Product Theory for the class
of RTDMS. Its instances can be used for testing services by any testing service
provider. These Information System Design Product Theory for the class of
RTDMS instances are expected to enforce standardized processes for testing
service providers and implementation of best practices across testing projects.
The Information System Design Product Theory for the class of RTDMS
instances send timely information on services to clients and service providers,
which make the testing services process transparent and seamless. Test analysts,
developers, and testers share and reuse artifacts from the project database
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across projects to raise productivity and quality. Developers can share
knowledge about defects across projects to increase efficiency and reduce risks.
Test managers and clients can aggregate quality metrics across projects. This
article presents the stakeholders of comprehensive testing and their
performance in the testing life-cycle. Measurement management, configuration
management and quality assurance management teams work with the testing
team to execute the testing services.

Article IV focuses on the logistics services research, creating an
Information System Design Product Theory for the class of Order,
Transportation and Warehouse Management Systems (OTWMS), which helps
clients and service providers to acquire and design information systems for
designing managing and controlling logistic processes and improving service
effectiveness. This article established the meta-requirements and the meta-
design of the design product theory for the class of OTWMS. The theory helps
logistics providers design, acquire, and use its instances for providing logistics
services. These instances are expected to enforce standardized processes for
logistics providers and the implementation of best practices across services.
Order management, transportation management, and warehouse management
teams can share and reuse artifacts from the database to raise productivity and
quality. Clients can share logistics knowledge across service engagements to
increase efficiency and reduce risks. Logistics providers and clients can
aggregate quality metrics across service engagements.

Article V and Chapter 4 focus on the cross-case research. Article V
presents an Information Systems Design Product Theory (ISDT) for the class of
Requirements and Delivery Management Systems (RDMS). This theory is partly
derived (1) deductively from comprehensive kernel theories such as eSourcing
Capability Model for Service Providers (eSCM-SP) and (2) inductively from the
domain specific design product theories for the classes of RTDMS and OTWMS.
The theory prescribes an abstract class of systems because instances of the class
need not be built. The theory is primarily used to create more detailed domain-
specific design product theories. The design product theories for the classes of
OTWMS and RTDMS are domain-specific theories used to prescribe
information system subclasses of the class prescribed by the information system
design product theory for the class of RDMS. The theory is expected to help
eSourcing service providers and commercial software vendors to design
domain-specific integrated systems for service provisioning and breakdown
recovery throughout the eSourcing life-cycle in a variety of ICT and business
process sourcing domains, helping clients and service providers to manage and
control the eSourcing life-cycle and to make the process transparent and
seamless. The doctoral research found that the completion phase is also
important for the information system design product theory for the class of
eSourcing requirements and delivery management systems (RDMS). Therefore,
RDMS name has been changed to information system design product theory for
the class of eSourcing requirements, delivery and completion management
systems in this dissertation.
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Chapter 4 compares the common and variable parts of the information
system design product for the classes of RTDMS and OTWMS and generalizes
an information system design product theory for the class of eSourcing
requirements, delivery and completion management systems for eSourcing
service providers. This chapter also compares the information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems  with kenrel theories to clarify the
contributions of this doctoral research.

1.4 The structure of the dissertation

This dissertation is organized as follow. Chapter 2 presents the research
methodology, data collection and analysis processes. Chapter 3 describes the
results of the testing and logistics case study. An information systems design
product theory has been created, respectively, for each domain. Based on the
two case studies and literature reviews, this research generalizes the best
practices framework for international eSourcing service providers and presents
this best practices framework in the end of this chapter. Chapter 4 describes the
cross-case analysis and creates an information system design product theory for
the class of eSourcing requirements, delivery and completion management
systems. The last chapter presents the contributions and limitations of this
doctoral thesis.



2 RESEARCH METHODOLODY

This chapter describes the research methodology, data collection and analysis
processes. The team structure of software testing and logistics services
providers is also explained. The team members’ performance and their
responsibilities in the eSourcing life-cycle are described as well.

2.1 Research methodology

This thesis classifies eSourcing into ICT sourcing (ICTS) and business process
sourcing (BPS) categories and studies each category through a case study. This
research used a single qualitative case study to provide a holistic, systemic
understanding of the phenomenon of eSourcing services provisioning in the
context of testing services and logistics services (Eisenhardt, 1989; Runeson &
Host, 2009; Cunningham, 1997). The data collected for the research covers a
complete life-cycle for service providers, including the most important business
practices, the artifacts reused in these practices, and the employee responsible
for these tasks. The common and variable aspects among the two case studies
are summarized and a generalizable result from the viewpoint of eSourcing
service providers is drawn up. The eSourcing Capability Model for Service
Providers (eSCM-SP) was chosen as the reference model in the research. It has
been demonstrated to help various types of providers to improve their
capabilities related to both ongoing, phase-specific, and engagement-specific
sourcing practices throughout the sourcing life-cycle. The eSCM-SP life-cycle
involves three phases from the provider’s viewpoint: initiation, delivery, and
completion. Ongoing practices are run throughout the life-cycle to perform
management functions. The three phases and the ongoing practices cover ten
capability areas (e.g., knowledge management, threat management, and
performance management). The investigation collected data and compared the
practices of the two case organizations to eSCM-SP based on the three phases
and specific practices.
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During both case studies and the cross-case study, the research analyzed
the data by iterating between two phases. First, the information systems used
by them and the information on the routines, the most significant breakdowns
in routines, and the processes and information systems used for recovering
from breakdowns were compared to the eSourcing phases and practices
prescribed by the eSCM-SP. Service breakdowns caused by poorly designed,
poorly used, and/or entirely missing information systems were of special
interest to the research. Interactions between the eSourcing processes, practices,
organizational structures, and information systems were analyzed to define the
most important information systems for the entire eSourcing life-cycle and
service providers. Second, the results were shown to key managers and
stakeholders in the case companies, feedback from the managers and the
stakeholders was collected, and the results were revised as necessary and
summarized. In the cross-case analysis, the common and variable parts of the
two case studies and the created information system design product theory for
the class of RTDMS and information system design product theory for the class
of OTWMS were compared and analyzed with respect to each phase of the
eSourcing life-cycle.

For the first testing case study, the research conducted two rounds of
investigation in the case company in Beijing. For the first round (from the end
of 2009 to the beginning of 2010), the author spent over three weeks observing
life in the case company, analyzing documents and memoranda, and
interviewing key personnel. The interviewees involved the CEO, all testing
managers, and a number of test analysts to uncover the routine practices and
information systems associated with testing work and major breakdowns
disrupting work. The research used a questionnaire for each interview and
concluded with an open discussion to address emerging issues. Interviews were
summarized and sent to the interviewees, who verified them and provided
feedback as necessary. If the analysis indicated that major deviations existed or
information was missing, clarifications were requested from informants
through email. The data collection and analysis process continued for several
months using the internet to collaborate with the case company. A year after the
first round of interviews, the first author performed a second round (from the
end of 2010 to the beginning of 2011) in the case company to collect
supplementary data related to breakdowns and workarounds. For the second
round, the quality assurance manager, the measurement process manager, and
other people supporting the test teams were also interviewed.

For the second logistics case study, the research also conducted two
rounds of investigation in the case company. For the first round (in the end of
2010), a subsidiary of the corporate entity was investigated on-site in Beijing. It
delivers logistics services based on the Total Order Management (TOM)
information systems instance developed by the case company. The instance
includes three main subsystems: Order Management System (OMS),
Warehouse Management System (SMS), and Transportation Management
System (TMS), enabling the offering of an integrated solution for clients” supply
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chain management. They support service delivery and proactively help to avoid
service breakdowns in order to meet client requirements. SMS offers basic
warehouse management functionality. To meet complex requirements, the case
company bought another Warehouse Management System (WMS). The
investigation found that (1) ways the workers in the company use the
subsystems for providing logistics services and (2) the types of breakdowns
occurring. The second round of data collection (from the end of 2011 to the
beginning of 2012) was conducted by visiting the headquarters of the company
on-site in Guangzhou to probe how TOM’s subsystems supported each service
phase of eSCM-SP.

This doctoral thesis sets out to span two different eSourcing domains to
organize a cross-case research, the most challenging part of this research.
Therefore, the cross-case research results need to generalize the common and
variable aspects of the eSourcing life-cycle among the two different eSourcing
domains. Domain engineering literature (Akoka, 2005, 461-463) and Alter's
research (2006, 2008) on service system fundamentals were used as a theoretical
basis to overcome the challenge. Domain engineering was used to identify,
model, construct, catalog, and disseminate a set of software artifacts to enable
the development and maintenance of software in each eSourcing service
domain (Akoka, 2005, 461-463). Domain engineering includes three main
activities: (1) domain analysis identifies a domain and captures its ontology. It
should specify the basic elements of the domain, identify the relationships
among these elements, and represent this understanding in a useful way, (2)
domain design and (3) domain implementation are concerned with mechanisms
for translating requirements into systems that are made up of components with
the intent of reusing them to the highest extent possible. Service systems
produce all services of significance and scope. For understanding and analyzing
service systems, Alter’s research (2008) presents three frameworks: (1) the work
system framework provides a system-oriented view of any system that
performs work within or across organizations, (2) the service value chain
framework augments the work system framework by introducing functions
that are specifically associated with services, and (3) the work system life cycle
model focuses on work systems’ change and evolution over time, treating the
life cycle of a system as a set of iterations involving service routines and
unplanned change. A service system is thus a useful fundamental unit of
analysis for understanding, analyzing, and designing services and better service
systems in marketing, operations, and information systems research (Alter,
2008). Therefore, these two bodies of literature help the research to create
abstractions that enable the comparison of the two eSourcing domains. For
example, in the initiation phase of eSourcing, through comparing the service
providers” practices and the support offered by the instances of information
system design product theory for the class of RTDMS and by information
system design product theory for the class of OTWMS, the common and
variable parts were analyzed to draft the requirements management services for
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information system design product theory for the class of eSourcing
requirements, delivery and completion management systems.

In the eSourcing service, providers use sub-teams to execute specific
services. For example, in the testing case company, test teams are responsible
for testing service delivery. Usually the teams have four roles: test manager, test
analyst, tester, and coordinator (Table 2). Coordinators are like boundary
spanners between clients and service providers. They are especially important
in solving communication challenges in international eSourcing when clients
and service providers use different languages and have different cultures (Ma,
Li, Chen, Conradi, Ji & Liu, 2008; Poston, Simon & Jain, 2010). Additionally, test
teams can be organized flexibly based on the project characteristics, personnel
workloads, and client requirements. For example, when the projects are small,
testers do not need to be involved in test teams because test managers and test
analysts can do their work. Article 2 and 3 present more details on the team
members performance in the testing life-cycle.

TABLE 2 Job Descriptions of Key Roles in Test Teams

Title Responsibility

Test Manager | Test managers are responsible for test project planning,
management, risk evaluation, and report review. During
project completion, test managers summarize the projects and
the lessons learnt. They have at least five years of relevant
work experience.

Test Analyst | Test analysts analyze test requirements, design test plans
(together with the test manager), and design test cases. They
have from three to four years relevant work experience.

Tester Testers conduct the specific test assignments. They have more
than one year’s work experience.
Coordinator Coordinators communicate with clients, acting as bridges

between clients and service providers. They need to have
comprehensive testing knowledge, because they attend the
testing service life-cycle from early bidding and negotiation
through to service completion.

To deliver comprehensive testing sourcing services, test teams still need
support from other teams, namely, measurement management teams, quality
assurance management teams and configuration management teams (Table 3).
The three teams work with test teams and clients throughout the testing life-
cycle. They provide relevant information and support to help test teams and
clients to track the service processes, control the service quality, and manage the
testing life-cycle. Article 2 and 3 give more information on their performance in
the testing life-cycle.

Logistics teams are responsible for delivering specific logistics services.
Usually the most important services are delivered by three sub-teams: order
management team, transportation management team, and warehouse
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management team (Table 4). These teams need to work together to process
orders, analyze client requirements, draft logistics plans and deliver services.
Article 4 presents more details on their performance in the logistics life-cycle.

TABLE 3 Job Descriptions of Teams Involved in Testing Sourcing Services

Title Responsibility

Test Team Test teams are responsible for test assignments, which include
drafting test plans, executing tests, finding and reporting
defects, and cooperating with other teams to deliver test
services that meet clients” requirements.

Measurement | Measurement management teams are responsible for

Management | collecting and analyzing metrics data to help test teams and

Team clients to improve and manage the quality of test services and
to monitor the progress of testing services delivery. Clients
and test teams can adjust or even redesign service processes
based on measurement results.

Quality Quality assurance management teams are responsible for

assurance ensuring that testing services can meet clients’ requirements

Management | and are run in the right way. Appropriate quality criteria can

Team help to ensure that test teams focus on the most important
tasks that need more resources.

Configuration | Configuration management teams are responsible for

Management | managing the configurations of different versions of test

Team artifacts during the services. They deal with version conflicts,
and manage changes of test artifacts.

TABLE 4 Responsibilities of the Key Logistics Teams

Title Responsibility

Order The team is responsible for order validation, entry, and

management | processing. It makes the logistics plan for the order together

team with the transportation team and the warehouse management
team. During the delivery phase, it also coordinates with the
transportation and warehouse management teams. It is solely
responsible for communicating with clients. During order
completion, it documents the services and the lessons learnt.

Transportation | The team defines the most efficient transportation schemes

management | according to client requirements and drafts the logistics plan

team with the order management team. It executes the delivery
service and reports any transportation breakdowns (e.g.,
delays, accidents, and unforeseen stops).

Warehouse The team uses Warehouse Management System to manage the

management | cargo and support the transportation team (e.g., ensuring the

team cargo is ready for delivery when the transportation team

arrives).




28

Based on the two case studies and eSourcing Capability Model for Service
Providers (eSCM-SP), this thesis assigns the eSourcing services providers to two
separate service delivery sub-teams: the requirements management team and
the delivery management team (Table 5). These teams need to work together,
for example, to process and analyze client requirements, to draft eSourcing
service plans, to deal with service breakdowns and to deliver services. In order
to track the service progress and to monitor the service providers” performance
in the service, clients need to get relevant information on the services during the
eSourcing life-cycle.

TABLE 5 Responsibilities of the Key eSourcing Service Provisioning Teams
Team Responsibility

Requirements The team is responsible for transforming clients’
management requirements to executable requirements, requirements
team prioritization, and management. This team makes the

eSourcing service plan together with the delivery
management team. During the delivery phase, it
coordinates with the delivery management team and deals
with service breakdowns. It is responsible for
communicating with clients.

Delivery The team executes the service delivery according to client
management requirements, drafts, together with the requirements
team management team, the eSourcing service plan and reports

service breakdowns (e.g., delays, accidents, and out-of-
budget events). It collects metrics and deals with
breakdowns during the service. During the service
completion, it documents the services and the lessons learnt
and transfers resources to clients or third parties.

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems should be abstract
and generic enough so that eSourcing service providers could use it to design
domain-specific information systems and improve their processes and
information systems regardless of their current practices and systems.
Providers can thus use even separate management systems (e.g., requirements
management systems and delivery management systems) to better integrate
and manage their systems for enabling the end-to-end eSourcing life-cycle. For
example, information system design product theory for the class of eSourcing
requirements, delivery and completion management systems can track the
requirements execution process against the service plan and report execution
results and breakdowns. It does not need to help execute specific tasks, but it
needs to track and report the results of the tasks. Specific tasks can be run by
using other management tools. For example, the testing case company uses
RequisitePro to manage requirements and CVS (Concurrent Versions System)




29

or SVN (Apache Subversion) to manage artifacts versions, but they use HP
Quality Center (QC) to manage the entire testing life-cycle.
“For example, the requirements management tool is not as good as RequisitePro.

The version control feature is quite basic compared to CVS or SVN. Therefore,
sometimes we need to use more than one tool in the services, including specific tools for
specific tasks (e.g., test execution or version management). Then we will transfer the
results to QC for comprehensive test management.” -A test manager

Therefore, the analysis of the practices and information systems of the case
companies has helped this research to scope the information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems appropriately.



3 THE CLASSES OF INFORMATION SYSTEMS FOR
ESOURCING SERVICE PROVIDERS OF
SOFTWARE TESTING AND THIRD PARTY
LOGISTICS SERVICES

This chapter presents the most important classes of information systems for
software testing services and logistics services. The information system design
product theories for the class of RTDMS and OTWMS are described,
respectively, in section 3.1 and 3.2. Based on the case studies and literature
reviews, a best practices framework for international eSourcing service
providers is generalized and presented in section 3.3.

3.1 The most important classes of information systems for
software testing service providers

To effectively manage the entire eSourcing life-cycle, eSourcing service
providers need to closely co-operate with geographically distributed clients.
They need to develop effective communications to deal with a wide range of
issues (e.g., differing organizational cultures between clients and service
providers) that can hamper collaboration (Poston, Simon and Jain, 2010).
Effective communication between clients and service providers and within and
between different sub-teams of service providers helps the service providers to
enhance competitiveness, add economic value, and improve service quality and
market branding (Sharma, Apoorva, Madireddy & Jain, 2008; Barthelemy, 2001;
Constantinescu, 2005).

To support collaboration and knowledge management throughout the
testing life-cycle, sophisticated information systems are needed. Yet, most
commercially available systems that focus on the testing life-cycle only provide
limited support for clients and service providers. For example, they may use
separate requirements management, test execution management, or defect
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management for the entire life-cycle. For this reason, it is difficult to support
standardized data transfer between the different information systems during
specific life-cycle phases, which reduces service effectiveness and increases the
risk of failure.

Salo and K&kolda (2005) found that requirements management systems
(RMS) need to be designed and used to redesign and effectively enact the
earliest phases of software development in geographically distributed
organizations. However, RMS would only offer limited benefits, if RMS were
not integrated with the systems used in the down-stream phases. For example,
client representatives responsible for entering requirements could not use RMS
to track whether the requirements would be fulfilled, which decreased their
interest in that task. Therefore, systems need to be designed to support the life-
cycle more comprehensively. Kdkold et al. (2010) found that integrating RMS
with software release management systems improves life cycle support the
most. After all, value can only be created when the right requirements are met
in the right releases. Kidkold et al. (2010) identified test and defect management
systems as the next most important system classes that should be integrated
with the requirements and release management systems, because a piece of
software can be effectively released only when the requirements it realizes have
been verified and validated and when the expected number of remaining,
undetected defects is acceptable.

Article 2 found that the class of requirements, test and defect management
systems is the most important class of information systems for testing service
providers, the initiation phase proved most important in the testing sourcing
life-cycle. It was also found that requirements analysis and test planning are the
most important testing practices, primarily conducted in the initiation phase.
Lu and Ké&kola (Article 2) created a comprehensive ICT-enabled sourcing life-
cycle model for testing services in order to help clients and service providers to
manage the testing sourcing life-cycle effectively. However, instances of
information system design product theory for the class of requirements, test
and defect management systems that successfully enable the entire life-cycle are
scarcely available. HP Quality Center, Microsoft Visual Studio Test Professional,
and Rational Quality Manager are the most successful integrated requirements,
test, and defect management products commercially available in the market.

3.1.1 An information system design product theory for the class of
Requirements, Test, and Defect Management System

The existing literature provides little theory-based guidance to help companies
to design and use Requirements, Test and Defect Management Systems to
achieve the goals of improved product quality and cycle time reduction, service
delivery, and overall effectiveness. Therefore, Article 3 creates an information
system design product theory for the class of Requirements, Test and Defect
Management Systems (RTDMS). The article prescribes the product aspects of
information system design product theory for the class of RTDMS, the existing
literature does not provide such a theory. Moreover, instances of information
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system design product theory for the class of RTDMS can be built in many ways,
and it is thus not as fruitful to prescribe the process aspects as the product
aspects. An instance of information system design product theory for the class
of RTDMS helps providers to manage the entire testing life-cycle from test
planning and requirements management through test execution and defect
tracking and management to project closure, which builds upon the baseline set
by Kékold et al (2010), Article 2 and Lu and Kékold (2011). A database supports
each information system design product theory for the class of RTDMS instance
by retrieving and storing important artifacts, such as requirements artifacts, test
artifacts, and defect artifacts. During the testing execution process, the database
also stores the automated test scripts and other test execution artifacts. The
database includes reusable and other artifacts produced during all the projects
that the service provider has served. Information system design product theory
for the class of RTDMS instances use the database to help projects manage
newly-created test artifacts and reuse test artifacts from previous projects. They
also support testing team members” work and help the clients to monitor and
track the testing service progress (Article 3). Clients and service providers can
obtain timely information from information system design product theory for
the class of RTDMS instances, which help them to manage the service
progresses and organize the schedules. Article 3 presents more details about
this.

In order to achieve such integration, several factors need to be considered.
Firstly, client requirements and system requirements need to be transformed to
detailed and executable test requirements. Specific test executions may uncover
defects and other problems needing quick communication between clients and
test teams and/or between test team members, but the clients and test teams
may be globally distributed, making it difficult to conduct face-to-face meetings
(Article 3). Changing client requirements or revising test plans may require
revising contracts between clients and testing service providers and raises
project risks. Moreover, financial, technological, business, and other risks for
clients and service providers need to be considered before initiating a project
(Elitzur & Wensley, 1997; Tafti, 2005).

The main contribution of testing services research is the information
system design product theory for the class of Requirements, Test and Defect
Management Systems (RTDMS). Open source communities and commercial
product providers can build software products that meet the meta-
requirements and the meta-design of the design product theory to enable
effective testing sourcing services. The design product theory is validated based
on (1) a case study focusing on a leading testing sourcing service provider that
implements integrated organization-wide requirements, test and defect
management processes and systems, (2) a literature review in the fields of test
requirements management, test execution management, and defect
management (Prasanna et al. 2005; Hong, Kim & Lee, 2010; Lazic, 2010), and (3)
a study of HP Quality Center and other testing service management tools used
in the market.
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“RTDMS describes the service processes and our team members’ (e.g., testers,
quality assurance managers) responsibilities in the services, which are exactly the
processes we are carrying out in our services. QC as an instance of RTDMS is used a
lot in our services. Other testing management products have functions similar to QC,
but QC is the most popular product in the market, and it can offer comprehensive
management to cover the entire testing life-cycle. The other testing management
products focus on defect management a lot, they cannot offer management for the entire
testing life-cycle as comprehensive as QC.”-CEO

The design product theory is partially based on the experiences of the case
company and its use of HP Quality Center to ensure that the meta-design is
flexible, comprehensive, and scalable, that is, the instances of information
system design product theory for the class of RTDMS can deal with large
numbers of test artifacts (e.g., test cases, test requirements and test scripts) and
their relationships and support the teams involved such as test teams,
measurement management teams, and quality assurance management teams
(Article 3). The meta-design proposed in the testing services research is
lightweight and easy to use, so that small and medium-sized companies can use
(parts of) it (e.g., test requirements management) to execute information system
design product theory for the class of RTDMS solutions.

Information system design product theory for the class of RTDMS
instances help test managers and test analysts to prioritize and valuate client
requirements. The project database stores the requirements and requirements’
interdependencies. The prioritization and valuation methods are beyond the
scope of the testing services research. The highest priority requirements have
the maximum priority in using testing resources, and most testing resources are
allocated to deal with the highest priority requirements (Article 3). Instances of
information system design product theory for the class of RTDMS make it easy
to track test executions and defects, because all test artifacts and defects are
bidirectionally linked to requirements. Each test execution clearly indicates
which test requirements provide the purpose for the execution and which
defects have been detected by which specific test execution. Version
management and baselining help identify the stakeholders involved with
different versions of different artifacts and the actions the stakeholders have
taken. Therefore, stakeholders can control requirements changes, analyze the
impacts of requirements changes, and revise the test processes and test plans as
necessary to meet the most important requirements and service breakdowns, as
detailed in Article 3, which has more information on this.

3.2 The most important classes of information systems for
logistics service providers

Logistics information systems facilitate logistics management. They allow
clients to acquire logistics services and conduct business transactions via the
internet (Liu, So, Choy, Lau & Kwok, 2008). The main purposes of logistics
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information systems integration are to achieve real-time capturing and sharing
of key information along the logistics service processes, process unexpected
coordination breakdowns quickly, and make logistics decisions (Prajogo &
Olhager, 2012).

Investments in IT may fail to produce expected benefits unless clients and
logistics service providers are willing to share logistics information (Fawcett,
Osterhaus, Magnan, Brau & McCarter, 2007). Effective logistics can typically be
achieved only when companies exchange not only transactional data (e.g.,
material or product orders) but also strategic logistics information helping
stakeholders to make important decisions in their operations (Li, Ragu-Nathan,
Ragu-Nathan & Rao, 2006). For example, the sales history information helps
providers to forecast demand, improving service quality and efficiency, real-
time inventory information helps providers to plan replenishment and delivery
schedules, improving service quality and reducing inventory costs (Seidmann
& Sundararajan, 1997; Lee, So & Tang, 2000). Effective knowledge sharing
necessitates frequent and intense communication between clients and service
providers and contributes to establishing cooperative relationships between
partners. Therefore, high degrees of symmetrical flows of strategic information
between partners will be likely (Klein, Rai & Straub, 2007).

A number of studies have demonstrated various benefits from information
sharing with logistics partners in terms of inventory management (Cachon &
Fisher, 2000; Lee, So & Tang, 2000; Yu, Yan & Cheng, 2001; Zhao, Xie & Zhang,
2002), improved agility and flexibility (Swafford, Ghosh & Murthy, 2008), and
reduced bullwhip effect (that causes supply chain participants far from the end
consumers to experience greater demand variations than participants close to
the end consumers) (Dejonckheere, Disney, Lambrecht & Towill, 2004).
Knowledge sharing significantly impacts the planning and delivery of logistics
services (Zhou & Benton Jr, 2007). Providers’ IT capabilities and knowledge
sharing affect the integration of logistics systems directly and the organizational
performance indirectly (Li, Yang, Sun & Sohal, 2009). Therefore, information
integration and logistic actions integration, specifically, the order management,
transportation management and warehouse management are needed for clients
and service providers. Integration of logistics systems is a crucial way to realize
these benefits and gain competitive advantage. Prajogo and Olhager (2012)
propose the integration, but their research does not present detailed guidelines
on the integration of order, transportation and warehouse management. They
do not propose the integration logistic management systems for service
providers, either.

Logistics service providers most commonly offer warehousing,
transportation, and customs brokerage services (Langley, Allen & Colombo,
2003). Traditional core competencies of logistics service providers also include
(1) booking services for air and sea freight forwarding services and (2)
preparation of tailored documentation (Liu, So, Choy, Lau & Kwok, 2008). In
sum, the most important logistics practices include freight forwarding services,
warehousing services, and transportation services. Usually, forwarding services
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are based on specific order management services. Therefore, order management
is also important for the integrated logistics systems.

Most logistics service providers in China are small or medium-sized. They
subcontract parts of their operations to other supply chain partners (Liu, So,
Choy, Lau & Kwok, 2008). Furthermore, poor communication channels (e.g., fax,
phone, and email) lead to service breakdowns (e.g., service delays, human
errors) and high operation costs. Due to these limitations, Chinese logistics
clients are often unable to obtain up-to-date status information from their
logistics service providers in real time for making timely decisions (Lu &
Kiakold, 2013).

There are few studies on small and medium-sized logistics providers in
the Chinese logistics market (Gunasekaran & Ngai, 2003b; Liu, So, Choy, Lau &
Kwok, 2008). However, these logistics service providers have become
increasingly important, because there has been a trend for logistics service
providers to participate in clients” supply chains in order to provide logistics
management (Liu, So, Choy, Lau & Kwok, 2008). Therefore, it is necessary to
improve communication and operations for small and medium logistics service
providers, which help them to offer services more effectively.

An Information System Design Product Theory for the class of Order,
Transportation and Warehouse Management Systems (OTWMS) has been
designed to help the logistics service providers to manage the logistics life-cycle
from the service initiation phase through ordering, transportation execution,
and warehouse tracking and management to service closure (Lu & Kikols,
2013). Each information system design product theory for the class of OTWMS
instance leverages database to store automated, OTWMS-generated logistics
orders; schedule, transportation, warehouse and inventory information, and
other relevant information produced during the logistics life-cycle (Lu & Kakold,
2013). Information system design product theory for the class of OTWMS
instances use the database to reuse logistics plans from previous services and
manage newly-created logistics plans. Instances of information system design
product theory for the class of OTWMS also support logistics team members’
practices and help the clients capture and track the logistics service information.
Clients and logistics providers can obtain real time information from
information system design product theory for the class of OTWMS instances,
which helps them to make decisions during the logistics life-cycle. Article 4 has
more information about this.

In order to achieve such integration, several factors need to be considered.
Firstly, client requirements need to be transformed to a detailed and executable
logistics plan. Specific transportation management and warehouse management
services must meet client requirements and deal with unexpected service
breakdowns, necessitating quick but effective creation and sharing of
knowledge within and between clients and logistics service providers (Lu and
Kékold, 2013). Clients and logistics service providers may be globally
distributed, therefore, it is difficult to conduct face-to-face meetings with clients.
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Changing client requirements or service breakdowns may require revising
contracts between clients and logistics service providers and raise service risks.

There is little theory-based guidance to help logistics service providers
and clients design and leverage such integrated systems (Lu & Ké&kold, 2013).
The logistics research draws upon a case study to create an information system
design product theory for the class of OTWMS. A complete information system
design theory (ISDT) prescribes both the product and process aspects of a class
of information systems, that is, the meta-requirements and the meta-design for
all the products instantiating the class; the kernel theories from reference
disciplines that are vital to determine what the products should do, and how
the products should be built (Walls, Widmeyer & EI Sawy, 1992). ISDTs make
the development of products more tractable for application developers by
focusing their attention and restricting their options. They also help
organizations to source products and components from commercial and open
source markets.

3.21 An information system design product theory for the class of Order,
Transportation, and Warehouse Management System

Information system design product theory for the class of OTWMS was created
in Article 4, which is based on a literature review and the analysis of the design
and use of the innovative Total Order Management (TOM) system. TOM is an
instance of the information system design product theory for the class of
OTWMS and it is developed by the case company.

“OTWMS has a logical and clear logistics service processes description that
describes drafting service plan based on clients’ requirements, signing contract,
delivering services, monitoring services and dealing with breakdowns, and evaluating
and terminating service by clients. TOM as an instance of OWTMS has additional
financial management function, which help us to manage and evaluate the service. For
example, we can get the cost and profit information from financial management.”-CI1O

The information system design product theory for the class of OTWMS
has been designed to be abstract and generic enough so that logistics providers
can use it to improve their processes and information systems, regardless of
their current practices and systems (Lu and Kakold, 2013). It may be possible for
logistics service providers to benefit from the theory for information system
design product theory for the class of OTWMS even without replacing any
existing systems. Providers can thus use even separate order management
systems, transportation management systems, and warehouse management
systems and use the theory to better integrate and organize these systems to
enable the end-to-end life-cycle (Lu & Kidkold, 2013). For example, an instance
of information system design product theory for the class of OTWMS can track
an order execution process against the logistics plan and report execution
results and/or breakdowns. It does not need to help execute specific logistics
tasks, but it needs to track and report the results of the tasks. A specific task can
be run by other logistics management tools. For example, the logistic case
company sometimes uses bought warehouse management systems instead of
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the original warehouse management systems developed by themselves for
delivery services. However, they still use TOM (an instance of information
system design product theory for the class of OTWMS developed by the case
company) to manage the entire logistics life-cycle. Therefore, the analysis of the
practices and information systems of the case company has helped the logistics
research to scope the design product theory for information system design
product theory for the class of OTWMS appropriately.

Instances of information system design product theory for the class of
OTWMS help logistics providers to prioritize and valuate logistics requirements.
The order database stores the requirements and their interdependencies. The
prioritization and valuation methods are beyond the scope of the logistics
research.

Most logistics resources are allocated to deal with the highest priority
requirements. Information system design product theory for the class of
OTWMS instances make it easy to track orders and transportation services,
because transportation and warehouse management artifacts are bidirectionally
linked to orders (Lu & Kikold, 2013). In the case company, all the stakeholders
involved in the service engagement record their actions and relevant
information to instance of information system design product theory for the
class of OTWMS, helping the order management team to manage service
provisioning and to effectively communicate with clients.

For each logistics service engagement between a client and a provider, the
used information system design product theory for the class of OTWMS
instance used indicates which orders provide the purpose for the transportation
and which warehouses are leveraged. Moreover, all practices can be tracked to
responsible team members, improving accountability and service quality.
Version management helps to identify the stakeholders involved with different
versions of various artifacts and the actions the stakeholders have taken (Lu &
K&kold, 2013). Therefore, order management teams can analyze and control the
impacts of order changes and revise the schedules and logistic plans as
necessary to meet the most important requirements and recover from service
breakdowns. Article 4 provides more details about this.

3.3 The best practices for international eSourcing service
providers

Based on the two case studies and literature reviews on eSourcing services
(Rottman and Lacity, 2004; Kakold, 2008; eSCM-SP, 2010; Plugge, Bouwman &
Molina-Castillo, 2013) as well as the best practices for eSourcing clients (Kadkold,
2008), this research generalizes the best practices framework for international
eSourcing service providers to help them establish standardization service
delivery processes, enhance service capabilities, improve service effectiveness,
and use ICT tools to effectively execute eSourcing services (Kidkold & Lu, 2015).
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This thesis employs the three main activities (domain analysis, domain
design and domain implementation) of domain engineering (Akoka, 2005, 461-
463) and the three frameworks (the work system framework, the service value
chain framework and the work system life cycle model) of service systems
(Alter, 2006, 2008) to generalize the common and variable aspects of the
eSourcing life-cycle among the two different eSourcing domains. Based on
domain analysis research, the basic elements of the eSourcing domain such as
the involved stakeholders (e.g., clients, service providers and sub-teams of the
service providers), the relationships among these stakeholders (e.g., the
relationships between clients and service providers and the relationships
among sub-teams), client requirements (e.g., requests for proposal) and service
delivery-related artifacts (e.g., service plan and solutions for service
breakdowns) have been identified. Domain design and domain implementation
research focuses on the sourcing life-cycle, on service delivery processes, on
how service providers meet client requirements in the service delivery
processes and on how they reuse artifacts to shorten service time and improve
software quality. For example, both testing and logistics service providers can
reuse artifacts from previous similar projects to draft service plans and both of
them have to deal with service breakdowns and/or clients change requirements
and create solutions for breakdowns.

Based on work system framework analysis, this study analyzes how
testing and logistic service providers deliver services within and across
organizations. Based on service value-chain framework research, the specific
delivered services and the interaction between clients and service providers are
analyzed in the testing life-cycle and logistics life-cycle. The work system life-
cycle model research helps this doctoral thesis to generalize how testing and
logistics service providers deal with service routine and service breakdowns in
the testing life-cycle and logistics life-cycle, respectively. For example, both
testing and logistics services providers need to send service-relevant
information (e.g., about service progress or service breakdowns) to clients
during the service. Clients can adjust requirements based on the information
and service providers need to relocate resources based on the revised client
requirements.

The best practices include seven phases in the entire eSourcing life-cycle
from service providers’ perspectives. Each phase contains the main activities,
ICT tools used to support the practices in each phase, preconditions and
performance measures, and the expected outcomes. FIGURE 1 presents the best
practices framework in detail.
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4 THE CLASS OF INFORMATION SYSTEMS FOR
ESOURCING SERVICE PROVIDERS

This chapter generalizes the most important class of information systems for
eSourcing service providers. It is based on the two eSourcing sub-domains
research and analyzes the common and variable aspects of the eSourcing life-
cycle among each eSourcing domain, literature reviews and the best practices
framework for eSourcing service providers. The thesis argues that the most
important class of information systems for eSourcing service providers is the
class of eSourcing requirements, delivery and completion management systems.
Sections 4.1 and 4.2 present the meta-requirements and meta-design of the class
of eSourcing requirements, delivery and completion management systems,
section 4.3 is the validation for the class of eSourcing requirements, delivery
and completion management systems. The last part is the comparison of the
class of eSourcing requirements, delivery and completion management systems
with kernel theory eSCM-SP and information systems design theory for Dual
Information Systems (DIS).

4.1 Meta-requirements of the design theory for the class of
eSourcing requirements, delivery and completion
management systems

This section generalizes the meta-requirements of information system design
product theory for the class of RTDMS and information system design product
theory for the class of OTWMA. Based on comparing the common and variable
aspects of the two sets of meta-requirements, this research generalizes the most
important business practices for the providers of eSourcing services and meta-
requirements for the class of eSourcing requirements, delivery and completion
management systems.
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411 Meta-requirements of the design product theory for the class of
eSourcing requirements and delivery management systems

The class of eSourcing requirements, delivery and completion management
systems will offer three categories of services: (1) requirements management, (2)
delivery management and (3) completion management (Table 6). Requirements
management is responsible for, requirements such as prioritization and
management. Prioritization relates to establishing priorities for requirements
based on client requirements and business risks (e.g., lowest cost, most
effective). Requirements management is responsible for a variety of issues such
as transforming client requirements to specific executable requirements,
arranging proper resources for realizing the requirements, and enabling clients
to monitor and track delivery service progress. If clients change the
requirements or there are unexpected breakdowns due to, for example,
unavailability of critical service components, requirements management should
adjust and re-prioritize the requirements as necessary. Delivery management is
responsible for delivering the service according to the agreed-upon engagement,
identifying and tracing breakdowns during the services, and reporting the
breakdowns and their impacts. Completion management is responsible for
transferring the resources to clients or third parties, and to record lessons learnt
for improving future services.

TABLE 6 A framework for categorizing the services of the design product theory for
the class of eSourcing requirements, delivery and completion management

systems

Requirements management

Delivery management

Completion
management

1 Based on business priorities
and risks, prioritize a
requirement

2 To reduce duplication,
collect requirements from
previous similar services

3 Manage interdependencies
between requirements and
align requirement, delivery,
and related resources

4 Provide clients with
requirements status

1 Monitor delivery
progress against the
service plan

2 Report execution
results and delivery
breakdowns

3 Collect metrics and
identify and track
breakdowns during
the services

4 Generate a delivery
results report

1 Transfer the
resources to clients or
third parties

2 Record lessons learnt
for future services

In the initiation phase, both testing service providers and logistics service
providers need to analyze the request for proposal (RFP) from clients and the
documented requirements for the service. They need to analyze RFP and
requirements to create a business case for estimating the profitability of the
service. If the service is profitable, the providers will draft service plans to bid.
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Clients will analyze the plans, choose the proper service providers, sign the
contracts and transfer necessary resources to service providers. Service
providers will arrange proper employees for the service and offer training to
develop the necessary skills for them. Therefore, in the initiation phase, both
testing service providers and logistics service providers need to analyze clients’
requirements and transform clients’ requirements to executable requirements.
They prepare resources and arrange proper employees for the service.

Requirements analysis and management are the main activities through
the eSourcing life-cycle. Both information system design product theory for the
class of RTDMS and information system design product theory for the class of
OTWMS support requirements prioritization and management during the
sourcing life-cycle. The requirement database enables information system
design product theory for the class of eSourcing requirements, delivery and
completion management systems to manage prioritized requirements and
provide real-time requirements information and associated delivery and
breakdown information to evaluate the service quality and progress.
Furthermore, bidirectional traceability is supported between requirements and
delivery information artifacts across the eSourcing life-cycle.

In the delivery phase, information system design product theory for the
class of eSourcing requirements, delivery and completion management systems
supports track and record delivery information to the database. All the business
practices are used to deliver services to meet client requirements and the
request for proposal (RFP). For example, information system design product
theory for the class of RTDMS instances support testing service providers to
execute testing services and defect management, and information system
design product theory for the class of OTWMS instances support logistics
service providers to deliver cargo and offer warehouse management services.
Therefore, delivery teams are responsible for executing specific delivery
services in the eSourcing life-cycle. Clients and service providers can track the
delivery process and obtain the relevant information in a timely manner
through information system design product theory for the class of eSourcing
requirements, delivery and completion management systems. The delivery
processes include various stakeholders. The execution of the delivery services
involves the coordination of the flow of information, services, knowledge
transfer and related activities among the stakeholders. Therefore, it is important
to manage the life-cycle effectively to meet the delivery performance
expectations of the stakeholders.

Instances of information system design product theory for the class of
RTDMS and information system design product theory for the class of OTWMS
support effective communication and get timely information on the services for
clients and service providers, which makes the service process transparent and
seamless. Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems provides support
for clients and service providers to communicate effectively and seamlessly
throughout the delivery phase. For example, the information about the
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requirements that have been met can be shared with stakeholders to adjust
resource allocation. In addition, information system design product theory for
the class of eSourcing requirements, delivery and completion management
systems enables clients and service providers to deal with breakdowns quickly.
For example, whenever a service is delayed, clients and service providers need
to find out the reasons for the delay and inform each other to come up with
possible solutions. Information system design product theory for the class of
eSourcing requirements, delivery and completion management systems records
all the breakdowns and solutions to help both clients and service providers to
improve their performance.

Whenever service breakdowns happen, information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems will send relevant information to the
stakeholders who need to communicate with clients and adjust the service
plans as necessary. Clients will estimate the impacts of breakdowns and decide
whether to change their requirements or service plan. If they change the
requirements, they have to adjust the service plan and negotiate with service
providers as necessary.

The completion phase starts once clients have received the services that
they need. Service providers can then prepare for transferring the services to
the clients or third parties. Clients need to check the services to determine
whether they meet the service closure conditions. If the conditions are met, the
engagement between the client and the service provider can be closed. The
client needs to pay for the services according to the original agreement and the
realized service quality (e.g., on time and within the budget). When the service
provider’s financial department receives the payment, the service provider can
close the engagement, summarize the lessons learnt, and compare the
performance during the engagement with earlier measurement results to
improve their service capabilities. For example, information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems should be able to benchmark the performance
with domain-specific industry standards and previous performances and report
the results to delivery teams and other stakeholders.

Both information system design product theory for the class of RTDMS
and information system design product theory for the class of OTWMS store
relevant artifacts to the database for future reuse in the completion phase.
Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems stores relevant
information artifacts to the database for future reuse. The artifacts to be stored
include requirements, schedules, service plans, and metrics, helping service
providers to improve their delivery management and performance. The change
management part is optional in both information system design product theory
for the class of RTDMS and information system design product theory for the
class of OTWMS. Information system design product theory for the class of
eSourcing requirements, delivery and completion management systems has
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also the change management part to deal with clients’ change requirements.
Therefore, it summarizes and generalizes the common parts of information
system design product theory for the class of RTDMS and information system
design product theory for the class of OTWMS.

4.2 Meta-design of the design product theory for the class of
eSourcing requirements, delivery and completion
management systems

Requirements, Delivery and completion artifacts are managed by the
information system design product theory for the class of eSourcing
requirements, delivery and completion management systems. Requirements are
associated with the Delivery and Completion management artifacts. The
following parts will explain the relationships between these artifacts.
Requirements are based on client requirements and RFPs. Each requirement
needs at least one delivery service to complete it. Each delivery service links
with at least one requirement.

Based on Lu and Ké&kold (2014), this section introduces generic structures
and attributes of the class of requirements management, delivery management
and completion management artifacts presented above. According to the design
product theory, the class of eSourcing requirements, delivery and completion
management systems should include at least these structures and attributes to
be effective.

4.21 Information model for the eSourcing Requirements, delivery and
completion management process

In order to design an effective eSourcing requirements, delivery and completion
management process, the thesis defines the information model for the process.
Figure 2 presents a simple and generic model based on the literature review
(Rottman and Lacity, 2004; Kakold, 2008; eSCM-SP, 2010; Plugge, Bouwman &
Molina-Castillo, 2013) and on a detailed examination of the information
management process from the case companies.

Client ;I Requirement |

Requirement / 3

| Delivery Target M Delivery |

Completion |4 I Delivery Execution |

FIGURE2  Information model of the meta-design of the design product theory for the
class of eSourcing requirements, delivery and completion management
systems
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It consists of six classes of artifacts used in the process: Client Requirement,
Requirement, Delivery, Delivery Target, Delivery Execution, and Completion.
Each artifact is related to at least one artifact to support traceability and
hierarchical management during the life-cycle (e.g., each artifact has a number
of versions as the service progresses).

The Client Requirement artifacts are used for documenting specific
requirements from clients and the external environment in general. Internal and
external requirements are separated to meet the meta-requirements for the
eSourcing services and information security. For example, Client Requirement
maybe focuses on the strategic importance of business requirements for
competitive advantage. One Client Requirement can be met by several
Requirements. Therefore, Client Requirements are high-level and abstract
requirements. Access rights for Client Requirements and Requirements should
be clearly defined before the service initiation to deal with information security
concerns.

The Requirement artifacts deal with the internal requirements developed
by service providers to realize Client Requirements. Separating Client
Requirements and Requirements can facilitate change management during the
service process. Client Requirement artifacts can be changed when service has
breakdowns. Clients need to negotiate with service providers before they
change the service plans in ways that necessitate changes in Requirements.
Service providers have to estimate the risks associated with the changes and
analyze the impacted Requirement artifacts. If the impacted Requirement
artifacts need to be changed and significant additional workload results, service
providers need to renegotiate the contracts with clients.

Delivery artifacts respond to and meet the needs specified in one or more
Requirement artifacts. For example, each Requirement artifact has a respective
delivery plan and delivery results. Delivery plans and delivery results are
associated with, respectively, specific delivery schedules and detailed delivery
reports. Delivery artifacts are the detailed inputs for and outputs of Delivery
Execution. Each delivery execution implements the associated delivery plan
and is documented by a Delivery Execution artifact.

Delivery Target artifacts document the artifacts (e.g., system and software
components) to be delivered in the services. As the service progresses, each
version of the deliveries artifacts is recorded by Delivery Target artifacts. Each
Delivery Target artifact is associated with Requirement, Delivery and Delivery
Execution artifacts.

Delivery executions, recorded by Delivery Execution artifacts, validate
whether the delivery target meets the associated requirements. They can be
created and managed as hierarchical structures (e.g., component delivery, and
system delivery). The delivery execution processes may reflect business
processes or product architectures. Delivery Execution is the largest artifact in
the information model containing implementation, workflow, validation and
verification.
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Delivery Execution artifacts are associated with Completion, Delivery
Target and Delivery artifacts. For each newly-found service breakdown, service
providers need to create a respective Completion artifact and document its
associations with Delivery Execution artifacts for traceability. After clients and
service providers have repaired the service breakdown, service providers start a
new delivery cycle. They need to ensure the service breakdown won’t reoccur.

Completion artifacts document the delivery results and record service
breakdowns and solutions.

Client Requirements are associated with one or more Requirements, which,
in turn, are linked to one or more Delivery artifacts. Abstract Client
Requirements typically represent business problems. Refining Client
Requirements to detailed enough Requirements facilitates process management
and better estimation of project costs, schedules, and required resources.
Delivery artifacts and Delivery Execution artifacts describe implementable
solutions to the associated Requirement artifacts. Delivery Target artifacts
describe the versions of executed Delivery targets. Completion artifacts are
linked to Delivery Execution artifacts.

4.2.2 Requirements

This section describes the meta-requirements of the design theory for the class
of eSourcing requirements, delivery and completion management systems.
Figure 3 visualizes how the meta-design covers the eSourcing life-cycle. Table 7
presents the generic structure of requirements artifacts. In the following, each
class within the structure is explained.

TABLE7 Generic Structure of Requirements Artifact

Class Questions Attributes

Description What is the requirement | Name, ID, Description,
about? Required date and time

of delivery, Rationale

Origin Which client Author, Source, Date of
requirements does the creation
requirement refer to?

Analysis What are the Status, Required effort,
implications of the Priority, Scheduled date
requirement? and time of delivery

Workflow What should be done to | Assigned Delivery
this requirement next? services, Responsible
By whom? person, Realized

requirement closure date
and time

History What has been done to Information about all
the requirement artifact? | prior edits, editors, and
When? changes
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Description describes what a requirement is about, the purpose of the
requirement, and the schedule for the requirement delivery. If there are service
breakdowns that lead to change requirements, clients may send a new
requirement and providers need to renew the service plans to execute the
services. Name and ID are used for identification and traceability.

Origin describes the client requirements the Requirement is based on. One
client requirement may be transformed to several executable Requirements.

Analysis is used to probe the implications of the Requirement. Priority is
used to rank Requirements and arrange suitable resources and efforts. During
the service delivery phase, status can be used to check the Requirements status
(e.g., delivered or not).

Workflow describes what should be done next to this Requirement and by
whom. Requirements management teams need to allocate each Requirement to
one or more Delivery management services.

History is used to provide information about the responsible managers and
all prior edits of Requirement attributes. As a result, the stakeholders can be
held accountable for their actions and unexpected service breakdowns can be
dealt with effectively. Changed Requirements may necessitate unexpected
revisions of services plans and raise service risks. History information helps
service providers to proactively eliminate many breakdowns and to recover
from breakdowns.

4.2.3 Delivery

Table 8 presents the generic structure of delivery artifacts.

Description describes the purpose of an executed Delivery. Process
indicates the processes needed for the Delivery service. These processes include
the expected results and any service breakdowns.

Origin describes the Requirement(s) the Delivery service refers to. One
Requirement may need more than one Delivery service.

Analysis is used to probe the implications of a Delivery service. If the
Delivery has any breakdowns, it includes the reasons and impacts of the
breakdowns and effects of solutions. This information can also be reused to
help service providers and clients optimize service plans and improve service
effectiveness in future. Priority describes the priority of the Delivery service,
and status refers to the Delivery progress (e.g., routine, pause by breakdown or
repairing breakdown). Required effort describes the Delivery costs, time, and
resources, which can be used to calculate the total service cost of an engagement.
This information can be reused to estimate the profitability and feasibility of
future engagements.

Delivery methods provide traceability links to the tools and methods that
are used in the Delivery services.

Workflow describes who is responsible for Delivery processes and the
realized time of Delivery. If it has a breakdown, it includes the processes that
should be taken to provide the Delivery and the responsible stakeholders. The
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delivery team needs to communicate with the requirement team and form a
reasonable solution for breakdowns.

TABLE 8 Generic Structure of Delivery Artifact
Class Questions Attributes
Description What is the delivery Name, ID, Description,
service about? Rationale, Process,
Required date and time
of delivery
Origin Which requirement does | Author, Source
the delivery service refer | requirement, Date of
to? execution
Analysis What are the Status, Required effort,
implications of the Risk, Priority, Scheduled
delivery service? date and time of delivery
Delivery methods Which tools and delivery | IDs of tools to be used
methods are involved in
this delivery service?
Workflow What should be done to | Allocation to delivery
this delivery service team members,
next? By whom? Responsible person,
Realized date and time
of delivery
History What has been done to | Information about all
this delivery artifact? prior edits, editors, and
When? changes

424 Completion

Table 9 presents the generic structure of completion artifacts.

Description describes the purpose of the Completion. Process indicates the
processes needed for the Completion service and includes transition resources
to clients or third parties, summarizing the knowledge learned from the
services.

Origin describes the Requirement(s) and the Delivery service refers to. One
Completion may associate more than one Requirement and to a Delivery
service.

Analysis is used to probe the implications of a Completion service. Service
providers need to ensure all the Requirements have been met, and services have
been delivered based on the contract. Priority describes the priority of the
Completion service, and status refers to the Completion progress (e.g.,
transition resources, payments received). Required effort describes the
transition resources to clients or third parties, summarizing the knowledge
learned from the services. That knowledge can be used to improve service
capabilities and the feasibility of future engagements.
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Workflow describes who is responsible for Completion processes and the
realized time of Completion.

History is used to provide information about the completion services. As a
result, the stakeholders can check service quality, summarized knowledge,
reused artifacts from the database, and information related to service quality.
History information helps service providers to estimate service quality and to
enhance service capabilities.

TABLE 9 Generic Structure of Completion Artifact

Class Questions Attributes

Description What is the completion | Name, ID, Description,
service about? Rationale, Process,

Required date and time
of completion

Origin Which requirement and | Author, Source
delivery does the requirement, Date of
completion service refer | execution
to?

Analysis What are the Status, Required effort,
implications of the Risk, Priority, Scheduled
completion service? date and time of

completion

Workflow What should be done to | Allocation to delivery
this completion service team members,
next? By whom? Responsible person,

Realized date and time
of delivery

History What has been done to Information about all
this completion artifact? | prior edits, editors, and
When? changes

4.3 Validating and scoping the design product theory for the
class of eSourcing requirements, delivery and completion

management systems

This section validates the design product theory for the class of eSourcing
requirements, delivery and completion management systems and scope it.
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4.3.1 Validating and scoping the design product theory for the class of
eSourcing requirements, delivery and completion management
systems

According to the representatives of the case companies, information system
design product theory for the class of RTDMS and information system design
product theory for the class of OTWMS incorporate the designs of the
eSourcing life-cycle processes and information systems that have helped the
companies to transcend the limitations of the mediated eSourcing business
model in the respective domain (Lu & Kikold, 2014). As a result, they have
gained more profitable contracts and established direct communication with the
end clients. The associated databases support each information system design
product theory for the class of RTDMS and information system design product
theory for the class of OTWMS instance, respectively, and accumulate the
knowledge and lessons learnt from the services, helping the case companies
enhance their service capabilities.

Specifically, an information system design product theory for the class of
RTDMS instance aligns test requirements and related test cases and defects,
which helps test teams to monitor service progress and to locate defects
efficiently in the service. The information system design product theory for the
class of RTDMS instance sends real time defects information to testers and
clients, so that all the involved stakeholders can communicate with each other
as necessary, thus making the testing service process and corporation
transparent and seamless. Before Ltesting used an information system design
product theory for the class of RTDMS instance, test teams needed to collect the
defects and send them to clients in regular batches (e.g., each hour), creating
unnecessary delays. Clients had to repair the defects without sufficient
background information. For example, clients did not necessarily know the
relationships of the defects to test requirements, the times when test teams had
run particular test cases, and the order of test case execution. Therefore, the
availability of defect information and aligned requirements and test cases
reduce the costs incurred by service providers and clients during the eSourcing
life-cycle.

The associated databases have offered the case company defect
information from previous similar projects and helped clients to repair defects
quickly, which has impelled clients to outsource larger and longer-term
contracts to Ltesting. Ltesting gains more profitable contracts and establishes
strategic relationships with clients. For example, in 2009, the case company
gained some important clients in the Chinese market (e.g., CICC) and got a long
term contract from a French client, and the tested systems for Irish customs and
tax systems.
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The HP Quality Center (QC), a commercially available integrated
requirements, test and defect management product, served as an instance of
information system design product theory for the class of RTDMS in the case
company. It required clear access rights for the different roles involved, causing
some trouble for Ltesting in the early stages of its adoption of information
system design product theory for the class of RTDMS. Depending on the project
characteristics and the financial pressure, sometimes test analysts and test
managers have to do testers” work. Information system design product theory
for the class of RTDMS has impelled Ltesting to improve its organizational
structure and, specifically, service team structure. They have established
independent measure management teams, quality assurance teams and
configuration management teams, facilitating the provisioning of more
comprehensive and professional services.

“All the test projects use QC or other similar test platforms, but the other
platforms mainly focus on test management or defect management. QC is the best
because it can also offer complete requirements management and defect management
services. The specific test tools can run on this platform, but they can also run on other
platforms, so based on QC we can better control the entire service life-cycle. ”-CEO

“QC is a good instance of RTDMS. We rely on it to improve our performance,
which helps us to improve communication and service effectiveness. Clients are satisfied
with our service quality improvement and want to give better contracts to us, which
means larger and more profitable projects.” -CEO

The case company always tries to get permission from clients to use QC to
manage the services, because it can cover the entire life-cycle and offer
comprehensive test management, which is convenient for both service
providers and clients. Isolated management tools (e.g., requirements
management or defect management tools) cannot offer comprehensive testing
environment and context information (e.g., related test cases and requirements)
for clients and service providers. This would impact on service progress.

“For example, isolated defect management tools cannot offer comprehensive test
environment and background information for clients, which is not helpful in repairing
defects and improving service effectiveness. Sometimes clients have to ask this
information to repair defects. If requirements management tools do not link with
relevant test cases or defect, it is also difficult for us to estimate the service progress and
service quality. When the information from hundreds of previous projects has been
examined and compared after we have used QC in our services, the service quality has
been seen to improve a lot. Most of other testing management tools focus on defect
management, they do not have enough support for requirement management and test
management.” - CEO

PGL has developed an information system design product theory for the
class of OTWMS instance for executing effective logistics services. When an
order is generated, information system design product theory for the class of
OTWMS instance provides the transportation team and the warehouse
management team with the order information in real time, so they can prepare
for service delivery proactively. Clients can get all the information they need
whenever they need it, based on the order number. For example, they can easily
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track cargo information. Information system design product theory for the class
of OTWMS has thus helped PGL to gain clients” trust and more contracts that
are profitable.

“Without the help of OTWMS, it would be impossible to deal with breakdowns in
one hour. This system enables us to communicate with all stakeholders, including
clients in real time, which is crucial to deal with breakdowns effectively.” - An order
manager

“The timely information enhances our transportation and warehouse
management effectiveness, helping us to have a better performance in the service life-
cycle. OTWMS helps us to make the life-cycle transparent and seamless, so we can earn
clients’ trust and establish strategic relationships with them.” -CIO

The information system design product theory for RTDMS and
information system design product theory for the class of OTWMS contribute in
their respective domains and thus help the case companies to transcend the
limitations imposed by the mediated sourcing business model. The class of
eSourcing requirements, delivery and completion management systems is
based on and partly validated by information system design product theory for
the class of RTDMS and information system design product theory for the class
of OTWMS, so it can be expected to facilitate small and medium-sized
eSourcing service providers in overcoming the limitations imposed by the
mediated sourcing business model.

4.3.2 Evaluating the quality of the design product theory for the class of
eSourcing requirements, delivery and completion management
systems

There are multiple views of theory in information systems research. Gregor
(2006) identifies five interrelated types of theory: (1) theories for analyzing, (2)
theories for explaining, (3) theories for predicting, (4) theories for explaining
and predicting, and (5) theories for design and action. Weber (2012) establishes
strict criteria for theories and ascribes the term “theory” only to theories for
explaining and predicting. The criteria to evaluate the quality of theories extend
across the perspectives of importance, novelty, parsimony, level and
falsifiability. The design product theory for the class of eSourcing requirements,
delivery and completion management systems is a type 5 theory for design and
action (Gregor, 2006), making the design and implementation process more
tractable for developers and sub-domains (c.f., Markus, 2002). The following
part (Table 10) evaluates the design product theory for the class of eSourcing
requirements, delivery and completion management systems based on the
criteria established by Weber (2012).
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TABLE10  Summary evaluation of Information system design product theory for the class
of eSourcing requirements, delivery and completion management systems

Importance | The created information system design product theory for the
class of eSourcing requirements, delivery and completion
management systems that was created offers as generalizable
scientific knowledge as possible about the most important
business practices for eSourcing service providers from the
viewpoint of service provisioning, breakdown recovery, and the
redesign of the eSourcing life-cycle. eSourcing service providers
can use it to establish domain-specific design product theories
and to instantiate them into information systems that support
the design, service provisioning, and breakdown recovery
within the eSourcing life-cycle.

Novelty The meta-requirements and the meta-design of the information
system design product theory for the class of eSourcing
requirements, delivery and completion management systems is
well organized to meet the needs of service providers but also
helpful for clients for implementing eSourcing life-cycle
management and estimating service providers’ capabilities. To
our knowledge, the extanting literature provides little
theoretical guidance for managing requirements, delivery, and
completion knowledge during the life-cycle.

Parsimony | The design product theory for the class of eSourcing
requirements, delivery and completion management systems
has been designed to be abstract and generic enough to allow
services providers use it to improve their processes and
information systems regardless of their current practices and
systems. It may be possible for the providers to benefit from the
theory even without replacing any existing systems. Service
providers can thus use even separate requirements management
systems, delivery management systems, and completion
management systems while using the theory to better integrate
and organize these systems for enabling the end-to-end life-
cycle. Therefore, it is parsimonious.

Level The theory is framed at a broad level as a broad-range theory.
The range of phenomena theory covers is the entire eSourcing
life-cycle.

Falsifiability | The research validates information system design product
theory for the class of eSourcing requirements, delivery and
completion management systems through validating the
information system design product theories for the class of
RTDMS and the class of OTWMS, which specialize the abstract
class for the subclasses in their specific domains. This research is
limited by the single Chinese eSourcing context and the single
case study in specific domains.
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4.4 Comparison of the information system design product theory
for the class of eSourcing requirements, delivery and
completion management systems with the kernel theories

This section compares the information system design product theory for the
class of eSourcing requirements, delivery and completion management systems
with the kernel theories to clear the contributions of this doctoral thesis.
eSourcing Capability Model for Service Providers (eSCM-SP) and Information
Systems Design Theory (ISDT) for Dual Information Systems (DIS) are the
kernel theories of this research. With the help of comparison, this section
presents the contributions and limitation of this doctoral thesis.

44.1 Comparison of the information system design product theory for the
class of eSourcing requirements, delivery and completion management
systems with eSCM-SP

This research uses eSCM-SP V2, the latest version of the eSCM-SP model, as the
reference model. The eSCM-SP life-cycle involves three phases. (1) Initiating an
engagement: gathering and negotiating requirements with a client, contracting,
and designing, resourcing, and deploying the service. (2) Service is delivered
according to the commitments established for the engagement. (3) The
engagement is completed primarily by transitioning the resources from the
service provider to the client or to a third party (eSCM-SP, 2010). Ongoing
practices are carried out throughout the eSourcing life-cycle to perform
management functions. The three phases and the ongoing practices cover ten
capability areas (e.g., knowledge management, threat management,
performance management), and there are specific practices in each phase.
eSCM-SP does not include the information systems to support involved
stakeholders practices during the eSourcing life-cycle, but information system
design product for the class of eSourcing requirements, delivery and
completion management systems offers support for the entire eSourcing life-
cycle from initiation through delivery to completion phase, partly supporting
ongoing practices.

In the initiation phase, a client provides a request for proposal (RFP) and
documented requirements for the project. The service providers need to analyze
the proposal and requirements to create a business case for estimating the
profitability of the service. If the service is profitable, the service providers will
draft service plans to bid. Clients will analyze the plans, choose the proper
service providers, sign the contracts and transfer necessary resources to the
service providers. The service providers will arrange proper employees for the
service and offer training to develop the necessary skills.

Requirements analysis and management are the main activities through
the eSourcing life-cycle. The requirement database enables information system
design product theory for the class of eSourcing requirements, delivery and
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completion management systems to manage prioritized requirements and
provide real-time requirements information and associated delivery and
breakdown information to evaluate the service quality and progress (Lu &
Kakold, 2014). The information system design product theory for the class of
eSourcing requirements, delivery and completion management systems collects
previous relevant artifacts from each engagement between a service provider
and a client. Service providers analyze the client requirements and search for
relevant artifacts to reduce time and costs involved in creating a suitable service
plan and to estimate the service price and the required time and resources
based on previous experiences. After that, they draft the service plan and bid.
Furthermore, bidirectional traceability is supported between requirements and
delivery artifacts across the eSourcing life-cycle.

In the delivery phase, delivery teams are responsible for executing specific
delivery services. Clients and service providers can track the delivery process
and obtain the relevant information in a timely manner through information
system design product theory for the class of eSourcing requirements, delivery
and completion management systems (Lu & K&kold, 2014). The process
includes various stakeholders. The execution of the process involves the
coordination of the flow of information, services, and related activities among
the stakeholders. Therefore, it is important to manage the life-cycle effectively
to meet the delivery performance expectations of the stakeholders.

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems is expected to
support the entire eSouricng life-cycle for sharing information, thus, enabling
clients and service providers to communicate effectively throughout the
delivery phase. For example, the information about what requirements have
been met can be shared with stakeholders to adjust resource allocation. In
addition, information system design product theory for the class of eSourcing
requirements, delivery and completion management systems enables clients
and service providers to deal with breakdowns quickly. For example, whenever
a service is delayed, clients and service providers need to find out the reason for
the delay and inform each other for reaching possible solutions. Information
system design product theory for the class of eSourcing requirements, delivery
and completion management systems records all the breakdowns to help both
clients and service providers to improve their performance.

The completion phase starts when clients have received the services they
need. Service providers can then prepare for transferring the services to the
clients or third parties. Clients need to check the services to determine whether
they meet the service closure conditions. If the conditions are met, the
engagement between the client and the service provider can be closed. The
client needs to pay for the services according to the original agreement and the
realized service quality (e.g., on time and within the budget). Once the service
provider’s financial department has received the payment, the service provider
can close the engagement, summarize the lessons learnt, and compare the
performance during the engagement with earlier measurement results to
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improve their service capabilities. For example, information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems should be able to benchmark the performance
with domain-specific industry standards and previous performances and report
the results to delivery teams and other stakeholders (Lu & K&kold, 2014).

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems stores relevant
artifacts to the database for future reuse. The artifacts to be stored include
requirements, schedules, service plans and metrics, helping service providers to
improve their delivery management and performance.

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems supports the
entire eSourcing life-cycle but it cannot support high levels of eSCM-SP
practices, because most Chinese providers are in relatively early phases of
eSourcing capability development (Oshri, Kotlarsky, Rottman, & Willcocks,
2009) and thus cannot use the most advanced practices of eSCM-SP. For
example, the people management practice ppl01, Encourage Innovation, is used
to encourage organization to establish and implement a policy to support
innovation (eSCM-SP, 2010). Both clients and service providers can benefit from
innovation because “process and service innovation can improve
providers” performance and deliver the improved value to clients” (eSCM-SP,
part 2, 2010, 50). Furthermore, the Encourage Innovation practice can create
new business opportunities and improve client satisfaction. Information system
design product theory for the class of eSourcing requirements, delivery and
completion management systems cannot offer support for this practice, but it
supports change management and stores the responding solutions for the
change management. The change management may be reasoned from clients
change requirements, or both clients and service providers deal with service
breakdowns. Therefore, the responding solutions for the change management
can be used for redesigning the eSourcing life-cycle as necessary, proactive
elimination of some breakdowns, and effective long-term enactment of routines
(Kdkold and Taalas, 2008).

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems only supports
part of the ongoing services of eSCM-SP. Ongoing practices include six
capability areas: knowledge management, people management, performance
management, relationship management, technology management, and threat
management. Relationship management and technology management are
missing from information system design product theory for the class of
eSourcing requirements, delivery and completion management systems because
it has been designed to be abstract and generic enough to allow eSourcing
providers use it to design domain-specific information systems and improve
their processes and information systems regardless of their current practices
and systems. For example, information system design product theory for the
class of eSourcing requirements, delivery and completion management systems
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can track the requirements execution process against the service plan and report
execution results and breakdowns. It does not need to execute specific tasks, but
it needs to track and report the results of the tasks. Specific tasks can be run by
using other management tools. For example, the testing case company uses QC
to manage the entire testing life-cycle, but sometimes they use RequisitePro as a
separate requirements management tool in the services, because the functions
of QC are not as good as the respective functions of the competing tools.
Therefore, the analysis of the practices and information systems of the case
companies has helped this research to scope the design product theory for
information system design product theory for the class of eSourcing
requirements, delivery and completion management systems appropriately.

4.4.2 Comparing information system design product theory for the class of
eSourcing requirements, delivery and completion management
systems with information systems design theory for Dual Information
Systems

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems and Information
Systems Design Theory (ISDT) for Dual Information Systems (DIS) are both
ISDT for the abstract class of information system, because they are not
supposed to have instances and build instances for practice.

The meta-design of information systems design theory for DIS has three
layers: knowledge-base layer, business-system layer and project-system layer.
The meta-design of information system design product theory for the class of
eSourcing requirements, delivery and completion management systems covers
entire eSourcing life-cycle and has corresponding practices in the three layers.

In the knowledge-base layer, information system design product theory
for the class of eSourcing requirements, delivery and completion management
systems stores current and historical artifacts to the database for future reuse.
The artifacts to be stored include requirements, schedules, service plans, and
metrics, which are used to help providers to improve their delivery
management and performance in the services. The artifacts are stored in an
abstracted form, because domain-independent artifacts are on the level of life-
cycle and functional roles, not on the level of individual requirements or
delivery. On the domain-specific level, for example, in information system
design product theory for the class of RTDMS and information system design
product theory for the class of OTWMS, the stored artifacts could enlarge to
include specific and detailed information, such as specific service breakdowns,
the reasons for breakdown and solutions (Lu & Kikold, 2014). “The knowledge-
base layer of information systems design theory for Dual Information Systems
is a repository of explicit work and IS design knowledge in the knowledge-base
layer of a hypertext organization." (Kdkold & Taalas, 2008, 4) Therefore,
information systems design theory for DIS and information system design
product theory for the class of eSourcing requirements, delivery and
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completion management systems have similar support for knowledge creation,
storage, dissemination and reuse.

In the business-system layer, information system design product theory
for the class of eSourcing requirements, delivery and completion management
systems supports the end-to-end eSourcing services. Information related to
client requirements is stored in the database. Information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems supports information sharing among
stakeholders, therefore, clients and service providers and the internal service
teams can communicate with each other (Lu & K&kold, 2014). The resources are
allocated based on the priority of requirements. Unexpected breakdowns are
inevitably among routines for several reasons: (1) clients’ change of
requirements, (2) technological problem, and (3) poorly designed service plan
and schedule. Breakdown management collects information on breakdowns
and the reasons for them, and stores them in the database. Generally, the
corresponding solutions for breakdowns should be approved by clients before
using them in the services, and the solutions could also be reused in future
services. Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems stores the
historical information on the services breakdowns and corresponding solutions
in order to improve the service provider's performance and service
effectiveness in the services. The service provider’s performance is monitored
during the services, and the collected metrics could help service providers to
get close to the best practices and to improve the service quality (Lu & K&kols,
2014). Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems supports flexible
service processes during the life-cycle. For example, if clients change
requirements and/or deal with serious breakdowns, the service providers need
to redesign the service plan and adjust the responding resources allocation as
necessary. In addition, information system design product theory for the class
of eSourcing requirements, delivery and completion management systems
supports relatively autonomous sub-teams using integrated information
systems to coordinate and execute complex workflows and manage
breakdowns in the workflows. “Actors on the business-system layer draw on
services of the business-system layer of Dual Information Systems to learn,
enact, and coordinate activities, to zoom in on the details of their work, and to
deepen their understanding of the computerized aspects of work in order to
handle unexpected (coordination) breakdowns.” (Kdkold & Taalas, 2008, 4)
Therefore, both information systems design theory for DIS and information
system design product theory for the class of eSourcing requirements, delivery
and completion management systems offer support in the business-system
layer to execute routines and deal with breakdowns.

In the project-system layer, information system design product theory for
the class of eSourcing requirements, delivery and completion management
systems supports involved teams to deliver services, and partly supports
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service providers to access and redesign the eSourcing services plan with clients,
because the redesign actions are initiated when serious breakdown happened
and clients require a redesign of the delivery schedule or service plan.
Therefore, information system design product theory for the class of eSourcing
requirements, delivery and completion management systems could provide
support to redesign life-cycle as the business-system layer supports as
information systems design theory for DIS. Service providers’ performance can
be measured by industry metrics and, benchmarks, and their performance can
be monitored during the sourcing life-cycle. The knowledge of the current and
historic business practices should be available for performance and redesigning
processes. This information is stored in the database. “Self-organizing project
teams on the project-system layer use services of the project-system layer and
the knowledge-base layer of information systems design theory for DIS to
produce innovative work and IS (re)design that can be enacted on the business-
system layer.” ( Kdkold & Taalas, 2008, 4) Information systems design theory for
DIS supports redesign of work and information systems, and information
system design product theory for the class of eSourcing requirements, delivery
and completion management systems partly supports service providers and
clients to redesign projects and replan the services when serious breakdowns
have taked place or clients require a redesign of the delivery schedule or service
plan. The solutions for breakdowns can be used for redesigning the eSourcing
life-cycle as necessary, proactive elimination of some breakdowns, and effective
long-term enactment of routines (Kidkold and Taalas, 2008).

Information systems design theory for DIS presents the layer of redesign,
but it does not show how the involved roles offer support to each other to
redesign the process. Information system design product theory for the class of
eSourcing requirements, delivery and completion management systems can
support the involved teams’ members to redesign the processes. eSourcing
service providers perform requirement and delivery practices during the
services. Benchmarking helps them to get the best practices and compare their
performance with the metrics. Standardized reports and metrics could help
them to measure their performance in the services. During the sourcing life-
cycle, service teams’” performance is monitored, and the metrics can be collected
during the services. Knowledge-base layer stores the information about all the
services-related details, and project-system layer could analyze the data before
and during the services. Therefore, service providers could use the information
referred to above and modeling services to improve their service process,
and/or innovate new processes, and/or information system designs that
leverage the lessons learnt from benchmarking and suit the new clients or new
client requirements. If the new solution has been approved by clients, the
generated process can be used in the services to improve service quality. If it is
necessary to change the process in the business-system layer, the stakeholders
should get the training materials and relevant documents. The materials can be
constructed using the authoring service and the team members can only access
the authored materials.
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In the testing case research, the service providers did not have the support
teams during the early period. The measurement management, configuration
management and quality assurance management teams were missing from
their early services, but their work was performed by the testing team. For
example, testers were responsible for testing assignments and collecting metrics
during the services. There are several potential risks if service providers lack
measurement management, configuration management or quality assurance
management in the services: (1) if the schedule is tight and time is limited in the
services, testers might ignore the metric collection assignments, (2) as the
service progresses, testers and test managers might not align configuration
items as they should, and (3) testing team might not switch the roles between
testing services and quality management in time to ensure testing service
quality.

To improve their service quality and meet clients requirements, the case
company used the reference models (e.g.,, CMMI, Rational Unified Process) to
redesign their services team structure and added independent configuration,
measurement and quality assurance management teams to the whole service
teams. The information systems were also revised. For example, the authorities
for different roles are clearer than before, and testers do not need to collect
metrics information any more. Testing service providers are responsible for
planning and delivering services, the sub-teams (e.g., measurement and quality
assurance management teams) are able to use the integrated information
systems to collect meaningful data about routines and breakdowns, data that is
vital for improving and redesigning the routines. Therefore, the sub-teams
could offer comprehensive and objective information to each other for
redesigning the processes.

In the logistics case research, the case company redesigned the service
processes from 2003 onwards because the original service couldn’t meet client
requirements (e.g., offer specific information on service delivery and service
breakdowns). They developed TOM systems in order to offer specific
information and meet clients’ requirements. After that, all their departments’
(e.g., warehouse management, transportation management) delivery services
were based on the TOM systems. TOM is an instance of information system
design product theory for the class of OTWMS, which has improved the service
efficiency and reduced the service time.

Therefore, information system design product theory for the class of
eSourcing requirements, delivery and completion management systems
supports redesigning of information systems and work in the project-system
layer. It helps stakeholders to attend the sourcing life-cycle in order to share
knowledge of the service processes within and between service providers” sub-
teams and clients, crystallize it into work systems and information systems
(Alter 2006) that offer better services for clients, offer management for the whole
life-cycle on a high level, create knowledge and share it through the knowledge-
base and business-system layers to allow it to be applied effectively across
organization boundaries. Furthermore, information system design product
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theory for the class of eSourcing requirements, delivery and completion
management systems supports redesign projects focusing on the periodical
redesign of the service planning and execution processes within eSourcing, not
on redesigning for the entire life-cycle.

4.4.3 Summary

This chapter generalizes the most important class of information systems for
eSourcing service providers, which is based on two case studies and the best
practices framework for eSourcing service providers. The chapter compares
information system design product theory for the class of eSourcing
requirements, delivery and completion management systems with eSCM-SP
and information systems design theory for DIS to present the contributions of
this doctoral thesis.

eSCM-SP does not include the information systems to support practices
during the eSourcing life-cycle, but information system design product theory
for the class of eSourcing requirements, delivery and completion management
systems offers support for the entire eSourcing life-cycle. Information system
design product theory for the class of eSourcing requirements, delivery and
completion management systems supports the entire eSourcing life-cycle for
service providers, but it cannot support high levels practices of eSCM-SP
because (1) most Chinese providers are in relatively early phases of eSourcing
capability development and thus cannot use the most advanced practices of
eSCM-SP, and (2) information system design product theory for the class of
eSourcing requirements, delivery and completion management systems has
been designed to be abstract and generic enough so that eSourcing providers
can use it to design domain-specific information systems and improve their
processes and information systems regardless of their current practices and
systems.

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems supports
breakdowns management, and it also partly supports redesign service process
and information systems. Although it does not have the independent redesign
project layer as information systems design theroy for DIS, it still is able to help
service providers to redesign the service processes. Furthermore, information
system design product theory for the class of eSourcing requirements, delivery
and completion management systems could support information sharing
among stakeholders, therefore, the stakeholders can communicate with each
other and redesign the process and information systems as necessary.
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This section summarizes the dissertation and the research. The research
contributions and limitations are described respectively. The last part is the
future research.

5.1 Conclusions and contributions

China is in an important position in the global eSourcing market. This research
focuses on the eSourcing service life-cycle, the supporting ICT tools in the life-
cycle, and relevant business practices from service providers’ perspective in the
Chinese eSourcing service context. Most of China’s eSourcing service providers
are small or medium-sized and typically work for larger intermediaries instead
of end-clients. This mediated eSourcing model restricts their business and
capabilities development (Jarvenpdd & Mao, 2008). Jarvenpdd and Mao (2008)
try to transcend the mediated eSourcing model limitation from the
development of client-specific, process, and human resource capabilities, but
their research does not cover the entire eSourcing life-cycle and cannot enhance
providers’ capabilities comprehensively. The existing literature does not
extensively address this business model and ways to overcome its limitations.
To overcome this gap in the research, this dissertation presents the best
practices for international eSourcing service providers and creates an
information system design product theory for the class of eSourcing
requirements, delivery and completion management systems to help eSourcing
service providers to manage the entire eSourcing life-cycle and support their
activities in the life-cycle. The best practices for eSourcing service providers
describes each phase of the eSourcing life-cycle from the perspectives of main
activities, supporting ICT tools, performance measures and expected outcomes.
The literature provides little theory-based guidance to help companies to design
and use information system design product theory for the class of eSourcing
requirements, delivery and completion management systems to achieve the
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goals of cycle time reduction and improved product quality, service delivery,
and overall effectiveness. Information system design product theory for the
class of eSourcing requirements, delivery and completion management systems
works with the other supporting ICT tools to support eSourcing service
providers in executing and delivering services in the eSourcing life-cycle.

This research studies the eSourcing in the ICT sourcing (ICTS) and
business process sourcing (BPS) categories, respectively, based on specific
domains, specifically, software testing services and logistics services. For the
software testing services, the research probes reusable artifacts in Article I. A
dynamic testing life-cycle model is created in Article II, and this article also
probes the most important class of information systems for the services
providers. Article III creates an Information System Design Product Theory for
the class of Requirements, Test, and Defect Management Systems (RTDMS) to
support providers reuse artifacts, manage the services and share information
and knowledge with clients. Information system design product theory for the
class of RTDMS helps clients and testing service providers to manage and
control the testing process, enforce standardized service processes, and improve
service effectiveness. Article III presents all the involved stakeholders and their
performance in the testing life-cycle. The measurement management,
configuration management and quality assurance management teams work
with the test team to execute the testing services. For the logistics services, the
research generalizes the most important class of information systems for
logistics providers and creates an Information System Design Product Theory
for the class of Order, Transportation and Warehouse Management Systems
(OTWMS) in Article IV. Information system design product theory for the class
of OTWMS helps clients and logistics service providers to manage the logistics
process, execute standardized service processes, and improve service
effectiveness. The cross-case research results can be found in Article V and
Chapter 4. This research also creates an Information System Design Product
Theory for the class of eSourcing requirements and delivery management
systems (RDMS) in Article V. After that, it was found that the completion phase
is also important in case of the information system design product theory for
the class of eSourcing requirements and delivery management systems (RDMS).
Therefore, RDMS name was changed to information system design product
theory for the class of eSourcing requirements, delivery and completion
management systems in this dissertation. eSourcing service providers can use it
to establish domain-specific design product theories and to instantiate domain-
specific design product theories into information systems that support the
design of a solution that meets client needs, service delivery, and breakdown
recovery within the eSourcing life-cycle. Information system design product
theory for the class of eSourcing requirements, delivery and completion
management systems is used to create more detailed domain-specific design
product theories. Indeed, information system design product theories for the
class of OTWMS and the class of RTDMS are such domain-specific theories
used to prescribe information system subclasses of the class prescribed by the
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theory for information system design product theory for the class of eSourcing
requirements, delivery and completion management systems. It is expected that
information system design product theory for the class of eSourcing
requirements, delivery and completion management systems will help
eSourcing service providers and commercial software vendors to design
domain-specific integrated systems for service provisioning and breakdown
recovery throughout the eSourcing life-cycle in a variety of ICT and business
process sourcing domains, helping clients and service providers to manage and
control the eSourcing life-cycle.

The eSourcing Capability Model for Service Providers (eSCM-SP) is a
building block of this research because it is the most comprehensive eSourcing
model available for service providers. eSCM-SP covers the entire eSourcing life-
cycle from initiation and delivery to completion. Ongoing practices are run
throughout the life-cycle to perform management functions. eSCM-SP is
applicable to both ICT sourcing and business process sourcing and it can help
service providers improve their capabilities related to both ongoing, phase-
specific, and engagement-specific eSourcing practices throughout the eSourcing
life-cycle. eSCM-SP helps the research to analyze eSourcing life-cycle from end-
to-end. Information systems design theory for DIS is the other building block of
this project. Information systems design theory for DIS has three layers:
knowledge-base layer, business-system layer and project-system layer. Every
layer has relevant practices. The theory helps the research to analyze eSourcing
from different layer perspectives. Therefore, eSCM-SP and information systems
design theory for DIS help in studying eSourcing services from multiple
perspectives.

This research makes several contributions. The best practices for eSourcing
service providers presents the main activities in each phase of the eSourcing
life-cycle and help service providers to establish standardization service process
and enhance service effectiveness. The information system design product
theories for the class of RTDMS and the class of OTWMS contribute in their
respective domains. The third main contribution is the information system
design product theory for the class of eSourcing requirements, delivery and
completion management systems. This theory is partly derived (1) deductively
from two comprehensive kernel theories: eSCM-SP and information systems
design theory for DIS and (2) inductively from the domain-specific information
system design product theories for the class of RTDMS and the class of OTWMS.
Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems prescribes an
abstract class of systems because instances of the class need not be built.

The research compares information system design product theory for the
class of eSourcing requirements, delivery and completion management systems
with eSCM-SP and information systems design theory for DIS in Chapter 4.
Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems covers the entire
eSourcing life-cycle described in the eSCM-SP model, but it cannot support high
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levels practices in eSCM-SP because most Chinese providers are in relatively
early phases of eSourcing capability development (Oshri, Kotlarsky, Rottman,
& Willcocks, 2009) and thus cannot use the most advanced practices of eSCM-
SP (e.g., the practices in level 4). Some eSCM-SP practices (e.g., encourage
innovation, cultural fit) used for higher level of service capabilities cannot be
supported by information system design product theory for the class of
eSourcing requirements, delivery and completion management systems,
because it is used to support eSourcing service providers who have mediated
eSourcing model limitation and are in low levels of eSourcing service capability.
In addition, information system design product theory for the class of
eSourcing requirements, delivery and completion management system has been
designed to be abstract and generic enough so that eSourcing providers can use
it to design domain-specific information systems and improve their processes
and information systems regardless of their current practices and systems. Thus
Chinese providers can use eSCM-SP as a roadmap to improve their capabilities
to higher levels. This comparison shows that information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems could support entire eSourcing life-cycle,
although it does not support the high level practices of eSCM-SP.

Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems supports relevant
practices in the different layers described in information systems design theory
for DIS. Information system design product theory for the class of eSourcing
requirements, delivery and completion management systems supports
breakdown management and stores the solutions for breakdowns, which helps
in redesigning service process and information systems as necessary. Unlike
information systems design theory for DIS, it does not have an independent
redesign project layer, but it still can help providers to redesign the service
processes. Furthermore, information system design product theory for the class
of eSourcing requirements, delivery and completion management systems
could support the team members’ practices and help them to support each
other in order to redesign the process and information systems as necessary.

The doctoral thesis validates information system design product theory
for the class of eSourcing requirements, delivery and completion management
systems through validating the information system design product theories for
the class of RTDMS and the class of OTWMS that specialize the abstract class
for the subclasses in their specific domains.

5.2 Limitation of the research

This research is limited by a single Chinese eSourcing context and a single case
study in specific domains. The information system design product theory for
the class of eSourcing requirements, delivery and completion management
systems that was created is abstract and needs evaluation from more specific
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domains. However, Chinese eSourcing business is growing fast, and the chosen
case companies are leading service providers in their service domain.
Information system design product theory for the class of RTDMS and the
dynamic testing life-cycle model have been shown and approved by the CEO
and all the key managers in the testing case company, and all of them have
more than ten years of testing experience. Information system design product
theory for the class of OTWMS has been shown and approved by the CIO and
key managers in the logistics case company, and they have more than ten years
logistics service experience as well. Therefore, the conclusions are useful for
other fast-growing eSourcing markets and eSourcing service providers who
have similar limitations.

5.3 Future research

Future research needs to use the design product theory to build a set of other
domain-specific design product theories and to track the theories back to the
design product theory in order to further validate and revise it. Future research
also needs to proactively redesign the business models and practices to ensure
long-term effectiveness and reduce the likelihood that the encountered
breakdowns would happen again. Process redesign and improvement are also
important future research topics. Industries and service providers could create
specific assessment models or service processes based on information system
design product theory for the class of RTDMS and information system design
product theory for the class of OTWMS. Even clients can reuse these two
theories to assess the capabilities of service providers. For example, to access the
quality of service providers’ test artifacts in the database and estimate service
providers” capabilities, clients might want to estimate how much test artifacts
have been reused from the service providers’ database.

This thesis uses domain engineering (Akoka, 2005, 461-463) and Alter’s
research on service system fundamentals (Alter, 2006, 2008) to generalize the
common and variable aspects of the eSourcing life-cycle among the two
different eSourcing domains. Change management is an optional part in
information system design product for the class of RTDMS and information
system design product for the class of OTWMS. But it is also an optional part in
information system design product for the class of eSourcing requirements,
delivery and completion management systems. Therefore, all the three design
product theories include change management. The information system design
product theory for the class of eSourcing requirements, delivery and
completion management systems only generalizes the common parts of
information system design product theories for the class of RTDMS and the
class of OTWMS in this research. Future research need to generalize the
variable parts to design domain-specific information systems and improve their
processes and information systems.
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Knowledge Process Sourcing (KPS) can be considered as “the outsourcing
of firm activities that directly involve the production of knowledge and
innovation, and that involve some degree of firm-specific capabilities.”
(Mudambi & Tallman, 2010, 1436). Knowledge process sourcing (KPS) has
higher requirements on inter-organizational information systems support to be
successful. This is a new trend for eSourcing, and future research needs to
validate the results of this dissertation in knowledge process sourcing contexts.
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Abstract

Software testing service providers are facing new requirements to shorten service times, lower costs,
and increase service customization and quality. Reuse of test artifacts is a possible solution that can help
providers to meet the requirements because reuse can improve software quality and productivity.
However, the extant literature does not explain in depth which test artifacts should be reused and how.
This paper focuses on ICT-enabled sourcing of software testing services in the Chinese market to identify
the most important reusable test artifacts. There are two reasons for this research. First, most Chinese
service providers are small or medium-sized and have to overcome obstacles such as the lack of
advanced core technologies before they can play important roles in the global sourcing market. Second,
testing is one of the best ICT services small- and medium-sized providers can provide to develop domain
and technological knowledge required to overcome most obstacles.

1. Introduction

Software has become a key asset for competitive high technology products. It has also
become ubiquitous in society. High software quality and competitiveness in software
development have thus become critical concerns for software businesses. Increasingly, complex
high quality systems are produced with constant, or even diminishing, human resources [44].

Software testing is an empirical investigation conducted to provide stakeholders with
information about the quality of the products and/or services under test with respect to the
contexts in which the products and services are intended to operate [25; 5; 28]. It is divided in
static and dynamic testing. Static testing is the process of reviewing documents and detecting
errors without executing the software. Dynamic testing is the process of detecting faults in the
software by executing the software with appropriate test materials such as automated scripts or
test-specific software components [7]. Software testing is crucial for software quality assurance
[17]. It is also one of the most time- and labor-intensive activities, consuming between 30% and
50% of the total development cost [4; 38; 27]. Companies are often faced with time and resource
constrains, limiting their abilities to complete testing efforts effectively [28].

Software testing has proven challenging enough to warrant the establishment of an industry
of specialized testing service providers. With more and more incumbents entering the markets,
competition within this industry has become increasingly fierce and time-based. To meet the
competitive pressures, the providers need to be capable of developing mass-customizable and
cost effective services that address the needs of their clients rapidly and profitably. Therefore,
testing service providers need effective ways for executing software testing.

Testing effectiveness can be radically increased by creating reusable test artifacts (hereafter,
domain test artifacts) for particular software application domains. Yet, conventional software
testing is application specific, providing few test artifacts that could be reused across
applications. Software artifacts and test artifacts are typically developed by different teams and
described in separate documents, making test artifact reuse difficult [6; 16; 45].

Software product line engineering is a new paradigm through which software-intensive
products, sharing common and variable features, can be derived quickly by developing and
reusing common and variable domain artifacts for the product line [35]. Common domain
artifacts deal with the features that are always included in the applications, while the variable
domain artifacts provide the functional and quality elements that may vary or be totally
excluded from the applications. Software product line engineering has received a great deal of
attention for its potential to foster reuse of software artifacts across development phases [11],
improving productivity [29] and software quality, reducing development costs [37], and
shortening the time to market [13]. To reap maximum benefits from software product line engi-
neering, software providers should focus on specific application domains; create software
product lines with a number of inter-related software products for the domains; establish
requirements, reference architectures, and detailed designs for the domains; and radically
improve testing effectiveness by creating domain test artifacts to test the requirements, referen-
ce architectures, detailed designs, and implementations of all applications [35].



Many methods and technologies have been developed to facilitate product line engineering,
including design patterns, frameworks, and component implementation technologies
(e.g., .NET and J2EE) [17]. However, reuse technologies have not been applied in testing service
provisioning to a maximum possible extent. This is largely due to the fact that testing service
providers serve multiple application domains lacking adequate commonality to warrant reuse
investments.

Software product line engineering is knowledge intensive, requiring the learning, sharing,
and accumulation of knowledge through knowledge repositories and social networks [15]. The
creation and use of domain test artifacts benefit both testing service providers and clients.
Effective use of knowledge gained from prior and current engagements enables the providers to
reuse their best practices, to address problems that have occurred, and to improve overall
performance and test service quality in current and future engagements [42]. Development
budgets shrink because large numbers of high quality test artifacts can be built, used, and
improved based on the experiences obtained when it is known that the artifacts will be used
many times over long periods. These advantages, combined with the increased availability of
domain artifacts, are the main reasons why reuse is becoming increasingly prominent [33].

The domain test artifacts must be stored in test artifact repositories accessible to all relevant
stakeholders to enable artifact evolution and reuse. Application testers can then select, modify,
and configure appropriate subsets of the artifacts to cover the features and non-functional
characteristics of the applications being tested.

However, the extant research does not provide comprehensive guidelines for creating
knowledge repositories for software artifacts [3; 8; 10]. Practical implementations of repositories
and systematic research about the use of the repositories in real settings are also lacking. For
example, Kdkold et al. [24] presents (1) detailed guidelines for designing repositories consisting
of requirement, architecture, and detailed design artifacts for both domain and application
levels, and their packaging into releasable entities, and (2) real life experiences from using such
a repository. However, testing is out of the scope of Kédkold et al. [24]. In addition, much of the
research is focused on large organizations in developed economies [12].

To facilitate the creation and use of domain test artifacts and associated repositories, this
paper draws upon a literature review and a case study in the context of the Chinese ICT
sourcing market. It probes the following research question:

e Which test artifacts the testing service providers should reuse during the testing life-cycle

to shorten service times, reduce costs, and enhance service quality?

The chosen case organization, a medium-sized Chinese professional testing firm, is
appropriate for this research for two reasons. First, the firm has developed its own test artifact
repository, where all domain test artifacts are stored. Second, it has all the major characteristics
of the Chinese ICT sourcing service providers. For example, it is growing fast and desiring
entry into the international testing market. It can also offer various testing services. Research
findings can thus be generalizable at least in the Chinese context.

The Chinese ICT sourcing market has been chosen as the context for this research because
China has grown into one of the major sourcing service bases in the global ICT sourcing context
[18] but the Chinese software industry is facing a great deal of challenges. Chinese providers
need to overcome many obstacles before they can play important roles in the global ICT
sourcing market. For example, they need to learn to scale up their production, develop
competitive core technologies that can serve as domain artifacts, and develop and hire top-level
executives and experts competent in international business [34]. Most Chinese providers are
small or medium-sized. They typically leverage the mediated offshore sourcing model,
delivering software services to larger foreign ICT clients that contract and interface with the
actual end-clients onshore [23]. This business model usually restricts the providers to small,
low-value projects and hampers the sharing of knowledge with end-clients, severely impeding
the capability and business development of Chinese providers.

Software testing is one of the best ICT services small- and medium-sized providers can
provide to develop domain and technological knowledge required to overcome most obstacles
discussed above. For example, comprehensive testing services are practically impossible to
develop without understanding the business domains of end-clients. Once such domain
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knowledge has been created, it can be deployed, for example, to broaden the scope of services
from testing to software development or to create new products, thus transcending the
restrictions of the mediated sourcing model.

This paper contributes to software product line research and software testing research by
delineating and analyzing the most important reusable test artifacts based on a case study and
by illustrating how testing service providers should manage testing services to improve service
effectiveness. This research shows that test plans, test cases, test reports, and the lessons-learned
documents are the main domain test artifacts. Test artifact repositories are also crucial artifacts
for testing service providers.

The paper is organized as follows. Section 2 discusses the case organization and the research
methodology. Section 3 presents the findings from the case study, including what to reuse, how
to reuse, and who should be responsible for reuse. Section 4 discusses the characteristics of
knowledge that can be reused during the testing life-cycle. Conclusions and suggestions for
future research conclude the paper.

2. Description of the research methodology and the case organization

This research uses a single qualitative case study to collect data covering the complete
sourcing life-cycle for testing service providers, including the most important testing practices,
the artifacts reused in these practices during the various phases of the life-cycle, and the people
responsible for reusing the artifacts. As a result, this research provides a holistic, systemic
understanding of the phenomenon of test artifact reuse in the context of ICT-enabled sourcing
of software testing services [14].

Ltesting is a medium-sized (less than 50 employees) professional software testing services
provider founded in 2002 [30]. It has rapidly established a leading position in the Chinese
testing service market based on its rich testing experiences and professional services. It has
established strategic partnerships with HP, IBM, and some other multinational companies. It
offers various types of testing-related services, such as software testing services, test training
services for individuals and companies interested in offering testing services, test management
services, and consulting services for constructing software quality systems. When clients source
testing work to Ltesting, it expects the clients to be closely involved in the sourcing
engagements in order to ensure the sourced projects meet clients’ test requirements and help
clients to obtain expected results. Ltesting implements most testing services offsite, being
responsible solely for the test project. It also offers onsite testing services: its testers join clients’
test teams and are managed by the clients. To identify the most important domain test artifacts
for the service provider, this research focuses on the projects following the offsite model.

Test teams are responsible for testing. Usually the teams have four roles: test manager, test
analyst, tester, and seller (Table 1). Sellers serve as boundary spanners between clients and
providers. Sellers are especially important for solving communication challenges in
international sourcing when clients and vendors use different languages, have different cultures
[31; 36]. Test teams can be organized flexibly based on the project characteristics, personnel
workloads, and client requirements. For example, when the projects are small, testers need not
be involved in test teams because test managers and test analysts can do their work.

The investigation has proceeded in the following stages. First, a reference model was
selected from literature to understand the international sourcing life-cycle holistically from both
clients’” and providers” viewpoints. The eSourcing Capability Model for Service Providers
(eSCM-SP) was selected as the reference model because it has been demonstrated to help
various types of sourcing service providers to improve their capabilities related to both ongoing,
phase-specific, and engagement-specific sourcing practices throughout the sourcing life-cycle
[43]. According to the eSCM-SP, the life-cycle involves three phases from the provider’s
viewpoint: initiation, delivery, and completion. This paper organizes findings related to the
domain test artifacts based on the three phases to help providers reuse the artifacts during the
life-cycle. Second, Chinese software industry and software testing services industry were
studied [18; 31; 46;] and scientific literature was reviewed in an iterative fashion to identify the
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key characteristics of successful testing providers (e.g., international growth orientation,
sophisticated web-based integrated information systems) and the most suitable candidates for
an in-depth case study. Third, Ltesting was selected because it was successful and possessed the
required characteristics. Fourth, the first author spent over three weeks observing life in the case
organization, analyzing documents and memoranda, and interviewing key personnel. The in-
depth interviews involved the CEO, all testing managers, and a number of test analysts to
uncover the routine practices and information systems associated with testing work and major
breakdowns disrupting work. Each interview was started by following a questionnaire and was
concluded with an open discussion to address emerging issues. Interviews were summarized
and sent to the interviewees, who verified them and provided feedback as necessary.

Title
Test
Manager

Contribution to reuse

Overall responsibility
for management and mainte-
nance of the test artifact
repository. Identifying and
selecting the test artifacts
that will become domain test
artifacts in the repository.

Responsibility

Test managers are responsible for test project
planning, management, risk evaluation, and report
review. During project completion, test managers
summarize the projects and the lessons learnt. They
have at least five years of relevant work experience.

Test

Analyst

Test analysts analyze test requirements; design
test plans (together with the test manager); and design
test cases. They have three to four years of relevant
work experience.

Identify domain test
artifacts that can be reused
in the project. Support the
conceptual integration of do-
main test artifacts in a
specific project.

Tester

Testers conduct the specific test assignments.
They have more than one year of work experience.

Submit change re-
quests and defect reports to
developers and maintainers
of domain test artifacts.

Seller

Sellers communicate with clients, acting as
bridges between clients and service providers. They
need to have comprehensive testing knowledge,
because they attend the testing service life-cycle from

Receive feedback
from clients concerning the
test results achieved through
reused test artifacts.

early bidding and negotiation through to service
completion.

Table 1. Job Descriptions of Key Roles in Test Teams

Fifth, after the three-week visit, data about testing strategies, routine practices,
organizational structure, and enabling classes of information systems, uncovered through
observations, document analysis, and/or the interviews, were analyzed to create a preliminary
software testing life-cycle model. Most significant breakdowns in routines were also analyzed
because the model should help providers to improve their processes and competencies in order
to eliminate most breakdowns in advance. The phases of the preliminary model were compared
to the respective sourcing phases prescribed by the eSCM-SP. Testing related literature was also
used. If the analysis indicated that major deviations existed or some information was missing,
clarifications were requested from key informants through email. Data collection and analysis
continued for several months using the internet to collaborate with the case organization.

3. Most important reusable test artifacts based on the case study

This section describes the most important domain test artifacts according to the software
testing life-cycle model. Table 2 summarizes the test artifacts and life-cycle phases in which they
are reused.

To facilitate reuse of test artifacts in later projects, Ltesting’s test manager will document in
the end of each project the experiences that the test teams have gained and the artifacts they
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have created. Each artifact in the test artifact repository is the result of a packaging document
that prepares an existing test artifact for reuse [40]. Each artifact package includes the
documentation of the requirements and design specifications, the implementation environment,
usage examples, and change requests for the artifact. To guarantee the reliability and quality of
the artifact, each artifact package is validated before it is admitted into the repository. A sample
application demonstrates how service projects can use the domain test artifacts. Even novices
can then benefit from the organizational knowledge [32].

Reusable test artifacts Responsibility Life-cycle phase
Test plan Test manager and test Initiation
analyst
Test case Test analyst Delivery
Test procedure specifications Test analyst and Tester Delivery
and defect reports
Summarized service reports Test manager Completion

Table 2. Reusable Test Artifacts

Test managers and test analysts work together to draft test plans. Test analysts design and
review test cases. Test managers and test analysts must create a good conceptual understanding
of the relevant domain test artifacts and artifact interfaces during service initiation to
appropriately integrate the artifacts for effective service delivery. Test analysts then identify
functional components of the application to be tested that are not unique to the application. It is
probable that domain test artifacts for such components already exist [40]. Test analysts search
for appropriate domain test artifacts from the repository. If the repository contains an artifact
implementing (parts of) the required functionality, they validate that the artifact can meet the
requirements and/or modify it to meet the requirements. If no domain test artifacts can be
found for common application-independent components, it is probably a good idea to start
creating them as soon as possible, as they will save time and money and improve service
quality later.

Generic test templates for multiple domains are commonly accessible from Internet and
other channels. For example, IBM Rational Unified Process [39] offers comprehensive test
templates for testing services such as functional tests, performance tests, and user interface tests.
However, software businesses vary in terms of factors such as technologies, markets,
competitive environments, software processes, the numbers and capabilities of personnel, and
corporate cultures [18]. That is why most software process improvement initiatives and quality
management toolkits recommend the customization and calibration of tools and templates to
meet organizational requirements. Ltesting has decided not to use generic templates. It has
developed own templates because they are more detailed and specific to local needs than
generic templates.

“We will not use any template directly, but select the helpful parts. The most important [selection]
criterion is that the selected parts meet the test requirements.” (CEO)

3.1. Reuse in test plan generation

In the initiation phase, the test manager and test analysts need to draft a preliminary test
plan to decide whether it is feasible to bid and, if it is, to create a tender. The plan includes the
estimated work effort (in person hours), the required time, and the price. If they win the
contract, they need to draft a specific test plan to describe how they will meet client’s test
requirements. The specific test plan defines the scope (i.e., the features to be tested and the
testing activities to be performed); the methodologies and technologies to be used; the test
artifacts to be reused; the people responsible for the tasks, and other resources; and the schedule
of the testing activities [20]. Using historical information about previously tested similar
applications can reduce the costs and improve the accuracy and relevance of test planning. For
example, information about the planned and actual schedules and work hours spent on



different testing activities help to estimate the needed time and resources (e.g., testers and
equipment) of the projects being planned.

“Our previous experiences improve estimation accuracy.” (CEO)

When the historical data of the testing projects is stored in and accessible through
appropriate repositories, it will be easier to decide which approaches should be used based on
past experiences [22].

“We need to assess the test requirements and review relevant service experiences. Then we can iden-
tify the helpful artifacts that can be reused.” (CEO)

Ltesting records the relevant information about each project in a test artifact repository.
During both preliminary and specific test planning, test managers and test analysts draw upon
the repository and their personal service experiences to choose the best practices for meeting
clients’ test requirements. During the research, all the interviewed managers emphasized the
critical role of service experience during the service delivery.

“Rich service experience helps us understand quickly what the clients want and estimate the required
work effort and time and appropriate human resources for the project, which is crucial to negotiate the
right price and schedule for the project.” (Test manager)

The knowledge reused in test plan generation and test case generation has been created by
test managers and test analysts during the completion phase of earlier projects. The people in
the roles of test managers and test analysts change over time but the knowledge they create is
so role and task specific that new people in the same roles usually do not have substantial
challenges in deciding what information is useful and in putting the knowledge to effective use,
because they generally understand their predecessors” implicit knowledge and assumptions [1].
Therefore, they can more easily understand and deal with contextual information in the
documentation that might be “incorrect, incomplete, or incoherent” and they can successfully
reuse the raw, unprocessed records created as a by-product of knowledge work [32].

In the same way that design patterns are developed and stored for design reuse, test plan
generation patterns can be created for test plan generation. Ltesting has developed test plan
templates for different application domains, guiding test managers and test analysts to plan and
do the necessary tasks without forgetting anything.

3.2. Reuse in test case generation

In the initiation phase, test analysts will draft and review test cases to meet all the test
requirements. The generation cannot be fully automated but Ltesting uses different types of test
case patterns to generate test cases for different types of functionality. For example, Ltesting
uses a user interface test case pattern as a reference to draft test cases for user interface testing.
As a result, test cases can be generated faster. Another benefit from establishing test case
patterns is that service providers can continue to provide testing services even when key staff
members have left.

“We require our test managers and test analysts to work together in order to draft test plans and test
case patterns for every project. If someone leaves, the remaining staff or a newly hired test analyst can
continue the work based on the existing plan and patterns. However, none of the test artifacts are reused
as they are. We will compare relevant projects and test case execution environments to the project at hand.
If the situation is the same, we only need to revise test parameters [e.g., inputs and expected outcomes of
test cases]. If the situation is similar, we have to identify the differences and select the useful parts to
reuse. Generally, test case patterns are used as references for test case design.” (CEO)

Ltesting stores and structures test cases to several sub-repositories based on the types of test
cases. For example, functional test cases, user interface test cases, and performance test cases are
stored in respective repositories. Test cases are not structured into repositories according to
business domains (e.g., banking, insurance) because there are functional and quality
requirements such as user authentication, security, and access controls that require very similar
test cases across business domains.

Test cases are produced after the test plan has been completed. The bodies of test cases
should contain test sequences, which are valid for testing the target software. The behavior
related to the test environment (e.g., the information about the software, hardware, and other
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factors enabling a stable state where the test cases for the tested piece of software can be run)
should be recorded in preambles. The behavior of the test environment generally requires that
the system has to be brought to a certain state before the actual testing can be initiated.
Generally, testers select test cases in an iterative manner, starting with an initial test case set and
selecting more test cases based on the experiences from executing the test cases [22]. This
matured set of test cases should be stored in the test artifact repository for use by other
stakeholders. For example, test managers and test analysts testing similar applications can get
ideas from this set and design test cases productively.

To reuse and manage test artifacts and their interconnections to related artifacts, service
providers need an integrated management system for requirement, feature, test, and release
artifacts [24]. It should be used for all test projects and offer an easy and effortless connection to
the test artifact repository, from which the test analysts are able to retrieve the necessary
artifacts. Ltesting uses HP Quality Center Software (QC) [19] to manage the testing life-cycle in
collaboration with its clients. QC offers a web-based globally accessible suite of applications,
supporting all essential aspects of testing from requirements management through test
execution to defect management. Ltesting can serve its end-clients directly based on QC. In
addition, QC offers different roles for different stakeholders to ensure people can access only
the information targeted to them. One of the most critical ongoing knowledge management
activities on the organizational level is searching and identifying test cases that have been
designed during specific engagements but are generalizable for reuse in other similar
engagements. During the service life-cycle, test managers and test analysts can access the
relevant test case patterns easily, helping them identify helpful artifacts, save time, and improve
quality.

“During the service, we use QC to manage test cases. After the service delivery has been completed,
test cases and other test artifacts are transferred to clients, but we will create test case patterns and store
them in repositories for subsequent reuse.” (CEQ)

Regression testing is an example of the reuse of test cases in the project level. It is the
selective retesting of a modified software system to ensure that the bugs have been fixed and
the newly added features have not created problems with the previously implemented
functionality. To apply domain level reuse, test artifacts should be developed for a
representative application in the domain and reused for testing other applications within the
domain.

Test cases can be modeled through Unified Modeling Language [21] but Ltesting mainly
uses natural language to describe test cases. The lack of standardized test case modeling
hampers reuse. Ltesting would greatly benefit from using UML to model test cases. Test
managers and test analysts should use UML not only to facilitate reuse but also to test features
through UML designs without executing the software. In addition, UML facilitates test
automation. Ltesting has recently started to use UML to describe new test cases and rewrite the
old ones.

3.3. Reusing the test environment configurations and test procedure
specifications during test execution

During the test execution phase, testers use test cases, implement them, conduct the tests
after constructing a specific test environment, analyze the results, and generate test reports. A
test environment is composed of parts such as hardware and software, connections,
environment data, and maintenance tools and processes [2]. The parts are organized into
specific environment configurations enabling the tests. The configurations are deployed to
simulate routines that the tested software would implement in practice. Ltesting divides test
tasks into specific test assignments and presents the test requirements using a tree structure.
The test execution sequence depends on the established tree structure. Newly added features
are typically tested incrementally and finally the new combined system is tested. For example,
testing can proceed through unit testing, integration testing, and system testing. Testers set up
the test environment configurations and implement the process gradually by invoking test cases
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based on the hierarchy. The test environment configuration documents are developed by
analyzing the domain. They can be reused.

Test results must be analyzed to facilitate reuse, because test plans may require
modifications after the completion of each test cycle. The analysis provides the previous phases
with feedback on test plan quality, test approach suitability, correctness of the test
implementations, and the coverage of the test plan. Ltesting analyzes the results by collecting
relevant data and documenting the results in test procedure specifications. These documents
identify (1) special requirements for setting up the test environment and (2) the methods and
formats for reporting the test results and measurements. These specifications are used to
execute test cases and can be reused for testing applications belonging to the same domain.

Even if the artifacts were well organized and accessible through test artifact repositories,
testers may have considerable difficulties finding, selecting, and applying the most appropriate
artifacts, if they lack the domain knowledge to interpret the artifacts [32] or are newly hired and
simply do not know enough about the repositories. In such cases, testers cannot execute test
assignments as expected without help from test analysts. Testers of Ltesting sometimes had
these problems, but Ltesting worked actively to reduce them by having regular interactions
with the clients before and during the service life-cycles to improve the domain knowledge of
test teams.

3.4. Reuse in test report generation

Ltesting uses two kinds of test reports. In the test execution phase, it uses defect reports to
inform clients about the found defects. In the completion phase, it provides clients with
summary reports about the services delivered.

During the test execution phase, service providers uncover software defects, locate the
causes of defects, and correct them. It is possible to reuse the test defect reports generated for
earlier application projects within a domain during the testing of new applications belonging to
that domain. For example, user interface defect reports identify the causes of past user interface
defects. The causes may be the same in new user interface development projects.

In the completion phase, the summary reports document the service process, found defects,
defect analysis, the test execution environment, and used testing methodologies and
technologies. However, service providers should go beyond simple documentation and create
patterns and/or templates that they can actively reuse whenever they offer similar services for
the same application domain in the future.

3.5. Reuse the summarized knowledge for improving future service deliveries

In the completion phase, Ltesting systematically reviews the service life-cycle, including the
executed test cases, the test plan, and other work products produced during the previous
phases, to determine the service quality and the lessons learned and to identify areas to perform
better in the next projects. It conducts a formal review process, comparing the service
deliverables to the test requirements specified in the test plan. If the review indicates that the
conducted tests do not fully meet the test requirements, the test team will continue testing until
all the requirements are fulfilled and performs a new review. When the review is positive,
Ltesting will release the final defect report to the client. Without formal, repeatable evaluation
processes, testing evaluations would be unnecessarily biased.

The review report resulting from the review process can be used to measure the quality of
services and the performance of the provider and to improve the personnel skills. It can be
reused with appropriate modifications in a particular domain to improve testing services for the
same domain in the future. It can also be reused to better manage current projects. For example,
when a new project is in the same domain as some previous projects, the test requirements and
test sequences are similar across the projects. Project and employee performance can thus be
reviewed phase by phase by comparing the project to the previous ones in order to identify
problems in the project that have never occurred before and areas where the performance is
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below the expectations. Past experience from earlier projects may also show that some
application areas in the project tend to have especially high defect densities and/or specific
defects. Tests can then be targeted to those areas to uncover the defects.

Ltesting records the breakdowns in routines and their causes to the review report
throughout the service life-cycle and takes corrective actions as necessary. For example, if a
service delivery has been delayed by poor test artifacts, such as unreasonable test procedures or
test plans, Ltesting refines or revises its service procedure and/or test artifacts. Additionally,
the number and nature of errors found and a summary of actual metrics data (e.g., the realized
effort) will be collected.

“We will summarize every project and compare it to previous similar projects that belong to the same
domain, helping us to refine our test artifacts and improve our services.”(CEQ)

4. Discussion

One of the main barriers to overcome when initiating knowledge management processes
within a software business is the structuring of a knowledge repository to disseminate and
reuse knowledge across the organization [24; 40]. A test artifact repository has been structured
in Ltesting for storing and managing domain test artifacts representing abstract design
solutions for families of testing problems. The repository has facilitated the identification,
selection, and reuse of test artifacts, saved time in many cases, and reduced fluctuations in
service quality.

“The repository has helped us reuse the artifacts during the services, saving some time and
guaranteeing the service quality.” (Test manager)

Repositories are thus of critical importance to testing service providers.

Methods such as feature-oriented domain analysis [26] should be used to identify the
components and configurations to be tested and then structure the tests in such a manner that
the tests match the features of the product configurations. For example, Ltesting performs
domain analysis for user interface testing. User interfaces are developed with different
programming languages (e.g., C++, JAVA) based on different platforms (e.g., Windows, Linux)
to support different screen resolutions. Domain analysis may reveal that the user interfaces
must share a uniform style and a set of common features despite these differences. Common
test principles can thus be used and domain test cases can be designed and reused to implement
the tests for the features of these user interface variants.

Most mature reuse processes use the ideas of product-line architectures [9] and domain
analysis [41] to discover families of products that share common features and qualities. In order
to achieve the high levels of maturity in test artifact reuse, testing service providers need a
strategic approach that focuses on a portfolio of related products in an application domain
instead of unrelated projects. The products must possess enough common characteristics to
make reuse investments viable. Service providers responsible for the testing phase cannot
directly influence software product line engineering because their clients are responsible for
developing the products. However, testing has a pervasive role in product line engineering
because product line requirements, reference architectures, and reusable software components
need to be tested in a coordinated, holistic fashion [35]. If service providers can develop
competencies enabling them to deal with all these aspects of product line engineering, they can
greatly help their clients in transitioning from project-based business models toward product-
line oriented business models. In addition, if service providers can establish long-term
partnerships with clients that are only interested in traditional software project business (i.e.,
the long-term development and maintenance of tailored client-specific systems), a large set of
reusable test artifacts can be developed to test different releases of the tailored systems over
time.

Based on the analysis above, many artifacts can be reused during the testing process. Two
basic types of test knowledge are recognized: generic test knowledge, which applies to most
projects (e.g. test plan templates), and project specific test knowledge that can be used in
specific domain (e.g. test case patterns). Test artifact reuse differs from software reuse because
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the artifacts cannot be reused alone. They are always associated with the requirements, software
components, interfaces, or features that are the subjects of testing. In order to produce reusable
unit tests, software components have to be designed for reusability [27]. Analogously,
component integration tests can be reused for subsystem testing if there is a reusable product
line reference architecture shared across all applications to be tested [35].

5. Conclusions and further research

Software testing effectiveness should be increased by creating domain test artifacts. This
research found based on a literature review and a case study that test plans, test cases, and test
reports are the most important test artifacts to be reused during the testing life cycle. Lessons
learned from the testing projects need to be accumulated in order to improve services in the
future. Test environment and test procedure documents can be reused in specific domains. Test
case patterns and test plan templates are high-level artifacts, which can save time and help
novices to perform test services effectively. Significant reuse work is implemented in the
initiation phase when the test managers and test analysts choose suitable reusable test artifacts
from the test repositories and define the best practices to meet client requirements. Testers
provide valuable feedback concerning the reused artifacts to improve the quality of domain test
artifacts and the usefulness of test artifact repositories. Test tools can be reused too. For example,
HP Quality Center offers test management services which can be reused across various types of
projects.

This research is limited to a single case study in a Chinese medium-sized testing service
provider. Further research needs to examine in other organizations and countries, which
domain test artifacts are the most important ones to reuse in order to help testing service
providers to locate and reuse the artifacts more easily. Future research also needs to investigate
how testing service providers could become central integrators of system, subsystem, and
component-specific knowledge during the systems development phases that precede domain
and application testing. If they could become such integrators, they could also catalyze the
transitioning of their clients from project-based businesses toward software product line
companies that strategically build and reuse knowledge assets to accelerate their product
development and improve their product quality and end-user experience while lowering costs.
We will investigate these areas and also participate in the international standardization work on
software product line testing to help testing service providers improve their service qualities
and shorten delivery times.
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Abstract

Information and Communications Technology (ICT)-enabled international
sourcing of software-intensive systems and services (eSourcing) is a powerful
strategy for managing businesses more effectively. China is becoming a
superpower for eSourcing service provisioning, but most Chinese providers are
small or medium-sized and leverage the mediated eSourcing model, delivering
services to foreign ICT clients that interface with end-clients onshore. This model
restricts the providers to low-value projects. This paper probes eSourcing of
software testing services within the Chinese market because testing is one of the
best ICT services small- and medium-sized providers can provide to develop
domain and technological knowledge required to transcend the limitations of the
mediated sourcing model. This paper draws upon a literature review and a case
study to create and validate a life-cycle model for the provisioning of software
testing services that helps providers to develop the capabilities for overcoming
the limitations of mediated sourcing. This model helps clients and providers to
dynamically manage the life-cycle, assigns specific responsibilities to the
involved roles, and supports the tasks of the roles and the entire life-cycle with a
class of integrated requirements, test, and defect management systems. This class
is found to be the most important class of information systems for enabling the

life-cycle.

Keywords: eSourcing, Global software development, Software testing

outsourcing, Requirements engineering and management.



1 INTRODUCTION

Based on the globalization of software business and the advances in information and
communication technology (ICT), ICT-enabled sourcing of software-intensive systems and
services (eSourcing) continues to increase. eSourcing is used worldwide to gain comparative
cost advantage and outside expertise, to improve services, and to gain access to technology
(Barthelemy and Geyer, 2005). More than 50% of American Fortune 500 firms and a significant
proportion of Western European and Japanese firms used offshore software sourcing already in
the beginning of this millennium (Carmel and Agarwal, 2002).

Software development activities such as design, development, and testing as well as support and
maintenance activities are eSourced extensively to offshore destinations such as India, China,
and Russia (Adya, et al. 2008; Poston et al, 2010). Yet, eSourcing consumers need to deal with
various challenges such as language, geographical, cultural, technical, and political boundaries
(Orlikowski, 2002; Rottman and Lacity, 2004). Software developed by offshore providers does
not always meet quality thresholds and/or functional requirements, projects are not delivered on
time, too much management bandwidth is needed, and anticipated benefits such as cost savings
are not received (Lacity and Rudramuniyaish, 2009; Lee, 2006; McCarthy, Martorelli, Moore,
Agosta and Ross, 2004).

Many researchers have tried to find solutions to overcome the challenges and improve
eSourcing performance. For example, Barthelemy (2003), Adya et al. (2008), and Dedrick et al.
(2011) focused on the process analysis, covering the eSourcing life-cycle from making sourcing
decisions to project closure. Lacity and Rudramuniyaiah (2009) and Barthelemy (2003) focused,
respectively, on cultural issues and crucial factors (e.g., the appropriateness of the selected
provider) during the eSourcing processes. However, most extant research is based on the
clients’ perspective and does not give enough attention to the providers’ viewpoints (Gonzalez
et al, 2006). The literature does acknowledge that both clients and providers need to diligently
manage the details in the services to overcome cultural, communication, geographical, and other
boundaries (Lacity, Willcocks and Rottman, 2008). Offshore services are critically dependent
on a supply of providers capable of offering comparative cost advantage, satisfactory quality,
and on time delivery despite the differences in distance, time zones, and culture (Carmel and
Tjia, 2005).

China has grown into one of the major sourcing service bases in the global ICT sourcing context
(He, Li, Wang, Yang and Ye, 2008; Lacity, Willcocks and Rottman, 2008). However, most
Chinese providers are small or medium-sized. They typically leverage the mediated offshore
sourcing model, delivering software services to larger foreign ICT clients that contract and
interface with the actual end-clients onshore (Jarvenpid and Mao, 2008). This business model
usually restricts the providers to small, low-value projects and hampers the sharing of domain
knowledge with end-clients, severely impeding the capability and business development of
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Chinese providers. Jarvenpdd and Mao (2008) focus on the development of client-specific,
process, and human resource capabilities, but their research does not cover the entire eSourcing
life-cycle and cannot enhance providers’ capabilities comprehensively. The extant literature
does not extensively address this business model and ways to overcome its limitations. In
addition, as the eSourcing of knowledge work has accelerated, theoretical models to explain the
phenomenon have not kept up (Riungu, Taipale and Smolander, 2010). For example, these
models do not consider dynamic changes over time (Dedrick et al., 2011).

To meet competitive pressures and to establish long-term relationships with clients, eSourcing
service providers (hereafter, providers) thus need to improve the management of the sourcing
life-cycle (hereafter, life-cycle) and provide services that address the needs of their clients
rapidly and profitably (Webb and Laborde, 2005). Providers need comprehensive theoretical
and practical guidance to overcome the restrictions of the mediated sourcing model. The
research reported in this paper is part of a larger project to develop a generic, dynamic life-cycle
model for the provisioning of ICT sourcing services that helps ICT service providers to develop
dynamic capabilities for overcoming the limitations of the mediated sourcing model. The
project will span two domains: ICT service sourcing (ICTS) and business process sourcing
(BPS). Dynamic capabilities refer to the abilities of organizations to maintain their flexibility by
creating competencies to address external pressures (Schwarz, Kalika, Kefi and Schwarz, 2010).
They help clients and providers reconfigure human and other resources to address changing
environments and requirements. Most importantly, they help providers to develop differentiated
services and sometimes even high-tech products for international markets. We expect that
providers and clients can draw upon the life-cycle model to establish dynamic capabilities,
enabling them to interact transparently, monitor the life-cycle in real time, identify
communication and coordination breakdowns, and flexibly reconfigure resources to recover
from breakdowns and to eliminate similar breakdowns proactively in future (c.f., Kdkola and
Taalas, 2008).

This paper focuses on the ICTS domain and, especially, on the ICT-enabled sourcing of
software testing services in the context of the Chinese ICT sourcing market. There are two
reasons for this focus. First, software testing is one of the best ICT services small- and medium-
sized Chinese providers can provide to develop in-depth domain and technological knowledge
and other dynamic capabilities. Comprehensive testing services are practically impossible to
develop without understanding the business domains of end-clients (Riungu, Taipale and
Smolander, 2010). Developing the domain knowledge takes time and effort but once providers
have created it, they can deploy it, for example, to broaden the scope of services from testing to
software product development, thus transcending the restrictions of the mediated sourcing
model. Second, high software quality is paramount as software has become ubiquitous in
society. Software testing is an empirical investigation conducted to provide stakeholders with
information about the quality of the products and/or services under test, with respect to the
context in which they are intended to operate, the purpose of testing should be measure the
dependability of tested software (Hamlet, 1994). It involves not only technical tasks but also
considerations of economics and human psychology. Complete testing of complex applications
takes too long and requires too many human resources to be economically feasible (Myers,
2004).

Capability Maturity Model Integration (CMMI) (Chrissis, Konrad and Shrum, 2011; Paulk,
2009) provides a reference model for organizational process and product improvement widely
used in the software industry, for example, to decrease costs and to improve on-time delivery.
However, CMMI is often regarded as the industry standard for software process improvement,
not for testing process improvement because it covers testing at a relatively abstract level. To
supplement the CMMI, several testing process reference models are available (Sanz, Garcia,
Saldana and Amescua, 2009). Test Maturity Model Integration (TMMi) (Van Veenendaal,
2012) and Test Process Improvement (TPI) (Koomen and Pol, 1999) are the most widely used.
TMMi, a reference model for testing process improvement structured like CMMI, defines five
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levels to assess the maturity of the testing process in an organization. TMMIi helps organizations
to improve their test processes toward proactive defect prevention, statistical process planning
and control, appropriate test automation, and effective reuse of test artifacts. To reach a specific
maturity level higher than 1, an organization must satisfy all of the appropriate goals of all the
process areas at the specific level and also those at earlier maturity levels. TMMi thereby
requires significant and carefully coordinated investments and extensive top management
commitment. It does not specify information systems required in various maturity levels to
support test processes. TPI is a framework used to improve an existing testing process or to
develop a new one. It involves 20 key areas. Each area views the testing process from a specific
viewpoint and is classified into two, three, or four levels of maturity. The areas impact the
overall effectiveness of the testing process differently. Organizations can prioritize the
implementation of the key areas based on their own needs, enabling light-weight bottom-up
implementation. The interdependencies of the key areas and their maturity levels are presented
in a Test Maturity Matrix, because the ability of the organization to reach a specific maturity
level in a key area (e.g., collecting statistical data in the Metrics area about the defects found)
may depend on reaching a specific maturity level in another key area (e.g., Defect
Management). One key area deals with information systems to plan, control, execute, and
automate the testing process. To reach a high maturity level in this key area, a number of
sophisticated information systems needs to be leveraged. However, TMMi and TPI do not
address the roles and associated competences and responsibilities required in the testing process.
A well-defined testing reference model should include the necessary processes and their
practices, detailed tasks in every phase, roles, technical instructions, and enabling information
systems. Sanz, Garcia, Saldana and Amescua (2009) create a process model and an
organizational structure for a test factory that comprehensively cover testing practices, roles,
responsibilities, and competencies. However, Sanz, Garcia, Saldana and Amescua (2009) do not
investigate the information systems required in the testing services.

This paper draws upon a literature review on software testing as a service (Riungu, Taipale and
Smolander, 2010; Floss and Tilley, 2013; Yu, Tsai, Chen, Liu, Zhao, Tang and Zhao, 2010),
testing process models (Burnstein, Suwanassart and Carlson, 1996; Canfora and Di Penta, 2006;
Wang, Qian and Zhu, 2012), eSourcing services (eSCM-SP, 2010) and a case study in the
context of the Chinese ICT sourcing market to create a dynamic eSourcing life-cycle model for
the provisioning of software testing services, which includes the most important testing
practices, the people responsible for specific testing assignments, and the information systems
supporting the life-cycle. Dynamic capabilities are important for providers, because clients
typically change their test requirements based on the results of test executions, requiring
providers to replan the testing projects, reconfigure resources, and adjust schedules. The
investigated case organization has all the major characteristics of the Chinese ICT sourcing
service providers. For example, it is medium-sized but it is growing fast and desires entry into
the international sourcing market. It is thus an appropriate organization to start developing a
generic life-cycle model for Chinese ICT sourcing service providers. The created life-cycle
model has been reviewed by the CEO and all the test managers of the case company and revised
based on their feedback to ensure practical relevance. The eSourcing Capability Model for
Service Providers (eSCM-SP, 2010) is a cornerstone of the created model, but eSCM-SP does
not offer guidance for designing and using information systems to support clients and providers.
Riungu et al (2010) and Floss and Tilley (2013) focus on software testing as a service but their
research does not cover the entire life-cycle. The research papers of Burnstein, Suwanassart and
Carlson (1996) and Wang et al (2012) on testing process models do not offer guidance for
designing information systems to support the stakeholders. The life-cycle model presented in
this paper includes the most important information systems for providers to support the
stakeholders” work throughout the life-cycle. It is a comprehensive testing sourcing model for
providers. This model has been reviewed and approved by the CEO and all the test managers of
the case organization. They have more than ten years of testing experience.
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This paper focuses on the following research question: which software testing practices and
classes of information systems are the highest priority ones for Chinese testing service providers
(hereafter, providers) from the viewpoint of executing the eSourcing life-cycle, designing and
delivering the services, recovering from coordination breakdowns, and proactively eliminating
most breakdowns to improve service delivery and to ensure organizational long-term
effectiveness?

The paper proceeds as follows. The next section describes the research methodology and the
case organization. Section “A dynamic eSourcing life-cycle model for software testing” presents
the life-cycle model and validates it through a case study and a literature review. The section
“Discussion” summarizes the most important components of the life-cycle model. Conclusions
and ideas for future research are presented in the last section.



2 DESCRIPTION OF THE RESEARCH
METHODOLOGY AND THE CASE
ORGANIZATION

The investigation has proceeded in the following stages. First, a reference model was selected
from the literature to understand the international eSourcing life-cycle holistically from both
clients’ and providers’ viewpoints. The eSourcing Capability Model for Service Providers
(eSCM-SP) was chosen as the reference model because it has been demonstrated to help various
types of providers to improve their capabilities related to both ongoing, phase-specific, and
engagement-specific sourcing practices throughout the life-cycle (eSCM-SP, 2010). eSCM-SP
covers both the ICTS and BPS domains of this research project. The model drafted in this paper
has been aligned with eSCM-SP but it is more operational for testing service providers. The
eSCM-SP life-cycle (Table 1) involves three phases from the provider’s viewpoint: initiation,
delivery, and completion. Ongoing practices are run throughout the life-cycle to perform
management functions. The three phases and the ongoing practices cover ten capability areas
(e.g., knowledge management, threat management, performance management). The capability
areas include 84 specific practices. eSCM-SP prescribes five capability levels. Certified
assessors can use eSCM-SP to determine the capability levels of providers. Clients can use the
certifications to find and select providers. Providers can use eSCM-SP as a roadmap to improve
their capabilities to higher levels. This investigation collected data and compared the practices
of the case organization to eSCM-SP based on the three phases and specific practices.

Second, scientific literature was reviewed in an iterative fashion to identify the key
characteristics of successful testing service providers (e.g., international growth orientation,
sophisticated web-based integrated information systems) (Lacity, Willcocks and Rottman, 2008;
Canfora and Di Penta, 2006). Third, Chinese software industry and software testing services
industry were studied (Ma et al, 2008; Zhang et al, 2006; He, Li, Wang, Yang and Ye, 2008) to
identify the most suitable candidate for a case study. Fourth, a company called Ltesting was
selected because it had the required characteristics.

Fifth, the first author spent over three weeks observing life in the case organization, analyzing
documents and memoranda, and interviewing key personnel. In-depth interviews involved the
CEO, all test managers, and a number of test analysts to uncover the routine practices and
information systems associated with testing work and the major breakdowns disrupting work.
Each interview was started by following a questionnaire and concluded with an open discussion
to address emerging issues. Interviews were summarized and the summaries were sent to the
interviewees, who verified them and provided feedback as necessary. Sixth, after the three-week
visit, the data collected about testing strategies, routine practices, organizational structure, and
enabling classes of information systems were analyzed to create the preliminary life-cycle
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model. Most significant breakdowns in routines were also analyzed because the adoption of the
finalized model should help organizations proactively eliminate most breakdowns (Kikold and
Taalas, 2008). The phases of the preliminary model were compared to the respective phases
prescribed by the eSCM-SP and to the relevant testing-related literature (Riungu, Taipale and
Smolander, 2010; Floss and Tilley, 2013; Yu, Tsai, Chen, Liu, Zhao, Tang and Zhao, 2010;
Burnstein, Suwanassart and Carlson, 1996; Wang, Qian and Zhu, 2012). If the analysis
indicated that major deviations existed or information was missing, clarifications were
requested from informants through email. Data collection and analysis continued for several
months using the internet to collaborate with the case organization. A year after the first round
of interviews, the first author performed a second round of interviews in the case company to
collect supplementary data related to breakdowns and workarounds. This time, the quality
assurance manager, the measurement process manager, and other people supporting the test
teams were also interviewed.

Ongoing practices represent management functions that need to be performed during the entire
eSourcing life-cycle in order to meet the intent of these practices.

Initiation

Delivery

Completion

Practices focus on the capabilities
needed to effectively prepare for
service delivery. The practices are
concerned with collecting and
analyzing service requirements,

Practices focus on service
delivery capabilities, inclu-
ding the ongoing manage-
ment of service delivery,
verification that commit-

Practices focus on the capabilities
needed to effectively close an
engagement with particular
client(s) at the end of the eSourcing
life-cycle. They include the capture

negotiating,  contracting, and | ments are being met, and the | of the lessons learned from the
designing and deploying the | financial management asso- | engagement and the transition of
services, including the transfer of | ciated with service | resources to the client, or to a third
the necessary resources. provision. party, from the provider.

Table 1. The eSCM-SP V2.01

Ltesting is a medium-sized (less than 50 employees) professional software testing services
provider founded in 2006 (Ltesting, 2014). Senior staff members (e.g., test managers and test
analysts) have more than ten years of work experience in providing testing sourcing services. It
has established a leading position in the Chinese testing service market and set up strategic
partnerships with HP, IBM, and some other multinational companies. It offers software testing
services, test training services for individuals and companies interested in offering testing
services, test management services, and consulting services for constructing software quality
systems. Therefore, they are able to deliver testing services based on the test plans of clients and
to design complete testing life-cycle services for clients. Ltesting expects the clients to be
closely involved in the sourcing engagements in order to ensure the sourced projects meet
clients’ test requirements and help clients to obtain expected results. Ltesting implements most
testing services offsite, being responsible solely for the test projects. It also offers onsite testing
services: its testers join clients’ test teams and are managed by the clients. To best address the
research question probed in this paper, this research focuses on the projects following the offsite
model. The proposed model is generic enough to cover all offsite services Ltesting offers.

Test teams are responsible for testing. Specific roles with clearly defined responsibilities need to
be designed and appropriately motivated and skilled team members need to be allocated to these
roles, so the members can meet their obligations and the test teams can fulfil their
responsibilities (Kdkold and Taalas, 2008; Zhu and Zhou, 2006a, 2006b). Usually the teams
have four roles: test manager, test analyst, tester, and seller (Table 2). Sellers serve as boundary
spanners between clients and providers. They are especially important for solving
communication challenges in international sourcing when clients and providers use different
languages and have different cultures (Poston et al, 2010; Ma et al, 2008). Test teams can be
organized flexibly based on the project characteristics, personnel workloads, and client
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requirements. For example, when the projects are small and there are not many projects, testers
need not be involved in test teams because test managers and test analysts can do their work.

Title Responsibility

Test Test managers are responsible for test project planning, management, risk evaluation, and
Manager | report review. During project completion, test managers summarize the projects and the
lessons learned. They have at least five years of relevant work experience.

Test Test analysts analyze test requirements; design test plans (together with the test manager);

Analyst and design test cases. They have three to four years of relevant work experience.

Tester Testers conduct the specific test assignments. They have more than one year of work
experience.

Seller Sellers communicate with clients, acting as bridges between clients and providers. They

need to have comprehensive testing knowledge, because they attend the life-cycle from
early bidding and negotiation through to service completion.

Table 2. Job Descriptions of Test Team Members in the Case Organization

To deliver comprehensive testing sourcing services, test teams need support from three other
teams: measurement management teams, quality assurance management teams, and
configuration management teams (Table 3). The three teams work together with test teams and
clients throughout the life-cycle. They provide relevant information to help test teams and
clients track the service processes and manage the service quality.

Testing service providers need to choose suitable test metrics to manage and evaluate the
effectiveness of testing processes. Test metrics are important service effectiveness indicators of
the software testing process, helping service providers and clients evaluate the service progress
and quality (William, 2006). Measurement management teams are responsible for choosing the
metrics and collecting metrics data. To choose the suitable test metrics for the projects,
measurement management teams need to identify the key software testing processes that should
be objectively measured based on the priorities of test requirements. Service providers can
improve their capabilities by comparing their performance with similar previous projects and/or
with industry benchmarks. The metrics data should be collected and analyzed using relevant
collection processes and analysis methods and traced, calculated, and managed effectively by
the measurement management teams. Finally, the measurement management teams need to send
analysis reports to the stakeholders to help them evaluate, manage, and improve the services and
the enabling processes (Naik and Tripathy, 2008).

Title Responsibility

Test Team Test teams are responsible for test assignments, which include drafting test plans,
executing tests, finding and reporting defects, and co-operating with other teams to
deliver test services meeting clients’ requirements.

Measurement  |Measurement management teams are responsible for collecting and analyzing metrics
Management  |data to help test teams and clients to improve and manage the quality of test services
Team and to monitor the progress of testing services delivery. Clients and test teams can
adjust or even redesign service processes based on measurement results.

Quality Assu- |Quality assurance management teams are responsible for ensuring that testing
rance Manage- |services can meet clients’ requirements and are run right. Appropriate quality criteria
ment Team help to ensure that test teams focus on the most important tasks needing more
resources.

Configuration |Configuration management teams are responsible for managing the configurations of]
Management |different versions of test artifacts during the services, dealing with version conflicts,
Team and managing changes of test artifacts.

Table 3 Job Descriptions of Teams Involved in Testing Sourcing Services
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Quality assurance management teams have managers and staff members. They need to ensure
the services are executed in accordance with the approved quality criteria, specifications and
standards and by leveraging the methods, standards, tools, and skills that are commonly
recognized as the suitable best practices for the context (Naik and Tripathy, 2008; Igbal and
Rizwan Jameel Qureshi, 2009). Based on the test results and other information, they need to
investigate, rank, and report any problems and risks in the design, planning, and execution of
service processes.

Validation and verification are important activities of quality assurance management teams.
Validation is a process of finding out if the test requirements are right (Ammann and Offutt,
2008), that is, whether the service provider is meeting the expectations of the clients.
Verification is a process to ensure that the test teams implement testing services in the right way
and follow predefined rules. Methods and techniques used in verification and validation should
be designed carefully. The planning of verification and validation processes must thus start right
from the beginning of the testing process (Adrion, Branstad, and Cherniavsky, 1982). As the
testing services are delivered through different phases, quality assurance management teams
need to ensure that all required specifications are met. Each verification process has a
corresponding validation process that starts after the verification process ends (Bertolino, 2007,
Biffl, Aurum, Boehm, Erdogmus, and Gruenbacher, 2006).

Configuration management teams are responsible for managing versions of test artifacts that are
used and/or automatically generated in the services. For example, the configurations of test
scripts, tools and hardware should follow the configuration management rules (Conradi and
Westfechtel, 1998). Therefore, service providers should have relevant configuration
management contents in the test plan and ensure they follow the rules during the service
processes. Configuration management is necessary for the testing sourcing services. For
example, if clients and service providers have any conflicts about the accuracy of test results, it
is possible to check whether the software and hardware they use are the same. Configuration
management aims at providing stakeholders with the right test artifacts at the right time
(Estublier, 2000). When clients are repairing the defects and preparing new versions for testing,
configuration management teams need to provide them with knowledge of the test environment.
When new versions are tested, the teams ensure that service providers and clients work on the
same versions.

The case company can organize testing teams flexibly based on client requirements (e.g.,
financial pressure) or project charters (e.g., duration, size). For example, team members can
execute tasks of more than one role if the project charter and client requirements permit or
necessitate it. Testers can collect and analyze metrics during test execution, thus undertaking
measurement management responsibilities.

“We have all the required people, enabling us to organize testing teams easily.

Based on the client requirements and the project charter, we can design the

involved roles in the testing teams before initiating the services. Stable teams

benefit both clients and providers.” (CEO)
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3 A DYNAMIC ESOURCING LIFE-CYCLE MODEL
FOR SOFTWARE TESTING

This section presents the dynamic eSourcing life-cycle model for software testing from the
provider’s viewpoint (Figure 1). The relationships between clients and providers in the model
are bilateral and dynamic as clients can modify test requirements and test plans during the life-
cycle. The model involves feedback loops, adjustments, and revisions over time, enabling
providers and clients to communicate effectively, avoid misunderstandings, and quickly
reconfigure resources (Beizer, 1990; Karinsalo and Abrahamsson, 2004; Ramler, Biffl and
Grunbacher, 2005). To validate the model, this section investigates the case organization and
analyzes the relevant testing practices to compare the provider’s experiences to the reference
model provided by eSCM-SP. The findings are organized based on the initiation, delivery, and
completion phases of eSCM-SP to offer additional insights about the practices of the provider.

Ltesting uses HP Quality Center Software (QC, 2009) to manage the life-cycle in collaboration
with its clients. QC offers a web-based globally accessible suite of applications, supporting all
essential aspects of testing from requirements management through test execution to defect
management. Ltesting can serve its end-clients directly based on QC. There are many other
similar suites in the market such as open source tools Bugfree and Testlink. This paper will use
QC as an example to present how the requirements, test, and defect management tools in
general support clients and providers during software testing projects.

3.1 Initiation

The initiation phase starts when a request for tender is received. The provider needs to assess
the request and decide whether to create a tender or not. To make this decision, Ltesting’s test
manager and test analyst will usually work together to draft a preliminary test plan. If the plan
shows that the tender represents a profitable opportunity, the tender is created and submitted to
the client. If the contract is won, the client is responsible for providing the provider with the
necessary resources and most importantly, the test requirements and access to people who
created the requirements (e.g., requirements engineers, architects, and/or component
developers). The provider develops a detailed test plan (together with the client) and the test
cases and establishes the test environment.
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3.1.1 Verify test requirements based on the request for tender

Clients present requests for tender to attract tenders and to evaluate and select the best
providers. Requests for tender should include specific testing service requirements. Based on
the request for tender, the provider analyzes test requirements and verifies the requirements.
Test requirements are executable client requirements, which should fully cover client
requirements, so no requirements are missed or overlooked. Sometimes, it is impossible to form
an executable test plan because the test requirements are unclear or incomplete. If the applicable
laws for tendering allow it, providers can request the client to elaborate on some requirements to
ensure they understand what the client wants. Elaborations must be made available to all
providers to afford fair bidding.

g Ongoing practices: Managing knowledge sharing; Performance monitoring; Relationship
g- management; Managing technology, infrastructure, and test environment; Threat
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Figure 1. A Generic, Dynamic eSourcing Life-cycle Model for the Provisioning of Testing

Services

According to the case study and the literature review (Boehm, 2001; Li, 2012), the biggest risk
of testing eSourcing is service delay. Delays result if providers cannot verify the service scope
and test requirements before test execution. Scoping is especially challenging when client
requirements change often. Therefore, requirements management is crucial for clients and
providers throughout the life-cycle.
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3.1.2 Form a brief test plan and bid

Providers draft preliminary test plans to assess the profitability of the requests for tenders and to
show clients, how and why they can meet the test requirements. If the providers decide to bid,
tests plans will be attached to the bids. Clients review and compare the bids and test plans with
respect to their requests for tender, select the best providers, and sign contracts with the winning
bidders. Ltesting’s test plans include the estimated work effort (in person hours), time, and
price.

“We need to assess the required work effort and bid for the project. Client will
choose the most suitable provider based on their requirements. Price is only one of

the considerations.” (CEO)

To estimate the required work effort and form the preliminary test plan, Ltesting uses the Work
Breakdown Structure (WBS) method. WBS is a tool used to define and group a project’s
discrete work elements (or tasks) in a way that helps define the total scope of the project
(Brotheron, Fried and Norman, 2008). A complex project is broken down into individual
components in a hierarchical structure, which can be outlined as a test task tree. Work elements
can be completed independently of other elements, facilitating resource allocation, the
assignment of responsibilities, and the monitoring of progress.

“Our previous experiences make estimates more accurate.” (CEO)

3.1.3 Prepare and sign the contract

The contract should define responsibilities and commitments for the client and the provider
(Gopal, et al. 2003) such as the test scope and duration; the resources to be transferred or shared
between the parties; security provisions; mechanisms for solving conflicts and dealing with
service delays and requirements changes; rights for developed software assets and intellectual
property; performance measures; quality assurance through process assessment methods such as
ISO 15504 (SPICE) or CMMI; pricing; and milestones and deliverables. Contracts help manage
the relationships and control risks during the life-cycle. If a client causes a service delay and the
predefined work effort in hours is exceeded by more than 20 per cent, Ltesting will renegotiate
the contract.

3.14 Form a detailed test plan

Ltesting drafts a detailed test plan and designs test cases after winning the contract. The plan
includes the schedule and the methodologies and technologies to be used. Based on the Work
Breakdown Structure analysis, test managers define the test tasks. To outline a strategy to
achieve the test requirements, they also define testing techniques (e.g., stress test, performance
test), mechanisms to handle defects (e.g., severity classification, authorization to open and close
defects), required resources (e.g., hardware, personnel), and milestones. Before Ltesting drafts a
detailed test plan, it stores all the requirements documents received from clients (e.g.,
requirements specification and design specification) to a repository and lists them as a
requirements tree in order to manage the test requirements during services.

The client reviews the detailed test plan to determine how well it meets the goals defined in the
beginning of the life-cycle. When the client has approved the plan and associated test cases, the
testing project will move to the delivery phase.
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Ltesting can use QC to detail test plans based on Microsoft Word documents. QC can read the
plans from Microsoft Word documents and create the requirements trees and test plan trees
accordingly. QC’s requirements management module is an integrated solution for capturing,
managing, and tracking requirements throughout the application development life-cycle.
Usually, Ltesting begins to use this module after it has detailed test plans because of the rigidity
in customizing QC. The extent to which Ltesting will use the module to capture requirements
for the systems to be tested depends on the quality of clients’ requirements specifications and
management processes. In the beginning of service engagements, it is impossible to know the
maturity levels of the clients’ requirements management processes. When maturity levels prove
poor, Ltesting needs to communicate and negotiate with clients to elicit, clarify, and prioritize
requirements and detail the scope of each engagement until both parties approve the scope.

“It depends on whether the client’s requirements management and requirements
specifications are poor or not. We seldom use QC to elicit requirements but we use

QC to manage requirements.” (CEO)

When the service scope and the test requirements have been validated, the test manager and test
analyst(s) will add traceability links between appropriate requirements. When clients change
requirements during the delivery phase, traceability links show the other requirements the
changes may impact.

3.1.5 Transfer resources, set up a test environment, and arrange training

Resources to be transferred or shared are elaborated in the detailed test plan. They include test
equipment, infrastructure, the software system to be tested, and the definition of the work
context where the system is to be used. Before starting the service delivery, the provider needs
to set up a test environment and arrange training for the test team and the client representatives
involved. During training, stakeholders share relevant business (domain), process, architectural,
and organizational knowledge. Whenever clients provide specific software and hardware
platforms such as high-performance servers, Ltesting needs to familiarize itself with the test
environment and the platforms.

In the eSCM-SP model, three capability areas are used in the initiation phase: contracting,
service design and development, and service transfer. Ltesting uses all practices of these areas
relevant to the initiation phase.

3.2 Delivery

This section describes based on the case study and the literature review (Ammann and Offutt,
2008; QC, 2009) how providers usually deliver services based on test plans and how Ltesting
implements requirements, test, and defect management using QC.

QC’s release management module helps both clients and providers manage application releases
and development cycles efficiently. The provider can track the progress of application
development to determine whether the release will take place as planned and to make informed
budgetary and staffing decisions accordingly. QC can be used to define different roles for
clients and providers (e.g., developer, project manager, and tester). Each role has different
access rights and authorities.



14

3.2.1 Test execution

Based on the detailed test plan and test requirements, the tester typically runs both automated
and manual tests to find defects. Before test execution, Ltesting’s test manager will allocate test
tasks to testers and ensure all the test requirements are covered and traceable to tests. QC
supports functional, regression, load, unit, integration, system and other types of testing. Each
type of testing has its own set of requirements, schedules, and procedures. QC helps providers
and clients to monitor and control the execution process.

“Of course clients have the right to choose the management tools used in the
testing services, but we recommend QC. Our accumulated knowledge and test
artifacts are stored in QC, helping us to reuse them easily and to deliver more

efficient services.” (CEO)

3.2.2 Analyze the test results and send defect information to stakeholders

Locating application defects efficiently is the main purpose in the delivery phase. Following a
test run, the provider analyzes the test results to identify which tests failed and which steps
caused the failure. The analysis also needs to determine whether a defect has been detected in
the application. If no defect caused the test failure, the expected results of the test may need to
be updated.

When Ltesting’s testers find defects in an application, they submit the defects to the respective
QC project. The project stores defect information for retrieval by authorized users such as the
members of the development, quality assurance, and support teams. To help clients repair the
defects, the defect reports include detailed defect information such as the related requirements,
run steps, and defects.

3.2.3 Client repairs defects and forms a new test version

Clients and providers need to work together effectively to manage the entire defect life-cycle
(Riungu, Taipale and Smolander, 2010) from initial problem detection through fixing the defect
to verifying and validating the fix. The provider sends information about the newly found
defects to the client. The client’s development team repairs the defects, submits a new release,
and requests the provider to execute it and analyze the results. If some defects occur again or
severe new defects are found, both parties need to continue for another round of the loop.

When requirements change, a change impact report details the affected requirements, often
enabling the provider to avoid a full regression test after each change. Regression testing can be
performed selectively or for the complete product. Normally, full regression testing is executed
during the end of the testing cycle and partial regression testing is run between the test cycles
(TestingGeek, 2010). QC notifies dispersed teams of any requirements changes possibly
affecting the tasks they are working on.

To support asset sharing and reuse, QC provides version control for requirements, tests, test
scripts, and business components. Versioning enables dispersed testing teams to manage
multiple versions of test artifacts in parallel, while providing an audit trail of changes
throughout the life-cycle of each engagement. Version control thus helps clients and providers
manage and track changes (Koivulahti-Ojala and Kikola, 2010). The attributes of all the stored
documents include name, status, version number, and author to help clients and providers to
avoid parallel, conflicting changes of the shared files in a multiuser environment.
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According to eSCM-SP, the delivery phase is associated with the service delivery capability
area including eight practices: plan service delivery, train clients, deliver service, verify service
commitments, correct problems, prevent known problems, service modifications, and financial
management. Ltesting uses all of them except for the practice “train clients” that is executed in
the initiation phase.

3.3 Completion

During the completion phase, the provider prepares the final report, transfers resources to the
client (and, possibly, to a third party), and summarizes the lessons learned from the project.
Clients need to ensure that the results of the engagements meet predefined acceptance
conditions (e.g., the defect curve is in the convergent state and all the requirements have been
met).

3.3.1 Send the final test report

In the end of the life-cycle, the provider sends the final report to the client and transfers the
resources agreed upon in the contract to the client or third parties. The final report should
include the test results, the recorded defects, defect analyses, test logs, and other test documents.
In addition to technology, infrastructure, and knowledge resources, the test cases are transferred
to the client because, based on the industry convention, clients have the copyrights of test cases.

3.3.2 Summarize the lessons learned

Summarizing and documenting the lessons learned from the engagements is important for
providers from the viewpoint of continuous improvement of service capabilities and quality. For
example, Ltesting compares the actual service duration to the duration estimated in the test plan,
the number of actual working hours to the estimated working hours, the testers’ actual
performances to the expected ones, and the actual costs of resources to the estimated costs in the
test plan. This information helps Ltesting to plan future projects more accurately and improve
capabilities dynamically.

In the completion phase, Ltesting uses all practices of the service transfer capability area
relevant to the phase: service continuity and resources, personnel, and knowledge transferred
out.

3.4 Ongoing practices

Ongoing practices represent management functions that need to be performed throughout the
eSourcing life-cycle to meet the intent of these practices (eSCM-SP, 2010). The ongoing
practices of eSCM-SP involve six capability areas: knowledge management, people
management, performance management, relationship management, technology management,
and threat management. The practices of Ltesting include most of the practices of the six areas.
However, Ltesting does not have appropriate practices to support innovation and continuously
improve their service capabilities.

Most ongoing practices are enabled by requirements, test, and defect management systems
during the life-cycle. For example, the performance management capability area focuses on
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managing organizational performance so that the client requirements are met and the
organization keeps learning and improving its performance. The area is enabled by
requirements, test, and defect management systems (c.f., Kdkold, Koivulahti-Ojala, and
Liimatainen, 2011). QC implements most common requirements of the class of requirements,
test, and defect management systems but it does not qualify as an instance of the class because
other software products and manual routines are necessary to enable the life-cycle.

Threat management and relationship management capability areas deal with the project and
relationship risks. Poor project performance typically leads to relationship risks. Poor
requirements management usually causes project risks such as service delays and breakdowns.
Service breakdowns can happen at anytime and anyplace due to, for example, the changing
client requirements. Ltesting has set up appropriate ongoing practices and supporting
information systems (including QC) to proactively eliminate some breakdowns before they
occur and to deal with the emerging breakdowns. When breakdowns occur, Ltesting typically
creates new knowledge together with clients to resolve the situations and get routines back on
track. Any changes in requirements will lead to the re-evaluation of the detailed test plan.
Ltesting assesses the impacts of new, changed, and deleted requirements on the other
requirements and the required work efforts mostly based on the traceability links between the
requirements and between requirements and other test artifacts. Knowledge management
capability area plays a crucial role in both sharing and securing critical knowledge assets and
building trusted relationships. Ltesting creates generic test artifacts based on the test artifacts
created in earlier engagements and adapts and reuses them in subsequent engagements, helping
Ltesting to shorten the development time, to improve the quality of test artifacts (e.g., test plans
and test cases), and to achieve higher client satisfaction.

People management capability area refers to managing and motivating personnel to deliver
services effectively. Based on the investigation, Ltesting has to improve its abilities in this
capability area because existing competencies are not reviewed and developed systematically
and career paths are not planned. Technology management capability area also needs to be
improved. During each engagement, Ltesting arranges a person to manage the technology
infrastructure with the client. However, no individual is specifically responsible for new
technology initiatives such as researching and experimenting with innovations for automated
software testing and test artifact reuse. Additionally, clients often require Ltesting to deploy
mature but costly technologies and methods for testing, imposing restrictions for Ltesting to
innovate and improve its service abilities. In future, Ltesting needs to allocate more resources to
carry out such initiatives on an ongoing basis to ensure it will remain a forerunner in its field.
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4 DISCUSSION

Clients’ involvement and commitment to overcome the geographical, technological, cultural,
and other sourcing barriers are critical to achieve successful software testing (Riungu, Taipale
and Smolander, 2010). While some software defects are caused by coding errors, the most
expensive defects are caused by requirement gaps (e.g., unrecognized or misunderstood client
requirements) (Kolawa and Huizinga, 2007). All the interviewees agreed that initiation is the
most important phase in the life-cycle and affects the other phases of the life-cycle.
Requirements analysis and test planning are conducted in this phase. If these activities fail, risks
will materialize through breakdowns and service failures will result. In conclusion, initiation is
the most important phase and requirements analysis and test planning are the most important
practices for providers to control risks.

The interviewees indicated that information systems should enable a seamless and transparent
life-cycle from requirements elicitation, analysis, and prioritization through test planning, test
case design, and execution to managing, repairing, and verifying defects. Therefore, the class of
integrated requirements, test, and defect management systems is the most important class of
information systems for testing. Instances of this class enable and are enabled by the effective
execution of the eSourcing life-cycle model for testing service providers, helping the providers
to meet changing requirements quickly and improve service quality. The QC platform is an
example of a commercial system supporting the most common requirements for such a class.
However, the experiences from the case study, the literature review (Floss and Tilley 2013;
Riungu, Taipale and Smolander, 2010), and our earlier research (Ké&kola et al., 2011) indicate
that commercial and open source instances of the class for successfully enabling the entire life-
cycle are scarcely available. QC is a comprehensive test management tool, but it is far from
perfect. For example, the QC platform does not support comprehensive configuration
management for all the used and/or created test artifacts. If testers delete a test case by mistake,
they need to recreate the test case rather than reuse it from an early version. Configuration
management is necessary for all the involved test artifacts during the life-cycle. Some functions
of QC are not as good as the respective functions of competing tools.

“For example, the requirements management tool is not as good as RequisitePro.
The version control feature is quite basic compared to CVS or SVN. Therefore,
sometimes we need to use more than one tool in the services, including specific
tools for specific tasks (e.g., test execution or version management). Then we will

transfer the results to QC for comprehensive test management.” (A test manager)
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The sourcing life-cycle model for testing services focuses on software testing but covers the
relevant capability areas and practices of eSCM-SP. It is fully in line with the practices of
Ltesting. Ltesting has been able to (1) deliver services directly to end clients through its
transparent life-cycle model, (2) accumulate domain knowledge, and (3) communicate with all
stakeholders effectively. As a result, it has successfully extended its service scope from the
testing of banking software to financial and insurance services. Ltesting thus provides evidence
that small and medium-sized providers following the life-cycle model can overcome the
limitations of the mediated sourcing model, for example, by extending the scope of their
services to relevant domains and by proactively communicating with their clients to deal with
defects or changing requirements.
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5 CONCLUSIONS AND FUTURE RESEARCH

This research focused on the most important business practices and information systems for
providers of software testing services to help providers tap the potential of global testing service
provisioning markets. The paper created a comprehensive eSourcing life-cycle model for testing
services, enabling providers and clients to manage the life-cycle effectively. The paper validated
the model (1) by reviewing the literature on testing as a service (Floss, and Tilley, 2013;
Riungu, Taipale and Smolander, 2010; Yu, Tsai, Chen, Liu, Zhao, Tang and Zhao, 2010), the
testing process model (Burnstein, Suwanassart and Carlson, 1996; Wang, Qian and Zhu, 2012;
Canfora and Di Penta, 2006), and eSourcing services (eSCM-SP, 2010) and (2) by applying the
model to evaluate the practices of the case organization. The extant literature does not present
similar models for testing eSourcing. The initiation phase proved most important in the life-
cycle. It was found that requirements analysis and test planning primarily conducted in the
initiation phase are the most important testing practices. The most important class of
information systems for testing service providers is the class of requirements, test, and defect
management systems.

The generalizability of this research was limited by the deployment of the single case study
methodology in the Chinese context. The Quality Center suite used in the case organization may
also have biased this research. However, the literature review and interviews indicated that the
other commercially available tools are similar to QC. Future research has to investigate the
practices and information systems of testing service providers and their clients also in other
countries. Providers need not use Quality Center but they may (and are likely to) use competing
requirements, test, and/or defect management products. Future research also needs to validate
the eSourcing life-cycle model in the context of cloud-based applications because QC is
complex for small and medium-sized companies. The companies need to regularly maintain
some servers (e.g., database server, web server and application server) locally. The model is
partially based on the experiences of the case organization that transferred the applications to be
tested and related resources to its own test environment and stored them in local databases.
Testing in the cloud environment does not require such transfers to local databases. The model
may thus benefit from minor enhancements to make it fully generalizable to the cloud.
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Abstract

Globalization, lead time reduction and cost pressures, and other factors make it nontrivial for most
companies to devise and manage effective logistics services to meet client requirements. They are better
off using the services of specialized third party logistics service providers. These providers compete
fiercely and need to develop and improve their services continuously to gain competitive advantage.
Integrating the logistics process for improving communication and coordination is the most feasible way
for third party logistics providers to deal with these pressures. Yet, the extant literature provides little
theoretical guidance for integrating the logistics life-cycle, including ordering, transportation, and ware-
housing. This paper develops an Information System Design Product Theory for the class of integrated
Order, Transportation and Warehouse Management Systems based on a case study and a literature
review. The theory helps clients and service providers to acquire and design information systems for
designing, managing and controlling transparent and seamless logistics processes that improve service
effectiveness.

1. Introduction

Logistics provides organizations with time and space utilities such as the necessary quantity
of right cargo in the right place at the right time [2, 11, 18]. As part of the supply chain services,
logistics has to be fulfilled efficiently and effectively to meet client requirements [3, 16] such as
globalization, lead time reduction, and client orientation [8, 23]. Meeting these requirements
with own logistics services is nontrivial for most organizations. They should focus on core
business and source logistics processes to specialized logistics service providers to improve
their competiveness. Third-party logistics (3PL) providers are companies managing,
coordinating, and delivering logistics services for the clients’ value chains [8, 16]. The most
important benefits clients gain from using 3PL services are the improved expertise in and
efficiency of logistics [9, 19].

3PL providers need to establish close relationships with clients and offer comprehensive
logistics services to enhance their competitiveness [17]. For example, providing clients with
more value-added services (such as sharing the logistics information in a timely manner among
business partners for better planning, reducing inventory, and shortening the delivery time) can
improve competitiveness. These services and associated benefits can be achieved by designing
and deploying integrated logistics information systems [8, 22].

Logistics information systems facilitate logistics management and allow clients to acquire
logistics services and conduct business transactions via the internet [16]. Some of the main
purposes of logistics information systems integration are to achieve real-time capturing and
sharing of key information along the logistics service processes, process unexpected
coordination breakdowns quickly, and make logistics decisions [18].

Investments in IT may fail to produce expected benefits unless clients and 3PL providers are
willing to share logistics information [6]. Effective logistics can typically be achieved only when
companies exchange not only transactional data (e.g., material or product orders) but also
strategic logistics information helping stakeholders to make important decisions in their opera-
tions [14]. For example, the sales history information helps providers to forecast demand,
improving service quality and efficiency. Real-time inventory information helps providers to
plan their replenishment and delivery schedules, improving service quality and reducing
inventory costs [13, 20]. Effective knowledge sharing necessitates frequent and intense com-
munication between clients and providers and contributes to establishing cooperative relation-
ships between partners. High degrees of symmetrical flows of strategic information between
partners are likely to result [10].

A number of studies have demonstrated various benefits from information sharing with
logistics partners in terms of inventory management [1, 13, 26, 28], improved agility and
flexibility [24], and the reduced bullwhip effect (that causes supply chain participants far from
the end consumers to experience greater demand variations than participants close to the end
consumers) [4]. Knowledge sharing significantly impacts the planning and delivery of logistics
services [29]. Providers’ IT capabilities and knowledge sharing affect the integration of logistics
systems directly and the organizational performance indirectly [15]. The integration of logistics
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systems is a crucial way to realize these benefits and gain competitive advantage. Information
should flow seamlessly and the 3PL life-cycle should be transparent for clients and providers.

3PL providers most commonly offer warehousing, transportation, and customs brokerage
services [12]. Traditional core competencies of 3PL providers also include (1) booking services
for air and sea freight forwarding services and (2) preparing tailored documentation [16]. In
sum, the most important logistics practices include freight forwarding services, warehousing
services, and transportation services. Usually, forwarding services are based on specific order
management services. Therefore, order management is also important for the integrated
logistics systems.

Most 3PL providers in China are small or medium-sized. They subcontract parts of their
operations to other supply chain partners [16]. Furthermore, poor communication channels (e.g.,
fax, phone, and email) lead to service breakdowns (e.g., service delays, human errors) and high
operating costs. Due to these limitations, Chinese 3PL providers are often unable to obtain up-
to-date status information from their supply chain partners in real time for making timely
decisions.

There are few studies on small and medium-sized 3PL providers in the Chinese logistics
market [7, 16]. However, these 3PL providers have become increasingly important, because
there has been a trend for 3PL providers to participate in clients” supply chains for providing
logistics management [16]. Therefore, it is necessary for small and medium 3PL providers to
improve their communication and operations to offer services more effectively.

This paper proposes that integrated Order, Transportation and Warehouse Management
Systems (hereafter, OTWMS) should be designed to help the 3PL providers to manage the 3PL
life-cycle from the service initiation phase through ordering, transportation execution, and
warehouse tracking and management to service closure. Each OTWMS instance leverages
repositories to store automated, OTWMS-generated logistics orders; schedule, transportation,
warehouse and inventory information; and other relevant information produced during the 3PL
life-cycle. OTWMS instances use the repositories to help reuse logistics plans from previous
services and manage newly created logistics plans. OTWMS instances also support logistics
team members’ work and help the clients capture and track the logistics service information.
Clients and 3PL providers can obtain real time information from OTWMS instances, making the
3PL life-cycle transparent and seamless.

To achieve such integration, there are several factors to consider. Client requirements need
to be transformed to a detailed and executable logistics plan. Specific transportation
management and warehouse management services must meet client requirements and deal
with unexpected service breakdowns, necessitating quick but effective creation and sharing of
knowledge within and between clients and 3PL providers. Clients and 3PL providers may be
globally distributed, making it difficult to conduct face to face meetings with clients. Changing
client requirements or service breakdowns may require revising contracts between clients and
3PL providers and raise service risks.

There is little theory-based guidance to help 3PL providers and clients design and leverage
such integrated systems. This paper draws upon a case study to create an information system
design product theory (hereafter, design product theory) for the class of OTWMS. A complete
information system design theory (ISDT) prescribes both the product and process aspects of a
class of information systems, that is, what are the meta-requirements and the meta-design for all
the products instantiating the class; which kernel theories from reference disciplines are vital to
determine what the products should do, and how the products should be built [27]. ISDTs make
the development of products more tractable for application developers by focusing their
attention and restricting their options and help organizations to source products and
components from commercial and open source markets.

This paper focuses on prescribing the product aspects for the class of OTWMS because the
existing literature does not provide such a theory. Moreover, OTWMS instances can be built in
many ways and it is thus not as fruitful to prescribe the process aspects as the product aspects.
The design product theory addresses the following research question: What are the meta-
requirements and the meta-design of the design product theory for the class of OTWMS in
order to enable comprehensive 3PL life-cycle management?
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This paper is organized as follows. Section 2 presents the research methodology and the case
company. Section 3 presents the meta-requirements for OTWMS, that is, the specific practices
and involved stakeholders and tasks in each phase of the 3PL life-cycle that must be supported
by the OTWMS instances. Section 4 describes the meta-design for the class of OTWMS. The last
section concludes the paper and suggests topics for future research.

2. Research methodology, kernel theory, and the case company

This research was conducted in the context of the Chinese 3PL logistics services market
offering services for international and domestic clients that leverage information and
communication technology enabled sourcing (eSourcing) of logistics services. The research is
part of a larger project that investigates various classes of information systems facilitating the
end-to-end eSourcing service provisioning life-cycle for markets such as software products and
services eSourcing and business process eSourcing.

The eSourcing Capability Model for Service Providers (eSCM-SP) has been chosen as the
reference theory of the larger research project to understand the eSourcing life-cycle holistically
from providers” viewpoint and to ensure the comparability of various subprojects. eSCM-SP has
been demonstrated to help various types of providers in different industries to improve their
capabilities related to both ongoing, phase-specific, and engagement-specific sourcing practices
throughout the eSourcing service provisioning life-cycle [25]. The life-cycle involves three
phases from the provider’s viewpoint: initiation, delivery, and completion. Ongoing practices
are run throughout the life-cycle to perform management functions. The three phases and the
ongoing practices cover ten capability areas (e.g., knowledge management, threat management,
and performance management).

3PL services are widely delivered by Chinese providers. This research investigates the end-
to-end eSourcing service provisioning life-cycle (hereafter “life-cycle”) using a single qualitative
case study to provide a holistic, systemic understanding of the phenomenon [5]. The case
company was selected because it is a leader in 3PL business in China and its practices are likely
to create an adequate baseline for design product theory creation. In 2012, it had more than 2200
employees and offices in more than 80 cities. The collected data covers the 3PL life-cycle,
including the practices, the cooperation between logistics team members involved in these
practices, the people responsible for logistics engagements as a whole, and the design and use
of information systems that structure and are structured by these practices. Practices of the case
company were compared to eSCM-SP based on the three phases and specific practices.

The first author conducted two rounds of investigation in the case company. A subsidiary of
the corporate entity was investigated on-site in Beijing. It delivers logistics services based on the
Total Order Management (TOM) information systems instance developed by the case company.
The instance includes three main subsystems: Order Management System (OMS), Warehouse
Management System (SMS), and Transportation Management System (TMS), enabling the
offering of an integrated solution for clients” supply chain management. They support service
delivery and proactively help to avoid service breakdowns in order to meet client requirements.
SMS offers basic warehouse management functionality. To meet complex requirements, the case
company bought another Warehouse Management System (WMS).

“SMS just has the basic functions of warehouse management. We have developed it ourselves to meet
the general warehousing requirements. However, our business is growing and large international
enterprises demand more complex warehousing services, so we bought the WMS. We will choose either
SMS or WMS based on the client’s warehousing requirements. SMS and WMS are also able to share
information during the logistics services.” - A warehouse manager

The investigation developed an understanding about (1) ways the workers in the company
use the subsystems for providing logistics services and (2) the types of breakdowns occurring.
The second round of data collection was conducted in December 2011 and January 2012 by
visiting the headquarters of the company on-site in Guangzhou to probe how TOM's
subsystems supported each service phase of eSCM-SP. For example, TOM can combine and
optimize orders from clients. The introduction of TOM in 2002 enabled the company to reduce
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its logistics costs by 20% and the logistics costs of its clients by 2-4% and to improve service
effectiveness by raising order processing speed from 50 orders per hour to 150 orders per hour.

Logistics teams are responsible for specific logistics services. Usually the most important
services are delivered by three sub-teams: order management team, transportation management
team, and warehouse management team (Table 1). These teams need to work together
seamlessly to process orders, analyze client requirements, and draft logistics plans. In order to
trace the service engagements initiated by orders, the 3PL life-cycle should be transparent for
clients.

The design product theory for OTWMS has been created based on a literature review and
the analysis of the design and use of the innovative TOM system of the case company. eSCM-
SP has been chosen as the kernel theory of the design product theory because it takes the life-
cycle view and the OTWMS instances must support the 3PL life-cycle.

The design product theory for OTWMS has been designed to be abstract and generic enough
so 3PL providers can use it to improve their processes and information systems regardless of
their current practices and systems. It may be possible for 3PL providers to benefit from the
theory for OTWMS even without replacing any existing systems. Providers can thus use even
separate order management systems, transportation management systems, and warehouse
management systems and use the theory to better integrate and organize these systems for
enabling the end-to-end life-cycle. For example, an OTWMS instance can track the order
execution process against the logistics plan and report execution results and breakdowns. It
does not need to help execute specific logistics tasks but it needs to trace and report the results
of the tasks. A specific task can be run by using other logistics management tools. Therefore, the
analysis of the practices and information systems of the case company has helped us to scope
the design product theory for OTWMS appropriately.

Title Responsibility
Order management Team is responsible for order validation, entry, and processing. It makes the
team logistics plan for the order together with a transportation team and a warehouse

management team. During the delivery phase, it also coordinates with the
transportation and warehouse management teams. It is solely responsible for
communicating with clients. During order completion, it documents the services
and the lessons learnt.

Transportation Team defines the most efficient transportation schemes according to client
management team  [requirements and drafts the logistics plan with the order management team. It
executes the delivery service and reports any transportation breakdowns (e.g.,
delays, accidents, and non-forecasted stops).

Warehouse Team uses SMS or WMS to manage the cargo and support the
management team  |transportation team (e.g., ensuring the cargo is ready for delivery when the
transportation team arrives).

Table 1. Responsibilities of Key Logistics Teams

3. Meta-requirements of the design theory for OTWMS

This section describes the meta-requirements for the design product theory of OTWMS, that
is, what services integrated order, transportation, and warehouse management systems must
provide to enable stakeholders to streamline the end-to-end 3PL life-cycle (Figure 1). OTWMS
shall offer three categories of services: (1) order management, (2) transportation management,
and (3) warehouse management (Table 2). Order management deals with, for example, order
prioritization and management. Prioritization refers to establishing priorities for orders
according to client requirements (e.g., lowest transportation costs, fewest possible stops to
improve quality and to shorten lead-times). Order management is responsible for a variety of
issues such as arranging interrelated orders (e.g., having the same final destinations and
priorities) to optimize the resource usage of transportation services, informing clients on
product availability and order status, and enabling clients to trace cargo information. For
example, whenever breakdowns occur during warehouse management or transportation
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execution in the case company, the responsible teams must inform the order management team
that will then communicate with the client(s) as necessary. OTWMS instances record
breakdowns and send information to stakeholders. Warehouse management is responsible for
the goods in warehouses, for optimizing the usage of the warehouse space, and for processing
transactions such as receiving and picking goods. Transportation management is responsible
for delivering cargo based on orders, client requirements, and the locations of ordered items in
available warehouses. The most efficient transportation schemes are determined based on the
orders’ priorities and the availability information provided by warehouse management.

Order management Transportation Warehouse
management management
1 Prioritize an order based on business 1 Monitor the Identify stora-
priorities and risks transportation progress against|ge locations of cargo,
2 Collect orders from previous similar|the logistics plan track  cargo  from
services to reduce duplication 2 Report execution results|initial phase to

3 Manage interdependencies between|and transportation breakdowns|completion phase, and
orders and align order, transportation, and|(e.g., delays, accidents and|report real  time
warehouse teams. unexpected stops) information about the

4 Provide clients with order status. 3 Generate a transportation|status of cargo
results report
Table 2. A framework for categorizing the services of the design product theory for OTWMS

3.1. Initiation

In the initiation phase, a client provides a request for proposal (RFP) and documented
logistics requirements, including specific transportation requirements, warehousing
requirements, expected arrival time, expected number (quantity), types, volumes (to determine
the physical spaces needed during transportation and warehousing), and destinations of the
cargo to be delivered. The 3PL providers need to analyse the proposal and requirements to
create a business case for estimating the profitability of the service. If the service is profitable,
the providers will draft logistic plans to bid. Clients will analyse the plans, choose the providers,
sign the contracts, and send formal orders to selected providers. Providers will establish unique
identifiers for the orders to trace and manage the orders during the end-to-end life-cycle.
Whenever clients have special requirements, their orders will be marked as special orders. For
example, in the case company, the orders that must be delivered to clients after normal working
hours are considered special orders.

Order analysis and management are the main activities throughout the 3PL life-cycle. The
order database enables an OTWMS instance to manage multiple order types and provides real-
time visibility of order status and associated transportation and warehouse information to
evaluate service quality and business risks. Furthermore, bidirectional traceability is supported
between order, transportation, and warehouse information artifacts across the 3PL life-cycle.

3.1.1. Prioritizing the orders based on business priorities

Providers will analyze the RFP and client requirements. The involved teams need to work
together to analyze the priorities of logistics requirements, check the availability of appropriate
warehouse space (if necessary), and define the most efficient transportation schemes. The
OTWMS instance helps them prioritize orders based on business priorities and risks.

3.1.2. Collect and analyze orders from previous service engagements to reduce duplication

The OTWMS instance collects order, logistics plan, transportation, warehouse, and other
relevant artifacts from each engagement between a provider and a client. Providers analyze the
client requirements and search for relevant artifacts to reduce the time and costs involved in
creating a suitable logistics plan and to estimate the service price and the needed time and
resources based on previous experiences. After that, they draft the logistics plan and bid.



Clients review the bids, including logistics plans, from several providers and select the proper
providers. After contracting has been completed, clients will send formal orders to the
providers who will schedule, resource, and execute the transportation and warehousing
services.

3.1.3. Assign order to the suitable transportation team and prepare the delivery services

After the order management team receives the formal order, it needs to validate the order to
ensure all the required information is included, schedule the service, send the order to the
proper transportation team to execute the services, and inform the warehouse management
team to prepare for offering storage or picking services. After that, the transportation team
knows the destination of the cargo, checks the availability of necessary vehicle(s) and other
resources, and prepares to deliver services. In the case company, OTWMS instances are used to
assign people for the specific service delivery, making it easy for relevant stakeholders to hold
these people accountable and to communicate with them in real time. When transportation
teams need to pick cargo from clients, the order management team communicates with clients
first to make appointments and then informs transportation teams the exact times and places
for picking the cargo. Order management teams also communicate with clients whenever
breakdowns occur.

3.2. Delivery

During the delivery phase, transportation teams are responsible for preparing and executing
specific transportation services. Clients and providers can trace the transportation process and
get the cargo status information timely through OTWMS. The process includes various
stakeholders. The execution of the process involves coordination of the flow of information,
services and finances among these stakeholders [21]. Therefore, it is important to manage the
life-cycle effectively to meet the delivery performance expectations of the stakeholders.

OTWMS enables clients and providers to communicate effectively and seamlessly
throughout the delivery phase. For example, logistics information such as order status and
inventory reports can be shared with clients and providers to reduce the inventory and speed
up the overall fulfillment process. In addition, OTWMS enables clients and providers to deal
with breakdowns quickly. For example, when a transportation team of the case company
arrives on time to pick cargo from a client, but the client is not ready, the team must inform the
order management team responsible for dealing with the breakdown together with the client.
Whenever transportation teams notice discrepancies between the cargos and the original orders,
they must also inform the order management team about such breakdowns. OTWMS instances
record all the breakdowns to help both clients and providers to improve their performance in
future.

3.2.1. Transportation execution

OTWMS must support all physical and administrative operations regarding transportation.
For example, it can trace each delivery event by event (shipping from A, arrival at B, customs
clearance, etc.) and send transportation breakdown (e.g., delay or accident) reports and real
time transportation status information to order management teams. Whenever clients refuse to
receive the cargo due to breakdowns, the respective orders may have to be refunded. When the
providers are not responsible for the breakdowns, transportation teams need to inform order
management teams responsible for communicating with clients. OTWMS must also collect
metrics to measure the transportation performance such as transport cost per distance (e.g., per
mile or kilometer) and carrier rate acceptance.

3.2.2. Warehouse management
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Warehouse management primarily aims at controlling the movement and storage of
materials within a warehouse and processing the related transactions, including shipping,
receiving, storing and picking. Warehouse management monitors the flow of cargo and
optimizes stock based on real time information provided by technologies such as barcode
scanners, mobile computers, and radio frequency identification. Once data has been collected, it
is typically transmitted to a central database through either asynchronous batch processing or
real time wireless transmission. OTWMS uses the database to provide useful reports about the
status of goods in the warehouse for order management teams and clients.

Warehouse management teams prepare for service after providers receive the formal orders.
They check numbers, types, required spaces, and arrival times of cargos from orders. In the case
company, they also check the arrived cargos and the associated information together with the
transportation teams. The validated information is stored in OTWMS.

3.2.3. Service breakdowns

Whenever service breakdowns happen, OTWMS will send relevant information to order
management teams that need to communicate with clients and adjust transportation schemes as
necessary. Clients will estimate the influence of breakdowns and decide whether to change their
requirements. If they change requirements, they typically have to form and send new orders to
providers. Service breakdowns can be caused by clients or providers. For example, if the client
is not ready to receive cargo when the transportation team of the case company arrives, the
transportation team reports the breakdown to the order management team that will
communicate with clients and arrange redelivery or other solution. In the case company,
stakeholders can generally obtain clear instructions for proceeding with the delivery within an
hour after reporting breakdowns to the order management team.

“Without the help of OTWMS, it would be impossible to deal with breakdowns in one hour. This
system helps us communicate with all stakeholders including clients in real time, which is crucial to deal
with breakdowns effectively.” - An order manager

3.3. Completion

The completion phase starts when providers have transported cargo to final destinations.
Clients need to check the services and cargos to determine whether they meet the service
closure conditions. If the conditions are met, the logistics engagement between the client and
the provider can be closed. The client needs to pay for the services according to the original
agreement and realized service quality (e.g., taking into account integrity and possible delays).
When the provider’s financial department will receive the payment, the provider can close the
order, summarize the services, and compare the performance during the engagement with
earlier measurements to improve their service capabilities. For example, OTWMS should be
able to benchmark the transportation performance with industry standards and previous
performances and report the results to transportation management teams and other
stakeholders.

OTWMS stores relevant information and artifacts to the order database for further reuse.
The artifacts to be stored include logistics requirements and optimized logistics plans and
schedules, which can help the provider to improve their transportation and warehouse
management in future.

1. A meta-design of the design product theory for OTWMS
2.

This section outlines a generic meta-design for OTWMS based on the analyses of interview
transcripts, the 3PL life-cycle, the literature review, and the OTWMS instance developed by the
case company. The meta-design covers the entire 3PL life-cycle outlined in Section 3 and
visualized in Figure 1. The section concludes by explicating the linkages between order
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management, transportation management, and warehouse management subsystems to validate
the meta-design and to justify its scope.

Order, transportation, and warehouse artifacts are managed by OTWMS instances. Orders
are associated with the transportation and warehouse management artifacts. The relationships
between these artifacts are explained next. Orders are based on client requirements and RFPs;
each order needs at least one transportation service and zero or more warehousing services to
complete it; each warehouse links with at least one order; and each transportation service
delivers at least one order.

This section introduces generic structures and attributes of the three classes of artifacts
presented above. According to the design product theory, OTWMS instances should include at
least these structures and attributes to be effective.

4.1. Order

Table 3 presents the generic structure of order artifacts. In the following, each class within
the structure is explained.

Description describes what an order is about, the purpose of the order, and the deadline for
its delivery. If there are service breakdowns that lead to change requirements, clients may form
a new order to execute the services. Name and ID are used for identification and traceability.

Origin describes the client requirements the order is based on. One order should cover all the
client requirements.

Class Questions Attributes
Description What is the order about? Name, ID, Description, Required date
and time of delivery, Rationale
Origin Which client requirements does Author, Source, Date of creation
the order refer to?
Analysis What are the implications of the Status, Required effort, Priority,
order? Scheduled date and time of delivery
Workflow What should be done to this order Assigned  Transportation  services,
next? By whom? Assigned Warehousing services, Responsible
person, Realized order closure date and time
History What has been done to the order Information about all prior edits, edi-
artifact? When? tors, and changes

Table 3. Generic Structure of Order Artifact

Analysis is used to probe the implications of the order. Priority is used to rank orders and
arrange suitable resources and efforts. During the service delivery phase, status can be used to
check the order status (e.g., shipping or waiting for picking).

Workflow describes what should be done next to this order and by whom. Order
management teams need to allocate each order to one or more transportation and warehouse
management services.

History is used to provide information about the responsible managers and all prior edits of
various order attributes. As a result, the stakeholders can be held accountable for their actions
and unexpected service breakdowns can be dealt with effectively. Changed requirements may
necessitate unexpected revisions of logistics plans and raise service risks. History information
helps logistics teams to proactively eliminate many breakdowns and to recover from
breakdowns to continue service execution.

4.2. Transportation
Table 4 presents the generic structure of transportation artifacts.

Description describes the destination of transported goods. Route indicates the stops needed
for the transportation service, including the final destination.
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Origin describes the order(s) the transportation service refers to. One order may need more
than one transportation service.

Analysis is used to probe the implications of a transportation service. Priority describes the
priority of the transportation service and status refers to the transportation progress. Required
effort describes the transportation costs, time, and resources, which can be used to calculate the
total service cost of an engagement. This information can be reused to estimate the profitability
and feasibility of future engagements.

Class Questions Attributes

Description What is the transportation service Name, ID, Description, Rationale,
about? Route, Required date and time of delivery

Origin Which order does the Author, Source order, Date of
transportation service refer to? execution

Analysis What are the implications of the Status, Required effort, Priority,
transportation service? Scheduled date and time of delivery

Related Which vehicles and transportation IDs of vehicles to be used

transportation |methods  are  involved in  this

vehicles transportation service?

Workflow What should be done to this Allocation to transportation team
transportation service next? By whom? members, Responsible person,  Realized

date and time of delivery

History What has been done to this Information about all prior edits,

transportation artifact? When? editors, and changes

Table 4. Generic Structure of Transportation Artifact

Related vehicles provides traceability links to the vehicles (e.g., cars, ships) that are involved
in the transportation services.

Workflow describes who is responsible for transportation processes and the realized time of
delivery.

4.3. Warehouse

Table 5 presents the generic structure of warehouse artifacts. Description explains which
logistics requirements are met by the warehouse.

Origin describes which orders are linked with the warehouse, when, and using which
transportation services.

Analysis probes the availability and convenience (e.g., distance from the final destination) of
the warehouse and the profitability of using it in order to prioritize and schedule the
transportation service. This information can also be reused in future to help providers and
clients optimize schedules and improve service effectiveness.

Workflow describes the processes that should be taken to use the warehouse and the
responsible stakeholders. The transportation team needs to communicate with the warehouse
team and form a reasonable store and pick schedule.

Class Questions Attributes

Description Which logistics requirements does the Name, ID, Description, Rationale
warehouse meet?

Origin Which orders are linked with the Author, Source order, Source
warehouse? Which transportation artifacts are | transportation, Scheduled dates and
linked with the warehouse? times of transportation

Analysis What are the availability and Status, Priority, Risk, Required
convenience of the warehouse? warehouse space

Workflow What should be done to use this Allocation to transportation team
warehouse next? By whom? and warehouse management team,

Information about responsible person

History What has been done to this warehouse Information about all prior edits,

artifact? When? editors, and changes
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Table 5. Generic Structure of Warehouse Artifact
4.4. Validating and scoping the design product theory for OTWMS

OTWMS instances help 3PL providers to prioritize and valuate logistics requirements. The
requirements and their interdependencies can be stored in the order database. The
prioritization and valuation methods are beyond the scope of this paper.

Most logistics resources are allocated to deal with the highest priority requirements.
OTWMS instances make it easy to trace orders and transportation services, because
transportation and warehouse management artifacts are bidirectionally linked to orders. In the
case company, all the stakeholders involved in the service engagement record their actions and
relevant information to OTWMS, helping the order management team to manage service
provisioning and to effectively communicate with clients.

For each logistics service engagement between a client and a provider, the used OTWMS
instance indicates which orders provide the purpose for the transportation and which
warehouses are leveraged. Moreover, all actions can be traced to responsible staff members,
improving accountability and service quality. Version management helps to identify the
stakeholders involved with different versions of various artifacts and the actions the
stakeholders have taken. Therefore, order management teams can analyze and control the
impacts of order changes and revise the schedules and logistic plans as necessary to meet the
most important requirements and recover from service breakdowns.

3. Conclusions and future research
4.

This research established the meta-requirements and the meta-design of the design product
theory for OTWMS. The theory helps 3PL providers design, acquire, and use OTWMS instances
for providing logistics services. The validity of the theory was enhanced by a case study, which
involved a leading Chinese 3PL provider, and the analysis of an OTWMS instance, which has
been developed and used by the case company for about ten years.

OTWMS instances are expected to enforce standardized processes for 3PL providers and the
implementation of best practices across services. Order management, transportation
management, and warehouse management teams can share and reuse artifacts from the order
database to raise productivity and quality. Clients can share logistics knowledge across service
engagements to increase efficiency and reduce risks. 3PL providers and clients can aggregate
quality metrics across service engagements.

This research is limited to one case study. The case company is not only a leader in its field
in China but also the first Chinese company to use modern logistics concepts to provide clients
with integrated logistics services. Its key staff members interviewed for this study have more
than ten years of work experience in logistics services. The generalizability of the design
product theory is thus expected to be significant. Future research needs to validate the theory
using more case studies and help providers to better reuse logistics artifacts. New case studies
and action research are thus necessary to make the theory even more credible for 3PL providers,
information systems designers, logistics professionals, and researchers.
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Abstract

Information and Communications Technology-enabled international sourcing of software-intensive
systems and services (eSourcing) is increasingly used as a means of adding value, reducing costs, sharing
risks, and achieving strategic aims. To maximally reap the benefits from eSourcing and to mitigate the
risks, providers and clients have to be aware of and build capabilities for the eSourcing life-cycle. China is
in a position to become a superpower for eSourcing service provisioning, but most Chinese eSourcing
service providers are small or medium-sized and typically work for larger intermediaries instead of end-
clients, limiting their business and capabilities development. The extant literature does not offer a
comprehensive enough guidance for eSourcing life-cycle management to overcome this limitation. This
paper presents an information system design product theory for the abstract class of Requirements and
Delivery Management Systems. eSourcing service providers can use it to establish domain-specific design
product theories and to instantiate them into information systems that support the design, service
provisioning, and breakdown recovery within the eSourcing life-cycle.

1. Introduction

International sourcing is used worldwide to gain comparative cost advantage and outside
expertise, to improve services, and to gain access to technology [1]. More than 50% of American
Fortune 500 firms and an increasing proportion of Western European and Japanese firms are
users of offshore software sourcing [4]. India, Russia, Philippines and China are the important
nations for service provisioning [5,6]. The use of Information and Communications Technology
(ICT) is crucial in international sourcing.

The offshoring of services is critically dependent on a supply of providers that have
operational and strategic capabilities to offer comparative cost advantage, satisfactory quality,
and on time delivery despite the differences in time zones and culture [3]. There is already a
myriad of Chinese eSourcing service providers in the global market and their role is increasing
quickly. Yet, there is relatively little research focusing on the Chinese eSourcing service
provisioning industry.

The purpose of this paper is to report the status of the core deliverables of the doctoral
dissertation project (hereafter, “project”) of the first author and to invite criticism and feedback
to improve the quality of the resulting dissertation. The project focuses on Chinese providers,
but it aims at reaching results generalizable to providers in other nations with powerful
eSourcing industries.

Language and time zone issues do not hinder Chinese providers from entering the western
eSourcing markets [18]. Chinese providers need to improve mainly their business development
and process capabilities and enabling information systems. Most importantly, Chinese client
organizations must further develop their eSourcing cultures so Chinese service providers can
have large and demanding domestic markets that stimulate and provide financing for the
design and productization of innovative and competitive services and products [21]. Therefore,
comprehensive advice is needed to help service providers to focus on the most value adding
business strategies, eSourcing life-cycle phases, activities, and enabling classes of information
systems that best improve their capabilities for service design and provisioning.

The extant literature does not offer a comprehensive enough guidance for eSourcing
management in the Chinese context. It focuses on clients from the US and Europe [13].
Providers” perspective has not been studied sufficiently [2,7]. American and European
enterprises are familiar with the large Indian companies and their sourcing services. The global
sourcing research is also limited to the service model Indian providers use mainly with their
American clients [11,20]. The lessons learnt are not necessarily applicable to Chinese providers.
Most Chinese providers leverage the mediated offshore outsourcing business model, whereby a
small or a medium-sized Chinese provider delivers offshore software services to a larger
foreign ICT client that contracts and interfaces with the actual end-clients onshore [10]. This
business model usually restricts the providers to small, low-value projects and hampers the
sharing of knowledge with end-clients, severely impeding the capability and business
development of Chinese providers. The extant literature does not extensively address this
business model and ways to overcome its limitations. Jarvenpad and Mao [10] focus on the
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development of client-specific, process, and human resource capabilities, but their research does
not cover the entire eSourcing life-cycle and cannot enhance providers’ capabilities
comprehensively.

eSourcing can be divided into two categories: ICT services sourcing (ICTS) and business
process sourcing (BPS). ICT sourcing occurs when an organization contracts one or more
providers to perform an ICT function instead of performing the function itself. The provider can
be a third party, another division, or a subsidiary of a single corporate entity [9]. BPS involves
the sourcing of noncore ICT-enabled business processes to internal or external providers. It
enables clients to focus on their primary business operations and to achieve lower costs,
improved productivity, and more flexible staffing options [19].

This project studies one service provider in each of the ICTS and BPS categories using the
case study research methodology. It aims at providing as generalizable scientific knowledge as
possible concerning the most important business practices, activities, and classes of information
systems for eSourcing (1) ICT services and (2) business processes. The project investigates the
two contexts, respectively, through the following two eSourcing project domains in the Chinese
eSourcing market: (1) software testing services and (2) third-party logistics (3PL) services. The
two research cases are Ltesting (http://www.osourcing.net/) and PG Logistics (PGL,
http:/ /www.pgl-world.cn/).

Ltesting is a medium-sized (less than 50 employees) professional software testing services
provider [17]. It has been chosen for this project because it has established a leading position in
the Chinese testing service market based on its testing experiences from multiple domains (e.g.,
banking, insurance and telecommunications) and professional services. There are two reasons
for selecting PG Logistics (PGL) as the second research case. First, PGL is the most influential
third-party logistics enterprise in the Chinese market and the first Chinese company to use
modern logistics concepts to provide integrated logistics services. Second, PGL has developed
its own flexible and scalable third-party logistics information integration platform.

Extensive communication, coordination, and collaboration are required between the
stakeholders involved in the eSourcing life-cycle. Numerous information systems are typically
needed. Without adequate integration of these information systems, information quality will
deteriorate, leading to potentially expensive breakdowns disrupting services and reducing
service effectiveness. This project creates information system design product theories (hereafter,
“design product theory”) that help providers to design and integrate the most crucial classes of
systems that support the end-to-end eSourcing life-cycle. A complete information system design
theory (ISDT) prescribes both the product and process aspects of a class of information systems,
that is, what are the meta-requirements and the meta-design for all the products instantiating
the class; which kernel theories from reference disciplines are vital to determine what all the
products should do, and how the products should be built [23]. ISDTs make the development of
products more tractable for application developers by focusing their attention and restricting
their options and help organizations to source products from commercial and open source
markets. The project focuses on information system design product theories prescribing the
product aspects for the classes of systems because system instances can often be built in many
ways and it is thus not as fruitful to prescribe the process aspects as the product aspects.

In the context of software testing services, most commercially available information systems
support the eSourcing life-cycle only from the providers’ viewpoint and provide limited
support for clients. They are used separately for requirements management, test execution
management, or defect management. Standardized data transfer between the different
information systems supporting specific life-cycle phases is difficult, reducing service
effectiveness and raising the risks of failure. This research project has developed an information
system design product theory for the class of Requirements, Test and Defect Management
Systems (RTDMS) to support knowledge management throughout the eSourcing life-cycle for
testing services [15].

In the context of third-party logistics services, there are few studies on small and medium-
sized 3PL providers in the Chinese logistics market [8,14]. 3PL providers have become
increasingly important because they participate in clients” supply chains for providing logistics
management [14]. Therefore, it is necessary for small- and medium-sized 3PL providers to
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improve their communication and operations to offer services more effectively. This research
project has developed an information system design product theory for the class of Order,
Transportation and Warehouse Management Systems (OTWMS) to help clients and service
providers to design, execute, manage, and control transparent and seamless logistics processes
[16].

The project draws upon the two design product theories and the cross-case analysis to create
an information system design product theory for the class of Requirements and Delivery
Management Systems (RDMS). It helps both ICT services sourcing and business process
sourcing service providers to design information systems for managing the end-to-end
eSourcing life-cycle.

It is important to establish and execute efficient business models and processes throughout
the eSourcing life-cycle and to recover from unanticipated coordination breakdowns quickly
and effectively [12]. By analyzing breakdowns and their underlying causes, researchers and
actors in the workplace can identify the problems that are not easily visible in normal routines
and create new knowledge to solve such problems. Redesigning the eSourcing life-cycle when
necessary ensures organizational survival, proactive elimination of some breakdowns, and
effective long-term enactment of routines [12].

The project addresses the research question: which eSourcing practices, associated activities,
and enabling classes of information systems are the highest priority ones for service providers
from the viewpoint of executing the eSourcing life-cycle, recovering from coordination
breakdowns during execution, and redesigning the life-cycle practices, activities, and systems to
ensure organizational long-term effectiveness [12]? To answer this question, eSourcing practices,
associated activities, and enabling classes of information systems are analyzed holistically as
work systems.

This paper is organized as follows. Section 2 presents the research methodology and the
kernel theory. Section 3 presents the meta-requirements for RDMS, that is, the practices and
involved stakeholders in each phase of the eSourcing life-cycle that must be supported by the
RDMS instances. Section 4 describes the meta-design of the design product theory for RDMS
and validates it based on RTDMS and OTWMS theories. The last section concludes the paper
and suggests topics for future research.

2. Research methodology and kernel theory

This project classifies eSourcing practices into ICTS and BPS categories and studies each
category through a case study. After that, in the cross-case study, this project summarizes the
common and variable aspects among these categories and drafts the design product theory for
the class of RDMS.

The eSourcing Capability Model for Service Providers (eSCM-SP) is a kernel theory of this
research project because it is the most comprehensive eSourcing model available for service
providers. According to eSCM-SP, the life-cycle involves three phases. (1) Initiating an
engagement involves gathering and negotiating requirements with a client, contracting, and
designing, resourcing, and deploying the service. (2) Service is delivered according to the
commitments established for the engagement. (3) The engagement is completed primarily by
transitioning the resources from the provider to the client or to a third party [22]. Specific
practices are enacted in each phase. eSCM-SP is applicable to both ICT and business process
eSourcing and can help service providers improve their capabilities related to both ongoing,
phase specific, and engagement specific eSourcing practices throughout the eSourcing life-cycle
[22]. Yet, eSCM-SP has not been used and studied extensively in China. We expect only a
relatively small subset of the best practices envisioned in eSCM-SP to be relevant for Chinese
service providers, mainly because most providers are in relatively early phases of eSourcing
capability development and thus cannot use the most advanced practices of eSCM-SP.

During both case studies and the cross-case study, the authors have analyzed the data by
iterating between two phases. First, the data about the routines and the information systems
they use, the most significant breakdowns in routines, and the processes and information
systems used for recovering from breakdowns have been compared to the eSourcing phases
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and practices prescribed by the eSCM-SP. The project is especially interested in breakdowns
that are caused by poorly designed, poorly used, and/or entirely missing computer-based
information systems. Interactions between the eSourcing strategy, activities, processes,
organizational structures, and information systems have been analyzed to define the most
important information systems for the eSourcing life-cycle and its phases. Second, the results
have been shown to the managers and the staff of the case companies to collect feedback,
revised as necessary, and summarized. In the cross-case analysis, the common and variable
parts of RTDMS and OTWMS have been compared and analyzed with respect to each phase of
the eSourcing life-cycle. For example, through comparing the service providers” practices and
the support offered by RTDMS and OTWMS in the initiation phase, the common and variable
parts have been analyzed to draft the requirements management service of the design product
theory for the abstract class of Requirements and Delivery Management Systems.

Generally, eSourcing service providers have teams to execute the specific services. Based on
the case studies and eSCM-SP, this project focuses on the requirements management and
delivery management teams (Table 1). These teams need to work together, for example, to
process and analyze client requirements, to draft eSourcing service plans, to deal with service
breakdowns, and to change service plans. In order to track the service engagements and to
monitor the performance of providers, the eSourcing life-cycle should be transparent to clients.

Table 1. Responsibilities of key eSourcing service provisioning teams

Team Responsibility
Requi Team is responsible for transforming clients requirements to executable
rements requirements, requirements prioritization, and management. It makes the
management|eSourcing service plan together with the delivery management team. During the
team delivery phase, it coordinates with the delivery management team and deals
with service breakdowns. It is responsible for communicating with clients.
Delive Team executes the service delivery according to client requirements, drafts
ry the eSourcing service plan together with the requirements management team,
management|and reports service breakdowns (e.g., delays, accidents, and out-of-budget
team events). It collects metrics and deals with breakdowns during the service. During
the service completion phase, it documents the services and the lessons learnt
and transfers resources to clients or third parties.

The design product theory for the class of RDMS has been created based on a literature
review and the analysis of the RTDMS and OTWMS. RDMS has been designed to be abstract
and generic enough so eSourcing providers can use it to design domain-specific information
systems and improve their processes and information systems regardless of their current
practices and systems. Providers can thus use even separate requirements management and
delivery management systems and use the theory to better integrate and organize these systems
for enabling the end-to-end eSourcing life-cycle. For example, an RDMS instance can track the
requirements execution process against the service plan and report execution results and
breakdowns. It does not need to help execute specific tasks but it needs to track and report the
results of the tasks. Specific tasks can be run by using other management tools. Therefore, the
analysis of the practices and information systems of the case companies has helped us to scope
the design product theory for the class of RDMS appropriately.

3. Meta-requirements of the design product theory for the class of RDMS

This section describes the meta-requirements of the design product theory for the class of
RDMS, that is, what services integrated requirements and delivery management systems must
provide to enable stakeholders to streamline the end-to-end eSourcing life-cycle (Figure 1).
RDMS shall offer two categories of services: (1) requirements management and (2) delivery
management (Table 2). Requirements management deals with, for example, requirements
prioritization and management. Prioritization refers to establishing priorities for requirements
based on client requirements and business risks (e.g., lowest cost, most effective). Requirements
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management is responsible for a variety of issues such as transforming client requirements to
specific executable requirements, arranging proper resources for realizing the requirements,
and enabling clients to track service progress. If clients change the requirements or there are
unexpected breakdowns due to, for example, the unavailability of critical service components,
requirements management should adjust and re-prioritize requirements as necessary. Delivery
management is responsible for delivering the service according to the agreed-upon engagement,
identifying and tracing breakdowns and their causes during the service, and reporting the
breakdowns and their impacts. In the completion phase, delivery management needs to transfer
the resources to clients or third parties and to record the lessons learnt for improving future
services.

3.1. Initiation

In the initiation phase, a client provides a request for proposal (RFP) and documented
requirements for the project. The service providers need to analyze the proposal and
requirements to create a business case for estimating the profitability of the service. If the
service is profitable, the providers will draft service plans to bid. Clients will analyze the plans,
choose the proper providers, sign the contracts and transfer resources to the chosen providers.
Providers will arrange proper staff for the services and offer training to develop the necessary
skills.

Table 2. A framework for categorizing the services of the design product theory for
RDMS

Requirements management Delivery management

1 Prioritize requirements based on client
needs and business and technology risks

2 Collect requirements from previous
similar services to reduce duplication

3 Manage interdependencies between
requirements and align requirements, service

1 Monitor the delivery progress
against the service plan

2 Report execution
delivery breakdowns

3 Collect metrics and identify and
trace breakdowns during the services

results and

delivery, and related resources.
4 Provide clients with requirements status.

4 Generate a delivery results report
5 Record lessons learnt for further
services

Requirements analysis and management are the main activities throughout the eSourcing
life-cycle. The requirement database enables a RDMS instance to manage prioritized
requirements and provide real-time requirements information and associated delivery and
breakdown information to evaluate the service quality and progress. Furthermore, bidirectional
traceability is supported between requirements and delivery information artifacts across the
eSourcing life-cycle.

3.1.1. Prioritizing the requirements based on business priorities and risks

Providers will analyze the RFP and client requirements. The stakeholders from clients and
providers need to work together to analyze the priorities of requirements. Requirements and
delivery management systems help them to prioritize requirements based on business priorities
and risks.

3.1.2. Collect and analyze requirements from previous service engagements to reduce
duplication

Requirements and delivery management systems collect relevant artifacts from each
engagement between a provider and a client. Providers analyze the client requirements and
search for relevant artifacts from previous engagements to reduce time and costs involved in
creating suitable service plans, to estimate the needed efforts and resources based on previous



experiences, and to price the services. After that, they draft the service plans and bid. Clients
review the bids and service plans, and then select the proper service providers. After the
contracting has been completed, clients will send relevant resources to the selected providers
who will schedule and execute the delivery services.

3.1.3. Assign requirements to suitable teams and prepare the delivery services

After the requirements management team receives the client requirements, it needs to
validate that the client requirements are executable, ensure all the required information is
included, schedule the services, and send the requirement information to the stakeholders for
preparation. After that, the delivery management team knows the relevant information and
prepares for service delivery.

3.2. Delivery

In this phase, delivery management teams are responsible for executing specific delivery
services. Clients and service providers can track the delivery processes and obtain the relevant
information in a timely manner through RDMS. The delivery process includes various
stakeholders. The execution of the process involves the coordination of the flow of information,
services, and related activities among the stakeholders. It is important to manage the eSourcing
life-cycle effectively to meet the delivery performance expectations of the stakeholders.

Requirements and delivery management systems enable clients and providers to
communicate effectively and seamlessly throughout the delivery phase. For example, the
information about the requirements that have been met can be shared with stakeholders to
adjust resource allocation. In addition, the systems enable clients and providers to deal with
breakdowns quickly. For example, whenever services are delayed, clients and providers may
share knowledge to find out the reasons for the delays and to reach possible solutions. The
systems record all the breakdowns to help both clients and providers to improve their
performance.

3.2.1. Delivery execution

Requirements and delivery management systems support all the activities in the delivery
phase. For example, they can track the services systematically and send service breakdown
reports and real time delivery status information to stakeholders. They must collect metrics to
measure the providers’ performance in order to improve performance and to help clients to
track service progress.

Delivery management is responsible for identifying and managing breakdowns, executing
and monitoring the service delivery, maintaining the service routines, and storing the lessons
learnt and the artifacts created into the database for reuse and adaptation during the delivery of
services in future [12]. When breakdown information has been collected, it is stored in the
database. Requirements and delivery management systems use the databases to provide
delivery management teams with proven and reusable artifacts for executing routines and dea-
ling with breakdowns, facilitating effective routine work.

Requirements management teams help delivery management teams to execute the services
and to ensure the effectiveness of routines. Delivery management teams create reports and
other artifacts, collect metrics, and store them in the databases. They deal with breakdowns and
summarize the lessons learnt.

3.2.2. Service Breakdowns
Whenever service breakdowns happen, requirements and delivery management systems

send relevant information to the stakeholders that need to communicate with clients and adjust
the service plans as necessary. Clients will estimate the influence of breakdowns and decide
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whether to change their requirements and service plans. If they change the requirements, they
have to adjust the service plans and negotiate with providers as necessary.

3.3. Completion

The completion phase starts when clients have received the services they need. Providers
can then prepare for transferring the services to the clients or third parties. Clients need to check
the services to determine whether they meet the service closure conditions. If the conditions
have been met, the engagement between the client and the provider can be closed. The client
needs to pay for the services according to the original agreement and the realized service
quality (e.g., on time and within the budget). When the provider’s financial department will
receive the payment, the provider can close the engagement, summarize the lessons learnt, and
compare the performance during the engagement with earlier measurement results to improve
their service capabilities. For example, requirements and delivery management systems should
be able to benchmark the performance with domain-specific industry standards and previous
performances and report the results to delivery management teams and other stakeholders.

Requirements and delivery management systems store relevant information artifacts for
future reuse. The artifacts to be stored include requirements, schedules, service plans and
metrics, helping providers to improve their delivery management and performance.

4. A meta-design of the design product theory for the class of RDMS

This section describes the meta-design for the class of Requirements and Delivery
Management Systems based on the meta-designs for the classes of RTDMS and OTWMS, the
literature review, the eSourcing life-cycle, and the case studies. Figure 1 visualizes how the
meta-design covers the eSourcing life-cycle outlined in section 3. The section concludes by
explicating the linkages between the requirements management and delivery management
subsystems to validate the meta-design and to justify its scope.

The two main classes of artifacts managed by the requirements and delivery management
systems are the Requirement artifact and the Delivery artifact. The relationships between these
artifacts are explained next. Requirement is based on client requirements and RFPs. Each
Requirement needs at least one Delivery artifact to complete the service. Each Delivery artifact
links with at least one Requirement.

This section introduces generic structures and attributes of the two classes of artifacts
presented above. According to the design product theory, the subclasses and instances of RDMS
should include at least these structures and attributes to be effective.

4.1. Requirement

Table 3 presents the generic structure of the Requirement artifacts. In the following, each
class within the structure is explained.

Description describes what a requirement is about, the purpose of the requirement, and the
schedule for its delivery. If there are service breakdowns that lead to changes in requirements,
clients may send new requirements and providers need to renew the service plans to execute
the services. Name and ID are used for identification and traceability.

Origin describes the client requirements the requirement is based on. One client requirement
may be transformed to several executable requirements.

Analysis is used to probe the implications of the requirement. Priority is used to rank
requirements and to allocate appropriate resources. During the service delivery phase, status
can be used to check the requirements status (e.g., delivered or not).

Workflow describes what should be done next to this requirement and by whom.
Requirements management teams need to allocate each requirement to one or more delivery
management services.

History is used to provide information about the responsible managers and all prior edits of
requirement attributes. As a result, the stakeholders can be held accountable for their actions
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and unexpected service breakdowns can be dealt with effectively. Changed requirements may
necessitate unexpected revisions of service plans and raise service risks. History information
helps service providers to eliminate many breakdowns proactively and to recover from

breakdowns.
Table 3. Generic structure of a Requirement artifact

Class Questions Attributes

Description What is the Name, ID, Description, Required date
requirement about? and time of delivery, Rationale

Origin Which client Author, Source, Date of creation
requirements does the
requirement refer to?

Analysis What are the Status, Required effort, Priority,
implications of the |Scheduled date and time of delivery
requirement?

Workflow What should be Assigned Delivery services, Responsib-
done to this requirement |le person, Realized requirement closure date
next? By whom? and time

History What has been done Information about all prior edits, edi-
to the requirement | tors, and changes
artifact? When?

4.2. Delivery
Table 4. Generic structure of a Delivery artifact

Class Questions Attributes

Description What is the delivery Name, ID, Description, Rationale,
service about? Process, Required date and time of

delivery

Origin Which requirement Author, Source requirement, Date
does the delivery service refer | of execution
to?

Analysis What are the Status, Required effort, Risk,
implications of the delivery|Priority, Scheduled date and time of
service? delivery

Delivery Which  tools  and IDs of tools to be used

methods delivery methods are
involved in this delivery
service?

Workflow What should be done Allocation to delivery team mem-
to this delivery service next?|bers, Responsible person, Realized date
By whom? and time of delivery

History What has been done to Information about all prior edits,

this delivery artifact? When?

editors, and changes

Table 4 presents the generic structure of the Delivery artifacts.

Description describes the purpose of an executed delivery. Process indicates the processes
needed for the delivery service, including the expected results and any service breakdowns.

Origin describes the requirement(s) the delivery service refers to. One requirement may need
more than one delivery service.

Analysis is used to probe the implications of a delivery service. If a delivery breaks down, the
reasons for and influences of the breakdown, the solutions applied, and the effects of solutions
can be documented here and/or in a separate incident management system. This information
can be reused in future to help providers and clients to optimize service plans and to improve
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service effectiveness. Priority describes the priority of the delivery service and status refers to the
delivery progress (e.g., routine, paused by a breakdown, or repairing a breakdown). Required
effort describes the delivery costs, time, and resources, which can be used to calculate the total
service cost of an engagement. This information can be reused to estimate the profitability and
feasibility of future engagements.

The delivery methods class is used to provide traceability links to the tools and methods
involved in the delivery services.

Workflow describes who is responsible for delivery processes and the realized time of
delivery. If there is a breakdown, Workflow documents the workarounds that should be taken to
provide the delivery and the responsible stakeholders. The delivery management team needs to
communicate with the requirements management team and form a reasonable solution for the
breakdown.

4.3. Validating and scoping the design product theory for the class of RDMS

According to the representatives of the case companies, the design product theories for the
classes of RTDMS and OTWMS incorporate the designs of the eSourcing life-cycle processes
and information systems that have helped the companies to transcend the limitations of the
mediated eSourcing business model. As a result, they have gained projects that are more
profitable and established direct communication with the end clients. The databases support,
respectively, the associated RTDMS and OTWMS instances and accumulate the knowledge and
lessons learnt, helping the case companies to enhance their service capabilities.

Specifically, an RTDMS instance aligns test requirements and related test cases and defects,
helping test teams to monitor service progress and to locate defects efficiently. The RTDMS
instance sends real time defect information to testers and clients, so all the involved
stakeholders can communicate with each other as necessary, thus making the testing process
transparent and seamless. Before Ltesting used a RTDMS instance, test teams needed to collect
the defects and send them to clients in regular batches, creating unnecessary delays. Clients had
to repair defects without sufficient background information. For example, clients did not
necessarily know the relationships of defects to test requirements, the times when test teams
had run particular test cases, and the order of test case execution. Therefore, the availability of
defect information and aligned requirements and test cases reduce the costs incurred by
providers and clients during the eSourcing life-cycle.

The databases have offered Ltesting defect information from previous similar projects and
helped clients to repair defects quickly, impelling clients to outsource larger, longer-term, and
more profitable projects to Ltesting. Ltesting has established strategic relationships with clients.

The HP Quality Center (QC), a commercially available integrated requirements, test and
defect management product, served as the RTDMS instance in the case company. It required
clear access rights for the different roles involved, causing some trouble for Ltesting in the early
stages of adopting RTDMS. Depending on the project characteristics and the financial pressure,
test analysts and test managers may have to do testers” work. RTDMS has impelled Ltesting to
improve its organizational structure and, specifically, test team structure. Ltesting has
established independent quality assurance teams and configuration management teams,
facilitating the provisioning of more comprehensive and professional services.

“All the test projects use QC or other similar test platforms, but the other platforms mainly focus on
test management. QC is the best because it can also offer complete requirements management and defect
management services. The specific test tools can run on this platform, but they can also run on other
platforms, so based on QC we can better control the entire service life-cycle. ”-CEO

“QC is a good example of an RTDMS. We rely on it to improve our performance, communication,
and service effectiveness. Clients are satisfied with our service quality and want to give better contracts to
us, which means larger and more profitable projects.” -CEO

PGL has developed an OTWMS instance for executing transparent logistics services. When
an order is generated, the OTWMS provides the transportation team and the warehouse
management team with the order information in real time, so they can prepare for service
delivery. Clients can get all the information they need whenever they need it based on the order
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number. For example, they can track cargo information easily. The OTWMS has thus helped
PGL to gain clients’ trust.

“Without the help of the OTWMS, it would be impossible to deal with breakdowns in one hour. This
system enables us to communicate with all stakeholders including clients in real time, which is crucial to
deal with breakdowns effectively.” - An order manager

“The timely information enhances our transportation and warehouse management effectiveness, hel-
ping us to improve performance. The OTWMS helps to make the life-cycle transparent and seamless, so
we can earn clients’ trust and establish strategic relationships with them.” -CIO

The design product theories for the classes of RTDMS and OTWMS contribute in their
respective domains and thus help the case companies to transcend the limitations imposed by
the mediated outsourcing business model. The abstract class of integrated Requirements and
Delivery Management Systems is based on and partly validated by RTDMS and OTWMS
instances, so it can be expected to facilitate small and medium-sized eSourcing service
providers in overcoming the limitations imposed by the mediated outsourcing business model.

5. Conclusions and future research

The research project provides several contributions. The design product theories for the
classes of RTDMS and OTWMS contribute in their respective domains. The third main
contribution is the design product theory for the abstract class of requirements and delivery
management systems. This theory is partly derived (1) deductively from comprehensive kernel
theories such as eSCM-SP and (2) inductively from the domain specific design product theories
for the classes of RTDMS and OTWMS. The theory prescribes an abstract class of systems
because instances of the class need not be built. The theory is primarily used to create more
detailed domain-specific design product theories. The design product theories for the classes of
OTWMS and RTDMS are such domain-specific theories used to prescribe information system
subclasses of the class prescribed by the design product theory for the class of RDMS. The
theory is expected to help eSourcing service providers and commercial software vendors to
design domain-specific integrated systems for service provisioning and breakdown recovery
throughout the eSourcing life-cycle in a variety of ICT and business process sourcing domains,
helping clients and providers to manage and control the eSourcing life-cycle and to make the
process transparent and seamless.

The project will continue the validation of the design product theory for the class of RDMS
by making the theory bidirectionally traceable with the design product theories for the classes
of OTWMS and RTDMS that specialize the abstract class for the subclasses in their specific
domains. Future research is needed to use the design product theory to build a set of other
domain-specific design product theories and to trace the theories back to the design product
theory in order to further validate and revise it.
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