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Foreword

It is with great pleasure that I write the foreword to this exceptional volume of papers

on service science. I have found the study of services to be a fascinating endeavor

and gladly admit to being a “service junkie” (Chase 1996). Thus, it is particularly

exciting to be able to write the foreword to a book that contains contributions from

other writers whose efforts also reflect a junkie level passion for the subject.

Service, which is defined as the application of competence and knowledge to

create benefit (or value) for another, derives from the interactions of entities known

as service systems. Service systems, the focus of this book, exist at multiple scales

of organizations, from individual people to businesses and nations, chain together

into globally integrated service networks of multiple types: business-to-consumer

(B2C), business-to-business (B2B), consumer-to-consumer (C2C), business-to-

government (B2G), government-to-consumer/citizen (G2C), as well as other per-

mutations.

While “service systems” is now part of our general business vocabulary it is

useful to look briefly at the origins of the term and some of the key writings that

have provided a foundation for its use in service science. One of the earliest uses of

service systems in a book title is Stochastic Service Systems by John Riordan

(1962). This work views service systems as processes where arrivals to the process

are served by workers or technology, or both. Other writers on service, though not

using the term service systems, were concerned with what a service is and what

constituted a service transaction. Economists in particular found this to be a major

issue in considering productivity growth (See Fuchs 1968).

Levitt (1970) argued for the industrialization of service processes, which trans-

lated directly into a service system design philosophy. Taking inspiration from

companies such as McDonald’s, he described how high-volume service organiza-

tions could apply a production-line approach to service in the same way that

manufacturing firms approach goods production (Levitt 1972). The central benefit

of this approach was that it reframed our thinking about service as being servitude

to one of economic processes that were amenable to engineering approaches to

quality and efficiency. Of course even before McDonald’s fully rationalized burger

production Disneyland was the exemplar of high a volume pure service operation.
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Probably the first textbook discussion of service systems in a strategic manage-

ment context was provided by Sasser, Olsen, and Wycoff (1978). They defined a

service delivery system as “a process in which the customer participates.” They

further argued that this participation by the customer in the service process

“requires that the service delivery system be defined in terms of, and as an element

of, the total service concept.” They showed graphically how the service concept

consisting of facilitating goods, explicit intangibles, and implicit intangibles dictate

and are defined by the service delivery system. The service delivery system is

shown to consist of performance characteristics of materials, service atmosphere

and image of facilities, and service attitudes of employees. The effectiveness of the

service delivery system is defined in terms of performance or service levels of the

materials, facilities and personnel. This structural approach underlies virtually

every discussion of service operations strategy.

The service system characteristics of intangibility and customer participation led

to researchers to develop classification schemes that reflect the operational implica-

tions of these characteristics, particularly as they contrast with manufacturing.

Chase (1978, 1981) suggested that most businesses have a front office component

and a back office component. For manufacturing firms, the back office is the factory

where the core product is created where there is little or no direct customer contact

during production. In services, the front office is often the core of the business since

by definition this is where service encounters take place. The implications of this

are that front office features of a service system such as location, layout, and

scheduling must reflect the physical presence of the customer, and as a result, is

inherently less efficient than the manufacturing back office or the back office of the

service firm itself.

Pine and Gilmore (1998) argued that service organizations are undergoing a

transformation from the traditional concept of service transaction to one of an

experience. Even for mundane services such as shoes stores and coffee shops

need to reflect this in the physical and sensory features of their facilities (Fitzsim-

mons and Fitzsimmons (2005). More recent work by Voss et al. (2008), develops

the strategic requirements needed to make this come about. Chase and Dasu (2001),

and Dasu and Chase (2010) emphasized how psychological factors such as creating

a positive flow of events in a service encounter and ending on a high note can be

engineered into the design of a service interaction.

As we look at contemporary industry, the explosion of telecommunications and

virtual service interactions require radically different models and approaches to the

design and operation of service systems. Indeed, service science needs to recognize

the need to strike out in new directions in its basic research and develop more

effective ways linking service systems to the organizations and larger communities

of which they are a part. This volume is an important step in addressing these

requirements.

Los Angeles, CA Richard B. Chase
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Preface

We live in and interact with many service systems in our daily life. As it matures,

the service science community is gradually becoming increasingly focused on the

study of holistic service systems, such as cities, universities, hospitals, luxury resort

hotels, cruise ships, and the like, that can be described as somewhat self-contained

entities that are an integrated system of systems. In each of these somewhat

self-contained entities, one finds a range of systems including transportation,

water, food, energy, communications, buildings, retail, finance, health, education,

and governance. The study of holistic service systems is especially challenging,

because local optimization does not necessarily lead to global optimization and

small changes in one subsystem can lead to large consequences in other systems

(Blomberg 2008; Maglio et al. 2006, 2009; Spohrer et al. 2007).

The concept of a service system is resonating well with academics from diverse

disciplines and practitioners from diverse economic sectors. And yet, because this

is such a new area, few compilations of the works of academics and practitioners

exist. Therefore to fill the gap, these two inter-related peer reviewed volumes of

the Service Science: Research and Innovations in the Service Economy Series

on Advancement of Services Systems (“The Science of Service Systems” and

“Service Systems Implementation”) are very specific in nature. They present

multidisciplinary and multisectoral perspectives on the nature of service systems,

on research and practice in service, and on the future directions to advance service

science. The Science of Service Systems intends to stimulate discussion and under-

standing by presenting theory based research with actionable results. Service
Systems Implementation intends to stimulate discussion and understanding by

presenting application-oriented, design science-oriented (artifacts building: con-

structs, models, methods and instantiations) and case study-oriented research with

actionable results.

We know the importance of having to start “somewhere” to get the new ideas

moving, and finding the appropriate collaborators to make some initial steps and

advances in new knowledge possible. The editors would like to thank the Series

Editors of the Service Science: Research and Innovations in the Service Economy

Series, Bill Hefley andWendy Murphy, and the Springer co-editors, Melissa Fearon
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and Jennifer Maurer, for their encouragement and guidance for development of

these volumes; and leading thinkers in this field, Richard B. Chase and Richard C.

Larson, who wrote forewords, and Mary Jo Bitner, Stephen W. Brown, Andrew

Dingjan, Jay Kandampully, Suk Joon KIM, Jeong Hyop Lee, Michael Lyons,

Kunihiko Niwa, Miguel Angel Sicilia and J.B. Wood who wrote testimonials.

We had 80 articles and extended abstracts submitted for these two inter-related

volumes. With so many submissions reflecting the interest of these topics among

scholars and practitioners in our community, it was necessary for us to make some

tough decisions as to papers to accept for further development, and those to pass

back to submitting authors with indications of the work that they needed to do to

put themselves in a better position to contribute to the service science literature.

The articles in these volumes issue went through a three-cycle “review and revise”

process. From original inception to completion this book project with two inter-

related volumes took almost 3 years. We include total 34 chapters (17 chapters in

each book) that represent research and practices from almost 20 countries including

Amsterdam, Australia, Canada, China, Cypress, Germany, India, Ireland, Italy,

Mexico, Netherlands, Singapore, Spain, Taiwan, Turkey, United Arab Emirates,

United Kingdom, United States of America, and many others. These researches

represent studies and practices from many universities, companies, government

offices and public and private institutions.

We would especially like to acknowledge the anonymous reviewers, who so

generously offered their time, effort and helpful insights for us to make the hard

choice and for helping us with development and constructive reviewing that led

to the final products that you see in the present edited volume. Finally, we thank

the authors, including those whose works we accepted, and those whose efforts

did not permit their research and practices to go the final distance to publication.

They all were diligent and careful, and gave us private lessons along the way about

what vibrant and creative research on service systems is. We look forward to the

“next generation” of service science and systems research and practices.

San Jose, CA Haluk Demirkan

December 24, 2010 James C. Spohrer

Vikas Krishna
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Introduction of the Science of Service Systems

Haluk Demirkan, James C. Spohrer, and Vikas Krishna

1 Why the Science of Service Systems?

Why do we need these two books on the science of service systems? The short

answer is because the concept of a service system is resonating well with academics

from diverse disciplines and practitioners from diverse economic sectors. And yet,

because this is such a new area, few compilations of the works of academics and

practitioners exist. Therefore to fill the gap, these two inter-related volumes of the

Service Science: Research and Innovations in the Service Economy Series (SSRI),

“The Science of Service Systems” and “Service Systems Implementation,” present

multidisciplinary and multisectoral perspectives on the nature of service systems,

on research and practice in service, and on the future directions to advance service

science. These two volumes compile a collection of papers by thinkers ready

to contribute to creating the emerging area known as service science, and ready

to connect it into their own areas of expertise and experience. The Science of

Service Systems intends to stimulate discussion and understanding by presenting

theory based research with actionable results.

2 Service Systems Are the Basic Abstraction

What types of entities interact to co-create value? Service systems are such entities,

be they individuals, firms, or nations. Service science is a transdisciplinary

approach to study, improve, create, scale, and innovate in service (Spohrer &

Maglio, 2008, 2009). We think of service as value cocreation – broadly speaking,

as useful change that results from communication, planning, or other purposeful

and knowledge-intensive interactions between distinct service system entities, such
as individuals, firms, and nations (Spohrer & Maglio, 2009). And so we think of
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service science as the systematic search for principles and approaches that can

help understand and improve all kinds of value cocreation between interacting

service systems (Spohrer & Maglio, 2009). Value cocreation interactions fall into

two categories. Value-proposition-based interactions deal with access rights to

resources that measurable benefit stakeholders, while governance-mechanism-based

interactions deal with dispute resolution mechanisms needed to clean-up failures and

debug shortcomings of the first type of interactions. Figure 1 summarizes the core

concepts of service science.

The road to establishing a science of service system will be a long one, spanning

decades. There is simply no easy way for academics from many disciplines and

practitioners from many sectors to quickly adopt and consistently use the emerging

vocabulary about service systems.

However, it is very encouraging that academics and practitioners are stepping up

to the challenge. These chapters reflect early efforts to define a science of service

systems. In general, there are still many rough edges. However, all the chapters

represent progress.

From the formal (ontologies, representation specifications, decision-making and

maturity models) to the informal (analysis frameworks, design heuristics, anecdotal

observations), these papers provide a snapshot in time of the gradually emerging

scientific understanding of service systems. The progress is reflected in the diversity

of backgrounds of the authors, all of whom have something to contribute to a more

holistic perspective on service systems. Service systems are too complex to be fully

understood from any single perspective.

Our goal in this volume is not to present the end product, a fully formed science

of service systems, but instead to present a useful beginning and process to make

progress. The process consists of connecting people with diverse backgrounds, who

all appreciate the opportunity at hand. The opportunity is to contribute to an
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Interactions
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Value Proposition
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Fig. 1 Ten core concepts of service science (Adapted from Spohrer & Maglio, 2009)
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emerging systematic understanding of service and service systems. We hope this

admittedly humble beginning and simple process will inspire others to contribute to

this emerging area.

Service research is not a new area (Maglio et al. 2009). However, what is new is

augmenting decades of traditional service research views, based in disciplinary

(marketing, operations, etc.) and economic sectoral (service sector, as residual of

agriculture and manufacturing) reductionism. To see all major discipline areas as

equally relevant to the study of service systems, and to see all major sectoral areas

as composed of interacting service system entities, is our novel perspective, which

is in fact a hybrid reductionist and systems perspective. Furthermore, to invite

representatives of multiple disciplines and sectors to transcend existing boundaries,

and create something new and holistic, united by the concept of service system, is

the goal of these two volumes.

In sum, service science builds on traditional service research, while seeking to

create a complementary holistic systems perspective based on coordinating deeper

traditional disciplinary and sectoral research and practice components. This will not

be easy. Nevertheless, to improve quality of life and sustainability of existing and

future service systems, it is necessary. The alignment of traditional disciplinary

and sectoral research and practice around the concept of service system is our

starting point.

While no boundary between theory and practice is clean cut, we have collected

most of the articles that focus on formalizing the theoretical foundations for a

science of service systems in this volume – The Science of Service Systems.

The papers that we have chosen for this book examine a wide range of substantive

issues and implementations related to service science in various perspectives. The

authors of these papers are more likely to review and advance formal definitions of

service and service systems, or methods to formally analyze and design service

systems. Given that, what we have striven to do in this volume is compile a series of

service system theories, concepts, models and frameworks that help understand real

world services systems, their performance, and their behaviors upon introduction of

changes, and hopefully provide the reader with insights and guidelines to help in

building their own service systems towards a more favorable service experience

as viewed by the customer and the provider. In the remainder of our Editors’

Introduction, we will briefly discuss each of the articles in the book to identify

their main thrust of the authors’ investigation and the relevant findings for research

and practice.

In the next chapter, Ng, Maull, and Smith in “Embedding the new Discipline of

Service Science” ask how the new discipline of service science should approach the

understanding of service systems. Science offers at least two different perspectives:

(1) reductionism, which is widely adopted and is implicit in many of the disciplines

that combine tomake up service science, and (2) systems thinking, which is less used

but has the potential to offer a different set of insights for research. The two

approaches are not in competition, but are in fact quite complementary. Their

conceptual discourse argues for service science to be free of the paradigmatic

research influences of existing disciplines and proposes service science as an
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integrative discipline of engineering, technological and, social sciences (including

business and law) for the purpose of value cocreation with customers, much like

medicine is an integrative discipline of physical and biological sciences for the

purpose of healing. The vision of service science is to discover the underlying

principles of complex service systems and the value propositions that interconnect

them. Service science is a distinctive field of study that places the co-creation of

value between service provider and customer at its core. In sum, they conclude that

service science will not emerge from any singular discipline but rather from the

integration of research across these disciplines, that is, it should be transdisciplinary.

Mele and Polese in “Key dimensions of Service systems in value-creating

networks” describe how service systems interact in the process of value co-creation

and network formation. The four key dimensions identified in the analysis are:

customers, people, information, and technology. They describe the value-creation

process in service systems as consisting of three related stages: value proposition,

acceptance, and fulfillment. The work has implications for understanding the

formation of social networks and technological networks.

Alter in “Making a Science of Service Systems Practical: Seeking Usefulness

and Understandability while Avoiding Unnecessary Assumptions and Restrictions”

argues for practical definitions of service and service systems that will be easier to

teach to business students. He argues that the initial development of service science

did not use straightforward definitions that are understandable, useful, broadly

applicable, and teachable. Services are acts performed for someone else, including

the provision of resources that someone else will use. A service system is a work

system that produces services for customers. A work system is a system in which

human participants and/or machines perform work using information, technology,

and other resources to produce products and/or services for internal or external

customers.

Polyvyanyy and Weske in “Flexible Service Systems” introduce an approach to

model service systems using flexible process graphs (FPG). FPG is a method for

modeling business processes with a limited degree of structuring. They argue that

once the modeling technique for capturing service systems and their environments is

in place, they can be studied, analyzed, compared, classified, and researched more

systematically. This work makes the connection to service computing and service

oriented architectures (SOA) as a new way of designing complex software systems

consisting of service components. However, they next argue that the technical point

of view, taken alone, is too narrow to provide a solid understanding of service

environments. Therefore, they integrate disciplines that investigate not only technical

aspects of services, but also their economical and organizational foundations.

Petrie, Hochstein and Genesereth in “Semantics for Smart Services” apply the

situational calculus of artificial intelligence planning systems to the domain of

modeling and composing service systems. They focus on well-defined service

descriptions that can be reasoned about prior to execution and support dynamic

changes and contingency planning. They examine the discrepancy between the

manufacturing industry, having adapted concepts such as standardization, automa-

tion or modularization for many decades, which service enterprises have only
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recently started considering. The more the service descriptions can be used to

analyze and combine the service components for new purposes, the more useful

they will be. The more that they are declarative and tied to formal constraints, the

more useful they will be. The more the descriptions are formally described so that

the meaning is tightly constrained among different systems and uses, the more they

term them semantic descriptions.

Van Dinther, Blau, Conte and Weinhardt in “Designing Auctions for Coordina-

tion in Service Networks” introduce market engineering as a cornerstone for a

science of service systems. They note that service providers tend to engage in

networked value creation in ecology-like environments. This reflects the economic

trend to a horizontal specialization in service offerings which in turn calls for

new cooperation forms in loosely-coupled configurations of legally independent

firms. Partners in such ecologies can leverage the know-how and capital assets of

partners, at the same time spreading risk, sharing investment cost, and retain

flexibility. Market engineering provides a structured approach to the design of

coordination mechanisms which can be used to engineer service value networks.

Their process consists of the four stages (1) Task Clarification, (2) Design and

Implementation, (3) Testing, and (4) Introduction.

B€ottcher and F€ahnrich in “Service SystemsModeling: Concepts, FormalizedMeta-

Model and Technical Concretion” explore modeling and meta-modeling of service

systems. The modeling and formalized description of service systems form a part of

service engineering. Unlike other disciplines such as product engineering and software

engineering, service engineering lacks an adequate modeling approach. As it is based

on a broad literature analysis and on an analysis of existing modeling approaches, it

covers a fairly wide range of the current state of the art in service systems modeling.

The development approach of the meta-model (extracting concepts, a formalized

meta-model and technical concretion) allows a continuous enhancement because

further concepts can be added or changes of the actual meta-model can be made.

The evaluation of the meta-model (in different use cases) has shown that the concepts

provided are sufficient, yet the meta-model might be too expressive.

Mora, Raisinghani, Gelman and Sicilia in “Onto-ServSys: A Service System

Ontology” construct an initial ontology for a science of service systems. An

extensive literature review provides the foundation to construct an ontology that

is based on an integrative systems approach. The literature review spans marketing,

operations, and management of information systems areas. These discipline areas

reflect the importance of understanding customer-provider interactions enhanced

by increasingly sophisticated information systems.

Lyons in “A Framework that Situates Technology Research within the Field of

Service Science” observes that academic and industry researchers from separate

and currently mostly isolated disciplines are each approaching the field of service

science from their own perspectives. Her chapter presents a conceptual frame-

work that technology researchers can use to understand and articulate how their

research relates to the field of service science. The framework aims to better

enable technology researchers to relate to and engage with other researchers in

the interdisciplinary field of service science. This is a tall order, as service science
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strives to bring together many disciplines (including computer science, cognitive

science, economics, organizational behavior, human resources management,

marketing, operations research, and others) in an attempt to study service systems

in the following ways: understanding what service systems are and how they

evolve; studying how to invest in order to improve management practices in service

systems; determining how to create new technologies that increase the scaling of

service systems; and, establishing a basis for assessing and relating relevant inter-

disciplinary knowledge to a deeper understanding of the nature of service systems.

Kwan and Yuan in “Customer-Driven Value Co-Creation in Service Networks”

provide a framework to connect the macro view of Service Dominant Logic (Vargo

2009; Vargo and Lusch 2004, 2008; Vargo et al. 2008) to the system view of Service

Science in creating a framework of Service Value Network that accounts for both

provider and customer driven value co-creation. They investigate four primary

questions: (1) What are the determinants of value co-creation considering both the

provider and the consumer versus customer driven value co-creation? (2) What are

the determinants and elements of customer driven-service value networks? (3) How

should service value networks be described? and (4) What are the incentives and the

methods for service providers to embrace customer-driven SVNs? Because, they

state that Service Dominant Logic takes a very high level perspective of provider-

customer interaction. The role of the customers in value creation is emphasized but

their role in the creation of the value proposition choice sets is not explicitly

considered. From another perspective, the notion of value co-creation addressed in

existing Service Science studies often assumes the value proposition to be static – i.e.,

proposition/acceptance happens before the start of service and is not visited again

during the service.

Puehl in “Towards Service System Governance – Leveraging Service System

Grammar to Empower Value Co-Creation” examines governance at both the

enterprise level (business architecture) and project level (technology design).

Governance in practice is about ownership. Service system governance is about

service system ownership. If a person is the service system, ownership translates to

accountability. The challenge lies not simply in formally modeling the technology

or organizational interactions, but in modeling the people and their roles as knowl-

edge workers in the system. Standard knowledge management is failing – making

the knowing-doing gap worse – because they treat knowledge as a tangible. Service

system governance has to respect the intangible.

Voss and Hsuan in “Services Science: The opportunity to re-think what we know

about service design” investigate rather service design is a product or service. They

argue that for much of the area of service design a manufacturing-based, product

development paradigm is inappropriate. Given that the process is the product in many

services, people should still draw on their knowledge from products, but adapt it.

They have proposed that service product and process architecture, service platforms

together with. A service system can be analysed at each level from the industry level

down to what one might think of as the discrete service module. In exploring the

architecture of services they illustrate through four levels, even though it may be

possible to subdivide into many more than these four. These levels are industry,
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service company/supply chain, service bundle and lastly service package/component.

In the dynamics of services, sustained competitive advantage is hard to achieve.

Within the frameworks of service architecture and modularity, there are three areas

that can contribute to competitiveness. The first is the possession of unique service

modules or elements that are not easily copied in the short term by competitors.

The second is the ability to exploit these through replication across multiple services

or multiple sites. The third is the possession of a degree of modularity, which in turn

supports both customisation and rapid new product development.

Lemmink and Chatterjee in “Service Science Learning: Exploring the Challenge

of Cross Disciplinary and Academia-Company Collaboration” discuss about why

multidisciplinary and cross disciplinary work in service science, management and

innovation needed, why it is done very limited in today’s world. They also provide

guidelines how academia – company interaction can be improved formulti- and cross-

disciplinary research. Their assessment about the academia-industry research is cor-

rect. As academia cannot bridge the gap alone with their traditional curricula, there is

a most important role for new learning approaches incorporating cross disciplinary

and academia-company learning at the group level. They state that problem based

learning seems to be an approach that provides the necessary structure for systematic

goal oriented collaboration while encouraging new paradigms to emerge. Perhaps the

development of more socially inspired and thematically integrated choices for inter-

disciplinary topics and new experiments on learning methods can create the agile

SSMED professionals who can bring about the new era of service innovation by

moving easily from abstraction to analysis and then to synthesis.

McFarlane in “An Engineering Perspective on Service Science” focuses on

the way in which engineering as a discipline can most effectively interact with

the services sectors generally and with service science in particular. This perspec-

tive is proposed in order to balance the relatively limited recognition of both

engineering as a contributor to service science and also services as application

area for engineering developments. McFarlane investigates five very important

questions in this research, as following: (1) How can the engineering discipline –

and academic engineering departments in particular – best prepare graduates for a

vocation in the services sector? (2) To what extents are existing service science

courses relevant to engineering and engineers? (3) Are engineering tools and

techniques widely used in the design, operation or evaluation of services, computer

aided design: information models and architectures, manufacturing engineering

tools, process modelling and simulation? (4) Is there sufficient research of an

engineering nature being applied to service sectors? and (5) What role can engi-

neering play in service models of the future? This article has taken a pragmatic

approach to increasing the involvement of the engineering discipline in the support

of the service sectors that dominate our economy.

Ing in “Service Systems in Changing Paradigms: An Inquiry through the Systems

Sciences” proposes the development of a body of knowledge on services systems,

based on foundations in the systems sciences. The approach includes the design of the

systems of inquiry, acknowledging that body of knowledge on twenty-first century

service systems is relatively nascent.A programof action science is pro-posed,with an
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emphasis on multiple realities and knowledge development through dialectic.

The outcome pursued is an increased number of T-shaped people with depth and

breadth in service systems, in communities of inquiry of researchers and practitioners.

Kannan and Healey “Service Customization Research: A Review and Future

Directions” propose a framework to provides the building blocks for such paradigm

shifts in design for service customization. The critical component to target is the

service product, which along with the service environment determines the scope of

service customization that is feasible within the service system. The service at

the service delivery stage can be customized only to the extent that service product

is flexible enough to accommodate the customization in response to customer

variability. Thus, front-line service employees or self-service technologies or

the combination of the two can be as effective as what the service product (the

processes that allow customers to obtain their preferred product or service) can

allow. It is clear that with advancing technology and methodologies, service custom-

ization is going to much more important in the coming years. It will be a critical

strategy that will separate winners from losers. In order that it provides a competitive

edge to a firm, it is imperative that it is not viewed as a service attribute that can be

traded-off against other attributes, but rather viewed as an objective where the bar

should be set increasingly higher over time. It is necessary that firms have a learning

mind-set when initiating service customization strategies. The strategy is best imple-

mented with the selection of a niche segment of customers, for whom service

customization is offered, either through co-creation or through other means.

In the last chapter, Spohrer, Demirkan and Krishna in “[17] Service and Science”

seek to answer What is service? and Where is the science (in service science)? , and

discuss universal patterns that can possibly occur when abstract entities interact and

produce outcomes, or Abstract Entity-Interaction-Outcome Universals (AEIOU

Theory). AEIOU Theory proposes a sequence of binary conditions that can be

used to connect generalized systems science to service science and service dominant

logic. They state that service science seeks to be a science based on reliable

mechanisms, just as natural science is based on reliable mechanisms. From a

human perspective, sometimes natural mechanisms (seemingly) fail to act reliably.

This may be because assumptions are invalid, or other mechanisms are at work

(e.g., a plane fails to fall from the sky). The same is true of service (value cocreation)

mechanisms. If assumptions are invalid or other mechanisms are at work, then

predictions may not be reliable. For example, when a computer program does

not operate as predicted, we know it is because of invalid assumptions or other

mechanisms at work. Science works to discover mechanisms, and to expose invalid

assumptions and other mechanisms at work.

3 Concluding Remarks

As we conclude this project, we recognize that the research and practitioner work

that we have included in this edited volume only scratches the surface of the issues

that need to be studied and practices that need to be presented.We expect researchers
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and practitioners to pursue interdisciplinary research agendas in service science and

service systems. We expect them to produce rich fundamental and applied work that

leverages organizational and behavioural, economics and management science, and

technical and design science research approaches toward the development of new

managerial knowledge for service systems. If, as our colleagues at IBM, Jim

Spohrer, Paul Maglio, and others have averred, we truly are moving to a world

involving a “new science for services” for organizations large and small, then the

time that we have spent will be a sentinel effort for what is to come. By participating

in the beginning of the development of a new paradigm, we – authors, editors and

readers alike – will have front row seats at the “table of innovation.”

We know the importance of having to start “somewhere” to get the new ideas

moving, and finding the appropriate collaborators to make some initial steps and

advances in new knowledge possible. The editors would like to thank the Series

Editors of the Service Science: Research and Innovations in the Service Economy

Series, Bill Hefley and Wendy Murphy, and the Springer Senior Editor, Melissa

Fearon, for their encouragement and guidance for development of this volume.

We actually had 80 articles and extended abstracts submitted on the topics of “The
Science of Service Systems” and “Service Systems Implementation” for these two

inter-related volumes of the Service Science: Research and Innovations in the

Service Economy Series (SSRI). With so many submissions reflecting the interest

of these topics among scholars and practitioners in our community, it was necessary

for us to make some tough decisions as to papers to accept for further development,

and those to pass back to submitting authors with indications of the work that they

needed to do to put themselves in a better position to contribute to the service

science literature. The articles in these volumes issue went through a three-cycle

“review and revise” process. These two inter-related peer reviewed volumes of

SSRI on Advancement of Services Systems (“The Science of Service Systems” and

“Service Systems Implementation”) are very specific in nature. The Science of

Service Systems intends to stimulate discussion and understanding by presenting

theory based research with actionable results. Service Systems Implementation

intends to stimulate discussion and understanding by presenting application-

oriented, design science-oriented (artifacts building: constructs, models, methods

and instantiations) and case study-oriented research with actionable results.

We include total 34 chapters (17 chapters in each book) that represent research

and practices from almost 20 countries including Amsterdam, Australia, Canada,

China, Cypress, Germany, India, Ireland, Italy, Mexico, Netherlands, Singapore,

Spain, Taiwan, Turkey, United Arab Emirates, United Kingdom, United States of

America, and many others. These researches represent studies and practices from

many universities, companies, government offices and public and private institutions.

We would especially like to acknowledge the anonymous reviewers, who so

generously offered their time, effort and helpful insights for us to make the hard

choice and for helping us with development and constructive reviewing that led to

the final products that you see in the present edited volume. Finally, we thank the

authors, including those whose works we accepted, and those whose efforts did not

permit their research and practices to go the final distance to publication. They all
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were diligent and careful, and gave us private lessons along the way about what

vibrant and creative research on service systems. We look forward to the “next

generation” of service science and systems research and practices.
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Embedding the New Discipline

of Service Science

Irene Ng, Roger Maull, and Laura Smith

Abstract This chapter presents a conceptual discourse for embedding the new

discipline of service science. It argues for service science to be free of paradigmatic

research influences of existing disciplines, proposing service science as an integra-

tive discipline of engineering, technological and, social sciences for the purpose of
value cocreation with customers. The chapter argues that thinking of a service

organisation from a systems perspective will complement the traditional reduction-

ist position and that together they will provide a sound foundation for the discipline

of service science. The chapter then goes on to put forward a research agenda

for service science, considering five salient issues for knowledge production.

The argument for service science knowledge production is located alongside disci-

plinary knowledge of service, in so doing, suggesting that service science is not a

logical development within any discipline and that the time is right for it to emerge

into a discipline of its own.

Keywords Service science � Systems theory � Complex service systems � Viable
systems model � Value-in-use � Value co-creation

1 Introduction

Today’s world economy is going through the largest labor force migration ever

known to mankind. With globalization spurred on by rapid technological innova-

tion, business growth has been phenomenal in providing employment particularly

in the service sector. Indeed, this sector now accounts for more than 50 percent of

the labor force in Brazil, Russia, Japan and Germany, as well as 75 percent in the

United States and the United Kingdom.1
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The growth of the service sector is changing the nature of the organization, and it

is becoming apparent that there is a lack of research and knowledge in service with

most academics working within a manufacturing rather than a service paradigm

(Spohrer and Maglio 2008, 2009). For historically, research has supported the

manufacturing sector (e.g. in engineering, management, technology etc.), but with

economies shifting to service economies, research needs to focus on the technology

and techniques that will enable organizations in the service economy to function

effectively and productively. Even traditional manufacturing companies (e.g. Kone,

Rolls Royce) now attribute more than 50% of their revenues to service. Yet, the

technology, knowledge and expertise required for an organization to deliver a

service which may include intangible value being delivered that is perishable by

nature and heterogeneous in characteristic, are clearly deficient. It is widely recog-

nized that service research has not kept up with the demands of the economy

(Gr€onroos 2001).
In 2006, Chesbrough and Spohrer published a manifesto for research in service

science. The article was a “call to action” for academia, industry and government to

create and pursue a shared agenda of service research. Chesbrough & Spohrer put

forward the “Grand Challenge” of service science, a common set of research

problems meant to unite multiple groups in a common cause. Through the pursuit

of these problems and by the means of a systematic, interdisciplinary approach,

common terminology and methods they proposed the way forward for reconnecting

theory with the needs of the service economy.

What began as a “call to action” has now become a global initiative in service

science or SSMED research, which is short for Service Science, Management,

Engineering and Design. This emerging discipline advocates an interdisciplinary

approach to the study, design, and implementation of service systems, that is

complex systems in which specific arrangements of people and technologies take

actions that provide value for others. As one might expect extant research in

SSMED has focused on the description of core problems and outline concepts

behind the phenomena of service science (see for example, Maglio et al. 2006;

Chesbrough and Spohrer 2006; Spohrer et al. 2007; IfM and IBM 2008). For it is

through shared problems and concepts that foundations for interdisciplinary

research are built.

Spohrer et al (2007) followed the manifesto with a general theory of service

systems, which presented service science as an emerging field that should “tap into”

and integrate science, management and engineering for the advancement of three

primary goals; to understand service systems, how they improve and how they

scale. In doing so they called for interdisciplinary, scientifically rigorous research

into the three types of resource that make up all service, namely people, technology

and shared information. IfM & IBM’s (2008) report “Succeeding through Service

Innovation” drew upon the expertise and experience of leading academics and

senior practitioners to propose a set of recommendations for key stakeholders of

service science. The report set out the following recommendations for researchers

intending to formulate service innovation action plans: to develop an interdisciplin-

ary and intercultural approach to service research; to build bridges between
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disciplines through grand research challenges; to establish service system and value
proposition as foundational concepts; to work with practitioners to create data sets

to understand the nature and behaviour of service systems and to create modeling

and simulation tools for service systems. Both of these articles set out an agenda for

the advancement of service science, through the assimilation of interdisciplinary

knowledge and skill that exists between the stakeholders of service science towards

a shared set of issues.

Extant literature has provided us with a manifesto, a common cause and a set

of questions from which to base the integrative discipline of service science. Thus,

agendas have been presented which address the “what” and the “why”. In this chapter

we develop the conversation on the fundamentals behind the “how”. It is commonly

noted that integration of disciplines requires a common purpose and the development

of common language, platforms, units of analysis and research philosophies towards

that purpose (Wild et al. 2009). Yet, the vision of service science is to discover the

underlying principles of complex service systems and the value propositions

that interconnect them. This will not be achieved through traditional approaches to

scientific research alone; the answers lie deeper than interdisciplinary collaboration

towards a shared cause. Certain aspects of the way we approach research need to

be addressed if we are to produce new knowledge in service research.

This chapter begins by presenting service science as a distinctive field of study

that places the co-creation of value between service provider and customer at its

core. This definition means that service science has many founding disciplines

including business, engineering and many of the social sciences. However we

would argue that the development of service science will not emerge from any

singular discipline but rather from the integration of research across these disci-

plines, that is, it should be trans-disciplinary. This in itself is not new, for Spohrer

(2009) has called for

an integrated approach that spans not only existing discipline-based silos within academic

organizations (i.e., marketing, operations, and human resource management within a

business school) but also across academic organizations (i.e., business, engineering, and

liberal arts)

(Spohrer 2009)

In our view the approach we take to this new discipline is crucial. We set out the case

that there are two alternative but complementary scientific perspectives from which

we can conceive of the new discipline. The first and historically dominant perspective

is based on reductionism, the second takes a systems perspective. It is our view that

thinking of a service organisation from a systems perspective offers many insights

into integration that will complement the reductionist position and that together they

will provide a sound foundation for the development and embedding of the new

discipline of service science. We then move on to set out a research agenda for

producing new knowledge in service, incorporating the implications of the two

approaches presented. Finally, we provide the argument for service science as an

emerging discipline and how it is conceptually located with service research within

disciplines plus implications of the proposed agenda for research and practice.
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2 Service Science and Its Distinctiveness

Service, as it was traditionally understood, comprised of activities, deeds and

performances (Berry and Parasuraman 1993; Zeithaml et al. 2006). However, the

new understanding of service is now broader, one where service “is the application
of competences (skills and knowledge) for the benefit of another party” and such

competencies could be manifested in a complex combination of goods, money,

activities and institutions within a service system (Vargo and Lusch 2008). This

service-dominant logic embraces the concept of value co-creation, where the value

is no longer value-in-exchange (i.e. a tangible product solely created within the firm
and exchanged with the customer), but value-in-use, i.e. jointly co-created between
the customer and the firm for benefits (Ng et al. 2008; Payne et al. 2008; Prahalad

and Ramaswamy 2003). The concept of value co-creation subsumes previous

service research that have emphasized the role of the customer within a service

system such as the customer contact model (Chase and Apte 2007; Chase and

Tansik 1983), customer interactions (Johnson et al. 2005), value co-production with

the customer (Ramirez 1999). The understanding of “customer” here is taken in the

broadest sense of the word e.g. the end customers who actually pay and receive the

service or organizations/customers in public services and even customers who use

the service and do not directly “pay” for it (e.g. Broadcasting and Google).

Despite subsuming previous literature on customer centricity, the new concept

of value co-creation in service systems extends the ideas further with two major

implications for the design, delivery, evaluation and purchase of service. The first is

the notion that customers are an integral part of the service system and they

contribute the resources accessible to themselves into the system to achieve the

outcomes just as firms deploy resources into the service system to deliver

the service. This implies customers’ abilities to co-create value i.e. their resources
(e.g. in knowing how to use an ATM, informing the hairdresser how s/he would like

his hair cut, understanding how to get around an airport, or a leasing company’s

ability to operate aircraft) is now part of the organization’s service capability

to deliver, particularly if it aims to achieve service excellence (Ng et al. 2008).

This also implies a far more proportionate view of a service system, where equal

emphasis on customer and the firm’s systems is needed in understanding value

co-creation. Second, as an extension of the first, is that firm’s competency to deliver

on a service, and perhaps its potential source of competitive advantage, includes the

customer “as the source of competence”, and the firm has to find ways to harness

the competency (or improve the lack of competency) of the customer in the service

system (Prahalad and Ramaswamy 2000). Seen in this light, value co-creation

thus demands a major rethink of traditional disciplines from management and

technology to the engineering and manufacturing of tangible products. Traditional

disciplines are strongly goods-based, more often involving linear supply chain

models and linear models from design to manufacture. This may impede organiza-

tions’ potential to construct optimal systems for value co-creation since, in contrast

to linear models, service often involves “value constellations” (Normann and
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Ramarez 1993) which are networked and complex (Demirkan and Goul 2006) and

which suggest a multi-faceted and iterative approach with the customer system

within the whole system. The move towards that understanding is a process

commonly known as service transformation (Ng et al. 2009a, b). With newer

technologies such as computing and web-based technologies in which such

IT-related capabilities could be provided “as a service”, the time has come to

allow service to emerge as its own discipline of service science, which will enable

it to focus on producing knowledge on how best value could be co-created, and how

a service system of people, technologies and products could be configured in order

to integrate the best from all disciplines.

The understanding of value co-creation also compels the firm to better under-

stand customer needs and usage requirements across differing environmental

conditions so that customers are able to realize the firm’s value proposition through

their part in the co-creation process. In so doing, customers’ use and achievement of

outcomes could result in changing the firm’s business model (Ng et al. 2009a, b).

Customer usage could result in different types of access rights to tangible goods and

intangible activities within a service system for example hybrid revenue models of

ownership/lease of goods and privileged access to activities and physical locations.

How, then should the new discipline of service science approach the understand-

ing of service systems? Science proposes two different perspectives. The first is

reductionism which is widely adopted and is implicit in many of the disciplines that

combine to make up service science. The second is systems thinking, which we

would argue is much less used but has the potential to offer a different set of insights

for research. In no sense are these two approaches in competition. Rather, they are

complementary and both provide insights into the study of service organizations.

We shall now consider the features of both perspectives.

3 Reductionism

It has notably been argued that the standard scientific approach is based around the

3 R’s of reduction, repeatability and refutation (Popper 1972). That is we reduce the

world through the selection of variables and we run repeated experiments until

exceptions occur (refutation). Checkland (1981) points out the three ways in which

muchof scientific thinking throughout history has been reductionist (Checkland1981).

1. Because many problems are highly complex and messy scientists focus their

effort and select some aspects of a problem from all those that are possible for

further detailed investigation.

2. Science progresses by applying the principle of Occams razor: the removal of all

extraneous factors for a parsimonious explanation of the facts.

3. Science followsDescartes’ advice to analyze problems piecemeal, that is, breaking

down a phenomena into its elemental parts. Accordingly, scientific thinking is very

closely associated with analytical (divided into its constituent elements) thinking.
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This approach to scientific thinking strongly influences the manner in which

management academics approach their research. For example, Schroeder (2008) in

his recent article on theory in operations management states that “not only should
theory be parsimonious, but it should be falsifiable”. He then calls on operations

management scholars to develop “good” theory that can be tested and possibly
refuted, confirmed, or refined. Clearly for Schroeder, good theory is closely asso-

ciated with reduction.

Yet we would argue that the reductionist approach is based on a number of

assumptions that we should consider before applying it to the problems of service

research.

3.1 Assumptions in Reductionist Thinking

The first and most crucial assumption, the division of the complex problem into

separate parts, is that the elements of the whole are the same when examined

independently of the whole as when they are examined as a whole. This needs

careful consideration. If the elements are loosely connected then we can take them

apart, analyze them, improve or change them and then put them back together and

the whole will be improved. Whilst this may be true for the problems of physics at

the atomic level, does this assumption hold for complex wholes? For example can

we take out a part of the body e.g. heart, modify it replace it back within the body

and not expect effects elsewhere?

It is also not just that the parts of the whole in service that are interconnected,

their relationships are also highly complex and non-linear. Forrester (2003) in his

seminal work on organizational dynamics points to the importance of time delays,

amplification and structure on the dynamic behaviour of the system (Forrester

2003). These can occur across supply chains (the Forrester or Bullwhip effect) or

within organizations. Akkermans and Vos (2003) provide an excellent example of a

Telco implementing a new customer service process that includes four separate

activities, selling, installing, provisioning and billing each of which is carried out by

a different department. The interactions between the departments led to enormous

amplification where a 10% increase in sales order volumes leads to a 250% increase

in provisioning, 140% in installing and 175% in billing (Akkermans and Vos 2003).

Finally, Lipsey and Lancaster (1956) and Goldratt (1994) have identified impli-

cations for the performance of parts where there is a close relationship. Lipsey and

Lancaster in their theory of the second best showed that if one optimality condition

is not satisfied, it is possible that the next-best solution will involve changing other

variables away from their positions of optimality (Lipsey and Lancaster 1956).

Similarly Goldratt pointed out the implications of optimizing one part of a whole

process that was not the limiting step. In his theory of constraints he points out that

optimizing the performance of a process step upstream of the bottleneck will only

increase work in progress and working harder downstream is limited by the output

of the bottleneck (Goldratt 1994). Sprague (2007) sums this up by neatly proposing
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that “Optimizing the supply chain” means convincing elements within that system
to accept local sub optimums for the good of the whole (Sprague 2007). We would

simply add that this holds for any system not just supply chains. Thus, if we want to

understand the performance of the whole service system and if we have begun the

understanding by following the method of reduction we are making three highly

questionable assumptions; First, the connections between the parts must be very

weak; second, the relationship between the parts must be linear so that the parts can

be summed together to make the whole; and third, optimizing each part will

optimize the whole.

To address the problems caused by these assumptions an approach is required

that begins with the whole and concentrates on the relationship of the parts in the

whole. This is the perspective taken by systems thinkers which we will now

consider in some detail.

4 Systems Thinking

In the introduction to Systems Thinking, Systems Practice, Peter Checkland (1981)

states that;

the central concept of a system embodies the idea of a set of elements connected together

which form a whole this showing properties which are properties of the whole rather than

properties of its component parts.

There are a number of important ideas in here that need to be drawn out. Firstly, the

definition draws attention to elements (other systems writers use words such as

components or parts) which are interdependent, that is elements which affect one

another, system thinking is particularly associated with the study of elements that

have strong connections (Weinberg 1975) as problems with weak connections are

amenable to reduction. Secondly, there is the notion of the study of “wholes”.

Thirdly, there is the idea that there are properties which occur in the whole not in the

component parts, which is of course the essence of the famous phrase attributed to

Aristotle that “the whole is greater than the sum of its parts”. In short systems

thinking is concerned with the study of wholes that exhibit strong interconnections

and that as a result of these interconnections properties emerge at the level of the

whole that are not present in the elements.

4.1 Emergence

Of central importance to seeing the world from a systems perspective is this concept

of emergence which is probably the most important and challenging idea in systems

thinking. Understanding emergence sheds light on what appears as a paradox; that

the whole is made up of a set of elements, yet the whole is also different from

the elemental parts. Take for example the harmony of a group of musicians.
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The property harmony is not found in the component parts, e.g. the vocalist and

guitar, but only occurs when they interact. Other frequently used examples include

color (a phenomenon that can only occur because of the arrangement of the

constituent parts in an atom) the swarming of bees, hurricanes, traffic jams and

many would argue, life itself.

A fundamental principle is that emergent properties are essentially unpredict-

able, indeed one well used definition of emergence is that it cannot be predicted

(otherwise it would be deterministic) and that it is “subjectively surprising” (Kl€uver
2000). Henle (1942) argues that “where there is an emergent there is unpredict-
ability and that we have emergence where a new form appears and where the causes
of the appearance are unable to explain the form” (P488).

This does not mean that everything that is unpredictable is emergent for it may

mean we have not as yet developed the model that explains the underlying relation-

ships. The argument here is that given a known starting position and knowledge of the

components of the systemwemay not knowwhat the outcome of the system could be.

Emergence is clearly a deeply challenging concept and one that is at the heart of

studying wholes not parts. We can provide three insights that might help.

1. What we are observing in complex systems is circular causal chains (Buckley

1980) where the effect of one element on a second element returns to influence

the original effect perhaps directly or through some intermediate effect.

In organizational life, it is often difficult to point to one-way causality.

2. Emergence is very hard to predict because of the number of elements that

interact to produce the property. Seen from one perspective this is a combinato-

rial problem: identifying all the potential outcomes with many millions of

interacting elements (all the potential states of the system) is incredibly chal-

lenging and if we take into consideration the non-linear relationships and

multiple potential feedback loops, then the results are impossible to predict.

3. There is coupling between the elements so that something is produced in the

interaction of the two elements which is a product of the interaction. An analogy

might be a win–win game where both parties gain and therefore the new

relationship produces an outcome that is greater than the parts.

4.2 Core Systems Ideas

Building on the notion of a system this section will consider some of the main

features of systems thinking that can contribute to the development and embedding

of service science as a new discipline.

1. Systems characteristics.

One of the advantages provided by systems thinking is that there is an estab-

lished language of systems characteristics. As a meta discipline systems thinking

has over the past 50 years developed, across many disciplines, an established set
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of terms that can provide insights into any discipline. Some authors e.g. Kast and

Rosenzweig (1972) have applied these terms into identifying some basic char-

acteristics of a management system which include; boundaries, interfaces,

hierarchy, feedback and adaptation to which most systems writers would add

emergence, input, output and transformation (Kast and Rosenzweig 1972).

These terms may be used as a basis for a research agenda for the consideration

of a service system.

2. Law of requisite Variety

How a system behaves is a key question for those systems researchers working

within the general field of cybernetics. One of the most important ideas for

service systems research is Ashby’s law of requisite variety. The law states that

at a minimum there needs to be as much variety in the responses available to the

regulator (manager) as in the disturbances that emerge from the environment.

If there is not then the manager cannot guarantee acceptable outcomes and

therefore keep the system viable. Ashby summarizes the law as only variety
can destroy variety.

3. Viable Systems Model

Beer (1984) applied Ashby’s law of requisite variety in his Viable Systems

Model (VSM) where the term viable is used to assess whether an organisation is

able to survive in its environment. The paramount viable system in an organisa-

tion (VSM has 5 sub-systems) is its producer system, which is the system which

generates the income on which the organisation depends for its survival (Beer

1984). Producer systems are threatened with overwhelming variety from the

environment and have two potential options which Beer terms variety engineering.

1. Attenuation; limiting the amount of variety on offer e.g. a fast food restaurant

like MacDonald’s has a very limited range of offerings on its menu. If what

customers want is something outside the fixed menu then the attenuator (the

systems designer) has reduced operations response below the threshold and

the producer system does not have sufficient variety to respond.

2. Amplification; for example in a producer systems that only offers one choice

of color, for example black, we could amplify variety by offering the

customer price promotions that emphasize the value in buying black or we

could develop an advertising strategy that promotes black as “cool”.

4. Socio-Technical Systems

A major part of the systems movement that was based around the view of an

organisation as an open system was the socio-technical systems school devel-

oped during the 1960s at London’s Tavistock Institute. Emery and Trist (1960)

in their famous work on socio-technical systems were interested in the open

systems notions of input-throughput-output and how a system maintained a

quai-stationary equilibrium despite changes in the environment (Emery and

Trist 1960).

The Socio-Technical school drew a general conclusion that the social and

psychological aspects of work needed to be understood in the context of the task
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and the way in which “the technological system as a whole behaves”.

The technology system here is taken to include not only the hardware, machines

etc. but the methods and procedures of work and how that work is organized in a

process. Thus the Tavistock research identified the technology component of the

system as playing an important part in the organisation of the system and that it

was no longer possible to talk of purely social systems composed of people and

their relationships but to consider the enterprise as a combination of human and

technology in a socio-technical system.

5. Open and Closed systems

The notion of an open system is associated with the early work of the biologist

and general systems thinker Von Bertalanffy. He describes open systems as a

system which has an exchange of matter with the environment, (Bertalanffy
1972). Closed systems, on the other hand, are systems where no material enters
of leaves it and are typically found in the realm of physics and physical chemistry.

The discussion on whether a system is open or closed has particular applica-

tion in the management of service systems. Consider the implications of taking a

closed or relatively closed system view of an organization or department in an

organization. Such a system would be deterministic and optimizable. However,

taking an open systems view would suggest a complex and dynamic interaction

of the organization and its environment with undeterminable results. The con-

sequences of closing the system in a technical core are considered by Mills and

Moberg (Mills and Moberg 1982).

5 Revisiting Reductionism

A systems view does not, however, conflict with the reductionist view; it should be

considered as complementary. The traditional thinking behind the reductionist view

is if we can get the right simplifications, we will then understand all. If this is true, by

logical extension, the right simplification has to be particle physics, since that is what

all matter consists of. Clearly, knowledge of particle physics would not be particu-

larly helpful in understanding sociology, economics or psychology. Such a notion as

Dennett (1995) puts it, is “greedy reductionism”. Also, as Anderson (1972) points

out, reductionism does not mean constructionism i.e. just because we could reduce

it, does not mean we could construct the system (Anderson 1972). The key question

is what the system should be reduced to and for what purpose. The important

consideration for a reductionist approach is to weigh the potential to generate

insights against the cost of being less exact. Being less exact might be acceptable,

but being inappropriate could warp what needs to be understood. Thus, service

science has to embrace the notion that whatever the reductionist approach taken,

what is lost in reduction is merely resolution, and not the understanding of the whole.

One example of reductionism from a systems perspective is research in

computational modeling of agent-based complex systems and developing work in

22 I. Ng et al.



the science of complexity (Wolfram 2002; Epstein 1999). Agent-based objects

could be people, organisms, and such objects are capable of change, interacting,

thinking and are intelligent but not brilliant in their deliberations. Using agent-

based objects in modeling provides a more flexible, dynamic and networked

approach that is process oriented and allows for adaptive and emergent properties

(Miller and Page 2007). Research in this area has provided insights into why some

systems are stable while others are constantly in a flux (Tiebout 1956) by modeling

elements, their interactions and analyzing feedback into the system. Thus, from the

reductionist view of a complex service systems, a system could be reduced but only

if all interactions are modeled as well. Miller and Page (2007) proposed that when

reducing systems to agent-based objects, there are eight interconnections to model

so as to ensure the representation of the system is appropriate; the agents’ informa-

tion and connections, goals, communication among the agents, action (interaction),

payoffs, strategies and actions, cognition and the model focus and heterogeneity.

Yet, even as all eight are modeled within one or more agent, the resultant system

could result in unpredictable emergent properties – both of the stable and unstable

variety. This is because even if we completely specify all interactions and compo-

nents of the system and its probabilities of occurrence, it is acknowledged amongst

researchers in the field that there is still no simple way to understand the macro-

level outcomes. This emphasizes the crucial aspect of reductionism in service

systems, which is to create models that could go beyond our own understanding,

and to build in framework for emergence within the model, and to explore the

notion of organized complexity (Weaver 1948, Weinberg 1975) that could

be invaluable when designing future service systems.

We recognize that the division of approaches to science into reductionism and

systems is to some extent artificial. It would be better, perhaps, to recognize them as

different positions on a continuum. For problems of relatively low complexity with

low randomness, termed organized simplicity by Weinberg (1975) then determin-

istic closed systems models are appropriate i.e. we can understand how the factors

inter-relate and we can predict the end result with accuracy. These are the problems

that are suitable for reduction into components. For those problems that have greater

complexity and that exhibit higher levels of randomness in their behaviour (emer-

gence) then this is the domain of systems thinking. Here the problems are of large

numbers of variables with many combinations that are not amenable to varying one

factor at a time. This makes the problems too difficult for the traditional reductionist

method. Weinberg (1975) and Weaver (1948) term these problems organized
complexity. Any reductionism would have to incorporate interactions and would

be a reduction of the whole system into a prototypical or representative equivalence.

Systems thinking provides an important platform for the development of a “how”

research agenda. The division of academia into subject silos contributes to the

challenges in engaging in businesses where problems tend to be complex and deeply

integrative. One simple example serves to illustrate the point, in what we term the

potato case. In this example a company was making French fries from potatoes.

However its purchasing department was having problems buying potatoes that fitted

their size requirement (they had a minimum and maximum specification). The types

Embedding the New Discipline of Service Science 23



of potato that fitted the specification had high demand and were being sold at a

premium price. The purchasing department was regularly exceeding its price target

and consequently received lots of pressure from their senior managers to improve

their performance. Without consulting anyone, the purchasing department removed

the maximum size specification of the potato thereby allowing them to buy larger

potatoes and at a cheaper price. However, the potatoes were now too big for the

chipping machines and at Christmas the company was unable to fill their order from

a major retailer. A minor modification to one part i.e. changing the maximum size

specification had huge implications across the business. This is often termed the law

of unintended consequences.

This simple and true story illustrates the interactive effect of change in business.

If academia reduces problems to, for example, the level of a pricing strategy or

performance measurement it then risks providing sub-optimal solutions at the level

of the whole. Research in service systems needs to include models that show the

interactive effects at the level of large “wholes” be they individual companies

or across supply networks.

The above presentation has highlighted the approaches towards research in

service science. Following on, we propose a research agenda for service science

and key issues in producing new knowledge in service.

6 Service Science Research Agenda: Issues

for Knowledge Production

6.1 The Need for More Appropriate Simplification
in Service

There is a pressing need for service to be understood across sectors. Abstraction is

necessary to discern the tacit knowledge in service for the purpose of transferability
of knowledge across industry sectors and academic disciplines as well. Abstraction

is also needed for replicability so that future service design could be systemic,

structured and deliberate to ensure sustainable service excellence. Finally, abstrac-

tion is needed for the scalability of service for growth. Service needs to find a set of
simplifications that is able to preserve the essence of the whole while being able to

achieve transferability, replicability and scalability. Service science could provide

not merely fundamental understanding, but also better tools and mechanisms for

discovery and abstraction. Even at the very least, service needs better measurement,

analytics and identification of what is performance success. For most of the past

three decades, social scientists have tried to find ways to classify and disassemble

service in a meaningful manner that would aid practice and provide understanding.

This has been without any noticeable success in part due to the analysis being not

sufficiently fundamental (the periodic table would be a good analogy of achieving
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a framework for fundamental understanding so as to classify, systematize and

compare all the many different forms of chemical behaviour). In addition, we

argue that existing research of this nature has been conducted through narrow

disciplinary lenses. Hence, much of service research to abstract service typologies

use words such as “complex”, “system” and “relationships” (see (Liu et al. 2008)

for a historical account of service typologies), an indication of a knowledge gap.

Just as science provided ways forward for Physics and Chemistry from “Alchemy

and Occult”, service science research is challenged to find its abstraction and

properties that would subsume all sectors. Service, like color in the early days, is

currently alchemistic.2

6.2 The Need to Look Forward

The Janus face of science suggests that science has two faces where one looks back

at the current state and evidence (ready-made science) while the other looks for the

way forward (Latour and Biezunski 1988). For the sake of publications, service

research in the past has had to be conducted through the lenses of one or another

existing discipline. The current state of service research could then be a reflection of

the way it has been influenced by whichever disciplinary regime in which it

currently sits, which may not be the best way to look forward. There is a need to

take the lessons from the other disciplines, but without the hegemony. When

disciplines come together to understand value co-creation with the customer,

there would be new impetus for service innovation and service excellence. Yet,

while service science is tasked to be able to both look back for the best techno-

logies and look forward to progress knowledge, it must acknowledge the strength

and weaknesses of current disciplinary-based knowledge and methodologies.

In researching service systems, the technology to capture the range of data (partic-

ularly behavioral data) may be beyond the current conventional collection methods

and possible observations are far more expansive than what current methodologies

can capture. When Copernicus first thought about the possibility of the Earth

revolving around the sun, it was not based on measurements or data (although

he was clearly motivated to find a theory that could simplify measurement since

the Ptolemaic system was very cumbersome empirically). Instead, Copernicus

indulged in what is termed as “thought experiments” (Brown 1993; Cohen 2005),

breakthrough ways of seeing the world, instead of merely looking at new methods

or tools to “measure” what is existing. Indeed, as contemporary philosopher

Cohen puts it, “much of modern physics is built not upon measurement but on

thought experimentation”. Hence, current knowledge and methodologies may be

2As Newton wrote, “A Naturalist would scearce [sic] expect to see ye science of [colours] become

mathematicall, and yet I dare affirm that there is a much certainty in it as in any part of Opticks”

(The correspondence of Isaac Newton ed. HW Turnbull, JP Scott, A Rupert Hall, Laura Tilling,

7 volumes, Cambridge: Cambridge University Press, 1959-177 1:96)
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inadequate for service systems. Rather than apply legacy knowledge towards

service systems, researchers must also open their minds to opportunities to produce

new knowledge, new methodologies and new ways of seeing the world, brought

upon by intrinsic characteristics of the service system. The act of focusing on what

exists now should not draw attention away from “what can be” (Alvesson and

Skoldberg 2000). Work by Vargo and Lusch (2004, 2008), although incorporating

themes of what has been iterated for the past 30 years, is a start towards viewing the

service domain through a different logic but service researchers the world over need

to feel much more empowered to challenge conventional thinking and legacy

knowledge (Vargo and Lusch 2004; Vargo and Lusch 2008). Finally, the interac-

tions and the interplay between processes and outcomes within a service system

which are non-linear and multi-directional in nature, suggests that the instrument of

analysis may not yet be scientifically reproducible in any meaningful manner by

conventional methods. Indeed, techniques traditionally used could be, as Miller and

Page (2007) puts it, “understand running water by catching it in a bucket”. Future

techniques and tools for service system would also need to emphasize dynamic

processes and states of equilibrium; much of these ignored by current researchers

that research within a static environment.

6.3 The Role of Technology Changes the Service
System and Vice Versa

Real/virtual interaction is playing an increasingly prominent role in the service

economy and there is a need to better understand virtual worlds as a medium,

virtual companies, brick-and-click delivery, multiple-channels, and web 2.0 in

value co-creation of service systems. In the field of management, technology is

beginning to gain traction in changing business models, for example, in the field of

management 2.0® (Breen and Hamel 2007). Leaps in computing power have

resulted in newer technologies with greater capability, from the ability to sense

facial expressions and stress levels to a fully liberated cyberspace where autono-

mous and intelligent entities or virtual objects can act in full inter-operability and

auto-organize themselves to deliver services, based on the concept of the internet
of things attributed to the original Auto-ID Center, based at MIT (with continuing

research with Cambridge, UK). The service system and the notion of value co-

creation are starting to change research in technology as well. More studies are

being conducted in the technological sphere that includes customer behaviors and

processes, informing research in service-oriented architectures (Papazoglou and

Heuvel 2007), User Centred Design (UCD) and Human-Computer Interaction

(HCI) which views design for and from the customer, termed as user in the

literature. A socio-technical systems view of service could challenge the assump-

tions surrounding customer types in software modularity and mechanistic designs,

compelling research in this area to bring the customer into design issues for greater

26 I. Ng et al.



innovation in value co-creation. This is clearly evident in healthcare, where

the digitization of medical records is not merely leading to a convergence of

biology and engineering, resulting in the health care service systems and clinical

practice becoming much more an information industry, but also allowing custo-

mers access and control into their own information and letting them take responsi-

bility for their health through intelligent sharing network of records (The

Economist, April 16, 2009).

6.4 The Need to Integrate Social Sciences (and Business),
Engineering and Technology for Customer
Value Co-creation

It would be a mistake to think that basic research in service science is disciplinary

specific and the applied research of service is where interdisciplinarity and integration

sits just as it would be a mistake to think that the practice of service is where

integration occurs. Precisely because the unit of analysis is the whole service system,

basic research is needed into understanding what patterns and orders exist at a

systemic level whilst at the same time at the analytical level research is needed into

how elemental parts of the service system behave, all within an interdisciplinary

context. However, interdisciplinarity is one of the biggest challenges in research.

As an analogy, one does not leave sodium and chlorine in a beaker and expect them to

naturally react and deliver salt. More often in the real world context, the sodiums

would have retired to their rooms while the chlorines would have gone down to the

pub. Integration of disciplines requires a common purpose and the development of a

common language, platforms, units of analysis and research philosophies towards that

purpose (Wild et al. 2009). Thus, our emphasis on value co-creation with the customer

explicitly identifies the purpose towards inter-disciplinary collaborations. The focus

on value co-creation, much like the focus on healing for medicine as a discipline,

should therefore be the central theme of service science and is also the unifying focus

towards which knowledge from various disciplines can contribute. By explicitly

bringing in the value co-creation, we believe service science can achieve a construc-

tive collaboration for the betterment of knowledge to deliver and innovate on service

in the modern economy. In addition, the focus on value co-creation conceptually

differentiates service science from service research within other disciplines which

would still thrive, particularly in light of the dominance of the service economy. The

theme of customer value co-creation is echoed in several papers and presentations on

service science (Spohrer 2009; Spohrer and Maglio 2005):

Service science is emerging as the study of value co-creation phenomena in a globally

integrated and connected world, which has the potential to become significantly smarter

and more sustainable. In a service world, diverse entities create, abandon, utilize, ignore,

configure, reconfigure, specialize, integrate, protect, and share resources and relationships

to co-create benefits with and for each other, both as individuals and collectives, both for

the short-term and the long-term.
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6.5 Service Science Could Be a Disruptive Science

We have previously presented how the introduction of a customer system within a

service system is a requirement in the study of service. It would therefore not be

surprising to find that traditional disciplines that are strongly goods-based may find

service technologies rather disruptive (Bower and Christensen 1995) although the

disruption might provide opportunities for innovation. In the service context, the

move towards a service orientation could lead to the ability to define new “spaces”

for doing business that were previously non-existent but of which the profitability is

uncertain (e.g. Youtube or Google). With value less “contained” within the vessel

of a tangible product, value co-creation could happen everywhere within a service

system, often between employees, customers, tangible products and technology

(Ng and Yip 2009a). Traditional manufacturing and engineering technologies that

propose the optimization of a system that does not include the customer system is

now challenged. Similarly, the notion that costs could be minimized and efficiency

gains could be attained within a service system without controlling for the loss of

value co-created with the customer suggests that many tangible product-based

technologies need to be seriously re-evaluated and service science technologies

could possibly be disruptive to existing ways of thinking (Ng and Yip 2009b).

The industrial era has accumulated more than a 100 years of knowledge in

the managing, manufacturing, and engineering of tangible products, often within

silo-ed disciplinary domains. Thus, the advancement towards a technologically

fast-paced globalized world where the service system is a constellation of amor-

phous value co-creation with the customer, integrating several disciplinary

approaches is bound to create severe discomfort, not least amongst the knowledge

producers of the old. As the world moves towards a service era, serious questions

need to be posed about the legacy knowledge and while the best technologies to

advance knowledge in the service era will eventually be adopted, adapted and

improved, the initial task of embedding the discipline of service science will

encounter political difficulties.

Those with the most to gain from a trans-disciplinary approach would be

expected to be most enthusiastic. These include researchers who recognize knowl-

edge transfer through a plurality of mechanisms rather than merely through

publications; those who are marginalized by their own disciplines or who labored

under the patronizing attitudes of the “purer” or more “basic” disciplines, as well as

policy makers who are motivated to create better links between science and

innovation. Those who are most threatened by a trans-disciplinary approach

would predictably be most skeptical; they would argue that the quality of research

would be eroded through trans-disciplinarity or feel that their autonomy might be

jeopardized. Most alarming to such researchers is the possibility that those who

subscribe to product-based technologies may find themselves obsolete in a service

system-dominated world. For these researchers, a natural reaction is to reject and

refuse to participate. This would be disappointing as the reality is usually far less

threatening. What is required of researchers is the willingness to share and adapt
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existing knowledge, particularly in light of increasing complexity of research

problems, and recognizing interdependencies in the production of new knowledge,

a fact that has been widely acknowledged (Gibbons et al. 1994; Nilsson 2001;

Nowotny et al. 2003). Ziman (2000) describes the transformation of knowledge

production processes in what is commonly known as “post academic” as:

“. . .marked by an increasing degree of collectivization as a response to the growing

complexity of research problems, [and] the increasing costs of scientific equipment,

but also the growing potential for research collaboration that is offered by information

technology.”

(Ziman 2000)

What is needed for service science is for knowledge from all relevant disciplines to

be presented to inform customer value co-creation. In doing so, we believe that the

gains from the interactions would inform and contribute in return to the production

of their own disciplinary knowledge, which is still much desired.

In our endeavor to embed the discipline of service science, our chapter has

presented system and reductionist approaches to research as well as the research

agenda for the discipline. We now put forward an argument for why service science

is an emerging discipline.

6.6 Service Science as an Emerging Discipline

As a result of disciplinary inter-dependency, we propose that service science is not a

logical development within any existing discipline. As long as it sits within a

discipline, it shall remain a subset of that discipline and more drastically, oppressed

by the discipline’s agenda, whether intentionally or otherwise. High level main-

stream journals are disciplinary-focused, and these gatekeepers will often not allow

their power bases to be diluted by a trans-disciplinary approach. The current climate

of service research therefore behaves as though most of the answers are there to be

applied, albeit it depends on whether it is a technology, marketing, operations,

organization behavior, strategy or engineering perspective of service. As such, we

argue that service research is currently studying service very much in context.

A research article in a service sector often does not address how relevant it is

towards other service sectors and as long as service is relegated to “sectors” and

does not sit as a “discipline”, it would be impossible to progress the learning.

Hence, we contend that service needs to emerge into a discipline of its own;

an integrative discipline of the business, engineering and social sciences for value

co-creation with the customer, much like medicine is an integrative discipline of

physical and biological sciences for healing.

Our thesis is incomplete unless we conceptually locate where disciplinary

knowledge of service, what we define as serviceX (e.g. service marketing, service

engineering, service operations, etc.), sits vis-à-vis service science. Disciplinary

knowledge in service is still very much desired due to the depth of analysis within
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that domain. To achieve that depth, many disciplines such as engineering,

operations and ICT, while striving to be customer focused, have had to assume

customer characteristics to be exogenous to study problems in service design,

architecture, engineering and delivery. This is necessary for research questions to

be defined and solutions to be tractable. The knowledge produced within such

disciplinary domains would still be valuable to service science. Marketing, which

brings the customer endogenously into its discipline (in terms of understanding

customer choices and needs) is conversely less inclined to evaluate design and

delivery issues in service for the obvious reason that design and delivery requires

exogenous customer characteristics to design and deliver around. Yet, marketing

research in service would also contribute to service science, for example in the

understanding of value-in-use and customer needs. Consequently, to use again

the analogy of medicine, research in genomics should still continue even while

the discipline of medicine continues to seek the best technologies for healing.

Those who currently conduct service research would recount two major move-

ments to push the service agenda – once in the seventies and another in the late

eighties/early nineties and both led by Americans (Fisk et al. 1993). Concurrently in

Europe, there was also a movement in support of service research. The most notable

were by the Nordic Schools (Gronroos and Gummesson 1985) and among its

proponents include works by Gronroos and Gummesson. Unfortunately, these

movements lacked traction and a tenure-track system of rewarding academics

only if they publish in top-tier (disciplinary-focused) journals led to the quiet

withdrawal of many service researchers back to their parent disciplines.

The creation of the new Journal of Service Research in the early 2000 by Roland

Rust, who subsequently became the editor of Journal of Marketing, was the start of
a new initiative in customer-focused service research in this millennium which has

finally begun to gain momentum.

Our proposal for service science as an emerging discipline is facilitated by two

further major events in 2004. First, the publication of Vargo and Lusch’s Service-

Dominant Logic in the Journal of Marketing (Vargo and Lusch 2004) and its

follow-up article in Vargo and Lusch (2008) served to propel service into the

forefront and has had a big influence on at least one other discipline, operations

management; and second, the growing service science movement initiated by IBM.

Led by these two events, service researchers have become more empowered to

challenge the status quo and to push journal editors for more interdisciplinary

special issues in service. While the current state of empowerment is laudable,

it falls short of true liberation. Hence, service science, as a catalyst for change

(Davis and Berdow 2008) and as an emerging discipline, would complete the task

necessary to push the frontiers of service research.

Large manufacturing, telecommunication and engineering organizations such as

Kone, Rolls Royce, BAE Systems, BT and HP have started to take a greater interest in

service, bringing along researchers from engineering and manufacturing and increas-

ing the credibility of conducting service research. However, it also poses new research

challenges for service researchers who have been based in business schools often

researching in traditional service industries such as hospitality, healthcare,
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transportation, leisure and banking. The arrival of engineering and technology

researchers threatens to create a schism in service research, polarizing it into the

IPS2 (Industrial Product-Service-System3) and service support engineering research

that caters to the engineering-types; the IT-based research on service oriented archi-

tecture, HCI, cloud computing or “Everything as a Service” (EaaS)4 that cater to the

technology-types; and the traditional service research of the social science and

business variety. We argue that the timing is therefore right for service science to

emerge as its own integrative discipline.

7 Conclusion

This chapter has presented a conceptual discourse for embedding and advancing

knowledge production in the new discipline of service science. Agendas have been

presented throughout service science literature addressing the “why” and the

“what” of research into service science, the aim of this chapter is to build on

conceptual discussion of the “how”. Through the perspective of systems thinking

insights are offered into integration that will complement the traditional reduction-

ist position and that together will provide a sound foundation for the development

and embedding of the new discipline of service science. The paper also considers

five salient issues for knowledge production as part of the wider research agenda

for service science – (1) the need for more appropriate simplification in service;

(2) The need to look forward; (3) the role of technology changes the service system

and vice versa; (4) The need to integrate social sciences (and business), engineering

and technology for value co-creation; and (5) service science could be a disruptive

science. The chapter locates the argument for service science knowledge produc-

tion alongside disciplinary knowledge of service and in so doing, suggests that

service science is not a logical development within any discipline and proposes that

the time is right for it to emerge into a discipline of its own. Thus, developing

conceptual thought through future directions into how researchers should approach

knowledge advancement in the discipline of service science.

3 IPS2 comprises the integrated and mutually determined planning, development, provision and

use including the option of partial substitution of products and services over the lifecycle. IPS2

working group was founded by the International Academy for Production Engineering and is a

community of 550 members from 41 countries with a strict limitation of membership. See http://

www.lps.rub.de/schwerpunkt/cirp/
4 Cloud computing is the development and usage of Internet-based (hence, “cloud”) computer

technology (hence “computing”). Cloud computing signifies IT-related capabilities that are

provided “as a service”, allowing users to access technology-enabled services from the Internet

with little knowledge of, expertise with, or control over the technology infrastructure that supports

them.
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8 Implications for Research and Practice

As Chesbrough & Spohrer (2006) noted, productivity gains arise from research and

development and at the heart of this R&D system is the academic university, and

the academic community of scholars, students, and alumni that comprise the greater

academic community. Whilst there is a growing initiative to understand and

advance the roots of the service economy, organizations are still left without a

solid theoretical framework. Without such theory, service providers are left with

legacy tools and the challenge of providing effective, scalable delivery of service

offerings. In today’s economy, service means employment and growth, but

the companies who have been leading the charge lack a strong theoretical founda-

tion for their practices and are now reaching out to academics (Chesbrough and

Spohrer 2006).

The research agenda presented in this chapter has a number of implications for

generating abstracted theory of service which can be understood and implemented

across sectors. The five salient issues for knowledge production which are

presented call for abstraction for the purpose of transferability, replicability and

scalability. To do this, rather than apply legacy knowledge towards service systems,

researchers must also open their minds to opportunities to produce new knowledge,

new methodologies and new ways of seeing the world, brought upon by intrinsic

characteristics of the service system. The research community needs to embrace the

challenges of knowledge production in service and the disruption it will inevitably

bring if we are to improve the basis for understanding service systems. This is

essential in order that theory is generalisable to all service providers so that they can

apply that understanding for advancing our ability to design, develop, improve and

scale service systems for practical business and societal purposes.

In terms of practice, managers are increasingly called to develop solutions in

service that can be de-contextualized, so that firms could be more efficient in rolling

out new services and employ better management practices, rather than re-inventing

the wheel for each context. Too often, service practices fall easily into the trap that

service is “common sense” and the notion of “merely coping” seem sufficient. Such

tacit practices do not lend itself well to the scalability of the service and service

management, even though may seem intuitive, is in need of sound engineering

design that must also incorporate behavioral issues. The capability to deliver

service excellence, like the capability to deliver a new technology, should not be

lost in the fact that many others have a similar tacit capability to deliver mediocrity.
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Key Dimensions of Service Systems

in Value-Creating Networks

Cristina Mele and Francesco Polese

Abstract The aim of this chapter is to identify the key dimensions of service

systems and to describe how they interact in the process of value co-creation.

The four key dimensions identified in the analysis are: customers; people (including

employees and other stakeholders); information; and technology. The chapter also

characterises the value-creation process in service systems as consisting of three

related stages: value proposition; acceptance; and fulfilment. The main conclusion

of the chapter is that the four key dimensions interact at all three stages in a network

of relationships that co-create value through the integration of resources. In details,

the interactions between the key dimensions shape two kinds of nets: (i) a social

network; (ii) a technological network. These nets are the basis for a greater value-

creating network aimed at increasing stakeholder value. Conclusions have practical

implications for managers and theoretical implications for researchers.

Keywords Value � Network � Customers � People � Information � Technology

1 Introduction

Service science is the study of the creation of value within and among service

systems, which are complex adaptive systems, integrating resources and interacting

with other service systems via value propositions which may form stable relation-

ships in extended service networks (IfM and IBM 2008; Maglio and Spohrer 2008;

Vargo and Akaka 2009). The aim of this chapter is to contribute to the development

of service science by analysing the capability of service systems in fostering value

creation. In particular, the chapter analyses the interaction of four key dimensions

of a service system in building a value-creating network. In doing so, an interactive
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research method (Gummesson 2003) was adopted: the work combines literature

review, theoretical insights and empirical analysis. The chapter assumes an essen-

tially theoretical perspective, not with a normative orientation, but in terms of a

positive basis for service systems and service science; some practical cases are

described to provide examples that illustrate the theoretical framework.

The chapter is organised as follows. First, service systems and the concept of

value co-creation are described in order to introduce various perspectives on the

notion of “value” (such as “customer value”, “supplier value”, and “stakeholder

value”) (Sects. 2 and 3). Second, the chapter analyses the key dimensions of

a service system (Sect. 4): (i) customers (Sect. 4.1); (ii) people (Sect. 4.2);

(iii) information (Sect. 4.3); and (iv) technology (Sect. 4.4). Later the chapter

focuses on the value process as consisting of: (i) value proposition; (ii) value

acceptance; and (iii) value fulfilment (Sect. 5). The roles of the identified key

dimensions in this value process are then described (Sect. 6). Subsequently, the

analysis points out the interactions between the key dimensions shaping two kinds

of nets (Sect. 7): (i) a social network (Sect. 7.1); (ii) a technological network

(Sect. 7.2); these nets are the basis for a greater value-creating network aimed at

increasing stakeholder value (Sect. 7.3). The chapter concludes with a summary of

the main findings and implications for managers and researchers (Sect. 8).

2 Service Systems and Value Co-creation

The contemporary notion of a “service” implies an activity (or series of activities) in

which various resources are utilised by a supplier in interaction with a customer

in order to develop a solution to certain needs (Gr€onroos 2003; Alter 2008).

In accordance with this view, Vargo and Lusch (2006, p. 283) define service as:

. . . the application of specialized competences (operant resources – knowledge and skills)

through deeds, processes, and performances for the benefit of another entity or the entity

itself.

It is thus apparent that the notion of “service” implies the existence of both a

provider and a client who seek to provide value by finding a solution to need (Lusch

et al. 2009). The relationship between the provider and the customer can be viewed

as a simple service system – that is, a systematic interaction of parts that functions to

perform a service. The smallest service system is a single person; the largest is the

global economy.

Any service system is not simply the sum of its parts; rather, the interactions of

the parts form a higher-order construct. As Maglio and Spohrer (2008, p. 18)

observe:

A service system is a dynamic value co-creation configuration of people, technologies,

shared information (language, value, measures) and other resources connected via value

propositions.
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According to this view, the underlying logic of a service system is value creation

for itself and value-co-creation for other parties through the proposing, acceptance,

and realisation of value propositions. The notion of value co-creation is one of the

fundamental ideas of service-dominant (S-D) logic and service science, both of

which explicitly recognise the importance of collaboration in sharing and integrat-

ing resources. The various actors involved (customers, suppliers, partners, and so

on) are seen as “resource integrators” (Vargo and Lusch 2008b) in a network-based

stakeholder perspective (Gummesson 2008b). As Cova and Salle (2008, p. 272)

point out: “co-creation is carried out in a many-to-many approach between a

supplier and [its] network in interaction with a customer and [its] network”.

Service Systems and Value Co-creation

A tour operator designed and managed its packages by involving its custo-

mers in new opportunities for the co-creation of value. It did this by incor-

porating customers’ views as communicated through an e-platform that

allowed customers to design their own tourism experiences according to

their preferences. The tour operator uses the e-platform to increase contacts

with customers and create interactive opportunities which foster value

co-creation.

3 Concepts and Perspectives of Value

The notion of “value” has been variously applied to such concepts as “customer

value”, “firm value”, “stakeholder value”, and “network value” (Mele 2009b).

The first of these, customer value, has at least two meanings – depending on the

perspective that is adopted (Woodruff 1997; Anderson and Narus 2004). From

the seller’s perspective, “customer value” is defined as a specific customer’s (or a

group of customers) profit contribution; alternatively, from the customer’s point of

view, “customer value” refers to the perceived value by the consumer defined by

Zeithaml (1988, p. 14) as the all-inclusive evaluation of a product’s utility, based

on the perception of “what is received and what is given” (p. 14). More recently,

the understanding of “customer value” has been elaborated to explicitly encompass

specific elements of the concept (Anderson and Narus 2004). For example,

Ulaga and Eggert (2006) have noted that the notion of “customer value” in

business-to-business relationships also includes trade-offs of service, expertise,

time, and social benefits as well as the price and process costs related to the

supplier–customer relationship.

Firm value is usually based on a resource-based view of the value of the

resources that a firm possesses. This form of “value” is thus linked to a firm’s

potential to continue to exist and evolve (Vicari 1991; Stampacchia 2001). Such

potential not only depends on the set of resources that a firm already possesses, but

also on its ability to generate new resources from existing resources on an ongoing
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basis. In particular, firm value depends on the ongoing enrichment of cognitive

assets, knowledge, and learning capabilities.

The concept of stakeholder value refers to the satisfaction of the interests of

various stakeholders (Christopher et al. 2002; Mele and Colurcio 2006). This notion

of “value” draws on Gummesson’s (2008a, b) conception of “many-to-many

marketing”, in which value is not limited to the supplier and the customer, but

also involves a network of interested stakeholders. In a similar vein, Mele (2009b)

and Mele et al. (2008) have explicitly linked the network perspective to the notion

of value in developing the concept of network value in terms of all the benefits that

network partners create through their actions and relationships.

It is apparent that the various conceptions of “value” described above are derived

from the particular perspective on value creation that is adopted. For example, the

first conception of “customer value” noted above is based on a supplier-centric
perspective (whereby “value” is perceived in terms of what the vendor gets from the

customer), whereas the second understanding of “customer value” is derived from

a customer-centric perspective (whereby “value” is perceived in terms of what the

customer gets from the purchase). Depending on the perspective that is adopted,

different understandings are generated regarding the main actors involved and the

content of the value that is created. Table 1 presents an interpretation of value based

on the particular perspective that is adopted.

The first perspective shown in Table 1 is the supplier-centric perspective. The

perspective of supplier centricity is implicitly adopted in most management and

marketing studies that assume a goods-dominant logic. According to this perspec-

tive, the provider is the value creator who adds value to a product and delivers it

to the customer through an exchange transaction. The creative process consists of

value-adding activities along the value chain (Porter 1985). The supplier is thus the

value builder, whereas the customer is the user who functions outside the value

chain. The content of value in this perspective consists of “value-in-exchange”,

which is basically assessed in terms of the supplier’s perspective of value.

The second perspective shown in Table 1 is the customer-centric perspective
(Prahalad and Ramaswamy 2004). Womack and Jones (2007) propose a customer

value chain that ranges from supplier-centric lean production to customer-centric

lean consumption. According to this perspective, the customer is conceived as a

Table 1 Perspectives on value creation

Perspective Value content Creation process and main actor(s)

Supplier-

centric

Value-in-exchange Supplier as a creator adding value to a product and

delivering it to a customer

Focus on the Supplier Value Chain

Customer-

centric

Value-in-exchange

Value-in-use

Customer as a prosumer and a value creator

Focus on the Customer Value Chain

Stakeholder-

centric

Balanced

centricity

Value-in-exchange

Value-in-use

Value-in-experience

Interacting contributions from suppliers, customers, and

other stakeholders acting as co-producers and co-

creators of value (through solutions and experiences)

Focus on stakeholders’ interactions and dynamics
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so-called “prosumer” who plays an active part in the value-creation process, rather

than being restricted to the consumption process. The content of value in this

perspective is understood as “value-in-use”, which clearly shifts the emphasis to

the customer. The supplier thus makes a “value proposition”, which is ultimately

realised through the process of value-in-use by the consumer. Interaction between

the supplier and the customer thus emerges as a joint process of value creation

(Vargo and Lusch 2006).

The third perspective shown in Table 1 is the stakeholder-centric perspective.

According to this perspective, the value-creation process is not restricted to a dyad

(such as a supplier–customer dyad); rather, value creation occurs within a network

of relationships among many actors. Within such a “value network”, value is not

created in a linear process involving a sequence of actors in a production chain;

rather, value is co-created in a constellation of networked co-operant actors

(Normann and Ramirez 1994). The final offering that end-consumers receive is a

result of the fulfillment of multiple co-productions within a network of actors who

interrelate to co-create potential value through their experience and knowledge

(Ballantyne and Varey 2006). The content of the value in this perspective is created

through value-in-experience as resources (knowledge, products, services) are

shared and exchanged by all actors to achieve certain aims. This perspective thus

moves from the paradigm of a focal service system managing particular stake-

holders to a paradigm of multiple service systems working together as partners to

co-create value for all stakeholders through a relationship network (Polese 2009b).

According to this view, the customer is one of the beneficiaries, but not the only

one. All stakeholders effectively contribute to the co-creation of value while also

expecting value in return for themselves. It is therefore more accurate to speak of

stakeholder centricity in terms of balanced centricity (Gummesson 2008a, b), as

a host of interests have to be taken into account in the analysis of the value

co-creation process. This relational pattern suggests the deepening of network as

powerful concept declining service systems behaviour and logics.

Towards a Value-Creating Network

A local public transport firm decided to introduce more technology into its

interactions with customers, partners, and suppliers. Vehicles and stations

were equipped with touch-screen PCs that enabled passengers to verify

information about connections, traffic, fares, future bookings, self-ticketing,

and so on. The screens also placed maintenance staff in direct contact with

suppliers for the ordering of components and spare parts. Similarly, drivers

were able to provide real-time information about traffic and weather condi-

tions to a central monitoring unit, which was connected to the national

highway patrol system and the national weather bureau.

By providing such a network, all stakeholders (providers, partners, and

customers) were able to play a role that contributed towards the shared goal of

distinctive value-creating network.
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4 Key Dimensions of Service Systems

The capacity to create stakeholder value is dependent on the possession and

development of well-attuned resources by each stakeholder. According to Barney

(1997, p. 143), resources can be defined as:

. . . all assets, capabilities, competencies, organizational processes, firm attributes, informa-

tion, knowledge, and so forth that are controlled by a firm and that enable the firm to

conceive of and implement strategies that improve its efficiency and effectiveness.

In service science, “all nameable things can be classified as one of four types of

resources: physical-with-rights (e.g., a person), not-physical-with-rights (e.g., a

business), not-physical-with-no-rights (e.g., shareable information or documents,

such as a description of a patent), and physical-with-no-rights (e.g., a technology or

part of the natural environment)” (Spohrer et al. 2008a, p. 3).

Cai et al. (2008) propose a so-called “service map” for service science, which

is arranged in three layers: (i) service needs; (ii) service competencies; and

(iii) service resources (see Fig. 1). The first of these, service needs, refers to the

provision of attractive user experiences and the reduction of user sacrifices by

enhancing the availability of service systems and the efficiency of service delivery.

The second, service competencies, concerns the “capabilities of a service provider
to provide high-quality services to its service consumers” (Cai et al. 2008, p. 4);

these are divided into vertical competencies (related to the service process) and

horizontal competencies (related to various stakeholders). The third, service
resources, refers to the items or assets required to foster interaction and value

creation (information, people, processes, physical assets). They can be internal or

external valuable resources (Bowman and Ambrosini 2007) in the sense that they

contribute to the value creation process; indeed, by leveraging service resources,

service systems can strengthen their service competencies in order to respond to

service needs, increasing the value created.

SERVICE NEEDS Value needs, experiences, reduced sacrifices

SERVICE COMPETENCIES

Vertical capacity to perform processes

Horizontal capacity to manage and provide for 

several stakeholders

SERVICE RESOURCES

Valuable/Useful resources for interaction and value 

creation

Source: Adapted from Cai, Chung and Su (2008)

Fig. 1 Service map
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In services-dominant (S-D) logic, two kinds of resources are distinguished:

(i) operand resources (which are physical resources upon which an operation or

act is performed to produce an effect); and (ii) operant resources (which are the

knowledge, skills and core competencies that produce the effect) (Vargo and Lusch

2008a, c). According to Lusch et al. (2008, p. 7), there has been a paradigm shift in

services management such that “producing should be transformed into resourcing”;

in other words, the emphasis has shifted from goods and services being posited as

units of output to their being now perceived as potential input for services and

experiences.

In service science, a crucial role is performed by knowledge as a “meta-resource”

(Mele 2003) – that is, a primary factor that is capable of activating the development

of other resources. From this perspective, the service system is understood as being

primarily a cognitive system, which depends for its existence and performance

on its own understanding and know-how (Vicari 1991; Rullani 1994). Moreover,

as a cognitive system, it creates information and activates knowledge to produce

new knowledge through continuous learning processes. As knowledge and compe-

tencies become more complex, firms become sets of micro-specialisations that must

integrate and transform their resources into a higher order of service potential

(Lusch et al. 2007).

Resources and learning processes are thus the foundation for the value-creation

processes of service systems. Four key dimensions can be identified in the resources

that enable such learning processes: (i) customers; (ii) people; (iii) information; and

(iv) technology (see Fig. 2).

4.1 Customers

The active role of customers in value creation is well established in the marketing

and management literature; indeed, customer knowledge is now recognised as a

crucial element in improving the processes, products, and services that are offered

in a business context.

Fig. 2 Key dimensions

of service systems
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According to Karni and Kaner (2006), a service system can be distinguished

from other types of systems precisely because the customer’s involvement is

distinctive. These authors noted that customers can play some or all of the following

roles in a service system:

l Initiator and receiver of the service
l Setting the primary objectives for the design and operation of the service
l Input (as a client upon whom the service is to be performed)
l Output (as a client upon whom a service has been performed)
l Participant in the process
l Human resource in the process
l Provider of physical resources to the process
l Provider of knowledge to the process, and
l Setting constraints or standards for acceptable service levels

The central and distinctive role played by customers in service systems means that a

“customer orientation” is the reference dimension in the deployment of all other

elements in the system. Mele and Colurcio (2006) note that the customer is both the

input and the output of any value-creation process.

In summary, as also emphasised by the basic principles of quality management,

the customer should be seen as the mainstay of all strategic processes and decision-

making for a service system.

4.2 People

Networked service systems involving many-to-many relationships cannot afford to

relate positively only with customers. Every interested party – including employees,

consumer groups, local associations, pressure groups, and individual citizens –

needs to be part of the pursuit of common goals based on cultural interests, common

values, and shared rules and constraints. In the development of a value-creation

process, various people contribute different skills and knowledge that are vital to

service systems. As Maglio et al. (2006, p. 83) observed, “the challenge lies not

simply in formally modelling the technology or organizational interactions, but in

modelling the people and their roles as knowledge workers in the system”.

In this regard, the empowerment of employees with the necessary authority

to make decisions and undertake appropriate service actions has the capacity to

increase significant value potential to customers. Ensuring the autonomy of

co-workers facilitates service innovation through the creative use of the knowl-

edge that they possess (about service, quality, clients, etc.). In particular, front-line

employees play an important role in the implementation of innovative service that

differentiates a service system from competing services (de Jong and Vermeulen

2003). Specific attention should be focused on talented employees who have the

knowledge and competencies to realise superior performance (Hiltrop 1999).

44 C. Mele and F. Polese



In this context, a crucial role is played by the tools and systems that firms adopt to

foster creativity (Goldenberg and Mazursky 2002). Creativity can be understood as

the ability to leverage, exploit, and re-combine knowledge with the aim of generat-

ing new ideas that are original, unexpected, and even astonishing (Colurcio 2009;

Mele 2009a). In terms of value creation, such creative imagination can be oriented

and managed with a view to shaping new value propositions. To achieve such

directed creativity (Colurcio 2009; Mele 2009a), a service system requires the

contributions of all organisational members and network partners within a culture

that encourages learning processes directed toward fostering creative innovation.

To foster such creativity, a service system needs to become a learning organisa-

tion in which new knowledge and new methods are enabled to invigorate its

cognitive and methodological practices. In this regard, learning by experience

assumes a key role in increasing the capabilities of individuals. Seeing service

systems as learning organisations involves the development of shared mental

models and the creation of common knowledge throughout the organisation

(Senge 1990; Nonaka and Takeuchi 1995).

In summary, service systems’ competitiveness has its main source in intellectual

capital. People involved with a service system are the most precious resource that

the system has at its disposal. By activating learning processes, the service system

can stimulate value-generation processes that foster its immediate success and long-

term sustainability.

4.3 Information

Information is crucial to the decision-making and performance of the actors

involved in any service system. Both customer and provider require basic informa-

tion about the life cycle of the service, and in the value-creation process there is a

process of transfer and sharing of knowledge that influences service processes and

ultimately determines service quality.

Spohrer et al. (2007) identify three types of shared information in service

systems: (i) language; (ii) laws; and (iii) measures. Shared language is required to

begin any dialogue (Ballantyne and Varey 2006) and to coordinate actions. Shared

laws are required to create and maintain complex systems because coded routines

enable people to interact efficiently, thus reducing risks and unnecessary workload.

Finally, four types of shared measures can be identified: quality, productivity,

compliance and sustainable innovation. According to Spohrer et al. (2008a, p. 6):

“Each of these corresponds to a stakeholder perspective: customers evaluate

quality, providers evaluate productivity, authorities evaluate compliance, and

competitors evaluate sustainable innovation”.

An open organisational culture fosters service innovation because such a culture

encourages the exchange of ideas (De Jong and Vermeulen 2003). Sharing infor-

mation has a positive effect on the workforce’s potential to generate ideas and
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the capacity of the service system to solve problems and prevent mistakes in the

development of new services.

In summary, information is the basis for organisational learning and continuous

improvement within service systems. The store of knowledge possessed by a

service system determines its capability to improve service provision and value

processes.

4.4 Technology

The processes within service systems are increasingly becomingmore technologically

complex as information infrastructures have provided enhanced capacity to strengthen

computing productivity (Demirkan and Goul 2006). Information technology (IT) not

only facilitates interactions between customers and suppliers, but also between

consumers themselves. Customers and/or users can thus effectively provide informa-

tion that stimulates change and development, and managers can evaluate suggestions

for improvement from consumers and implement the best of them. The technology

now being routinely used on the world wide web (referred to as “Web 2.0”) has

enhanced collaboration and interactivity among users by facilitating information-

sharing. As a consequence, the popularity of web-based communities has grown

quickly, and software developers are increasingly providing social networking sites

for users.

Within a service system, technology can support the development of organisa-

tional knowledge, in terms of shared mental models or organizational memory, by

fostering the transformation of tacit knowledge into explicit knowledge, which

represents a vital step in the “knowledge spiral” cycle of Nonaka and Takeuchi

(1995). According to Johnson et al. (2005), technology can facilitate this process in

three ways. First, technology can be utilised to remove routine activities of low value

from employees, thus freeing them to be assigned activities of higher value.

Secondly, technology can improve the speed of the decision-making process;

moreover, it can improve the quality of its output by providing ready access to

sorted and organised information. Thirdly, new and emerging technology will foster

tacit interactions and extend their breadth and impact; technology can thus support

talented people in their work and personal development (Johnson et al. 2005).

According to Demirkan and Goul (2006, p. 549), service systems can enhance the

potential role of technology by adopting a so-called “service-oriented architecture”

(SOA), which they described as:

. . . a paradigm for organizing and utilizing distributed capabilities that may be under the

control of different ownership domains. It provides a uniform means to offer, discover,

interact with, and use capabilities to produce desired effects consistent with measurable

preconditions and expectation.

Such an SOA can utilise IT to map business processes and provide measures

to support service systems in developing a service-oriented enterprise (Demirkan

et al. 2008).
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Key Dimension of Service Systems

The practical application of the four dimensions of service systems described

above can be illustrated in the case of contemporary waste management,

which increasingly requires a value-creating network that aims for sound

environmental policy and sustainable behaviour.

Customers: The primary customers are obviously the citizens, but other

customers of the service system include businesses that produce waste,

municipalities which are responsible for waste disposal, transport firms,

treatment works, and so on.

People: All people in the community, including ordinary citizens and those

involved in business, have an interest in separating and managing every piece

of waste that they produce in order to ensure that the whole chain functions

efficiently in a sustainable fashion.

Information: Appropriate information on waste management must be com-

municated effectively in many-to-many interactions within the network. In

this regard, information technology of many kinds can be used to ensure that

every actor has an opportunity to maximise the benefits of effective waste

management.

Technology: Technology is required for wise product design and the appro-

priate choice of materials and components in the service system.

5 Value Proposition, Acceptance, and Fulfilment

Service systems take on three key activities in order to develop value creation

process (Spohrer et al. 2008b): (1) proposing value, (2) accepting a proposal, and

(3) realizing the proposal. A value proposition can be defined as a firm’s promise to

deliver resources able to spread out a potential value through customer’s activities

(Ravald 2010). Such value is defined by the beneficiary; that is, the value proposi-

tion that a service system develops should be based on the needs of the beneficiary

that must be satisfied (Mele 2007). However, because value is a dynamic multi-

dimensional construct that includes functional and emotional benefits (de Chernatony

et al. 2000), any value proposition is subject to continuous reformulation and

innovation (Parasuraman 1997; Mele 2007).

The value proposition defines the mix of various resources (economic, func-

tional, emotional, social, technical) that is promised to the customer (and/or other

stakeholders). The nature of this mix depends on the beneficiary’s perceptions of

the value inherent in the use of the promised resources.

All service systems aim to develop superior value propositions; however, it is

usually necessary for the provider to demonstrate that a particular offering really

does offer superior value. To achieve this, the supplier must understand how it can
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contribute to the customer’s value-creation processes and must be able to show the

customer that it has the capability to do so (M€oller 2006). The crucial question is

how the provider’s value elements compare with those of competitors as assessed

by the customer. In addressing this question, the basic “building blocks” of a value

proposition are described by Anderson et al. (2006) as: (i) points of parity;

(ii) points of difference; and (iii) points of contention (see Table 2). A recognition

of these “building blocks” enables the supplier to substantiate the value proposition

by demonstrating its potential value in terms of the benefits (and reduced sacrifices)

that it promises for the beneficiary.

The value proposition enables the co-creation of value because it contains “. . .
the promises and contracts the entities agree to” (Spohrer et al. 2008a, p. 4).

Based on these promises, service systems interact and connect themselves to

other service systems to enable a reciprocal capacity to co-create value with each

contributing its own resources and activities. The acceptance of a value proposal

can thus require a process of dialogue and negotiation in which entities shape the

proposed solution to match their aims, knowledge, and skills. The agreements

regarding the value proposition let the relationship proceed, and the experience

continues to be lived.

As noted above, it increasingly recognised that value realisation involves

customer participation (von Hippel 2005; Mele et al. 2008). Value fulfilment thus

requires the involvement of the customer’s resources to realise the potential

value of an offering through usage (Vargo and Lusch 2008a, b). As Gummesson

(2007, p. 137) points out:

A supplier has a value proposition, but value actualization takes place during the consumer’s

usage and consumption process. Suppliers and customers are co-creators of value.

6 Roles of the Key Dimensions in the Value Process

All of the key dimensions identified above perform crucial roles in every phase

of the value process (see Table 3).

As shown in Table 3, the customer contributes information, knowledge, skills,

and other resources that help to shape the value proposition. The client is thus not
only the beneficiary of value but also a proposer of value. If the customer decides to

Table 2 Building block of a successful value proposition

Points of parity Element with essentially the same performance or functionality of the next best

alternative

Points of

difference

Elements that make the supplier’s offering either superior or inferior to the next

best alternative

Points of

contention

Elements about which the supplier and its customers disagree regarding how

their performance or functionality compares with those of the next best

alternative

Source: Anderson, Narus, van Rossum (2006)
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Table 3 Value processes and key dimensions

Dimension

Value process

Proposing value Accepting proposal Realizing proposal

Customer Can contribute

information,

knowledge and other

resources (labor,

property) to the

provider

Can ask for a proposal

The decision-maker Can contribute resources

(labor, property,

knowledge, skills)

Uses resources to prepare

a context in which to

use or experience the

proposal (solution)

People Work and interact to

develop promises and

contracts

Define the solution

Exchange and integrate

resources (internal

and external)

Build a relationship

network

Act to support

customer in his/

her decision-

making

Contribute their resources

(knowledge, labor,

etc.)

Exchange and integrate

resources (internal and

external) among them

Interact with the customer

to exchange and

integrate resources

Let the network’s actors

perform the solution

Information Basis of the value co-

creation processes

Main starting input of the

service process

Enable risk assessment for

service provider and

other stakeholder

Enable the learning

process

Element of the

decision-making

process

Factor of the trust-

building process

Enable risk

assessment for

beneficiary

Enable the learning

process

Allow people’s

interaction in order to

achieve the offering

Enable risk assessments

for the service

provider, beneficiary

and other stakeholders

Enable the learning

process and the

development of

a shared mental model

Technology Support personalization

proposal

Support entities’ (people,

customer, other

stakeholders)

interactions

Enable relationships

Foster information

exchange and

conversation with

customers and

between people

Support the sharing of

information and

knowledge

Support the learning

process

Foster acceptance,

acting on time

Support the sharing

of information

and knowledge

Foster contacts with

customer and between

service system entities

Allow the achievement of

personalized solutions

Foster information

exchange and

conversation

Enable work flows

and interaction

Increase efficiency

E-relationships

Support the sharing of

information and

knowledge

Support the learning

process
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accept the proposal, he or she then can contribute resources to the fulfilment of the
value proposition as a co-producer of the solution. The customer can also become a

partner in the distribution of the solution; for example, by developing a retail

community of like-minded consumers. In most cases, the beneficiary decides

when and where to use the offering and live the experience (e.g., where and for

what occasion to cook a meal) and also prepares the context (e.g., setting up a

room – painting, etc. – before furniture delivery).

Table 3 also shows that (employees and other stakeholders) define and develop

the proposed solution by exchanging and integrating resources. Their interaction

fosters the building of a relationship network, which becomes the high-order actor

in the value process. People thus facilitate the creation of potential value and the

realisation of value-in-use by providing resources in a process of resource integra-

tion (Vargo and Lusch 2008a, b; Mele 2009b). They can also co-develop experi-

ences with beneficiaries (for example, in sports tourism and cultural events) and/or

provide a context that allows customers to live an experience (for example, in

entertainment and amusement parks) (Carù and Cova 2007). By interacting and

integrating resources in this way, customers and other people co-create experiences

and strengthen relationships. Other stakeholders (such as local communities, gov-

ernment, and the wider society) can also affect the value process during each phase.

This is especially the case in certain complex service systems – such as health,

transportation, and public administration – which have a peculiar logic that requires

the specialised input of such actors in their diversified systems.

Information is both the major initial input of the service process and the main

enabler in the subsequent phases. Information has been described as the foundation

of intangible resources (Itami 1987) or operant resources (Vargo and Lusch 2008a, c);

for example, relationships are established and developed through continuous inter-

action and information exchange (Hughes and Chafin 1996). Shared information

enables people and customers to become familiar with the service maps of different

service system entities and to understand their needs, resources, and competencies.

This facilitates the identification of the best pattern for creating value from a

network-based stakeholder perspective. Moreover, shared information facilitates

risk assessments for service providers, beneficiaries, and other stakeholders.

Finally, shared information is the basis of the learning processes that occur during

the value-creation process. The development and sharing of shared mental models

fosters the creation of a shared vision that provides consistency of purpose to the

activities that develop the value aims of the service system (Senge 1990, 1992;

Mele 2003).

Finally, Table 3 shows that technology facilitates the information-sharing

process by enabling people and customers to interact without the constraints of

time, place, and space. Technology can also assist the value-creation process by

organising data and information, supporting the sense-making process, and creating

(and using) knowledge at the individual, team, and organisational levels. It is thus

an enabler of explicit knowledge (Nonaka and Takeuchi 1995) and a means of

enhancing individual talent. As Johnson et al. (2005, p. 22) observed: “Machines

can help managers make more decisions more effectively and quickly”.
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It is thus apparent that each of the identified dimensions plays a role in the value-

creation process; however, it is also apparent that it is the interaction of these

dimensions that ultimately enables a service system to develop superior value

creation process. Customers and other people share information during their inter-

actions. In addition, they also utilise their tacit knowledge to make “complex

decisions based on knowledge, judgment, experience and instinct” (Johnson et al.

2005, p. 21). In these processes, technology facilitates information-sharing and

interaction in various complex, non-linear ways (such as B2B, B2C, C2B, and

C2C) (Gummesson and Polese 2009).

Service Processes as Value Propositions, Acceptance, and Fulfillment

Tourism-destination services represent a good example of a value process

that incorporates value propositions, acceptance, and fulfillment. The desti-

nation acts as an integrator of resources. Its natural and contextual points of

attraction, along with the complementary resources of related businesses in

non-tourism sectors, are included in the proposition of a distinctive package

of services and products. The message to the market must be efficiently

communicated as a valuable offer if the destination is to reach its potential

by satisfactory levels of acceptance in the market. Finally, the tourists who

arrive at the destination must be satisfied by the fulfillment of the value

proposition. Without this process of value proposition, acceptance, and ful-

fillment, any tourist destination will lose its attractiveness over time and be

transformed into a failed value proposition.

7 Building Value-Creating Networks

Service systems networks are defined as service systems connecting to other service

system: “they form network of relationships which may have one or more asso-

ciated value propositions” (IfM, IBM, 2008, p. 18); a service system network puts

certain assets together but it requires the integration of the actors’ resources

according to their expectations, needs and capabilities. As interestingly proposed

by the Viable System Approach (Golinelli et al. 2002; Golinelli 2010; Barile 2008),

every complex system need to seek an equilibrated balance among its sub-systems

and its supra-systems in order to pursue both an efficient valorisation of internal

components and an effective valorisation of external resources. In fact integration

is, indeed, the incorporation of an actor’s resources into another actor’s process

(Moeller 2008). By widening the meaning, resource integration implies an entire

social and cultural process, thus enabling an actor to become a member of a group

(or a network). Service systems therefore act as resources integrators – within the

organization and through the network – due to operant and operand resource

specialization. In all of these situations, firms strive to reach a better matching of

resources, activities, and processes.
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The integration of resources is idiosyncratic to the partner. Each service system

is born and develops as an original combination of resources and contributes to the

network in a unique manner. The matching of service systems’ resources is crucial

ensuring that the role one entities can play in a network is not the same as that of

another. The value creation potential of a service system does not only arise from

its core competences and distinctive resources, but also from its capability to match,

to insert itself in a network and contribute to its success and evolution.

In order to manage and improve service system performance as resource

integration mechanism, two main factors enable value-creating networks: the social

relations that affect people and customers, and the ICT patterns and tools fostering

their participation in the system. In details, the interactions between the key dimen-

sions shape two kinds of nets: (i) a social network; (ii) a technological network.

These nets are the basis for a greater value-creating network aimed at increasing

stakeholder value.

7.1 The Social Net

People trigger the value process. For this reason, their social relationships, the

dense and articulated set of relations characterizing every individual, are an

important factor. It is apparent that organisations are not autonomous entities;

rather, they are dependent upon individuals and the networks of relationships that

exist among them (Vicari 2007). The research focus regarding social capital has

thus shifted from enterprises as a whole to the individuals who manage and

operate the businesses – because it is increasingly recognised that the values

that these individuals own determine their decisions and behaviour. It is the

person, within an organisation, who interprets and realises the mission, strategic

action, and management practices through their values and cultural identity

(Golinelli et al. 2002; Cross et al. 2002). The social networks embedded in

every organization, and in particular in every individual participating in the

system, are therefore very important and contribute to system performance.

Social relations are not a clear phenomenon. Indeed they are variously intended.

In the perspective here adopted: (a) Social relations do not deal with social
responsibility; (b) Social relations differ from ethics; (c) Social relations involve
all stakeholders; (d) Social relations include personal relationships; (e) Social
relations are many to many relations. In other words, social relations can be defined
as follows: Social relations may be represented by the relational pattern that
characterizes every individual in a business and that involve personal, business
and stakeholders relations (Polese, 2009b).

Managing a social net means fostering the development of social relationships,

as they form the social capital of the service systems (Batt 2008); doing so increases

the potentiality of service system’s value creation potential. Social Network Anal-

ysis can help service systems analyze and manage social nets in terms of their
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structure (the entity’s position), processes (the entity’s activities and ties), and

resources and service level.

Though still emerging from its academic roots, Social Network Analysis (SNA)

is entering the mainstream thanks to better analytical tools, visualization, comple-

mentary technologies and data availability. In this regard social network analysis

(SNA) has recently emerged as an important aspect of knowledge management.

7.2 The ICT Net

ICT net can be seen indeed as a “nerve systems central to sensing, responding and

learning” in a value-creating network (Lusch et al. 2009, p. 4). It enables external

relationships, inter-system interactions and internal knowledge.

When considering a service system to be constituted by service providers and

clients (individuals/corporations) that work together with support technologies

according to the network paradigm and value co-creation concept, the policy

adopted by the service system in order for it to produce the requested information

is often referred to as the mechanism for the transfer/exchange of infor-

mation (Service Level Agreement – SLA). Today it is aims to support the use of

Web services (designed according to a model of service-oriented architecture –

Service-Oriented Architecture – SOA: Erl, 2005) to ensure interoperability between

different systems in which business and technical components provide reusable,

dynamically discoverable, and complementary services (Demirkan et al. 2008),

allowing the use of individual applications as components of business processes and

ministering to the demands of users (agents and non-artificial).

The ICT net is reliant upon service-oriented enterprises that implement busi-

ness processes through an SOA and that provide frameworks for managing business

processes across a SOA landscape and structuring service patterns for the provision

of services.

In summary, this net is about the ways people engage with computing to execute

processes and refers to the semantics that put people and machines together in new

ways (Demirkan and Goul 2006). Thus ICT net can be considered as a sets of

multidimensional elements, such as relationships (endemic relationships, timely

information), tools (scalable technology solutions, Service Oriented Architecture,

Service Level Agreements,) and perspectives (client usage, system thinking)

(see Fig. 3).

7.3 The Integrated Net

The social net and the ICT net are interlinked nets, as the ICT net supports the

development of interconnections of the social net, fostering relationships and

the sharing of information and knowledge. A service system’s key ability is to
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foster the integration of the social and ICT nets through appropriate management of

the net’s links, within both a single service system entity and within the network

of service system entities. Integrating the nets enables three elements of a service

system’s performance (Spohrer et al. 2007, p. 75):

– Efficiency (plans), things are done in the right way

– Effectiveness (goals), the right things get done

– Sustainability (relationships), the right relationships exist

The actors of a value-creating network are held together by competencies to provide

service, relationships and shared information (Lusch et al. 2009), with the ICT as

nerve system. The integration among different network players is tied to values,

culture, transparency and clear rules. The glue that holds the networks together is

based on shared finality and common purpose (win–win logic). This shared and

participatory atmosphere is a strong promoter of continuous innovation, which in

service systems seems to be crucial for stakeholder value. Managing service systems

means creating and reinforcing a common identity (through a spirit of cohesion

among the participants, a sense of belonging, information about “service systems’

resources”, appreciation of common leadership, and so on). As already Polese

(2004; 2009a) has stressed, networks are not based only on formal bounds (contrac-
tual and legal bounds are weak in the long run), but on strong sentimental ties and
cultural affinities as these features guarantee the cohesion, vivid relations, and
vibrant pulses of emotion and energy that build sustainable networks.

The harmonic systemic interaction and integration of the social and ICT nets

necessitate system thinking. Without this, “each component in the service system

tends to seek behaviors that satisfy its local interest. This may bring controversy in

a service company and degrade its customers’ experience” (Spohrer et al. 2008a,

p. 5). With systematic thinking, each business unit will know its position on the

value co-creation map and learn how to be a vital and supporting part of the value

creating network (Lusch et al. 2009) through resource development (knowledge,

competencies, relationships) and compelling value proposition (to customers and

other stakeholders) in order to evolve and survive.

Fig. 3 ICT characteristics in

service networks age
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Networks for Managing Value-Creating Service Systems

Research clusters (either formal districts or informal geographically close

subjects) are powerful organizational proposals in which distinctive compe-

tences are valorised for common success and innovation benefits. This is true

when competences are contiguous (vertical and specialized in the same sector

for every actor), or if competences are close to the same technology, but

denote different specializations and peculiarities. In both cases the mobiliza-

tion and integration of common resources created common knowledge and

ultimately network value; this is indeed based upon technological support and

targeted to technological innovation, pursued with the contribute of many

actors which are not limited to the participating firms, but may involve

individuals as well as public entities, NGOs and other local actors.

8 Conclusions and Implications

8.1 Main Conclusions

The aim of this chapter was to identify the key dimensions of service systems and

to describe how they interact in the process of value co-creation. The four key

dimensions identified in the analysis were: customers; people (including employees

and other stakeholders); information; and technology.

The chapter has also characterised the value-creation process in service systems

as consisting of three related stages: value proposition; acceptance; and fulfilment.

The main conclusion of the chapter is that the four key dimensions interact at all three

stages in a network of relationships that co-create value through the utilisation of comple-

mentary resources. In details, the interactions between the key dimensions shape two

kinds of nets: (i) a social network; (ii) a technological network; these nets are the basis

for a greater value-creating network aimed at increasing stakeholder value. These conclu-

sions havepractical implications formanagers and theoretical implications for researchers.

8.2 Managerial Implications

It is apparent from this study that service systems can create a competitive advan-

tage for themselves by improving their management of value co-creation. The

notion of a “competitive advantage” in the context of service science refers to

whether a service system can apply its operant resources to meet the needs of

another service system better than its competitors can do. In other words, the model

of competition in the context of service science refers to efforts by service systems

to improve their management of the process of value co-creation.
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Managers should therefore seek to establish and maintain service systems that

are both competitive and sustainable. This search is challenging because it neces-

sarily goes beyond the explicit resources and benefits of the immediate entities

that participate in the system. Contemporary managers are dealing with complex

systems involving networks of relationships and systems, and this complexity

means that service systems are difficult to plan, manage, and govern. Nonetheless,

an attempt must be made to address the complexity of such systems in an attempt to

better understand their operations, performance, and effects.

Managers need to identify the factors that enhance the internal cohesion

of the network in aligning the behaviour of the entities towards the realisation of the

system’s explicit goals. In identifying these goals, management should not bemotivated

only by economic considerations; rather, managers should focus on the regeneration of

the system’s resources and capabilities. This requires special attention being paid to the

so-called “soft’ issues of systemic integration, information- and knowledge-sharing, and

effective communication among the involved parties. In particular, management must

sustain all relationships with stakeholders that are important to the service system in

providing the vital resources that the system needs.

Managers should also ensure that ongoing service innovation and system reframing

occurs as a means of promoting continuous value generation (Normann 2001). In this

process, managers should be encouraged to think about innovation inside a single

service-system entity (which should be seen as amicro-network), as well as considering

innovationwithin several related service-system entities (a network) (Lusch et al. 2006).

8.3 Implication for Researchers

This chapter has attempted to identify and systematise the roles of customers,

people, information, and technology in the value-creation processes of complex

service systems. It is apparent from this exploration that extant theory has not

provided adequate models and constructs applicable to these complex issues of

technological, social, and experiential interaction. More research effort is required

to achieve a better understanding of the processes involved in value co-creation.

In particular, researchers should address the need for models of the mechanisms of

service systems that go beyond intriguing organisational and conceptual theory

to provide direction for effective managerial actions in the complexity of the

contemporary service economy.
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Making a Science of Service Systems

Practical: Seeking Usefulness

and Understandability while Avoiding

Unnecessary Assumptions and Restrictions

Steven Alter

Abstract This book’s theme is “The Science of Service Systems,” yet there is

substantial question about whether the definition and nature of service systems have

been articulated adequately. This paper examines definitions of service and service

system that could frame or otherwise influence future developments in service

science and could have implications for what should and should not be included

within service science. It argues that the initial development of service science

should use straightforward definitions that are understandable, useful, broadly

applicable, and teachable. It proposes a definition of service system that is different

from the definition proposed in this book’s Call for Chapters and in the 2008 White

Paper produced by a service innovation symposium attended by many leaders

in the effort to create service science. In comparison with that definition, this

paper’s alternative definition is more understandable, useful, broadly applicable,

and teachable.

Keywords Service science � Service systems � Service � Work system � Work

system framework

1 Desired Characteristics of Basic Concepts

Ideally, the evolution of service science should generate intellectually rigorous

concepts that are directly relevant to practice. Practical foundational concepts

should have the following characteristics:
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l Understandability: The foundational concepts at the core of service science

should be readily understandable by typical business professionals, not just by

Ph.D.’s and technical experts.
l Usefulness: The foundational concepts should lead to description, analysis, and

design methods that are readily useable by most managers and executives.

Support of sophisticated descriptions and analysis by technical experts is an

important second order issue.
l Broad applicability: Foundational concepts should cover all situations that

typical business professionals would normally view as service.
l Teachability: Those concepts should be teachable to different audiences at

different levels of intellectual sophistication.

This paper focuses on two concepts: service and service system. It argues that

early leaders in service science seem to favor definitions that have important

shortcomings and that might be replaced by more beneficial definitions. In particu-

lar, this paper argues that the currently favored conceptualization of service system
and related ideas is too sophisticated to be useful to typical MBA students and

business professionals. That type of issue would not be a problem in the physical or

biological sciences, where the future development of physics and biology does not

depend on whether most people understand Maxwell’s Equations, quantum

mechanics, cosmology, or the mechanics of DNA and RNA. It is a problem,

however, if the goal of service science is to influence the practice of business.

This chapter proceeds as follows. First, it looks at alternative definitions of

service. It identifies three groups of definitions, proposes that the third group

comes closest to satisfying the above criteria, and suggests a particular definition

that is simple and general. Next, it compares two definitions of service systems,

“service systems as work systems” and “service systems as complementary

components of economic exchange.” It shows why the above criteria are better

satisfied by the first definition than the second.

2 What Are Services?

Many discussions of services try to define services without giving many examples,

thereby skewing the discussion to the author’s preferred or unstated examples and

sometimes generalizing from one or several types of services. Instead, we start with

a set of representative situations that most business professionals would view as

services. (See Table 1)

A good definition of service should fit each of the situations in Table 1. We will

look briefly at definitions that fall under three categories:

l Services as value creating activities that have certain characteristics
l Services as value creating activities that involve co-production by providers and

consumers
l Services as any organized activities performed for the benefit of others
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Category #1: value creating activities that have certain characteristics. Examples

of definitions in this group include:

1. “Any act or performance that one party can offer to another that is essentially

intangible and does not result in the ownership of anything.” (Kotler and Keller

2006).

2. “A provider–client interaction that creates and captures value” (IBM Research

2009).

3. “A simultaneous or near-simultaneous exchange of production and consump-

tion, transformation in the experience and value that customers receive from

engagement with providers, and intangibility in that goods are not exchanged.”

(Rai and Sambamurthy 2006).

A typical problem with defining services in terms of specific characteristics is

that many services lack those characteristics. For example, the service of custom-

designing and programming complex software often involves a project that absorbs

months of time (inconsistent with #3), involves substantial efforts unrelated to

customer interactions or experiences (inconsistent with #2), produces tangible things,

such as printed documentation (inconsistent with #1), and results in the ownership

of something (inconsistent with #1). Thus, the service of custom-designing and

programming complex software does not fit several typical definitions of service.

Other relevant examples in Table 1 include package delivery services that move

tangible packages, architectural services that result in the ownership of architectural

plans, garbage collection services that involve minimal provider–client interaction,

and legal services that produce contracts that are used for many years, and hence are

not consumed as produced. Along these lines, Vargo and Lusch (2004b) argue that

four prototypical characteristics often believed to distinguish services from goods –

intangibility, inseparability, heterogeneity, and perishability – “(a) do not distinguish

services from goods, (b) only have meaning from a manufacturing perspective, and

(c) imply inappropriate normative strategies.”

Table 1 Common examples of services

Providing an Internet search engine

responding to search inquiries

Hiring new employees in a company

Providing training services

Offering food items for sale in a grocery

store

Providing cash through ATMs,

Educational services

Medical care at a health maintenance

organization

Network repair services

Package delivery services

Emergency services such as fire, police,

and ambulance

Performing back-office accounting work at

off-shore location

Download services for books and films

Developing custom software

Architectural services

Consulting services

Entertainment services

Answering customer inquiries at an off-shore

call center

Janitorial services in office buildings

Legal services

Garbage collection services

Telecommunication services
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Category #2: activities involving co-production of value by providers and consu-
mers. Examples of definitions in this group include:

l A time-perishable, intangible experience performed for a customer acting in the

role of a coproducer (Fitzsimmons and Fitzsimmons 2006).
l A process in which “the customer provides significant inputs into the production

process.” (Sampson and Froehle 2006).
l “The customer is always a co-producer.” This is foundational premise #6 from

Vargo and Lusch (2004a). Their definition of service is in the next category

(below).

The difficulty with defining service in terms of co-production is that an incre-

ment from zero co-production to a little bit of co-production to a slightly larger

amount of co-production often does not change the essential nature of the activities

or of the value that is being produced. Most of the examples in Table 1 involve at

least a bit of co-production, such as making a request that initiates a process, or

making one or more choices that influence the production process. Even the output

of highly automated production lines often involves at least some input from the

customer, thereby blurring the distinction between product and service.

Category #3: activities performed for the benefit of others. Examples of definitions

in this group include:

l “A change in the condition of a person, or a good belonging to some economic

entity, brought about as a result of some other economic entity, with the approval

of the first person or economic entity” (Hill 1977).
l “Capabilities or competencies that one person, organization, enterprise, or

system provides for another” (Vargo and Lusch 2004a).

Although the assumption about customer approval is contradicted in many

service situations (e.g., emergency services where the customer cannot provide

approval, teaching of unwilling students, and so on), definitions in this category

are less restrictive and less encumbered by occasionally irrelevant characteristics

such as intangibility and simultaneity. We adopt an even simpler, dictionary-like

definition of service:

Services are acts performed for someone else, including the provision of resources that

someone else will use.

(Alter 2008b)

This definition of service encompasses a wide range of categories such as:

l Services for external customers and for internal customers
l Automated, IT-reliant, and non-automated services
l Customized, semi-customized, and non-customized services
l Personal and impersonal services
l Repetitive and non-repetitive services
l Long-term and short-term services
l Services with varying degrees of self-service responsibilities
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The phrase about provision of resources for someone else is included to

accommodate the shift toward supporting self-service activities. The definition

can be extended into the realm of service computing by substituting “another

entity” for “someone else.” Services in that realm can be viewed as acts

performed by one entity for a different entity, including the provision of resources

that a different entity will use.

In effect, this definition assumes that every purposeful action performed for the

benefit of someone else is a service, an interpretation consistent with discussions that

have continued in marketing for over 40 years. For example, Leavitt (1960) noted,

“People don’t buy a quarter-inch drill. They buy a quarter-inch hole. You’ve got to

study the hole, not the drill. The drill is just a solution for it.”More recently, Vargo and

Lusch (2004a) extended that train of thought in proposing that “service-dominant

logic” should replace “goods-dominant logic” as the basis of economic thought. They

argue that value to the customer is the primary issue, and that delivery through goods

versus services is secondary. One of eight foundational premises in their 2004

summary of service-dominant logic is that “goods are distribution mechanisms for

service provision.” Thus, distinctions between products and services may not be

fundamental for understanding how value is delivered. If a service is an act performed

for someone else, then the production of physical things can be viewed as services.

With our definition of service, just about any business activity is a service

because it involves purposeful action performed for the benefit of someone else.

Focus on services is still useful, however, because it encourages the use of ser-

vice metaphors when thinking about almost any system in a business. Of special

value are the numerous service-related design dimensions that are potentially

important but often overlooked when trying to design or evaluate systems in

organizations. This brings us to the discussion of service systems.

3 What Are Service Systems?

The literature contains two basic views of service systems:

l Service systems as work systems that produce services.
l Service systems as complementary components of economic exchange.

The first view focuses on service production processes (which involve varying

degrees of co-production by providers and customers) and on whatever those

production processes produce for customers. Both the initial description of the

situation and the subsequent analysis emphasize how the service is produced, how

well it is produced, and how it might be improved. The specifics of the description

and analysis are consistent with lean solutions (Womack and Jones 2005),

Six Sigma, and other methods used in disciplines such as marketing, operations

management, and information systems.

In contrast, the second view of service systems starts with economic exchange.

It views providers and customers as service systems that provide services for
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each other. For example, a grocery store is a provider service system that obtains

and displays food for sale; customers are customer service systems that perform the

complementary service of paying the retailer; they also provide other forms of

cooperation, such as acting appropriately in the store.

We look at each of these approaches in turn, emphasizing topics related to

deciding which of these two starting points satisfies previously mentioned criteria

such as understandability and usefulness. Note, however, that neither view excludes

the other. For example, someone starting with the first approach has total freedom to

consider economic exchange. In fact, incentives are an important part of the descrip-

tion and analysis related to work system participants and customers. Similarly,

someone starting with the second approach has total freedom to analyze the provider

service system and customer service system as work systems on their own right.

The following discussion reflects a clear bias toward the first definition because

it more directly satisfies the criteria mentioned at the outset. Specifically, it is more

effective for helping business professionals produce practical descriptions,

analyses, and recommendations for improvement in service situations such as

those listed in Table 1.

Definition #1: service systems as work systems that produce services. A service

system is a work system that produces services for customers. A work system is a

system in which human participants and/or machines perform work using informa-

tion, technology, and other resources to produce products and/or services for

internal or external customers. (Alter 2003, 2006a, 2008a). All of the services in

Table 1 can be described as work systems.

The work system framework (Alter 2003, 2006a, 2008a, b) identifies nine

elements that are the basis for describing and analyzing any work system in an

organization. (See Fig. 1) Even a rudimentary understanding of a work system

(or service system) requires awareness of each of the nine elements in the frame-

work. These elements are strikingly similar to the elements listed by Karmi and

Kaner (2007) in their “taxonomic definition of a work system.” The framework

covers situations that might or might not have a tightly defined business process and

might or might not be IT-intensive. It can be used to describe work systems in

general, information systems, supply chains, and projects.

The location of the customer at the top of the framework’s triangular represen-

tation is totally consistent with our definition of service (acts performed for

someone else). It encourages including a service mindset in both description and

analysis by illustrating the incompleteness of focusing totally on the internal

operation of the work system. Also, the arrows in the framework show that changes

in customer needs lead to desired changes in the form, cost, or quality of products

and services, which in turn lead to desired changes in the form or performance of

processes and activities. Following arrows from the other direction, changes related

to participants, information, and technology can be evaluated based on their impact

on both internal efficiency and customer satisfaction.

The bilateral form of the service value chain framework (Alter 2008a) is based

on the co-production of value by providers and customers. (The framework is not
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shown here due to space limitations.) That framework, which can also be applied

readily to describe or analyze each of the services in Table 1, augments the work

system framework by incorporating typical categories of service activities and

responsibilities, such as negotiating commitments, performing set-up, handling

service requests, fulfilling service requests, and performing follow-up. Other

aspects of the framework represent important service design issues such as the

governance of service instances by service level agreements, the form and

frequency of service encounters, the distinction between front-stage vs. back-

stage activities, and the importance of value capture by both customer and provider.

In addition to providing useful and distinct component views of service systems,

both the work system framework and the service value chain framework help in

identifying important design dimensions that can be used to describe and compare

service systems. For example, Alter (2006a) discusses business process design

dimensions such as degree of structure, range of involvement, level of integration,

complexity, rhythm (frequency) and degree of automation, among others. Focusing

on these dimensions when evaluating, analyzing, or designing a work system helps

in addressing big picture issues before plunging into details. Similar design dimen-

sions related to the service value chain framework include the balance between

provider and customer responsibilities, the relative amount of effort to be devoted

to negotiating commitments, the relative importance of customer encounters, and

the relative prominence of front-stage vs. back-stage activities.

Definition #2: service systems as complementary components of economic
exchange. In contrast to viewing service systems as work systems, the concept of

service system in recent publications of leading proponents of service science (e.g.,

Spohrer et al. 2007, 2008; IfM and IBM 2008; Springer 2008) treats service systems

Fig. 1 The work system framework (Alter 2006a), slightly updated
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as complementary components of economic exchange. For example, the definition

of service system on the first page of this book’s Call for Chapters (Springer 2008)

says that service “derives from the interactions of entities known as service systems.
Service systems at multiple scales of organizations, from individual people to

businesses and nations, chain together into globally integrated service networks of
multiple types. . . [B2B, B2C, etc.]” A footnote at the bottom of the first page says

“Service systems are dynamic value co-creation configurations of people, technology,

organizations, and shared information (such as language, laws, measures, models,

etc.), connected internally and externally by value propositions, with governance

mechanisms for dispute resolution.” (Spohrer et al. 2007). In other words:

l Service is produced by the interaction of service systems (i.e., an individual

service system does not produce services).
l Service systems are dynamic.
l Service systems are shared co-creation configurations of people, technology,

organizations, and shared information.
l Service systems range from individual people to businesses and nations.
l Service systems are connected internally and externally by value propositions.
l Service systems have governance mechanisms for dispute resolution.

A subsequent White Paper on service innovation generated by a Cambridge UK

symposium of service science leaders (IfM and IBM 2008) is largely consistent

with the above view. Its glossary of terms adds the following:

l Service systems . . . “can create and deliver service while balancing risk-taking

and value-cocreation.” (p. 18).
l “Service systems are complex adaptive systems.” (p. 18).
l A customer service system is “a service system from the viewpoint of a customer

or consumer. A customer service system searches provider value propositions

looking for win–win value-cocreation opportunities.” (p. 16).
l A provider service system is “a service system from the viewpoint of a provider.

A provider service system aims to meet the customer’s needs better

than competing alternatives consistently and profitably (in business context)

or sustainably (in non-business context). Provider service systems seek deep

knowledge of customer service systems . . . to improve existing, and create new,

value propositions.” (p. 16).
l A value proposition is “a specific package of benefits and solutions that a service

system intends to offer and deliver to others. . . . Value proposition emphasizes

key points of difference in comparison to competing alternatives.” (p. 19).

4 Is the Second Definition of Service System Practical?

While recognizing that testing is required to evaluate a definition’s practicality, it is

nonetheless possible to find relevant hints about practicality in prior uses of related

ideas and in direct implications of the definitions.
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The practicality of the first definition is supported by extensive experience.

Various versions appeared in a series of information system textbooks culminat-

ing in Alter (2002) and in term paper assignments requiring the application of

related analysis methods. In an attempt to continue developing the work system

approach over many years, the author collected and evaluated over 400 term

papers representing system analysis efforts by teams of undergraduate, MBA, and

Executive MBA students at a typical university, i.e., not at elite universities like

MIT or Stanford. Most of the MBA and Executive MBA students were employed

and are a reasonable proxy for early career business professionals. A paper on

the results through 2005 was published several years ago (Alter 2006b).

Elsewhere, Petkov and Petkova (2006) demonstrated the usefulness of the work

system framework by comparing grades of students who did and did not learn

about the framework before trying to interpret the same ERP case study. More

recently, Truex and Alter (2010) describe how 75 advanced MBA students at

Georgia State University applied a work system analysis template to produce

preliminary analyses of real world systems in their own organizations, and to

produce recommendations for improving those work systems, most of which

produced services. Results to date indicate that typical employed MBA students

can use the work system approach to attain a basic understanding of service

systems such as those in Table 1.

The second definition was published several years ago. The author is not aware

of any attempts to test whether the second definition can be used effectively

by typical students or business professionals. However, even at this stage, it

seems likely that typical MBA and EMBA students and typical business profes-

sionals would be hard pressed to apply or even understand the relevance of certain

aspects of the service system characteristics associated with the second definition.

That conclusion is based on examination of the ideas (below) and on experience

in teaching related courses and grading hundreds of papers written by employed

MBA students. Here are some of the relevant issues:

Issue #1: Assumption that service is created by the interaction of provider service
systems and customer service systems. Most MBA students would be confused by

this assumption. It seems highly doubtful that they would find it natural to think of

themselves as customer service systems when they buy something at a store or

obtain information from a search engine. They would find it much more natural to

think about service systems as single systems that produce (or co-produce) services

for customers who may or may not be involved extensively in the service process. It

is not apparent why one would have to describe or analyze customers as service

systems in order to understand or analyze any of the services listed in Table 1. Seeing

services as the interaction of service systems is especially awkward with services

such as medical care, in which the direct customer, the recipient of the medical care,

may be completely uninvolved with the economic exchange that pays for the

medical services. Yes, the customer or someone else needs to pay, but it is not

apparent why calling a paying customer a service system is always beneficial when

trying to understand how and how well medical services are provided and used.
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Issue #2: Individuals, businesses, and nations all viewed as service systems. Most

MBA students would have difficulty seeing how individuals, businesses, and

nations could all be viewed usefully as instances of service systems. Although all

three of these can be viewed as legal entities with rights and responsibilities, it is

not clear what would be the teachable common denominator for describing or

analyzing service systems across that range – from one person to over a billion.

Characteristics and activities of individual people usually do not appear on the same

scale as characteristics and aggregate activities of businesses and nations.

Issue #3: Unnecessary restrictions. A fundamental view of service systems should

apply to the complete spectrum of services: services for external customers and for

internal customers; automated, IT-reliant, and non-automated services; customized,

semi-customized, and non-customized services; personal and impersonal services;

repetitive and non-repetitive services; long-term and short-term services; and

services with varying degrees of self-service responsibilities. Contrary to the

previously mentioned definition of service system in IfM and IBM (2008), many

service systems are not dynamic or complex, many do not require consistency or

strive for profit, and many serve both internal and external customers. Most

business professionals who have had difficulties related to services such as airline

travel and health insurance would question whether “a customer service system

searches provider value propositions looking for win–win value-cocreation oppor-

tunities.” (IfM and IBM 2008, p. 16)

Issue #4: Unnecessary complexity. Defining service systems as “dynamic value co-

creation configurations” that are “connected internally and externally by value

propositions” introduces terms that most MBA students and business professionals

would find difficult to understand and use. For example, assume that the service is

public transportation, package delivery, or reimbursement of travel expenses. What

is the meaning of dynamic configuration in those contexts? Are some configurations

more dynamic than others? In such contexts typical MBA students and business

professionals would have difficulty explaining how the service systems are

“connected internally and externally by value propositions.” They would have

difficulty viewing most of the service systems in Table 1 as complex adaptive

systems. (What would that tell them?) Also, most would recognize that services

need to be managed but would have difficulty articulating why “governance

mechanisms for dispute resolution” are first order elements of most of the services

in Table 1. For example, governance mechanisms for dispute resolution would not

be first order topics when thinking about how to improve educational services,

telecommunications services, janitorial services in office buildings, and many of the

other services in Table 1.

Issue #5: Inherent characteristics vs. design dimensions. Service science should

avoid confusions between inherent characteristics of all services versus service

dimensions that call for design decisions. For example, IfM and IBM (2008, p. 16)

says that service systems “aim to consistently and profitably meet the customer’s

needs.” It is more accurate to say that consistency is a design dimension.
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Consistency is very important for some service systems and unimportant for others.

A service system designer should decide the extent to which consistency should be

encouraged or enforced. A similar observation about inherent characteristics of

service versus dimensions of service applies to other proposed characteristics such

as dynamic, complex, adaptive, connected internally and externally, and win–win.

Likewise, profitability is important in some service situations but not in many others,

such as those provided by government and non-profits.

5 Conclusion

An important part of the initial development of service science has involved the

search for basic definitions and concepts that bring the potential of organizing and

focusing this newly emerging field. Service science needs a foundation of concepts

that satisfy criteria such as understandability, usefulness, broad applicability, and

teachability.

This paper has argued that a currently favored conceptualization of service
system is too sophisticated to be useful to typical MBA students and business

professionals. That type of issue would not be a problem in the physical or

biological sciences, but is a problem for service science since the goal of influen-

cing the practice of business is more important than the goal of allowing Ph.D.

researchers to philosophize about abstractions.

Implications for practice. The development of service science might have impor-

tant impacts on practice by providing organized sets of ideas that can be used to

describe, analyze, and improve service systems. Those impacts depend on the

existence of a conceptual basis that is genuinely usable by typical business and

IT professionals. Managers and other decision makers are unlikely to embrace

service science fully until its basic ideas are clear, straightforward, and usable by

their business peers in practical situations.

Implications for research. This paper’s discussion of the work system approach to

service systems demonstrates that the IfM and IBM (2008) approach is not the only

alternative for defining service, service system, and other relevant terms. Ideally,

proponents of that approach should test its understandability, usefulness, breadth of

applicability, and teachability. This can be done by asking business professionals or

MBA students to use that approach to analyze a broad range of service examples.

Better yet, research subjects could try to apply that approach to analyzing and

making recommendations about real world situations, much as has been done in the

development of the work system approach. Ideally, both approaches might be

compared to additional alternatives and then evaluated by observing how effec-

tively business professionals, students, and Ph.D. researchers can apply each

approach fruitfully to the complete gamut of services.
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Flexible Service Systems

Artem Polyvyanyy and Mathias Weske

Abstract Service science combines scientific, management, and engineering

disciplines to improve the understanding of how service systems cooperate to create

business value. Service systems are complex configurations of people, technolo-

gies, and resources that coexist in a common environment of service provisioning.

While the general concepts of service science are understood and agreed upon, the

representation of service systems using models is still in its infancy. In this chapter,

we look at business processes and their role in properly representing service

systems. We propose flexible process graphs, a high-level process modeling lan-

guage, and extend it in order to specify service systems and their compositions

within shared environments in a flexible way. The discussion in this chapter is the

first step towards a formal description of service science environment, including

service systems, networks, and whole ecology.

Keywords Service science � Service systems � Flexible process graph � Flexible
service systems � Modeling

1 Introduction

Service computing and service oriented architectures (SOA) have gained increasing

attention recently as a new way of designing complex software systems consisting

of service components (Burbeck 2000; Gottschalk 2000; Newcomer and Lomow

2004). To provide business agility, one of the main promises of SOA is to bridge the
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gap between business aspects and information technology. Despite considerable

efforts by industry and standardization consortia, as of today, this gap remains.

The term service oriented architecture was coined by the computer science

community, focusing on how software functionality can be specified, wrapped

and discovered to be easily re-usable. It turns out that the technical point of view

taken by available approaches is too narrow to provide a solid understanding of

service environments. Therefore, service science has been founded, an integrating

discipline that investigates not only technical aspects of services, but also their

economical and organizational foundation (Spohrer et al. 2008).

While the main concepts and the overall design of service systems are beginning

to shape, the representation of service systems is still in its infancy. In computer

science, complex systems are represented by models, such as data models in

database design (Silberschatz et al. 1997) or process models in the design of process

oriented information systems (Weske 2007). Once the modeling technique for

capturing service systems and their environments is in place, they can be studied,

analyzed, compared, classified, etc.

In this chapter, we introduce an approach to model service systems using flexible

process graphs (Polyvyanyy and Weske 2008a, b), which is a method for modeling

business processes with a limited degree of structuring. Limited process model

structuring leaves an opportunity for flexible behavior within captured process

scenarios and supports straight-forward merging of models to reflect partner relations

between service systems. The flexibility of the process is essential, since service

episodes are in general not following a strict and well-defined business process,

but result from a rather loose couplings of independent service systems, particularly

if we talk about professional, scientific, and technical service systems.

The rest of the chapter is organized as follows: In the next sections we give

preliminaries on service systems and flexible process graphs. Afterwards, in Sect. 4,

an approach of employing flexible process graphs to represent service environments

is presented. Section 5 illustrates the concepts by an example. Concluding remarks

complete this chapter.

2 Service Systems

This section introduces the main concepts of service systems, identifies their key

properties and motivates the use of modeling techniques to represent service systems.

2.1 Foundation

In the foundation of service science, the transition from a Goods-Dominant to a

Service-Dominant (S-D) logic of value creation has played a crucial role (Vargo and

Lusch 2004). In particular, S-D logic places the service – a process of doing something
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for another party – in its own right, without a reference to goods as the primary focus

of economic exchange (Vargo and Lusch 2006). The authors introduce fundamental

principles of Service-Dominant logic. Ten foundational premises are proposed:

l The service, the application of operant resources (skills and knowledge) for the

benefit of another party, is the fundamental basis of exchange
l Indirect exchange masks the fundamental nature of exchange
l Goods are a distribution mechanism for service provision
l Operant resources are the fundamental source of competitive advantage
l All economies are service economies
l The customer is always a co-creator of value
l The enterprise can not deliver value, but only offer value propositions
l A service centered view is inherently customer oriented and relational
l All economic and social actors are resource integrators
l Value is always uniquely and phenomenologically determined by the beneficiary

The declared principles are adopted to become the foundation of the theory of

service – the service science (Spohrer et al. 2007, 2008; Lusch et al. 2008). In S-D

logic, a service is the application of competence for the benefit of another party.

From this basic definition, it is clear that each service involves at least two roles: at

least one role possesses a competence and is able to apply it – the provider of a
service, and at least one is willing to integrate external competence with available

resources – the customer of a service.
These concepts are illustrated by some every-day examples. Firstly, regard a

visit to a restaurant as a service interaction. A client orders a dish and, in collabora-

tion with a waiter, clarifies how she wants a meal to be prepared. The restaurant

applies its competence and the customers are willing to accept it.

Another example is a person getting optical glasses. A patient might use several

service providers, e.g., one from a medical authority in order to obtain a medical

prescription, another from an optical store to produce the glasses. There are several

roles involved, each of which applies its competence for mutual benefit.

Finally, the research work performed during a collaborative project can be

regarded as a service. A company has a concrete research problem, and a research

group is asked to use its competences to solve the problem. In this case, again,

competence is integrated into the resources of the company, solving its problem.

In most real-world scenarios, the competences of the parties participating in the

service are far from trivial, assume complex interaction scenarios and, hence,

cannot be easily decomposed into precise instructions. Furthermore, services that

seem straightforward can be immensely complicated beneath the surface.

The key concepts used in the examples are now described in more detail.

l A competence identifies the ability of a service provider to apply knowledge and
skills at a level of expertise sufficient for the accomplishment of a requested

work specification by a customer in given settings. Customers in need of a

competence enter markets to evaluate and pursue competence propositions

presented by service providers.
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l Upon an agreement between a customer and a provider a service episode, i.e., an
occurrence of a service, takes place. During a service episode the provider

provisions the service, often with the help of the customer and/or with access

to the customer’s resources.
l As an outcome of a service episode, the involved parties identify value resulting

from the service. Value in business markets is the monetary worth of the

technical, economic, service, and social benefits customers receive in exchange

for the price they pay for a market offerings (Anderson et al. 2007). Therefore,

a provider receives the value as a price for applying a competence, whereas a

customer sees value in the application of an external competence and in results

integration. In many cases, the value generated during a service episode can be

measured quantitatively.
l In contrast to the physical assets common in goods dominated logic, such as

equipment that eventually wears out and materials that are eventually depleted,

the intangible assets common in a service provisioning environment may gain

value with each additional use (Ricketts 2008). As an outcome of a service

episode, the acquired value for a service provider also includes the experience
gained after a completion of a service.

Service episodes can be subjects of a quantitative performance measurement.

In (Spohrer et al. 2008), the authors propose the ISPAR model for the qualification

of service episodes. The model proposes the classification of ten possible outcomes

for any particular service episode. Although the ISPAR model is a concrete model,

it can be adopted to meet additional requirements. Once the ISPAR, or a similar

classification of service episode outcomes, is accepted, it can be used to measure

service performance over time. For instance, statistical methods can be employed to

derive the qualitative signature of a service as a distribution of observed service

episode outcomes.

In S-D logic, as well as in service science, goods play an important role. Services

are either provided directly, or conveyed through a good. However, competences

and skills are still the aspects creating value during service episodes. Goods result

from services that are involved in manufacturing procedures and are used to

provision services.

2.2 Properties of Service Systems

Service science initiative refers to participants of service episodes as service system

entities. In (Spohrer et al. 2008), the authors give a precise definition: A service
system is a dynamic value co-creation configuration of resources, including people,

organizations, shared information (language, laws, measures, methods), and tech-

nology, all connected internally and externally to other service systems by value

propositions. A service system, as an open system, is capable of improving the state

of another system through sharing or applying its resources. A system sees an
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interaction with other systems as having value, and is capable of improving its

own state by acquiring external resources, i.e., the system itself sees value in

its interaction with other systems. The service systems that participate in a service

episode willingly engage in cooperation upon mutual agreement. As the result of a

service occurrence both systems are improved.

For our purpose and to our understanding, we summarize a service system, or a
system, as a dynamic configuration of competence propositions. A competence
proposition can either be of a provider role or of a customer role. A competence

proposition of a provider role hints at the temporal ability of a service system to

apply the competence, i.e., the service system has knowledge and skills sufficient

to fulfill the competence it proposes to a market. A competence proposition of a

customer role hints at the temporal desire of a service system to integrate external

competence, i.e., the service system is looking for the competence in a market to

derive and integrate potential value with its resources. A service episode takes place
as a result of a match of provider and customer roles for the same competence

proposition.

2.2.1 Diversity

Service systems are extremely diverse. The diversity partly arises from the fact

that service systems are dynamic configurations of competence propositions.

One can envision many combinatorial possibilities to compose competence propo-

sitions into one whole service system. Alternatively, the diversity is caused by the

procedure of boundaries identification in service systems, which are often blurry.

Can something be regarded as more or less a whole or as a whole for some purposes

but not for others? Can a whole be also part of another whole or even of several

other wholes (Vickers 1983)? At what granularity is a whole acceptable for the

identification as a service system? All of the proposed questions relate to the

identification of an atomic service system.

2.2.2 Complexity

Atomic service systems can be combined to form composite service systems.

For instance, one can envision hierarchical composite structuring or market

based economic organizations of systems (Williamson 1985). In part, the com-

plexity also arises from the fact that a service system can simultaneously fill

multiple roles in many service episodes with other service systems. Multitasking

in the multiple roles carried out by service systems adds a further dimension to

the combinatorial possibilities in overall service system diversity. Moreover, the

mutual penetrations of the systems while engaging in service episodes aggravate

the problem of identifying single service systems and results in intersections of

service system configurations. Finally, one might address a sub-system by
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identifying the boundaries within the whole system (containment relation), e.g., a

research group within an institute. However, every identified service system can be

addressed by its unique identity as an instance of a type, or a family, of similar

service systems.

2.2.3 Dynamism

Service systems compose or decompose over time with the main building blocks of

service system compositions being competence propositions. Service systems,

when together, constitute an extremely dynamic environment – a market of service
systems. In this environment, every service system is struggling to gain value,

which is a comparative concept. Customers assess the value proposition of a given

market offering relative to what they regard as the next-best alternative to it. Every

market proposes alternatives. The alternatives originate from: an offering from a

competitor, the decision by a customer to source an item (to apply a competence)

from another partner or to produce the item (to conduct a service episode) by

themselves (to perform a self-service), the decision of not doing anything, the

option of the most recent offering from the same partner (Anderson et al. 2007), etc.

Service systems change over time; they acquire new competences, give up on

supporting economically unprofitable competences, enter new markets, leave declin-

ing markets, introduce innovations, etc. Service systems experience the need for

external competences and propose competences to markets on the temporal basis

following market trends. Service systems exist in time and, thus, have a beginning, a

history, and an end.Thehistory of a service system is a log of separate service episodes,

conducted with sub-systems within its own configuration or with external partners, as

well as a log of configuration snapshots of competence propositions over time.

2.2.4 Value Creation

The primary goal of each service system is to increase its value. A primary source

for value increment are partner relations with market participants. A service system

can increase its accumulated value in a given period of time by engaging in

interactions with partners. The increase is expected even if the system outperforms

every potential partner in every competence required by the system. The rationale

behind this paradoxical statement can be explained by Ricardo’s law of compara-

tive advantage (Hardwick et al. 1999; O’Sullivan and Sheffrin 2005). The principle

behind the law proposes to service systems to concentrate more on their core

competences and to outsource the competences that they do least well to partners.

For this reason, the need for cooperation with other service systems has a strong

motivation: The natural desire of a service system to increase the generated value.
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Ricardo’s law provides an instinctive reason for behavior of a service system.

The law does not necessarily imply that a service system always looks for an

external partner to outsource its secondary activities. A system might as well decide

to perform a self-service. A self-service might occur in cases where a service system

possesses both propositions of provider and customer roles for the same compe-

tence. Usually, a service system sees a solid economical profit when it decides to

perform a self-service.

Service science initiative describes an innovative perspective on the environ-

ment of service provisioning. The core observation of service science is that in

many cases, services such as professional, scientific, and technological services do

not fit into the widely-accepted picture of repetitive and best-practice service

specifications. Complex services may also need special tools and materials, but

they often require sufficient levels of expertise (Ricketts 2008). A service episode

occurs upon mutual agreement between several partners and results in a transfer of

a competence from service providers to customers. Finally, all partners that partici-

pate in a service episode see cooperation as having value. The additional value

gained from the shared environment is the driving force bringing service systems in

partner relations.

3 Flexible Process Graphs

In this section, we present flexible process graphs (FPG), a technique to represent

business processes on a high level of abstraction. The formalism considers business

processes as collections of activities with execution order constraints. Rather than

detailing the control flow by edges between two activities, execution order con-

straints are defined in a much more flexible way, using subsets of activities. In

particular, an activity can be performed once all its prerequisites are accomplished.

This notion provides much more flexibility than existing control flow based

approaches.

FPG were first introduced in (Polyvyanyy andWeske 2008a) as a formal way for

representing control flow in ad-hoc business processes. In (Polyvyanyy and Weske

2008b), it is explained how FPG process instances can be parallelized for collabo-

rative execution. At the core of FPG lies the generalization of a directed process

graph edge which defines the sequential execution of two adjacent activities. The

generalization of a graph is a hypergraph, as introduced in (Berge 1985, 1989).

Hypergraph edges (or hyperedges) consist of arbitrary sets of nodes. Thus, a hyper-

edge is an edge that can connect multiple activities. Different than in the graph-based

sequence control flow pattern, a process participant is allowed to choose which

activity to execute next within a hyperedge. This way a flexible execution of a

process is achieved. A process model becomes hypergraph-structured, rather than

graphstructured.
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Definition 1

A flexible process graph (FPG) is a triple (A,E,T) where:

l A is a finite set of activity nodes
l E is a finite set of edges e ¼ IðeÞ;OðeÞh i 2 E;A \ E ¼ ;

– I : E ! PðAÞ is a function defining edge input activities

– O : E ! P ðAÞn; is a function defining edge output activities

– 8e 2 E : IðeÞI \ OðeÞ ¼ ;
l T is an edge type function, T:E ! {and,xor,or}.

Each edge e 2 E is split in two subsets of input I(e) activities and output O(e)
activities. Thus, the structure of an FPG is given by a directed hypergraph. Unlike

regular graph-structured process models that contain special gateways to define

control flow, FPG introduces edge types which implement routing decisions.

The behavior of FPG processes is defined by the FPG execution semantics, which

specifies state transition principles. At every point in time, an FPG process is in a

certain state:

Definition 2

A state of a flexible process graph (A,E,T) is defined by a state function S : A !
ℕ0�ℕ0 mapping the set of activity nodes onto the pairs of natural numbers
including zero.

In a state S, each activity node a 2 A is assigned a pair of numbers S(a)¼ (i, j)
2ℕ0�ℕ0 . So(a)¼ i (white tokens) specifies the number of instances of activity a
that need to be accomplished from now on in the process instance. Respectively,

Sb(a) ¼ j (black tokens) specifies the number of activity instances accomplished in

the process instance.

Process instantiation. Process instantiation is performed in two steps: S(a) is set
to (0,0) for all a 2 A. For each activity a 2 A the initial enabling is performed. An

activity a is enabled at process start if e*(a) holds:

e�ðaÞ ¼ 9e 2 E : a 2 OðeÞ ^ IðeÞ ¼ ; ^ condðe; aÞ:

The cond predicate implements edge type T(e) routing decision for edge e, e.g.,
8a 2 OðeÞ : condðe; aÞ ¼ true, if T(e) ¼ and. If e*(a) holds, the process state S is

modified to result in S0, such that S0(a) ¼ S(a) + (1,0).

Activity firing. An activity a 2 A can fire in an FPG process instance if it is

enabled (So(a) > 0). Activity firing results in the process state S change to S0, such
that S0(a) ¼ S(a) + (�1,1), i.e., one white token gets painted black.

Activity firing is instantaneous, consumes no time, and indicates a completion of

the corresponding activity. After activity a has fired, the activity enabling has to be
performed on a set of activities: [ e2Eja2IðeÞf gOðeÞ. The enabling is performed for all

the activities that are in the output sets of edges that contained the accomplished

activity in the input set.
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Activity enabling. An activity a 2 A can be enabled after execution of an activity

ab if e(ab,a) holds:

eðab;aÞ ¼ 9e2 E8ai 2 IðeÞ : ab 2 IðeÞ^ a2OðeÞ ^ SbðaiÞ � SbðabÞ^ condðe;aÞ:

Enabling of activity a depends on execution of the preceding activity, e.g.,

activity ab. An activity a can be enabled if there exists an edge e 2 E, such that a
is the output activity of e and ab is the input activity of e. Further, for each input

activity ai of the edge e it holds that the number of accomplished instances of ai is
at least the number of accomplished instances of ab. Finally, the edge type t 2 T
condition for edge e must hold. If e(ab,a) holds, the process state S is modified to

result in state S0, such that S0(a) ¼ S(a) + (1,0). Intuitively, new activities are

available for execution in a process once all the prerequisites are accomplished.

Process termination. A process instance terminates when there is no activity to

execute, i.e., no activity is enabled: 8a 2 A : So ðaÞ ¼ 0.

Process participants execute process activities following the proposed execution

semantics to achieve a process goal. In business processes, activities can be fully

automated by software systems, partially automated, or carried out by humans. For

the sake of simplicity in FPGs we abstract from the diversity of process participant

types and address them as roles. We identify each role as a sequential system, i.e., a

role can only execute a single activity at a time. Therefore, true parallelism can only

be achieved when several roles execute different activities at the same time. In

order to coordinate efforts, each process participating role is assigned activities for

execution.

Definition 3

A flexible process graph FPG ¼ (A,E,T) role assignment is a pair (R,W) where:

l R is a finite set of roles,
l W : A ! PðRÞ n ; is a roles assignment function.

Every activity in an FPG process has to be associated with at least one role,

otherwise there might be no role responsible for accomplishment of an activity.

Once enabled, an activity a 2 A can only be executed by a role from the assignment

r 2 W ðaÞ. During FPG process instance execution, each participating role observes a

subset of activities currently available for execution – the role task list. A participating

role contributes to the achievement of the process goal by selecting and accomplishing

an activity from the proposed list. The list is referred to as a role task list.

Definition 4

A role task list for the role r 2 R from the role assignment (R,W) for the flexible

process graph FPG ¼ (A,E,T) is a function LðrÞ ¼ fa 2 A j r 2 W ðaÞg ^ So ðaÞ
> 0g, where r 2 R, defined on a subset of FPG activities ðL : R ! PðAÞÞ.

FPG is a simple formalism to specify allowed state transitions which describe

process execution principles. A process is a collection of activity execution
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constraints. Each constraint allows the accomplishment of process activities only

after all the designed prerequisites are fulfilled.

4 Formalization of Service Science Environments

In this section, we formalize the environment proposed by service science initiative.

The structural as well as behavioral aspects of the service science concepts dis-

cussed in Sect. 2 are proposed as a mapping onto the FPG formalism from Sect. 3.

Informally, we understand a service science environment as a competitive

environment, or a market, of service systems. Market participants engage in service

episodes in order to apply their skills and knowledge, or to discover and to integrate

the competence they need to fulfill their needs. In both of the cases, a service system

expects to generate value. This highly dynamic environment, in which businesses join

or leave markets, new markets appear, and strategic plans change, leads to the ad-hoc

nature of service episodes.We propose to capture the state space of possible scenarios

for occurrences of service episodes in the market as an ad-hoc process.

A service episode involves at least two service systems: one applying and one

integrating the competence. Each service system can be seen as a collection of

competence propositions. Furthermore, there is a clear distinction between the

provider and customer roles of competence propositions. We formalize competence

propositions by introducing a dedicated concept and a modeling construct. Figure 1a,

b indicate the visual differentiation of service propositions of a provider role and,

respectively, of a customer role, for a competence proposition a, e.g., a competence

of conducting research. Service systems advertise their competence propositions to

the market. In our example, a competence proposition a of a provider role means that

a service system which advertises the competence in the market possesses sufficient

skills in order to perform the research, e.g. a research group within an institute.

Conversely, a competence proposition a of a customer role signals to the market

that a service system is advertising the need for an external competence, e.g., an

enterprise that looks for innovations and is willing to finance a research.

A service system co-creates value with other service systems by engaging in

service episodes. A service episode can occur as a result of a competence match,
and is supplied within a service episode. There is a possibility for a competence

match on the market if the market possesses competence propositions of both roles,

provider and customer, for the same competence. Competence propositions might

even belong to a single service system, but must be advertised in the same market.

Figure 1c exemplifies competence match based on the competence of conducting

a

a b c d
a aa a

Fig. 1 (a) A competence proposition of the provider role, (b) a competence proposition of the

customer role, (c) a competence match, (d) a service episode

82 A. Polyvyanyy and M. Weske



research. By performing a competence match, a research group and an enterprise

willingly engage in service related interactions. Figure 1d proposes a visualization

approach for service episodes. The concept of service episodes aggregates infor-

mation about a competence match and abstracts from the internal logic of the

service provision.

Service systems are subject to constraints. If they had no constraints they could

grow as large and as fast as they wanted without any restrictions (Ricketts 2008).

Constraints in a service system can be deduced from supported service episode

scenarios, and therefore can be propagated to the competence propositions. In the

following, we give a formal definition of a service system as an FPG composed of

competence propositions, which also incorporates the constraints. We introduce an

extension to the FPG formalism to allow differentiation between competence

proposition roles.

Definition 5

A service system, or a system, is a configuration of competence propositions given

by a quadruple (C,E,T,RC), where:

l (C,E,T ) is a configuration of the service system, given as an FPG composed of a

finite set of competence propositions C
l RC : C ! {provider,customer} is a competence proposition role function.

Service systems are hardly useful in isolation. While a competence match might

occur within a single system, it is far more likely to occur across service systems.

Matching across service systems results in the service systems merging. A service

science environment is obtained by merging service systems based on their compe-

tence propositions. Under a service science environment we understand a temporal

co-existence of service systems which are in competitor or partner relations. Once

competence propositions are matched, service episodes might happen. A service

episode is enabled for execution if it was obtained as a result of a competence

match and is enabled in all participating service systems, assuming the underlying

FPG enabling semantics (see Sect. 3). An enabled service episode can occur. An

occurrence of a service episode results in a competence transfer from providers to

customers. A successful service episode completion signals for an environment

state change. The corresponding competence propositions fire following the FPG

execution semantics in all participating service systems.

In general, the structure of an FPG is fixed. However, in the case of service

systems, we foresee the necessity for structural changes during system lifecycles.

A service system is expected to change its structure as a response to market trends.

In this case, the restriction of the fixed FPG structure must be waived. Service

systems might decide to introduce new constraints or to give up on old ones in order

to pursue market trends.

Service systems can rely on FPG role assignment capabilities to distribute

operand resources (available products that support service episodes) and operant

resources (people or machines producing an effect of competence application)

among service propositions. Execution of a service episode can be parallelized
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following FPG principles (Polyvyanyy and Weske 2008b) and monitored with the

help of FPG task lists. The history of a service system can be tracked by logging

FPG firings (production of black tokens), as well as by monitoring structural

changes of the system. In order to allow quantitative service system evaluation,

each token can be enhanced to carry service episode outcome information, like the

one proposed within the ISPAR classification. The quantitative signature of a

service proposition can further be used as a notion of the experience of a service

system in delivering or consuming the corresponding competence.

5 Example of a Service Science Environment

In this section, we present an example of a service science environment obtained by

merging several service systems. The example illustrates concepts and principles of

the service science initiative.

The example scenario is a joint research project that involves three institutions.

The scenario specifies an episode from a simplified and anonymous version of a

real-world research project. The settings assume a transfer of a research compe-

tence from a research group to an enterprise through the application of developed

mechanisms to the process model repositories of the enterprise.

In this setting, the enterprise is willing to use the competencies of the research

group for process analysis and transformation. The enterprise is willing to integrate

the research results in the company (by adding the new process models to the

process model repository of the company). The research group provides the com-

petence which is necessary to perform the requested analysis and transformations.

If both institutions decide to partner for mutual benefit they require external

assistance to settle legal issues in a project contract.

Each of the three proposed institutions, the research group, the enterprise, and

the legal authority, is an example of a service system type. In order to partner, the

instances of the mentioned service system types need to be present at the same

market simultaneously.

In the remainder of this section, we formalize one instance of each service

system type mentioned. Afterwards, we exemplify the merging procedure of ser-

vice systems and discuss the behavior of such temporal phenomena. For the sake of

simplicity, we specify service systems to a level sufficient for scenario coverage.

Throughout the examples we visualize the formalism by following the proposal for

graphical representation of flexible process graphs suggested in (Polyvyanyy and

Weske 2008a): Edges in flexible process graphs are represented by regions. Input

edge nodes are located on the borderline of the corresponding region, whereas

output edge nodes are placed inside the edge region. We employ the visual notation

from Fig. 1 to differentiate between the roles of competence propositions and to

represent service episodes.

Next, we discuss one concrete example of a service system for each of the

following types: a research group, an enterprise, and a legal authority.
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5.1 Research Group

A research group is an institution with expertise in a certain domain of science and

which pursues challenges and innovations in order to contribute to the overall body

of knowledge. In our simplistic example, we treat a research group as the decom-

position of four competence propositions: c – preparation of the project contract,

n1 – contract legal issues negotiation with authorities, m – process model repository

transfer, and finally r – the research undertaken.

In our example, the research group has expertise in business process management.

It is interested in obtaining real-world data – process model repositories. To do that,

a project contract which negotiates work packages needs to be developed. To derive a

contract, a research group supplies its legal regulations which have to be obeyed.

A service system of a research group is shown in Fig. 2. It can be formalized as a

configuration of competence propositions: (C,E,T,RC). C ¼ {c,m,r,n1}, E ¼ {e1,e2,
e3,e4}, where e1 ¼h;; fcgi; e2 ¼h;; fmgi; e3 ¼h;; fn1gi, and e4 ¼hfc;mg; frgi.
All of the edges are of and type ð8e 2 E : TðeÞ¼ andÞ, RCðcÞ¼RCðmÞ¼ customer,
RC ðrÞ¼RC ðn1Þ¼ provider.

Internal constraints of the research group are enforced by edges which describe

the structure of the service system. It requests external competences to engage into

service episodes for negotiating the project contract and obtaining process model

repositories. These requests are represented by the competence propositions c and
m, both of the customer role.

The outer line around competence propositions, e.g., c and m, stands for an FPG
edge which contains only the competence proposition corresponding to the output

node – there are no prerequisites for the proposition. If the service system succeeds

in obtaining the value from service episodes that involve competence propositions

c and m, it can proceed with supplying the competence of research (r). At any time,

the research group can engage into a service episode of legal negotiation for a

project contract (n1), as no prerequisites are modeled.

m

c
r

n1

research

legal negotiations

contract

model transfer

Fig. 2 A research group

system
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5.2 Enterprise

For the purpose of our example, we see an enterprise as a decomposition of four

competence propositions: c,m, and r are similar as in the case with the service system

of the research group, and n2 – contract legal issues negotiation with authorities

specific to an enterprise. An enterprise is looking to obtain research results. For this

purpose, an enterprise is ready to provide its process model repositories. Upon

request, an enterprise is ready at any moment to negotiate legal issues and to set

up a contract.

A service system of an enterprise is given in Fig. 3 and can be described by

a configuration of competence propositions ðC; E; T; RCÞ: C¼fc;m; r; n2g;
E¼fe1; e2; e3; e4g, where e1 h;; fcgi; e2 ¼h;; fmgi; e3 ¼h;; frgi; e4 ¼h;; fn2gi.
All of the edges are of and type ð8e 2 E : T ðeÞ¼ andÞ; RC ðcÞ¼RCðrÞ¼
customer; RCðmÞ¼RCðn2Þ¼ provider.

To simplify the example, we abstract from complex internal enterprise logic

and assume all the competence propositions to be enabled. Both n1 from Fig. 2 and

n2 from Fig. 3 are competence propositions of the same type – legal issues negotia-

tion. Please note that the fact that all competence propositions are enabled does not

imply that a service system has no constraints. An enterprise is constrained to be

able to only participate in service episodes that involve competence propositions

c, r, m, and n2.

5.3 Legal Authority

An institute of a legal authority is included in our example to have a system which

is capable of delivering a competence of setting up a contract. A legal authority is

capable of conducting legal negotiations with each of the contractors and, after-

wards, to issue a legal document which regulates partner relations – a contract.

For our purposes, it is sufficient to see a legal authority as a system consisting of

three competence propositions: n1 and n2 are both competence propositions of the

type legal issues negotiation, and c – similar as proposed above, preparation of a

project contract.

n2 m

c r

contract research

legal negotiations model transfer

Fig. 3 An enterprise system
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A service system of a legal authority is visualized in Fig. 4 and is a configuration

of competence propositions (C, E, T, RC). C ¼ fn1; n2; cg, E ¼ fe1; e2; e3g,
e1 ¼ h;; fn1gi, e2 ¼ h;; fn2gi, e3 ¼ h fn1; n2g; fcgi. All of the edges are of and
type (8e 2 E : T ðeÞ ¼ and), RC(n1) ¼ RC(n2) ¼ customer, RC(c) ¼ provider.

A service system of legal authority has a constraint which states that it is capable

of delivering the competence of setting up a contract (c) only after it has finalized

service episodes of legal issue negotiations (n1 and n2) with each of the partners.

5.4 Shared Environment

Operational principles of service systems are governed by FPG execution seman-

tics. State transitions result from the successful completion of service episodes,

implying prior competence match. Service systems from Figs. 2–4 are scarcely

useful in isolation. Standalone systems only describe their own constraints, i.e., the

way they do their business. The real value comes from service system composi-

tions. In the following, we discuss two examples of service system environments

formed by merging service systems.

Figure 5a shows a potential shared environment of a research group and an

enterprise. The merging results in two competence matches based on the compe-

tences of process model repository transfer (m) and research (r). The research group
imposes the constraint to the overall environment – a contract must be settled (c)
and models transferred (m) before research (r) can take place.

In the environment, a service episodemmight happen; it is obtained as a result of

a competence match and all competence propositions that participate in a match are

enabled within the corresponding service systems (see Figs. 2 and 3). A completion

of service episode m results in a firing of corresponding competence propositions in

the participating service systems. However, a service episode of research (r) cannot

occur after this. Although it is enabled within the enterprise, the research group

requires a contract (c) before it enables r. The environment proposed in Fig. 5a does

not have a competence match for c. Therefore, the partners may start with model

transfer, but still require external competence to assist with contract preparation in

order to proceed with research.

c

n2

n1

legal negotiations

legal negotiations contractFig. 4 A legal authority

system
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Figure 5b completes the composition of the environment by additionally merging

the service system of a legal authority. Now, all the competence propositions are

matched and can occur. By participating in the service episodes, the participants of

the environment start to collectively approach realization of their goals: First, service

episodes of legal negotiations (n1, n2) and model transfer (m) are enabled. Once

negotiations are finalized, the project contract can be settled (c). Once the contract is
ready and the models are transferred, the partners can proceed with research (r).

Each service episode within the project can be addressed as a complex interaction

that in the end delivers value to the participants. For example, model transfer (m)
can involve complex interaction on shaping, correcting, finalizing, or enhancing

models. A service episode of research (r) is aimed at delivering desired results to

the enterprise, but may also result in new findings and methods for the research group.

Service episodes n1 and n2 are the examples of knowledge transfer services. The

service episode of setting up a contract (c) is obtained as a result of merging of all

three participants with one provider role and two customer role competence proposi-

tions; it can represent a joint meeting.

In our example we have performed all competence proposition matches possible.

However, in a general case, a service system should decide on the desired configu-

ration of competence proposition matches once it enters an environment.

6 Conclusion

In this chapter, we made the first steps towards formalization of service science

environments. Many open questions are still to be answered, and many issues are

still to be concretized with our approach, as well as with S-D logic and service

science initiative. As for the state of the art, we proposed a modeling technique to

capture service systems and their ecology. Service systems are addressed as FPG

m

c
r

n1 n2

a bresearch

legal negotiations

model transfer r

c

n2

n1

m

researchmodel transfer

contract
legal negotiationscontract

Fig. 5 (a) An environment of a research group and an enterprise, (b) An environment of a

research group, an enterprise, and a legal authority
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configurations of service propositions. Models of service systems can then be used

for execution, analysis, optimization, or redesign of service systems.

A service science environment is obtained once several service systems decide

to merge. The merging is guided by matching competence propositions and results

in resource integration. Such behavior of service systems is explained by the desire

to achieve a synergy effect, i.e., the key to success is not to destroy but to enhance

your partners. After the competence match is reached and is enabled within the

environment following FPG execution semantics, the service episode might hap-

pen. Service systems split, once there is no need in further partnership.

The future work in service science formalization initiative will have to deal

with a better understanding of a service system merging/splitting behavior. In this

context, it is a challenging task to understand how competences are defined and

brokered. Also, it is interesting to answer how a single service episode can be

modeled if it is assumed to be a complex interaction scenario between service

partners. All of the above mentioned initiatives can lead to a better understanding of

the Moore’s law for service system continuous improvement.
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Semantics for Smart Services

Charles Petrie, Axel Hochstein, and Michael Genesereth

Abstract In this chapter, the notion of Smart Services is developed based on the

concept of semantics and by borrowing ideas from existing planning techniques

known from the AI domain. The motivation behind Smart Services is the creation of

efficient and effective service systems self-adapting to a constantly changing

environment. A major prerequisite for achieving this goal is a semantic description

of the considered service system. Different standards and techniques evolved over

the past years and can be applied to address this problem. Based on ideas borrowed

from situational calculus, different planning techniques can then derive executable

plans for achieving certain goals within the service system. Finally, an example

from the Web Service domain is used in order to demonstrate the approach. Results

show that this approach is promising to increase the level of automation for certain

service systems and thereby creates a notion of Smart Services.

Keywords Service Science � Service Systems � Semantics � Situation Calculus �
AI planning � Smart Services

1 Introduction and Motivation

InMarch 2005, JamesWomack andDaniel Jones described the following paradox in

an article in Harvard Business Review: “Over the past 20 years, the real price ofmost

customer goods has fallen worldwide, even as the variety of goods and the range of

sales channels offering them have continued to grow. Meanwhile, product quality –

in the sense of durability and number of delivered defects – has steadily improved.
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So, if customers have access to an evergrowing range of products at lower prices,

with fewer lemons, and frommore formats, why is consumption often so frustrating?

Why do we routinely encounter the custom-built computer that refuses to work with

the printer, the other computers in the house, and the network software? Why does

the simple process of getting the car fixed require countless loops of miscommuni-

cation, travel, waiting, and defective repairs? Why does the diligent shopper fre-

quently return from a store stocking thousands of itemswithout having found the one

item that was wanted? And why is this tiresome process of consumption backed up

by help desks and customer support centers that neither help nor support? In short,

why does consumption – which should be easy and satisfying – require so much time

and hassle?” (Womack and Jones 2005).

This excerpt describes the effect of a different degree of professionalization.

More specifically, the above examples reveal the discrepancy between the

manufacturing industry, having adapted concepts such as standardization, automa-

tion or modularization for many decades, which the service industry has only

recently started considering (Levitt 1976).

However, services have been the major growth-driver of entire economies as well

as of single businesses in the last decades. In the US, 90% of the population worked

on farms in 1800, whereas today less than 3% of the country’s workforce is

employed in agriculture. The manufacturing of goods or physical products peaked

in the US in the mid-1950s, and has been decreasing ever since due to automation

and offshoring. About 20% of the US GDP comes from physical products (agricul-

ture, manufacturing, construction) and about 80% stems from the service sector

(government, healthcare, education, retail, financial, professional and business,

media and communication, entertainment and hospitality, transportation & ware-

housing, utilities) (Apte and Nath 2007). Within the OECD countries, services

accounted for about 72% of value added by 2002 and manufacturing for about

17%. OECD reports show that the gap has widened steadily in recent years as

demand for services has risen. This results in economies dominated by the service

sector (so-called service economies) as well as businesses converting products into

services and combining services with existing products. The so-called Service-

Dominant Logic (Lusch and Vargo 2006) presupposes the application of concepts

such as standardization, automation, and modularization to the service sector in

order to achieve a similar degree of professionalization as in manufacturing. In fact,

the Service-Dominant Logic postulates a shift towards a different view of the world

– with a less focus on producing and owning physical products but more on the

actions that can be performed by using physical products. This view was also

promoted earlier by (Kotler 1999): “The importance of physical products lies not

so much in owning them as obtaining the services they render.”

Within the Service-Dominant Logic, the “service system” is one key concept

and the basic abstraction of service science (Spohrer et al. 2008). The best-

performing service systems are increasingly IT-enabled, customer-centered,

relationship-focused, and knowledge-intensive. Because of this multidisciplinary

context, researchers and practitioners in such fields as management, social, and

computer sciences are investigating issues related to service systems.
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As both the complexity of worldwide service systems as well as the worldwide

innovation rate is increasing, the challenge of integrating new service system

components into existing service systems is becoming increasingly complex.

The main driver that limits growth rates for innovations are missing service

systems built around an innovation, that is, services rendering an innovation

easily accessible and usable (Spohrer et al. 2007). Therefore, service systems

need to be increasingly flexible and easily customizable. In addition, trends such

as increasing demand for individualism (Kratochvı́l and Carson 2005) require

smart service systems that change in real time and adapt more or less automati-

cally to specific situations.

2 Goal and Structure of the Chapter

In this chapter a framework for building smart service systems is suggested. It is

assumed that smart service systems help to achieve certain results more efficiently

and more effectively, thus facilitating more professional service systems that better

meet customer expectations. Since businesses are interoperating more and more in

order to leverage each other’s core competencies and creating more agile supply

chains, these considerations apply to both B2C as well as B2B. Most industrial

interactions are services as well, and increasingly these are exposed with well-

defined interfaces that are accessible over the Internet but which hide the complex

back-end processing. What is needed for agile supply chains is similar to what is

needed for people to “mashup” services: well-defined service descriptions that can

be reasoned about prior to execution and support for changes and contingencies.

Examples of the capabilities of future supply chains with advanced support for

services may be found at (Petrie 2008). What is key is that various service suppliers

and customers are able to parse these descriptions.

The more these descriptions also can be used to analyze and combine the

services for new purposes, the more useful they will be. The more that they are

declarative and tied to formal constraints, the more useful they will be. The more

the descriptions are formally described so that the meaning is tightly constrained

among different systems and uses, the more we term them “semantic”.

We do not consider here the significant related problem of unifying semantics

among the various service descriptions. Some of this is the data integration problem

that has been well-treated, particularly by (Duschka et al. 2000) and will be shortly

addressed in this chapter. However, it is likely that the problem of sophisticated

heterogeneous descriptions will be solved first by the rise of homogenous “indus-

trial service parks” (Petrie and Bussler 2008), which is another reason why

industrial services are so relevant.

Behind this background, an approach for implementing smart service systems

based on semantics and AI planning is studied in this chapter. The concept of

semantics is used in order to describe relevant service system components as well as

their relations. Based on the semantic descriptions, planning techniques from the
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AI domain are used in order to perform inferences and coordinate communication

between the service system agents.

Especially in the web service domain there have been attempts to formalize

services and use formal descriptions of service interactions in order to build flexible

and self-adapting information systems (Brogi et al. 2004; Decker et al. 2006;

Gorrieri et al. 2005; Jones 2005; Sheth et al. 2006). Although we build on

corresponding techniques for demonstration purposes, the underlying principles of

the approach taken in this chapter are borrowed from situational calculus and thus

are quite different in the way the components of service systems are represented.

Based on the formalization of service systems according to situational calculus in

combination with AI planning techniques built on top of semantically described

service systems allow us to develop a middleware that simulates the behavior

of service systems. This can serve as the basis for developing flexible and self-adapting

information systems as we demonstrate in this chapter.

It is organized in the following way: After the introduction, in section two

necessary term definitions are given. Section three introduces the concept of

semantics and shows how service systems can be described semantically. In section

four it is then synthesized how semantic descriptions of service systems enable

smart behaviors based on AI planning. Insights, generated in a regular challenge for

automatically planning semantic web services are presented in section five and

show the practicability of above explanations. Finally, section six summarizes

and concludes this chapter.

3 Towards a Formalization of Services

The first distinction that is useful to make is that of a “server” and a “service”.

In informal usage, we may conflate the term “bus service” with the company that

provides the transportation service. However, in this chapter, we follow the usage of

computer science, where we often speak of “servers” that are the agents that provide

or perform a “service”. When we speak of the “RSS service”, we are (or should be)

referring to the general characteristics of a service provided, as opposed to the

server providing this service.

Common examples are web servers and print servers.We also distinguish between

the general provisioning of a service and the performance of it. A server is capable of

providing a service (if all goes well). The particular page being served to us at this

point is an instance of a general service. The description of the general service would

refer to the general properties of the service and the description of the service instance

would tell us something about the page now being served. We will in this chapter

be referring to general services unless we explicitly refer to the service instance.

The two examples of web and print servers already make an important distinc-

tion. The print service is a very simple service in that we need only know the inputs

to the service, the postscript file and number of copies, to know precisely what to

expect from the service.
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The web server output may depend upon the state of the backend of the server as

well as that of the client browser. The output of such a server is deterministic from

a computer science standpoint in which all information about states is known, but

the customer, who wants to treat such a service as a black box, except for its

description, does not know precisely the content of the web page requested, even if

it was requested previously. That is, from a customer-point of view the web server

cannot be described as a mathematical function since it may deliver different

outputs at different times, even with the same inputs. Let us call such services to

coin a word in order to avoid others in use, as “afunctional”.

These two examples do share a nice property that they promise to perform

a certain action once when properly called: they get a web page or print a paper

page. There is one request and there is one response (modulo popups). A standard

email sever is simple because one sends one email and the receiver receives one

email. In general, servers may have more complex behavior that is difficult to

describe, and which may depend upon circumstance. At a fast food restaurant, the

service is also simple. We order our food once and receive it once. The service is

over. At such a restaurant, we would not expect a human server to come to our table

to refill our glasses, but we do expect this in more expensive restaurants, even

without asking for such a service explicitly. A computer science example is RSS,

which allows us to subscribe to updates of web pages. We make one request and

may receive an unlimited number of responses, without requesting each one.

Let us call those servers, and services, that deliver exactly one response for one

input “simple” and ones that may deliver more than one “persistent”. Now let us

make a more formal definition of “services”.

For a formal definition, it is helpful to have a background of the Situational

Calculus definition of goals, actions, and situations as stated in (Finzi et al. 2000).

Typically, in discussing actions, we say that they change state. The Situational

Calculus avoids this by discussing only situations that consist of action sequences.

One nice thing about situations versus states is that we can easily describe

constraints over situations if we also refer to the states they create. This is useful

for constraining properties of processes, where the individual software programs

comprising the process may be considered as actions. But we do need both states

and situations. And the goals of the Situation Calculus always implicitly assume

some S0 and the goal G(s) described as a formula with one free situation variable s.
A plan in Situational Calculus is then described as the situation in which G is true.

Since we need both states and situations ultimately, we find it more elegant to

formalize fluent, states, actions and goals in a similar way.

3.1 Fluents, States, and Conditions

We start by defining a set of objects and possible relations between them, at least

some of which are fluents, which describe conditions in the world in a given state.

For instance, for state St0, “Rains” might be a fluent that is true for “Belmont”: Rains
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(Belmont, St0). A state is described by the set of fluents that are true for some set of

objects, or alternatively, a triple of a property, object, and value. Thus a fluent may

be something “Is_blue” which happens to be true of object “My_ house” in state

“Before_ painting”, or we may use such a fluent “Color” in triples such as “Color
My_house Blue” together with a state “Before_ painting”. Let us call such expres-

sions that have a truth value in some states simply fluent expressions.Conditionswill
consist of a fluent and a set of properties: {(p,o¼a)}, where o is the object of which a
is the value of the property p in state S. If we want such a condition to hold in state –
we will say fluent{(p,o¼a),Si }.

3.2 Actions

Each instance of the class of “Action” is a special relation with two arguments,

alternatively properties of the class instances. The argument pair are sets of fluent

expressions for some set of objects that are different: these denote partial states.

Further, this is an ordered pair: the first partial state precedes the second and the

second is the successor of the first. These fluent expressions will be denoted as

“Preconditions” and “Effects”.
For example, A(P,E) is the relation “A” between these expressions. Alterna-

tively, this denoted instance of class Action has the following properties and values:

Preconditions(A,P) and Effects(A,E). Any action must have at least one effect, even

if it consists only of a single expression using the special fluent “Know”, which
indicates that only the state of things known has changed.

All of these lie in a defined theory T0. All of the fluents and actions and agents

and all objects to which they relate are defined here. New instances, including

states, may be added to this theory. For instance, we can add Weather(Belmont,
Rains,So) and then addWeather(Belmont,Rains,S1). At any one time, the number of

instances of all classes and fluent expressions is finite.

Note that the concept of preconditions and effects is quite fundamental

for describing service systems. Value propositions as well as the actual value can

for example easily expressed with preconditions and effects of actions.

Actions are state transformations. For any A(P,E), for any state Si in which the

set of preconditions P are true, then this action defines a potential set of successor

states (SS) in which E holds, i.e. there is a SS for which if Sj is an element of SS, then
(Si<Sj) and the set of expressions E holds in Sj. Let us denote such a state

transformation by A:Si!Sj.
Further, any fluent expression that was true in Si, that are not changed by

the effects E remain true in Sj, i.e. for simplicity, assume the persistence of fluent

! expressions unless they are changed by an action in the sequence. Fluent

expression decay is not considered here.

It may be the case, that for some actions, say A, and distinguished formula pairs,

P and E, that there is a (perhaps partial) ordering of actions such that A(P,E) is
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provable from that ordering. We can express such ordering as a sequence of

transformations as in the Situational Calculus.

3.3 Services

Based on these definitions, we can now introduce a formal definition of the term

“Service”. A simple service is one subclass of action. The first but not the most

important aspect of this class is that it is simply a finite proper subset of action,

written to the theory, perhaps arbitrary. Only these designated services can be

legally used to prove an arbitrary action.

A service has additional properties in addition to its preconditions and effects,

which are “Provider”, “Caller” and “Input” and “Output” signals. The signals have
distinguished relations: “Sent” and “Received”. The values of caller and provider

must be of type “Agent”. Unique providers are defined for each service. Services

that have the same preconditions and effects are identical objects unless they have

different providers.

The objects to which signal relations apply are the services themselves with the

first and second states that are two states transformed by the services, together with

providers and callers.

Outputs also have a fourth argument “Output”. For example, when service

W(P,E,agent1,agent2): Si!Sj, then it is true that Sent(W,Si,agent1,agent2) and

Received(W,Sj,agent1,agent2), where it is true that Provider(S,agent1) and Caller
(S,agent2). Initially, we say that “output” is just a determinate symbol, which may

be defined as “nil”: it is optional.
If some action is not a service, but is provable as a sequence of services, we can

denote that sequence as a “Plan” that constitutes a virtual service: one not identified
in our universe of discourse as a service. There may be many such virtual services

that are provable in our theory at any time. These do not have callers or providers

but may be converted to services with callers and providers at any time in theory.

3.4 Goals

“Goals” are a subclass of actions. These are not the same as informal goals that we

may have in planning but rather designated objects in our theory with the property

“Owner” which has the value of type “Agent”. This property is single-valued and if
a plan is constructed that achieves a goal, the caller of the services is the owner of

the goal.

In our theory T0 in which we have made a plan P, to achieve goal G, and Owner
(G,agent2). For each service in our plan Ti we have, Caller(Ti,agent2). A plan may

itself have intermediate goals as part of the planning process but these are distinct

from the top-level formal goal that may initiate planning.
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4 Semantic Service Systems

Based on our understanding of a defined theory T0 for actions, a “Service System” is
a theory Ts defining all the fluents, goals, services, agents and all objects to which

they relate. While value is a key feature of services in service science and would

also be part of the service system, we do not focus on that here. A value can

certainly be attached to the goals and services we describe, and economics can be

part of the analysis based upon the semantic descriptions.

Based on the definitions given above, the descriptions of service systems such

as preconditions and effects have to be formalized in a way that we can infer

properties of the service system. This is what we mean by semantic annotations.

The more complete the model of the service system, the more we can infer about

how it works.

With such formal semantic descriptions we can not only infer how systems

work, but infer how to build them as we need them: that is the point of planning.

We describe more about planning later in this chapter. First we focus on the issue

integration of the data used by the services.

Agents typically have access to a certain amount of information about service

systems. Some information is implicit and need to be made explicit in order to be

accessible for other agents. Some information is explicit but unstructured, in which

case it is hard to find for agents. The easiest case is explicit and structured

information. In general there is a trend towards increasing amount of available

unstructured and structured information due to phenomenons such as increasing

usage of the internet by individuals, organizations opening their databases to the

public via APIs, or the growing digitalization of the physical world. There are also

mechanisms that allow adding structure to unstructured information such as tagging

of documents or natural language processing. Thus, we take the assumption that

more and more structured information about services becomes available over time,

typically in the form of records within relational databases.

However, often available structured information about service systems is not

integrated. The main difficulty in data integration is conceptual heterogeneity,

i.e. differences in the schemas and vocabularies used by different agents and

different data sources. Examples of such differences abound, from simple cases

of different words and incompatible units to more complex cases involving differ-

ent relational attributes and different relational tables.

Techniques able to deal with conceptual heterogeneity have however evolved

and matured over the last years, allowing the development of semantic descrip-

tions of service systems. The foundations for semantic services systems are the

following:

l Sentential representation of service systems: In order to be able to support

resources, classes of resources and inheritances directly in database schemas

and in the query language, it is useful to encode each instance of a relation

(i.e. each record in a relational database) in the form of a sentence consisting of

the relation (i.e. fluent) and the resources (i.e. objects) involved in the instance.
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More precisely, given a database containing information about service systems,

we define an atomic sentence of a service system to be a structure consisting of

an n-ary relation from the signature and n resources. For example, if r is a binary
relation and a and b are resources, then r(a,b) is an atomic sentence of the service

system. In recent years the RDF (Resource Description Framework) is used

more frequently to represent resources . RDF is based on triples, i.e. binary

relations subject, predicate, object. It is easy to write any n-ary relation as a

binary relation by using blank nodes as object and specify this object with further

triples. In addition to resources, classes of resources, and sentences also service

system rules can be represented: A rule is an expression consisting of a distin-

guished atomic sentence, called the head, and k literals (i.e. resources, classes of
resources, or atomic sentences), together called the body. The head of a rule is

true if and only if the body is true.
l Ontologies for service systems: The usage of different data schemas necessitates

mappings between the different data sources and the schemas used by the agents.

There are various approaches to doing this, such as direct mapping of schemas or

source-based integration. The dominant approach for a large number of different

schemas is the model-centric approach: In this approach a model is created for a

certain domain (either the entire service system or parts of the service system),

which serves than as the basis for the mappings to all the other schemas. The key

to model-centric data integration is the availability of a good master schema.

The schema must be rich enough to express the information in the data sources

being integrated, but it should not be so elaborate as to make the data integration

process needlessly inefficient. There are techniques that allow managing this

trade-off and creating rich and efficient master schemas.
l Uniform identifiers for service system resources: There is the problem of

irreconcilable naming. Different databases may have different identifiers for

the same resources. Sometimes this problem can be dealt with by using other

data to relate entries to each other, a process called entity resolution. However,

this is not always possible; there simply may not be enough information in the

databases to decide which objects in one database correspond to which objects

in the other databases. The good news here is that this problem can be mitigated

or even eliminated by semantic web technologies of growing popularity, notably

the use of uniform resource identifiers (URI) enabling the unique identification

of resources over a network. In addition, there are techniques, such as duplicate

elimination and statistical methods that enable the identification and resolution

of inconsistent naming.
l Mapping with external master schemes: In case of a complete master schema for

a service system there is still the challenge to align with master schemes of

external service systems in order to be able to represent interrelations between

service systems. Although there is no unifying theory, there are a lot of

approaches for mapping master schemes (Shvaiko and Euzenat 2005): In general

one divides between element-level matching techniques (string-based,

language-based, based on linguistic resources, constraint-based, based on align-

ment reuse and based on upper level formal ontologies) and structure-level
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matching techniques (graph-based, taxonomy-based, based on repository of

structures and model-based). Many hybrid approaches exist.
l Trust: There is often the problem of inconsistency. It is not uncommon for

different databases to have conflicting data. In the absence of a technique for

knowing which database to trust, a data broker must be able to manage multiple

possible values without inappropriately combining those values to produce silly

results. This is often called paraconsistent reasoning. The good news is that there

are good techniques of this sort. In addition, there are cases in which the

correctness of data can be questioned without having inconsistencies.

Above foundations enable the development of semantic service systems,

i.e. descriptions of service systems or at least parts of service systems that are

understandable by machines.

5 Smart Service Systems

In the following, we describe the techniques used in order to generate a “smart”

behavior of service systems. Based on semantic descriptions of service systems it is

easy to apply techniques for querying and inferring facts about service systems by

using either approaches based on logic or probability based approaches. A more

complex task and the focus of this section is the generation and execution of plans

for service systems. Planning allows us to construct processes and workflows from

services. With sufficient semantic descriptions, as previously discussed and for the

formal simple services described, we can do so automatically as needed. This has

great potential, for agile supply chains for example.

5.1 Planning and Execution of Plans

Suppose we have a plan consisting of a sequence of services W1,. . .,Wn that

achieves goal G with owner agent2. As the plan is executed service call by service

call, we add the input signal to our theory T0: Sent(W,Si,agent1,agent2). However,
the output signal is not in the plan.

We now define the conditions for executing serviceW1 transforming state Si!Sj.
Such an execution is a meta-action that takes place by writing to our theory at a time

corresponding to state Si. The first condition is not only that the preconditions ofWj

hold in Si, but also that all of the variables in the fluent expressions that comprise the

preconditions are fully instantiated in our theory prior to execution. The effects

need not be fully instantiated in this state.

The second condition is that there is an actual actor corresponding to the

provider agent1 of the service and this actor writes Received(W,Sj,agent1,agent2,
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output) into our theory at the time corresponding to S2. Once this has been done,

none of the statements in the theory in previous states can be changed.

The third condition is that the actor corresponding to agent1 will attempt to unify

the planned effects ofWi with fully instantiated expressions. If the actor is success-

ful in doing so, these are re-written in our theory, and the next service in the plan is

eligible for execution. If not, then the plan has failed. The goal has not been

achieved, though after replacing the planned expressions with the ones that the

actor provides, a new plan may be developed. This will not occur if our model of

the service is complete: then every plan should succeed.

We of course may at anytime add a new service to our designated list, possibly a

previously planned goal G, but there must be then an associated actor with the

capability to write output signals and effects.

5.1.1 Indeterminacy

We now introduce an important variation upon this formalization. Our model of

services may be incomplete and services may be black boxes. In fact, this may be

common condition in the real world.

For each W:Si!Sj, that may be used in the attempted proof, some of the fluent

expressions in effects Emay not be fully instantiated until state Sj. Further, we now
say that “output” is also an indeterminate variable. That is, given Input(W,Si,agent)
for W(Si,Sj), we always know there exists “output” such that Output(W,Si,agent,
output) is true, but we don’t necessarily know what it is until Sj. Moreover, we now

say that there is always a special reserved value “Failed” for all services that the

provider of the service may write in the theory. When this is done, no effects of the

service are written.

In our model of services we may know, for certain services, exactly what the

output must be, or we may only know something about the domain of the output

variable. It may be a finite discrete variable and we know what the set of possible

values is (as in standard CSPs), or we may only know that it is, for instance, a

positive integer. Various relations may exist that express the constraints of values

for “output” for any given service and owner. Something similar is true for the

effects. This is treated in more detail in (Shvaiko and Euzenat 2005) but we go no

further here as a full treatment is out-of-scope.

5.2 What Can Be Done with Service Planning?

Planning as a technology is discussed extensively in (Petrie 2009). The important

point is that in a correct plan, the goal state is logically entailed by the initial state

and the sequence of actions in the plan. The most sound methods of generating a

plan depend upon the use of semantics and computational logic: the plan is

generated by proof.
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Given a goal state, some information about the constraints governing the process

based upon business logic, and the current state of the world, including databases,

planning can synthesize a single-use process that achieves the goal if such a process

is possible. The result is the same as if the workflow were re-generated each time in

response to changed conditions, except that the problem is simpler. The resulting

process is guaranteed to be correct because of entailment.

This last means that no verification of the resulting process is necessary: the

process is necessarily deadlock free and will terminate. Otherwise, the plan would

not be provable.

We expect that development of semantics for such planning will be slow, but

inevitable. Current methods of developing workflows and processes by program-

ming will not scale for increasingly complex service systems. Generating provably

correct processes automatically is the only possible way to scale development and

maintenance of complex and rapidly changing systems.

Technical questions about the scaling of computational logic are also out-of-

scope for this chapter, but we can say that anyone that has experience in developing

and maintaining a complex supply chain knows that the effort and time required is

not supportable with only humans in the future.

6 Lessons from the Web Service Domain

For 3 years the Stanford Logic Group is performing a challenge, called Semantic

Web Service Challenge, with the goal to develop a common understanding of

various technologies intended to facilitate the automation of web service planning

using semantic annotations. For more information about this challenge see also

(Petrie et al. 2008). We understand Web Services as a subclass of services. As we

are not interested in specific technologies here, we go no further in defining

the specifics of web services except to note that many different so-called “non-

functional” properties may be added to the definitions above. However, similar

techniques as used in the Semantic Web Service Challenge should be applicable for

services in general.

The Semantic Web Service Challenge defines problem scenarios that serve as

the basis for the certification and comparison of approaches participating in the

challenge. Figure 1 depicts an example scenario for the challenge.

The challenge focuses on the use of semantic annotations: Participants are

provided with semantics in the form of natural language text that they can formalize

and use in their technologies. One example for a semantic annotation of the order

management services is shown in Fig. 2.

Different technologies are used for these annotations. Having semantic annota-

tions, goals can be achieved automatically using a similar planning algorithm as

depicted in Chap. 4.

In the challenge, we started with three Web Services simulating a client trying

to purchase goods using the RosettaNet protocol and its counterpart, the Moon
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legacy system. Taking into account different versions of services and the mediation

systems that have been implemented to test the system we are operating at present

around 20 different Web Services. Over time, five different developers have been

involved for different aspects of the execution platform. All services have now been

migrated to the axis2 engine for Web Services.

The complexity of the messages used has revealed several bugs in the implemen-

tation of the axis2 engine, which caused major resource expense just on the under-

lying technologies and not purely on “business” problem. However, we consider it a

benefit of the challenge that we are able to expose the deficiencies of the current

state-of-the-art middleware tools, and work with the developers to fix them.

Blue (Customer) Moon (Manufacturer)

Mediator

Mediator

Receive PO endpoint

Send POC

Obtain moons
internal customer id Search String

Customerid

Orderid

Orderid

Order Confirmation Object

Confirm/Refuse LIne
Item

close Order operation

create New Order
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add Line Item
operation

Order Management System

search Customer
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Customer Relationship
Management System

Orderid, Articleid, Quantity

Submission Confirmation Object

Customer Object

Create order using
internal customer id

Send line item n

Close order

confirm Line Item
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Web Services

Rosettanet System
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RosettaNet PIP3A4 POC

Acknowledgment Of Receipt

Acknowledgment Of Receipt

Send PO

Receive POC

(to be built by participants)
Legacy System Web Services

(provided by workshop organizers) (provided by workshop organizers)

Fig. 1 Purchase order scenario for semantic web service challenge

Fig. 2 Semantic Annotation of the order management services
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In fact it turns out that a variety of skills is required to master such a testbed.

First, in-depth knowledge of WSDL and XML schemas is required to design proper

service description utilizing the maximum of the descriptive power of the standards.

Most obviously some knowledge on a web service engine (such as axis2) and the

underlying application server (such as tomcat) is required as well as a fair amount of

database design and web application programming skills. It also turned out to be

necessary to understand a good deal about the Internet Protocol and firewalls in

order to help participants to manage their invocations. And, last but not least, such

an infrastructure requires some monitoring facilities that guarantee a 24/7 live

system, which is not the usual approach in a university research environment,

such as the one that supports the testbed now. All this is necessary in an industrial

setting.

Effectively it demonstrated that in spite of the fact that Web Services are

an established technology, current tools are only able to hide a small degree of

the underlying complexity. As soon as we reached some case on the boundary

conditions, understanding of underlying protocols and standards was essential and

many problems occurred, especially with propagation of errors through layers of

middleware.

None of this lessens the potential of semantic services, but it does say that the

current specifications for web services are perhaps overly complex, the tools not

quite mature, and that the issue of adding semantic annotations to this industrial

standard is overwhelmed, right now, by the usual programming effort. This may, in

fact, be a good insight into why SOA has not become more popular.

Of course in these challenges only simple scenarios are studied. However, in

future research the focus lies on more complex scenarios and also the involvement

of non web services.

7 Conclusion

In this chapter a formal definition of the term service is given and it is shown how

semantic annotations enable the automation of planning for service systems. There

are first examples that demonstrate the application of suggested techniques within

the web service domain. This domain is characterized by the existence of formal

definitions for atomic services. However, even these definitions are mostly not

semantic and usually preconditions and effects of web services are not considered.

The main challenge will be the installation of incentive systems in order to generate

semantic annotations for services and service systems.

The approach suggested in this chapter can serve as a guideline for developing

smart service systems based on the notion of semantic descriptions as well as

planning techniques for automatically executing services. Still many open research

issues need to be addressed. The prototype presented in this chapter focuses on a

small, well defined challenge and covers only a fraction of the complexity that
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exists in real environments. Mechanisms for scaling the suggested approach need to

be further explored, for example.

However, it is shown how theories from situational calculus can be applied to the

field of service science and service scientists as well as practitioners can use the

suggested framework in order to describe and incrementally improve existing

service systems. In addition, the suggested approach can be extended with more

detailed representation of either generic or specific service system concepts.
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Designing Auctions for Coordination

in Service Networks

Clemens van Dinther, Benjamin Blau, Tobias Conte,

and Christof Weinhardt

Abstract The evolving service ecologies show new ways of value co-creation

through combinations of multiple service components which are described in

service offerings. An open issue in such a large service ecology is how to efficiently

coordinate and price service offerings. Service offerings provide different function-

ality and quality. Customers need to distinguish their preferences on different

combinations of service attributes. In this chapter we address this issue of service

offerings allocation and introduce a structure design approach, Market Engineering,

as an appropriate method to design such mechanism. In order to apply this approach

to service systems we introduce a formal model and a definition of service value

networks. Examples exemplify our approach and we show one possible step

towards implementing such a mechanism.

Keywords Market engineering � Path auction �Web service coordination � Service
value networks � Mechanism design

1 Introduction

The way how the electronic service industry contributes to value generation has

changed in recent years. Flexible service components are developed instead of large

monolithic software applications on a licensed-based business model. Service

components are described in service offerings and provide certain functionality,

e.g. a specific part of a service process. Such service components enable business

on a pay-per-use basis. Additionally, they can be easily adapted and extended
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by additional services or a combination of service components can build up

complex services.
This conceptual and technical change offers customers the opportunity to

purchase service offerings on-demand. Thereby, they are not limited to purchase

offerings from a single provider. A complex service can rather be composed from

the offerings of different providers tightly focused on required features. Such

modularity is one of the most promising answers to the question of how to face

rising demands for sophisticated, customized products (Baldwin and Clark 2000).

Once serving the whole value chain by what has become famous as vertical

integration, service providers now tend to engage in networked value creation in

ecology-like environments which Blau et al. (2009) call service value networks

(SVNs). This development enforces the economic trend to a horizontal specializa-

tion in service offerings which in turn calls for new cooperation forms in loosely-

coupled configurations of legally independent firms. Thus, horizontal specialization

can lower their risk of operating in a changing and uncertain environment.

This is why companies tend to engage in networked value creation which allows

participants to focus on their strengths. Partners in such ecologies can leverage the

know-how and capital assets of partners, at the same time spreading risk, sharing

investment cost, and retain flexibility. In that way, the network has the ability to

“rapidly pick, plug, and play” business processes (van Heck and Vervest 2007).

By re-aggregating with partners, a company can broaden its range of customer

attractions. Especially in complex and highly dynamic industries, forming agile

SVNs, is more than an attractive strategic alternative.

From a customer’s point of view it is a challenge to find the best combination of

service components in such a SVN and to determine prices for it. If it is clear which

offerings technically can be combined in order to form a complex service, the

following questions remain: Which providers should I choose? What price should

be paid for the complex service in total? Which price are the providers of the single

components paid? Thereby, heterogeneity of service offerings and service requests

is one problem in price determination. Another problem is preference elicitation

which is crucial in the service sector where valuations for different kinds of service

offerings are hardly determinable directly. Thus, we are interested in building

mechanism for this pricing and allocation task.

Auction theory1 has shown good results in eliciting preferences and efficiently

allocating goods. But, auction design is a challenging task. The outcome of an

auction does not only depend on the institutional rules of an auction but also on

the specific characteristics of the resource to allocate, and on the behavior of the

participants. Thus, auction theory which is an applied branch of game theory studies

auctions from a theoretical perspective regarding the efficiency of resource alloca-

tion, the bidding strategies, and the revenues. Economists often assume bidders to

be fully rational. This is a rather strong assumption which does not hold in reality.

1 Further literature on auction theory, see for example Klemperer (2004), Krishna (2002), Milgrom

and Weber (1982), Wolfstetter (1999)
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Thus, auctions can show outcomes which were not expected theoretically since

human decision making is influenced by various factors. Participants might have

incomplete information, different risk attitude or a different reaction to uncertainty.

Additionally, psychological or emotional effects can play an important role.

Therefore, it is not sufficient to design new auction mechanisms (for the alloca-

tion of offerings) and study them only from a theoretical perspective. It is also

necessary to incorporate behavioral aspects. Laboratory or field experiments as well

as simulations are possible approaches. Thus, we suggest a structured approach to

the design of coordination mechanisms which can be used in designing service

value networks. Such an approach was introduced by Weinhardt et al. (2003) and

called Market Engineering.
The evolving service ecology with a business service choreography (Demirkan

et al. 2008) calls for appropriate mechanism which allocate service offerings.

This chapter provides both, an introduction to auction theory and mechanism design

as well an application to the field of service systems.

Thus, the contribution of the chapter is twofold. First we introduce Market

Engineering (ME) as a design approach for mechanism. Second, we apply Market

Engineering exemplarily on SVNs. Therefore, we introduce our understanding of

SVNs by conducting an environmental analysis in Sect. 3. We develop a path-based

auction mechanism and show a possible implementation in a web-service coordi-

nation. The chapter closes with a conclusion.

2 Market Engineering

Searching an appropriate structure for an economic system is not a new question for

economists. But the optimal design of such a system is often unknown. Hurwicz

(1973) argues on the question in what respect the structure of an economic system is

unknown:

“Typically that of finding a system that would be, in a sense to be specified, superior to the

existing one. The idea of searching for a better system is at least as ancient as Plato’s

Republic, but it is only recently that tools have become available for a systematic, analyti-

cal approach to such search procedures.”

The interest in studying electronic markets has increased in the last few years. It can

be observed that the market outcome not only depends on the market participants

and their valuations, but also on the market structure which stimulates strategic

behavior of the participants.

It has beenmore andmore called for scientific support in designing and developing

(electronic) markets (Roth 2002; Varian 2002). One approach for the design of

markets has been introduced by (Weinhardt et al. 2003) as Market Engineering
(ME). (Holtmann 2004) remarks that it were McCabe et al. (1993) who used the

termMarket Engineering for the first time, but since then the termwas only used a few

times. Therefore,Weinhardt (2003) picked up this term and provided a comprehensive
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definition of ME as a service oriented design approach to the development of

electronic markets. An electronic market can be perceived as a service which enables

electronic trading and which is provided by either a non-profit organization or profit

oriented company. Holtmann (2004) and Neumann (2004) describe the idea of ME

comprehensively.

2.1 Markets and Auctions

There are many views on the term market in economic literature. It can be generally

stated that a market coordinates exchange, interactions that are mutually beneficial

and hence, co-create value for the entities involved. For example, markets can be

used to coordinate the exchange of service for service, or the exchange of resources,

such as goods, information, (property) rights and/or money. It provides a mecha-

nism to match demand and supply (resource allocation) and determines a market

(or clearing) price. This mechanism can be either defined explicitly as e.g. in an

English auction, or it can evolve during a negotiation process. Markets are under-

stood as one form of coordination in economic interaction. In contrast to coordina-

tion by markets, Coase (1937) discusses hierarchical coordination as it is known

from the organization of firms where the coordination of tasks and resources takes

place through delegation and control. In their purest form, neither hierarchies,

nor markets involve cooperation throughout the coordination process, although in

reality mixed forms occur.2 These two main forms of economic coordination span a

continuum where many mixed forms for cooperation lay in between.

From an economic perspective, the study of markets is coined by the question, to

which extent markets contribute (and can be optimized) to economic coordination.

Smith (1982) developed theMicroeconomic System Framework that clearly defines
the core concepts of a market system. Foregoing work on that issue was accom-

plished by Hurwicz (1960, 1969, 1973) and Reiter (1977). Smith understands

markets as economic systems that, basically spoken, consist of three main compo-

nents, (i) economic agents acting in the market, (ii) commodities being exchanged

(at least one), and (iii) a set of rules defining the market institution.
An auction is a specific type of market. Auctions are known as one of the oldest

forms of trading used already at 500 B.C. in Babylon (c.p. Cassady 1967). Nowa-

days, auctions are mainly used for three reasons: (i) speed of sale, (ii) information

revelation of buyers’ valuation, and (iii) prevention of dishonest dealing between the

sellers and buyers (Wolfstetter 1999). In auctions economic agents compete against

2 Strategic alliances are a well established cooperation in e.g. the airlines industry. Airlines

cooperate on selected routes but remain competitors on the other flight routes. The need for

cooperation increases also in the service sector since companies offer more and more specialized

services.
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each other on settling a trade by submitting bids representing their willingness

to pay. Bertsekas (2001) states that auctions are an “intuitive method for solving

the classical assignment problem.” The auction rules determine the way of bidding

(e.g. amount of bids, increments, start, end), the winner (and thus, the allocation

of the good), and the price to pay. McAfee and McMillan (1987) define auctions

as follows:

“An auction is a market institution with an explicit set of rules determining resource

allocation and prices on the basis of bids from the market participants.”

Bids can be specified in several ways, e.g. by raising the hand when an auction-

eer calls a certain price, or explicitly in written form. Wolfstetter (1999) points to

the information problem in economic trade, where an individual has incomplete

information about the competitors’ valuations. This is one of the main issues in

auction theory and leads to the question of how to design auctions in order to reveal

this information. There is no general answer to this question, since it depends on

several factors. Therefore, auction need to be analyzed in the given context.

There are various auction formats depending e.g. on whether one single unit or

multiple units are to be traded and whether there are single or multiple sellers or

buyers. Auctions with just one seller and multiple buyers (or vice versa) are called

single sided auctions. Double sided auctions have multiple buyers and sellers.

Klemperer (2004) names four standard single sided auction types: (i) ascending

(e.g. English auction), (ii) descending (e.g. Dutch auction), (iii) first price sealed-

bid, and (iv) second price sealed-bid (e.g. Vickrey auction). Wurman et al. (2001)

propose a classification of five classic auctions by differentiating the attributes

(i) single vs. double sided, (ii) open (cry) vs. sealed, and (iii) ascending vs.

descending. This classification is also depicted in Fig. 1.
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Fig. 1 A classification of classic auction types (Source: Wurman 2000)
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2.2 Structured Design Approach

The termsmarket design and mechanism design are often used in economic literature

to describe the conceptual development of market rules as defined by Smith (1982)

comprising the information exchange rules (the language), adjustment process rules,

allocation rules, and cost imputation rules. For electronic markets such mechanisms

have to be implemented and operated on an Information Technology (IT) infrastruc-

ture. The operator of an electronic market can be understood as a service provider for

economic trades. This service concept includes also some kind of fee in order to cover

at least the costs for service providing. These additional requirements for designing

electronic markets are picked up by the ME methodology and lead to the following

definition, which summarizes the work of Neumann (2004).

Market Engineering subsumes the systematic approach to development, analysis and

design of electronic market service integrating theory from the scientific areas of econom-

ics, business administration, computer science and law. ME focuses on the three core

activities (1) design, (2) operation, and (3) research of electronic markets.

In order to appropriately design electronic markets, it is essential to base the

design on research results of electronic markets and to study new mechanisms

comprehensively. There is also a need for successful business models and powerful

technologies. The ME process includes these different aspects according to the

service engineering process and engineering design approaches and is described in

the following. Figure 2 depicts this approach.

The ME process consists of the four stages (1) Task Clarification, (2) Design and

Implementation, (3) Testing, and (4) Introduction. These stages are subdivided into

several phases.

1. Task Clarification
At the very beginning of the ME process, it is important to conduct an environ-

mental analysis and to elaborate the market service requirements.

l Environmental analysis

The environmental analysis starts with (i) the market definition, including the

determination of the trading objects, potential customers and their endow-

ment, preferences of customers and other constraints. Once the market is

defined (ii) a market segmentation (regarding e.g. customer or product

groups) is examined. Finally, (iii) a market target is determined, meaning

that it has to be decided which of the market segments to focus on for trading.

Task clarification
Design &

Implementation Testing Introduction

1. Environmental
   Analysis
2. Market service
   requirement

1. Conceptual design
2. Embodiment design
3. Detail design
4. Implementation

1. Operational functionality
2. Economic properties

Fig. 2 The market engineering process
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l Market service requirements

The environmental analysis serves as starting point to identify basic requirements

of the electronic market. It comprises the socio-economic environmental aspects

such as the (potential) number of agents, their preferences (private or common

values), and resources. Additional service offerings to meet customers’ expecta-

tions are elaborated and also legal aspects are analyzed. Important requirements

regarding the business process (e.g. cost coverage), incentives for participation, or

computational requirements are defined.

2. Design and Implementation
The second stage is structured into four phases:

l Conceptual design

At the beginning the market system is defined with abstract descriptions

regarding the market rules, the infrastructural requirements and the business

rules as identified in Stage 1.
l Embodiment design

The abstract descriptions of the conceptual design phase are redefined into

semi-formal description of the institutions such as trading protocols. Often

there are diverse trading protocols (or descriptions) for one and the same

trading mechanism. The descriptions of the embodiment design phase

abstract from implementation details.
l Detail design

Detail design starts with building the layout of the system, which is subse-

quently refined and which finally results in a complete and detailed system

model, e.g. based on UML. This model also considers implementation

details.
l Implementation

The predefined and developed software model is implemented using a stan-

dard software development process.

3. Testing
The developed system is tested regarding its operational functionality and its

economic properties.

l Operational functionality

It is important to assure that the implemented system works correct. There-

fore, it has to be checked if the code maps to the specified requirements

(verification). Common techniques such as unit testing can be applied.

Additionally, it is necessary to verify if the requirements themselves are

correct or if additional requirements exist (validation).
l Economic Properties

Electronic markets can be analyzed with respect to their economic perfor-

mance either on an analytical basis, using experimental techniques or based

on simulation. Theoretic analysis is not suitable for all markets and market

environments. Especially the behaviour of human economic agents is not

always obvious and hard to model. Therefore, game theoretic experiments
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can help to gain new insights. It is also possible to apply simulations for

testing and evaluating electronic markets.

4. Introduction
After comprehensive tests, the developed market service can be launched and

operated. Market Engineering recommends permanently observing and reasses-

sing the market. The gathered feedback helps to improve market service and

facilitates the redesign of markets.

As pointed out auctions are one way of selecting and allocating goods or service.

In order to find a good combination of service offerings it is necessary to design an

auction mechanism with specific properties. Krishna (2002) is a very good refer-

ence for introduction to auction theory. He outlines different properties of mechan-

isms and describes efficient mechanisms. In the next section we construct an

efficient mechanism for find efficient combinations of service offerings in service

value network.

Having learned about auction design we now apply the concept of Market

Engineering to service value networks in the next two chapters.

3 Environmental Analysis: Service Value Networks

Ever since the seminal work of Williamson (1985) at least three types of business

governance structures have been identified: market, hierarchy, and hybrid forms.

In pure markets all information is publicly and instantaneously observable via the

price mechanism, which in turn provides a perfect incentive mechanism to align

individual profit with economic efficiency. However, by this it is assumed that an

effective price mechanism exists in the first place. This is a presumption which is

generally not warranted for non-standard goods and service that involve a

high factor of specificity (sunk costs), customization, low frequency of trade, or

high uncertainty in demand or supply.

In a purely hierarchical organization, on the contrary, value is created strictly

within the boundaries of the integrated firm. Here, by definition, opportunistic

behavior of business partners is not feasible, and thus neither the revelation of

knowledge nor the incompleteness of contracts poses impossibility constraints.

However, such formal control usually comes at the price of inefficiency and

inflexibility, which are both crucial in an increasingly competitive economy.

Hybrid governance forms such as networks combine the advantages of market

governance, in particular adaptability and incentive compatibility with those of

hierarchies, foremost control.

Consequently, business networks have been proposed as the superior governance
form for today’s highly dynamic and complex business world (Miles and Snow

1986). Business networks evolve from a pool of potential horizontal as well as

vertical business partnerships. In this respect they differ both from strategic
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alliances, comprising only horizontal business partners, and supply chains, denoting

purely vertical relationships.

Likewise service value networks constitute a special type of business network,

which, although frequently used, lack a generally accepted definition.

3.1 Definition and Characteristics

Definition 3.1: Service Value Networks

Service value networks are business networks, which provide business value

through the agile and market-based composition of complex service offerings

from a steady, but open pool of complementary as well as substitutive standardized

service modules by the use of ubiquitously accessible information technology.

In the following, we will discuss each part of the definition in detail and thereby

highlight the boundaries of service value networks.

Complex service. By a complex service we understand the composition of services

components. In more detail, complex or composite service offerings typically

involve the assembly and invocation of several service components offered

by diverse enterprises in order to complete a multi-step business functionality

(Papazoglou 2008) In turn, service component are either other complex service

offerings or functionality that is provided via aWeb service. The term utility service
originates from the energy domain, denoting core service offerings such as the

provisioning of gas or electricity. Adapted to the area of e-service, the term denotes

infrastructure service offerings that provide enabling technologies for ecologies

such as storage capabilities and the provisioning of computing power (cp. Sect. 3.3).

Standardized service modules. In order to be plug-and-playable, the utility service

must provide standardized interfaces for interchanging machine-readable parame-

ter values.

Steady but open pool of complementary and substitutive service offerings. Service
offerings must register (or be registered) with the service value network in order to

be eligible for composition. This set of registered service offerings forms the steady

pool from which a complex service is composed. However, the registration is open

for any service which meets certain minimum requirements, such as modularity

provided through a detailed interface specification. Moreover, it is also feasible that

the service value network itself will actively browse the service landscape for

eligible service offerings and register them automatically. In particular, in this

context steady means that the SVN maintains a list of service offerings (including

their interface descriptions) also if there is no current service composition request

in the network. Open however, refers to the fact that no service can be excluded

from the network, as long as it meets the publicly known minimum requirements.
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Automatically on-demand service composition. Agile service composition refers to

the network’s ability to orchestrate a complex service ad-hoc and demand driven.

On the time of the request, the SVN will search automatically for an optimal path

through its network of registered service offerings. Hereby, optimality is evaluated

e.g. in terms of efficiency, i.e. the allocated complex service should maximize the

sum of costumer and provider welfare. This can only be achieved through an

appropriate mechanism, e.g. by means of a reverse auction.

Universally accessible information technology. Finally, the SVN must be run

on and by universally accessible information technology, such as the Internet.

This requirement comes as a direct consequence from the openness of the service

pool and the call for efficiency. If any service meeting the requirements of the

SVN shall be allowed and encouraged to register with the SVN, the SVN itself

cannot rely on proprietary and protected information technology.

3.2 Formal Network Model

A service value network is described by means of a simplified state chart model

(Harel and Naamad 1996) and is aligned with the representation provided by Zeng

et al. (2003). State charts have proven to be the preferred choice for specifying

process models as they expose well-defined semantics and they provide flow

constructs offered by prominent process modeling languages (e.g. WS-BPEL)

and therefore allow for simple serialization in standardized formalisms.

Hence, a service value network is represented by a k-partite, directed and acyclic
graphG ¼ ðV;EÞ. Each partition y1; . . . ; yK of the graph represents a candidate pool
that entails service offers that provide the same (business) functionality. The set of

Nnodes V ¼ fv1; . . . ; vNg represents the set of service offers3 with vi,vj being
arbitrary service offers. Service offerings are provided by a set of Qservice provi-
ders S ¼ fs1; . . . ; sQg with s is an arbitrary service provider. The ownership
information s : S ! PðVÞthat reveals which service provider owns which offering

within the network is public knowledge.4 There are two designated nodes vs and vf
that stand for source and sink in the network. The set of edges E ¼ feijji; j 2 Vg
denotes technically feasible service composition such that eij represents an interop-
erable connection of service i 2 V with service j 2 V.5 If two offerings are not

interoperable at all, they are not connected within the network.

A service configuration Aj of service j 2 V is fully characterized by a vector of

attributes Aj ¼ ða1j ; . . . ; aLj Þ where alj is an attribute value of attribute type l 2 L

3 The terms service offer, service and node are used interchangeably
4 The reverse ownership information s�1 : V ! S maps service offers to single service providers

that own that particular service
5 For the reader’s convenience the notion eij is equivalent to evivj representing an interoperable

connection of service i 2 V with service j 2 V.
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of service j’s configuration. Attribute types can be either functional attribute types or
non-functional attribute types (e.g. availability or privacy). A service’s configura-

tion represents the quality level provided and differentiates its offering from others.

According to Lamparter (2007), a service configuration can be defined as follows:

Definition 3.2: Service Value Networks

A service configuration Aj of a service j 2 V selects a value alj for each attribute

type l 2 L of a service and thereby unambiguously defines all relevant service

characteristics. The choice of configuration might affect the functional and non-

functional aspects of a service and is a major determinant of the price.

Furthermore let cij denote internal variable costs that the service provider that

owns servicej has to bear for that service being interoperable with service i and for the
execution of service j as a successor of service i. The representation of a detailed cost
structure of service providers is intentionally omitted which serves a better under-

standing and does not restrict the generalization of the model. It is assumed that the

representation of internal variable costs reflects the service providers’ valuations for

their service offers being executed in different composition-related contexts.

The instantiation of a complex service is represented by a path from source to

sink within the service value network. Let F denote the set of all feasible paths from

source to sink. Every f 2 F with f � E represents a possible instantiation of the

complex service. Focusing on the presence or absence of a particular service i 2 V,
F�i represents the set of all feasible paths from source to sink in the reduced graph

G�i without node i and without all its incoming and outgoing edges. In contrary, let

Fi be the subset of all feasible paths from source to sink that explicitly entail node i.

Definition 3.3: Service Value Network Model

A service value network model is an acyclic, k-partite and directed graph such that

G ¼ ðV;EÞ
with the set of nodes V representing service offers and the set of edges E that

denotes technically feasible service compositions. G contains two designated nodes

vs and vf representing source and sink such that every feasible path f 2 F connect-

ing both nodes is a possible instantiation of the complex service.

For illustration purpose, Fig. 3 shows the model of a service value network

with service offers V ¼ fv1; . . . ; v4g and service provider S ¼ fs1; . . . ; s3g.
Every feasible path f 2 F connecting source node vs and sink node vf represents
a possible realization of the overall complex service.

3.3 Examples

Based on the characteristics presented in Sect. 3.1, we provide two extended examples

how service value networks can be arranged and organized in real-world applications.
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Example 3.1: Payment Processing Consider a manager of a mid-size company

that distributes flowers over the Internet. As payment processing is not a core

competency of the company, the board decides on the integration of third-party

service providers into existing business processes in order to decrease costs of

operation and maintenance. The diagram in Fig. 4 sketches an excerpt of the service

components of an exemplary complex service that provides payment processing

functionality.

The PaymentProcessingService facilitates service components from StrikeIron,6

Duo Share7 and CDYNE8 to verify the customer’s address and credit card informa-

tion. Customer data is stored and managed using a StorageService and a DataBa-

seService from third-parties. Exemplary service offerings from decentralized

storage providers are Amazon S3,9 Digital Bucket10 and Box.net.11 Service offer-

ings for organizing and managing customer data are Amazon Simple DB12 and

Long Jump DaaS.13 The actual execution of the financial transaction through the

Fig. 3 Service value network Model

6 http://strikeiron.com/
7 http://duoshare.com/
8 http://cdyne.com/
9 http://aws.amazon.com/s3/
10 http://digitalbucket.net/
11 http://box.net/
12 http://aws.amazon.com/simpledb/
13 http://longjump.com/daas/
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TransactionProcessingService is provided by JETTIS Transaction Processing14 and

Net Billing Credit Card Processing.15

The process behavior of the payment processing complex service is depicted in

Fig. 5. Customer data is validated in the first step. After validation the actual

transaction takes place and the customer’s credit card account is charged by a

transaction processing service. The change in state must be updated consequently in

the internal database of the company. A database service updates corresponding

customer data that is stored using a decentralized storage service. For each step of

the complex service there is a potential pool of suitable candidates to fulfill required

business transaction. The result of each transaction is passed sequentially to

the successor service. In order to successfully instantiate the complex service the

overall transaction requires a service candidate from each pool.

Example 3.2: Realizing a Complex Service: Customer Relationship Management
(CRM) This example shows the formation of a service value network that is ready

to instantiate a complex service based on the requirements imposed by service

Fig. 4 Payment processing service (static view)

14 http://www.jettis.com/
15 http://www.netbilling.com/
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request. A service requester requires a complex service that scans calendar entries

within the upcoming week with regard to future meetings within a company. Based

on the meetings’ description, the complex service queries soft skills of all meeting

participants by browsing their profiles in social communities. Gathered information

is then updated in a CRM data base that is stored by on-demand storage infrastruc-

ture (Fig. 6).

A set of service providers participates in the SVN by providing service offering

grouped in candidate pools. Google offers its Google Calendar service16 and

Google App Engine17 which provides a scalable infrastructure for service develop-

ment and storage. The social community platforms Facebook and LinkedIn18

provide service to browser profiles of registered customers. Amazon offers flexible

storage capabilities through its Simple Storage Service (S3). As depicted in Fig. 6

the requested complex service can be realized in four different versions by selecting

feasible service combinations (e.g. Google Calendar, LinkedIn Browser and

Amazon S3).

Fig. 5 Payment processing service (dynamic view)

16 http://google.com/calendar/
17 http://code.google.com/appengine/
18 http://linkedin.com/
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As described earlier the challenge in SVN is to determine the best combination

of service offers regarding a customer’s preferences and the price of this combina-

tion. Auctions are one concept for solving the allocation problem. The subsequent

step in Market Engineering is to develop an appropriate auction design for the

described allocation problem. We introduce such a mechanism in the next section.

4 Design and implementation: Coordination Through

Auctions in Service Value Networks

As introduced in Sect. 3, service value networks are ad-hoc formations of

distributed service providers that offer modularized service components with

the intention to realize a complex service to customers. Distributed scenarios with

self-interested participants require a form of coordination in order to govern value

creation. This section at hand discusses the need for auctions as a special form of

coordination to manage the dependencies of distributed activities in service value

networks.

Fig. 6 Example of a service value network realizing a complex CRM service
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4.1 Why Auctioning a Complex Service?

An adequate approach for allocation and pricing of complex service offerings has to

account for special service characteristics in contrary to goods and products.

In general, a service is not storable, production and consumption coincide in time

and customers co-produce the final outcome which is fuzzy and hard to measure

in terms of value for the customer. As stated by (Smith 1989) “auctions flourish in
situations in which the convential ways of establishing price and ownership are
inadequate”. Smith concretizes the argumentation by briefly pointing out the main

characteristics of such situations which are predestinated for the application of

auctions by focusing on the roles and items involved: “costs cannot be established,
[...], there is something special or unusual about the item, ownership is in question,
different persons assert special claims, [...].”

Although this statement is rather fuzzy, the characterization of the type of “item”

which price is best established by the application of an auction mechanism opens up

an analogy to the service concept. Recall, a service is characterized by the coinci-

dence of production and consumption (uno-actu), it cannot be inventoried, value

creation is dominated by intangible elements, customer co-production and fuzzy

inputs and outputs.

Smith points out that auctions are preferable in situation where costs cannot be

established. From amicroeconomic perspective such costs refer to internal costs that

are private information to the one producing the item, i.e. the producer’s individual

valuation for the item. In the context of service, this argument also holds for the

customer side. Based on the argumentation that value creation through service is

mainly dominated by intangible elements, the value of the final outcome for the

customer is hard to determine. An objective measurement of quality which might be

an indicator for the customer’s valuation is also hardly applicable due to a service’s

fuzzy inputs and outputs. The complexity of value elicitation and the problem of

establishing adequate prices even increases in scenarios with joint value creation

through service compositions (e.g. in service value networks where a complex

service is produced). Analogue to Smith’s argumentation, such problems can be

addressed by the design of a suitable auction mechanism that induces incentives for

service providers to report their private valuations truthfully. Auctions haven proven

to be the ideal instrument to aggregate information from distributed parties which

results in an aggregated valuation (Jackson 2003; Pesendorfer and Swinkels 2000).

Without prior knowledge about the valuations of each participant, auctions can

provide suitable incentives to make truth revelation an equilibrium strategy and

therefore automatically aggregate necessary information from self-interested parti-

cipants to determine adequate prices for a complex service.

Another criterion that is crucial to establishing a suitable approach for alloca-

tion and pricing according to (Smith 1989) is if the item subject to trade exposes

special or unusual characteristics. The uno-actu implies that in the context of
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service value creation there cannot be a provider without a customer as production
and consumption coincides in time. This service characteristic has fundamental

implications on coordination aspects as service cannot be inventoried in order to

balance demand and supply. Following the same direction, Lucking-Reiley (2000)

enriches this argumentation by adding an economic perspective which explicitly

focuses on the trade of service offerings by stating that “[...] in the future we may

see much more auctioning of services [...]. Services are particularly attractive for

auctions because they are in relatively fixed supply – unlike durable goods, one
cannot store surpluses or draw down inventory in order to meet fluctuating

demand.” (Lucking-Reiley 2000, pp 233). Market mechanisms such as auctions

are preferable in situations with a fast changing demand and supply ratio as

dynamic pricing smoothes high amplitudes. This property is crucial to success

of efficient allocation and pricing especially when perishable service offerings are
traded (Eso 2001).

The rapid growth of ICT has tremendously decreased transaction costs for

service provision and consumption. Computing power and storage raises exponen-

tially while prices drop anti-proportionally for hardware as illustrated by Moore’s

Law. This development directly leads to a tough price competition for service

providers. In order to stay competitive, service providers have to differentiate
their service offers with respect to quality and not to price (Berry and Parasuraman

1991; Dan et al. 2003; Devlin 1998; Liu et al. 2001; Matthyssens and Vandenbempt

1998). Quality is the main value-determining factor in the context of service

offerings as service customers experience a service activity mainly based on the

quality provided. Quality is idiosyncratic to the individual and often determined by

various factors and the interplay of multiple service components that are part of a

service composition. Hence, it is unbearable for service customers to reason about

all feasible combinations of single service offerings and the resulting quality

provided by the service composition in order to meet their requirements. Therefore

an auction mechanism is needed which accounts for different preferences of service
requesters defined for a variety of quality characteristics that are determined by

each component that is part of feasible complex service instances. Especially in the

context of a situational complex service provided by distributed parties in service

value networks, a QoS-sensitive auction mechanism allows for the provision and

pricing of highly customized short-term solutions to various types of customers

leveraging the nature and benefits of situational applications and service mashups.

As a consequence, service providers in service value networks are able to address
the long tail of business by satisfying a great amount of individual service requests

(Anderson 2006). In these environments, it is assumed that service offers are under

the control of distributed self-interested owners. In the absence of central control,

non-performance or complete drop-outs of service components are inevitable.

Auction mechanisms that are computational feasible allow for reallocation and

price adaption during run-time enabling dynamic failovers in unreliable environ-

ments (Foster et al. 2002).
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4.2 Mechanism Design Desiderata

When we get to mechanism design within the market engineering process we have

to design the components it consists of: a set of possible messages to be exchanged,

the allocation rule, and the payment rule. Additionally, we need to consider

the desired properties of the social choice function. Typical properties are e.g.

allocation efficiency, revenue maximization, incentive compatibility, individual

rationality, fairness or budget balance. Note that some of the mentioned properties

exclude each other. For further discussions and background on mechanism design

we refer to Arrow (1951), Hurwicz (1973), Klemperer (2004), Krishna (2002),

or Myerson (1981).

In the context of SVNs, allocation efficiency can be one desired property in order

to find an optimal match between service requester’s preferences and service offers.

Auctions can be a good solution to that problem. On the other hand, a SVN platform

provider might want to limit opportunistic and strategic behavior or to increase the

variety of service offerings provided. Therefore, the platform provider could search

for ways to also reward parties that are willing to contribute in niches. An adequate

mechanism should be tailored to deal with coordination aspects in service ecologies

in which participants are both, self-interested but also fully bound to the success of

the whole system. In that case concepts from cooperative game theory like the

Shapley-value might be appropriate mechanisms.

Another challenge that results from the characteristics of SVNs which should be

addressed in the design stage is the stability of the network. An adequate mechanism

implementation should provide incentives to on the one hand sustain participating

service providers and requesters and on the other hand attract further candidates.

These consideration shows that it is essential to first define the objectives the

mechanism should fulfill. The objectives might change during time, e.g. it the initial

stage while the network is forming, the variety of service offers is more important

which calls for a different mechanism compared to a later phase when the network

is more stable in its service offer variety. The next section gives an example for

service network implementation and a possible coordination mechanism.

4.3 Web Service Coordination

Environments in which distributed units provide functionality in a loosely-coupled

manner (according to the SOA paradigm) require some sort of process or set of

rules to align activities in order to generate a desired outcome, i.e. they require

coordination. The objective of coordination is to make a set of entities – either by

providing incentives or establishing constraints upon them – pursue a common

goal, e.g. producing a defined outcome.

In the context of Web services two specifications provide frameworks to imple-

ment coordination scenarios, WS-Coordination (Newcomer et al. 2007a) and

WS-CF (Chapter et al. 2005). This section focuses on WS-Coordination as it is
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a finalized standard in contrary to WS-CF, which is still a public review draft.

A detailed comparison of WS-Coordination and WS-CF can be found in (Little and

Webber 2003) and (Kratz 2005). WS-Coordination is based on concepts and roles

that are represented by Web services. Initiator, coordinator and participants com-

municate using a common context that glues their interaction to the coordi-

nated activity. The framework allows for different coordination protocols to be

plugged in, in order to coordinate domain-specific work between clients, services

and participants. Work is defined as activities performed by one or more distributed

parties. Examples for specific transaction protocols are WS-AtomicTransaction

(Newcomer et al. 2008) and WS-BusinessActivity (Newcomer et al. 2007b).

WS-AtomicTransaction specifies a rudimentary ACID19 transaction protocol

focusing on ad-hoc short-term transactions in a general manner. In contrast

WS-BusinessActivity defines transactions with relaxed ACID properties with the

purpose to coordinate long-term business transactions.

Example 4.1 WS-Coordination Compliant Reverse Auction. To illustrate the

specification of a coordinationmodel according to theWS-Coordination framework,

an auction mechanism is introduced as a special type of coordination, i.e. a single

item sealed bid reverse auction. There is one buyer who intends to procure a single

good or service from multiple sellers. The auction conduction including the type of
messages to be exchanged between the participants is specified by auction rules
which are controlled and enforced by an auctioneer. The mapping between roles and

entities in a reverse auction and a coordination model is depicted in Fig. 7.

19 ACID stands for atomicity, consistency, isolation and durability, which are properties that

guarantee a reliable transaction.

Fig. 7 Mapping of a reverse auction to a coordination model
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The buyer starts the auction by announcing a request for the desired good or

service. The auctioneer receives sealed offer bids from the sellers by a public

deadline. After the deadline the winner determination is performed by the auctioneer,

the good or service is transferred and the winning seller receives its payment. Based

on the WS-Coordination framework, the buyer is represented by the initiator and the

sellers are instances of the participant role. The auctioneer as the coordinator is

responsible for the coordination protocol, that is, the set of auction rules. The initiator

starts the activation phase and receives a coordination context from the coordinator.

The invitation phase is generally done by the initiator according to (Newcomer et al.

2007a). Nevertheless, this might not be practicable for the reverse auction scenario as

the buyer is not necessarily responsible for the discovery and selection of potential

sellers. As the WS-Coordination framework provides a generic coordination model

independent of domain-specific application logic, a tailored invitation process can be

implemented on-top in order to shift responsibilities.

5 Conclusion

In this chapter we have introduced service value networks resulting from the

possibility of combining single service offerings to a complex service. In order to

find good combinations of offerings and to answer the question of determining

prices we introduce an auction mechanism. Such auction mechanisms need to be

carefully design – especially in the context of service systems which rapidly

become complex systems consisting of a large variety of service providers which

offers an even larger number of service components. Consequently, Market Engi-

neering proposes four steps starting with the environmental analysis which studies

the environment of the service offerings traded and the agents which interact. This

stage is followed by the design phase in which objectives of the mechanisms that is

to be developed are determined and the mechanism itself is designed. Before the

mechanism is implemented its properties need to be studied. Besides the theoretical

analysis it might be useful to apply techniques such as experimental economics or

computational approaches.

Since auctions are well known to allocate goods and service described by

multiple attributes we discuss Market Engineering in the context of service value

networks. Therefore, we study the environment for which the auction mechanism is

to be developed and introduce our understanding of service value networks. Service

providers offer their service within these networks. A service offering comprises all

attributes which unambiguously define all relevant service characteristics. Service

customers demand specific service offerings and might also combine offerings to a

complex service. The choice of configuration might affect both, functional and non-

functional aspects of a service.

We introduce a formal modal to cope with service offerings and possible combi-

nations of them in a SVN. The practical use of this formal modal is exemplified in
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characteristic examples. The first example describes an online payment process

which can be split in sub-processes. These sub-processes can be provided by

different service providers. The second example realizes a customer relationship

management task as a complex service.

In Sect. 4 we bring together the two presented fields of research, Market

Engineering and Service Value Networks. The main questions a designer of

systems for service networks has to answer is how a coordination mechanism can

be defined. There might be different objectives for the social choice rule. One

central question in service value networks is how to efficiently match service

offerings in order to satisfy customers’ complex service requests and dynamically

determine prices. Thereby, one can search for incentive compatible mechanisms

that fulfill the efficiency criterion. On the other hand it might be valuable in

networks not only to reward those service providers that deliver the service but

also those providers that increase the value of the whole network. A starting point

for such considerations might be the Shapley value (Shapley 1953).

Besides the technical challenges, one key challenge of the still young field of

service value networks is the creation of mechanisms that match supply and

demand in appropriate manner. There is also need for creating formalisms which

are understood by many disciplines. We have provided an attempt to a formal

model, but still there is a need for further approaches and a common vocabulary.

Much research needs to be done in that respect. Market Engineering is one approach

to structure the design approaches and which we feel is a valuable contribution to

the research in Service Systems.
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Service Systems Modeling: Concepts,

Formalized Meta-Model and Technical

Concretion

Martin B€ottcher and Klaus-Peter F€ahnrich

Abstract Over the past years service science has changed. Nowadays the object

of research is highly professionalized complex service systems. For this area of

research, service systems modeling provides concepts and formalized meta-models

for describing service systems in a precise way. In this paper different aspects of

service systems modeling are presented: (a) the specification of singular service

components (component model), (b) the specification of the component’s resources

(resource model), (c) the definition of interdependencies of service components

relevant for configuration (productmodel) and (d) the temporal dependencies between

service components necessary for defining process instances (process model). This

paper offers a modeling-relevant definition of service systems, the theoretical founda-

tion of themeta-model (based on awide literature research) aswell as the concepts and

terms, necessary for modeling service systems. Finally, the advantages and limitations

of service system modeling are discussed.

Keywords Service components � Service modeling � Service science � Service
systems

1 Potentials of Service Systems Modeling

As business and societal services are increasingly important for growing econo-

mies, new academic discipline areas emerged during the past years, e.g. service

management, service operations, service marketing and service engineering.
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Service engineering provides methods and tools for a systematic and structured

development of new information-intensive service offerings and service systems.

The modeling and therefore formalized description of service systems form a

part of service engineering and increasingly attract interest. But contrary to other

disciplines (e.g. product engineering and software engineering), service engineer-

ing still lacks an adequate modeling approach that helps to design, develop

and provide services (Alonso-Rasgado et al. 2004; Maglio et al. 2006), even though

a formalized description of service systems would facilitate the following benefits:

l Standardized vocabulary: Descriptions given in natural language (e.g. English)

lead to an ambiguity and space of interpretation (Linckels and Meinel 2006). By

defining a meta-model for service systems modeling, a domain-specific lan-

guage (van Deursen et al. 2000) is given. Such a language presents a vocabulary

(syntax and semantics) that allows an unambiguous description of service

systems.
l Subsequent usage by information technology: Since information represented

by natural language (text) is not structured, a further processing by inform-

ation technology is quite difficult. However, a representation of structured

information (e.g. based on a given meta-model) firstly enables support during

service systems design and secondly allows a subsequent processing by

information technology (e.g. simulation, optimization, scheduling).

Akin to the pros of modeling in product- and software engineering (Bézivin

2005), several advantages could be expected for the field of service engineering.

They could result in different enhancements within the key performance dimen-

sions of offered services:

l Service quality: Even though the quality of services often depends on human

beings, it can be maintained that the quality also depends on both the expectation

of the customer and the execution by the provider. Both represent certain gaps

of the gap-model (Parasuraman et al. 1985) and both can be solved by a

formalized service systems description. Firstly, it would lead to a precise

description for the customer (contrary to a brochure written in natural language)

and, therefore, narrow the gap of expected and perceived service. Secondly, a

formalized service systems description could provide a clear directive for the

staff. A formalized described service system with little space of individual

adaption would lead to a persistent level of quality. Furthermore, service systems

could be enhanced before service provision by optimizing it through the use

of information technology that bases its processing on the formalized model.
l Service productivity: Service productivity comprises the productivity of the

development of service systems and the productivity of service provision.

The productivity of the development depends on the procedure model and the

applied method of description (Meyer et al. 2008). A formalized description of

service systems would support the development process because all artifacts

(e.g. first idea of a service, requirements, conception) are specified with a unique

representation technique and a unique vocabulary. All developers could, therefore,

132 M. B€ottcher and K.-P. F€ahnrich



use the results of other development steps more efficiently. Furthermore, the

productivity of reengineering service systems is improved because reengineering

demands a clear understanding of a current service system, which is enabled by a

formalized description. Finally, searching for a sufficient service by a customer

can be supported by an IT-based research that relies on a formalized service

systems model.
l Service innovation: One critical aspect of service innovation is the modulariza-

tion of services and service systems. Modularized components can be transformed

or reconfigured into new service bundles, leading to a short-term innovation cycle

(Miles 2006). A service systems modeling approach that considers the modular-

ization and provides adequate support for defining service components eventually

enhances service innovation.

Due to the advantages outlined above, service systems modeling seems to be

quite promising for service science. Nevertheless, it must be stated that it might

not be sufficient for every kind of service system. Based on the classification scheme

of Schmenner (Schmenner 1986) and F€ahnrich et al. (F€ahnrich et al. 1999), a

formalized modeling of service systems seems to fit best for so-called Service

Factory and Mass Service. These services are characterized by a low degree of

Interaction and Customization. Furthermore, servicemodeling fits when services are

of high complexity. That is, services like “hairdresser” do not gain as much benefit

as goods-related services like “remote maintenance” do. This effect is due to the

tradeoff between the modeling effort and the advantages of service systems

modeling.

While Sect. 2 discusses the adaption of a system approach for service modeling,

Sect. 3 displays the theoretical foundations of the service systems modeling.

Subsequently, Sect. 4 specifies the service systems meta-model. Section 5 draws

a conclusion and discusses the results of this paper.

2 Adaption of a System Approach for Service Modeling

Closely related to a formalized description of services systems is the question of

what a service system is. For the term “service”, this more theoretical question

has been discussed for decades and different definitions have been suggested

(Fitzsimmons and Fitzsimmons 2005). This pluralism has had different implica-

tions for service modeling. Especially aspects of intangibility and so-called soft

factors made a clear description of services quite difficult. Hence, the approach of

looking at service systems supports a service modeling approach, for it allows the

specification of concrete facts instead of focusing on soft factors. Service systems

are discussed widely in the literature (Chesbrough and Spohrer 2006; Brax 2007;

Spohrer et al. 2007). Based on explanations given by various authors (Gadrey

2002; Araujo and Spring 2006; Spohrer et al. 2007; Vargo 2009), service systems

can be defined in the local context of service modeling as follows:
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A service system is a set of interacting resources provided by the customer

and the provider. Services are an offered functionality performed by the interaction

of these resources. The functionality leads to a change of state of at least one

resource of the service system. At least one of the changed resources belongs to the

customer to whom the change is of any value.

Basically, a service system can, therefore, be defined as

R; S; I;Fð Þ (1)

R is a set of resources that are relevant for offering a service (e.g. “desk”, “staff”,

“machine”). R consists of two subsets: resources owned by the customer RC

(e.g. “customers’ car”) and resources owned by the provider RP (e.g. “auto lift”):

RC\RP¼R. S¼{s1,. . .so} is a set of states that a resource can enter (e.g. it can be

“clean” or “dirty”). I is a function that describes the initial state of the service

system (℘ is the power set (math.)):

I : R ! }ðSÞ (2)

F is a function that describes the final state of the service system and, therefore,

implies the functionality and the service of a service system:

F : R ! }ðSÞ (3)

As the offered functionality of a service system has to change the state of at least

one resource owned by the customer, the following condition has to be fulfilled

consequently:

9r 2 RC : IðrÞ 6¼ FðrÞ (4)

Based on the given definition, modeling service systems will be described in the

subsequent sections.

3 Towards a Service System Meta-Model

By now different approaches exist in the domain of service modeling. While most

of them represent important aspects, almost none of them is based on a certain

modeling understanding. This lack leads to a mixture of terms like “model”,

“meta-model” and “reference model” and also hinders a comparison, a further

development or a combination of the existing modeling approaches (B€ottcher
2008). Therefore, service systems modeling has to be based on an adequate

modeling theory.
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3.1 Modeling Theory

A modeling theory with a precise specification of the modeling-relevant terms is

given by Favre (Favre 2005). This theory can be adapted for service systems

modeling as depicted in Fig. 1. The real world service system (e.g. remote mainte-

nance) is located on level M0 and is named “system under study”. For representing

the whole service system or aspects of it (e.g. all resources of a remote maintenance

service), a so-called “service systems model” can be specified (located on level

M1). This model conforms to a “service system meta-model” that represents

a “service systems modeling language”. Such a meta-model would specify the

concepts that are necessary for modeling service systems (e.g. “resources”, “avail-

ability”, “location”). The meta-model and the service systems modeling language

are located on level M2. According to Favre (Favre 2005), a meta-model itself

needs to conform to a certain model – the so called “meta-meta-model” which

represents a “meta-modeling language”. A meta-meta-model contains concepts that

allow the specification of a meta-model (e.g. “classes”, “connectors”, etc.).

The meta-meta-model and the meta-modeling language are located on level M3.

The technical realization (the implementation by using information technology) of

these three levels can be called “technical space” (Kern et al. 2008). When defining

concepts for modeling service systems, it is most suitable to focus on level M2

because this level specifies the “service system meta-model” and its corresponding

“modeling language”.

Themain parts of a service systemmeta-model are domain-specific concepts (e.g.

“resource”, “provider”) and their relations (e.g. “resource belongs to”). Different

approaches can be used for retrieving these concepts. A mixture of qualitative and

quantitative research methods has been applied for the meta-model underlying this

paper. The concepts were derived from a) literature analysis, b) existing modeling

approaches (in the domain of service modeling) and c) case studies.

Fig. 1 Meta-model levels for service systems
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3.2 Analysis and Concept Extraction

The literature analysis was based on different works of the service domain.

(20 German and international scientific papers and books, e.g. (Corsten 2001; Meffert

and Bruhn 2006; Johne and Storey 1998; Vargo and Lusch 2004; Fitzsimmons and

Fitzsimmons 2005)). All of the literature sources were either recommended by chairs

of service science or were repeatedly cited in service-relevant articles. The literature

analysis allowed a first insight into the state of the art of service science and provided

a huge amount of domain relevant concepts. Further literature analysis, especially

done automatically (e.g. using text-mining techniques), could improve and augment

the identified concepts.

In addition to the general literature of service science, existing modeling

approaches were analyzed. Twelve modeling approaches which explicitly cope

with the domain of service science were identified, such as (Shostack 1982; Con-

gram and Epelman 1995; Kaner and Karni 2006; Baida et al. 2003; O’Sullivan

2006). Modeling approaches in the field of computer services (e.g. web services or

service-oriented architecture) were not analyzed for concept extraction, but utilized

for developing the meta-model.

Finally, two use cases were taken into account for enhancing the literature-based

concepts. The use cases were conducted with global players which developed

complex services for enriching their product portfolio.

After the text analysis, domain-relevant concepts were extracted (e.g. Fig. 2).

These concepts were, then, aggregated due to the existence of synonyms or they

were rejected because they were not primarily necessary for service systems

modeling (e.g. “uno-actu-principle”). The remaining concepts were augmented, if

necessary (e.g. very abstract concepts were detailed by the specification of further

concepts, e.g. the concept “hierarchy” was augmented by specifying the concept of

a “graph” for representing such hierarchies). Finally, the remaining and newly

specified concepts were used to define a domain-specific language (meta-model).

3.3 Concept Representation

In a first step identified concepts and their relations were represented in so-called

concept maps (Novak and Cañas 2008). They provide an overview of the extracted

and specified concepts (Fig. 3). Even though concept maps can be used for

achieving a good visualization of the domain-specific concepts, their formalization

is quite limited and makes a further processing (e.g. by information technology)

text 
analysis

concept 
extraction

concept 
aggregation

concept 
augmentation

concept 
representation

Fig. 2 Process of concept extraction
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quite difficult. Therefore, the concepts were described in a formal way. This

formalized description of the concepts was realized by mathematical and proposi-

tional logical expressions (Fig. 3).

The implementation of a meta-model and an editor demands a technical concre-

tion. This requirement implies that the description of the concepts and their

relations have to conform to a specific meta-meta-model. For the model underlying

this work, the Eclipse Modeling Framework (EMF) (Budinsky et al. 2004)

was applied. In EMF the meta-meta-model (level M3) is called “ecore” and the

developed meta-model (level M4) is called “EMF-meta-model”. The formalized

description was transformed into the technical space EMF, which allows a further

processing by implementing a concrete syntax and an editor (e.g. Fig. 3). EMF was

chosen because it offers an undisclosed meta-meta-model and because it is explic-

itly meant for modeling.

4 Service Systems Meta-Model

The specified meta-model will be described in this section. As the meta-model is

quite complex, it has been divided into four sub-meta-models. Such a division

has already been proposed in the literature (Bullinger et al. 2003). Each of

these models represents specific aspects of service systems. Even though each

of these sub-meta-models can be used separately, they are, nevertheless, highly

interrelated. To outline what can be described by applying the meta-model, a

simplified example is depicted in Fig. 4.

A service system (e.g. “remote maintenance”) can be divided into three sub-

systems (e.g. “problem analysis”, “solution finding” and “treatment”). Every service

system as well as every component of it can be described by its functional (e.g.

“increase in availability”) and non-functional properties (e.g. “time”, “location”).

Furthermore, the resources of every service system (e.g. “analysis tool”, “device”,

“staff”) are described by the so-called resource model. Hierarchical dependencies

which outline the composition of service systems are specified by the use of the

resource

provides

client
provider

service

requests
offers

.::),( bbPPTemporalRulesbb ′¬∃∈′∀

1. concept maps 2. formalized description. 3. technical concretion

Fig. 3 Examples of concept maps, formalized description and technical concretion
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product model (e.g. “remote maintenance” consists of “problem analysis” etc.).

Finally, the temporal sequences are modeled by using the process model

(e.g. “problem analysis” has to be processed before “solution finding”).1

4.1 Component Model

When coping with comprehensive service systems, modularization reduces the

complexity and meets the demands for standardization and individualization

(Da Silveira et al. 2001). Therefore, the idea of modularization has been adopted

for service systems modeling and the concept of service components (ServiceCom-
ponents) was consequently specified. Each component defines a self-contained

functionality (e.g. finding a solution for a given problem) that can be combined

with other components (e.g. “solution finding” can be combined with “treatment”).

Furthermore, components can be described by their functional and non-functional

properties and they can correlate to each other in hierarchical (product model) and

temporal issues (process model).

The functional properties of a component comprise all properties that define the

functionality of a given (sub-) service system (e.g. “reduces the percentage of

failure”). The implicit functionality is represented by the alteration of resources

and will be described in a subsequent section (e.g. see Sect. 4.2). Furthermore, the

functionality can be explicitly described by the definition of functional property

types (FunctionalPropertyTypes) (e.g. “increase in turnover”) and corresponding

values (FunctionalPropertyValues) (e.g. “30 percent”). Both of them have to be

specified by the modeler:

FunctionalPropertyAllocation : ServiceComponents !
}ðFunctionalPropertyTypes� FunctionalPropertyValuesÞ: (5)

1As the precise description of the four sub-meta-models focuses on the aspects of service systems,
the following description does not comprise the full meta-model. The complete meta-model can be

found at http://bis.informatik.uni-leipzig.de/.

solution findingproblem analysis

remote maintenance

treatmentanalysis tool
device(defect) report

…

… …
…
…

…

RESOURCE MODEL

PROCESS MODEL

PRODUCT MODEL

COMPONENT MODEL

Fig. 4 Simplified example of the four sub-meta-models
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Non-functional properties describe restrictions on the functionality (e.g. “only

available on Monday” or “available in Europe”). Even though such non-functional

properties have been described (e.g. O’Sullivan 2006), they have always been

specified for a service itself (e.g. a service is available at five o’clock). Applying

the idea of service systems and, therefore, focusing on the resources makes it

necessary to specify non-functional properties for resources (Resources) that are
used in the service system (e.g. a certain resource has to be added to a service at five

o’clock) instead of defining it for the service as a whole. The following expression

specifies temporal and locative properties by defining an availability allocation

(AvailabilityAllocation). These expressions allow specifying locative availabilities

(e.g. “Cambridgeshire”) as well as locative exceptions (e.g. “Cambridge” as an

exception for “Cambridgeshire”). Furthermore, temporal availabilities (e.g. “every

Friday”) and temporal exceptions (e.g. “Friday 15th”as an exception for “every

Friday”) can be specified. Finally, it is defined for which service component this

non-functional property is valid and whether it is defined for a resource that is used

as input or that is obtained as an output.

AvailabilityAllocation : Resources !
}ð}ðLocationPointsÞ � }ðLocationPointsÞ�

}ðTemporalPeriodsÞ � }ðTemporalPeriodsÞ�
}ðServiceComponentsÞ � ResourcePositionsÞ:

AvailabilityAllocationðresourceÞ ¼ fðLocativeAvailabilities;
LocativeExceptions; TemporalAvailabilities; TemporalExceptions;

ServiceComponents0; resourcePositionÞg:

(6)

Furthermore, the specified meta-model enables the definition of additional

non-functional properties such as “provider”, “duration”, “price”, “payment”,

“consequences”, “reputation“ and “restrictions”.2

4.2 Resource Model

The modeling of service systems necessarily demands a modeling of the resources

which are part of the service system. The interaction of the resources results in the

functionality offered by a service system.

As resources are modified leading to a customer value, it is necessary to specify

what resources have to be added by the customer and what type of modification

derives from a given service system. Additionally, resources used by the provider

to offer a service have to be specified. The given definition of a service system

2The complete meta-model can be found at http://bis.informatik.uni-leipzig.de/.
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(e.g. see Sect. 2) specifies initial states and final states. These states can be

represented by defining whether a resource is described and used as an input (initial

state) or whether it results as an output (final state):

ResourcePositions ¼ f‘‘input’’; ‘‘output’’g: (7)

Properties such as “identifier”, “capacity”, “flexibility” and “quantity” are defin-

able by using the meta-model. Furthermore it is necessary to classify resources.

This classification allows a semantic specification of sets of resources; thus

enabling a clustering of service systems (e.g. services for human beings) due to

the kind of resources that are used. Three attributes are defined for the classification

of resources:

l Source: This property specifies whether a resource is added to a service system

by the customer (customer), the provider (internal) or a third party (external):

ResourceSourceTypeAllocation: Resources!
}(ResourceSourceTypes�} (ServiceComponents)� ResourcePositions),

ResourceSourceTypes = f ‘‘customer’’, ‘‘internal’’, ‘‘external’’g .
(8)

l Tangibility: Different approaches exist for defining the tangibility of resources

(e.g. Baida et al. 2003). For modeling service systems it is sufficient to specify

three different types of resources: tangible (e.g. machine), intangible (e.g. rights,
information, patents) and human (e.g. patient). The latter one is specified,

although it is a kind of tangible resource because services that alter human

beings are of special interest to the customer since it affects the customer itself.

ResourceTangibilityTypeAllocation: Resources!ResourceTangibilityTypes,

ResourceTangibilityTypes=f ‘‘tangible’’,‘‘human’’,‘‘intangible’’g : (9)

l Mobility: The term “mobility” defines the technical ability and the individual

willingness of a resource to change its local position. An immobile resource

(e.g. a power plant) defines the location of a service provision, whereas a mobile

resource (e.g. a car) can be moved. The mobility of a resource is specified as

follows:

ResourceMobilityTypeAllocation: Resources!
}ðResourceMobilityTypes�}ðServiceComponents)� ResourcePosition),

ResourceMobiltyTypes=f‘‘mobile’’;‘‘immobile’’g :
(10)

Furthermore, properties can be specified so as to allow an implicit conclusion

of the functionality of a service system because they specify the alteration of

resources.
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l Attributes: The given definition of the service system specifies a modification of

the states of resources. These states can be represented by attributes (Resour-

ceAttributes) (e.g. “color”) and their values (ResourceAttributeValues)

(e.g. “green”, “blue”, “red”):

ResourceAttributes� ResourceValues 2 S: (11)

The allocation of the attributes is done as follows:

ResourceAttributeAllocation : Resources !
}ðResourceAttributes �} ðResourceAttributeValues) �

} ðServiceComponents) � ResourcePositionsÞ:
(12)

l Activity: A resource can either be used to modify a resource (operator)

(e.g. wrench) or it can be modified by a resource (operand) (e.g. repaired car).

An operator resource that can be used again after applying a service is specified

as usageOperator (e.g. hammer), while a resource that cannot be used afterwards

is named consumptionOperator (e.g. dishwater):

ResourceActivityTypeAllocation:Resources!
ResourceActivityTypes�}ðResources)�}ðImpactTypes)�
}ðServiceComponentsÞ:

ResourceActivityTypes=f‘‘usageOperator’’;‘‘consumptionOperator’’g :

(13)

l Relation: Resources can have relations with each other. These relations can

change due to an offered service (e.g. from “loose” to “glued”). Every resource

can have a relation to other resources specified by a type (ResourceRelation-
Types) (e.g. “glued”, “married”). In terms of the service system definition

(Sect. 2), these relations are part of the state a resource can have: Resource-
RelationTypes∈ S. The relation is specified for a certain set of service compo-

nents and a resource position (input or output):

ResourceRelationAllocation: Resources!
}ðResourceRelationTypes�}ðResources)�
}ðServiceComponents)� ResourcePositionsÞ:

8ðresourceRelationType;Resources0;ServiceComponents0;resourcePositionÞ
2ResourceRelationAllocationðresourceÞ : resource=2Resources0g :

(14)

The functionality of a service system can implicitly be described by the modifi-

cation of resources. This change depends on the alteration of attributes (e.g. Fig. 5),

the alteration of resource relations (e.g. Fig. 6) or the alteration of a special kind of
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resource relations – sub-system relations (e.g. Fig. 7). Only Fig. 5 represents the

formal specification exemplary.

The resource model presented above enables a comprehensive description of the

resources necessary for offering a defined functionality of a service system.

4.3 Product Model

To tap the full potentials of the modularized service components, it is necessary to

offer concepts for correlating singular service components by the so-called product

model. This correlation enables the choice between different sub-services during

configuration processes. Comparable approaches can be found in software engi-

neering (e.g. feature modeling (Czarnecki and Eisenecker 2000)). Basically, the

product model allows the specification of hierarchical (e.g. “sweeping service” and

“wiping service” are part of “cleaning service”) and non-hierarchical relations

resource A

input output

resource A

resource B resource B

a

b
resource A

input output

resource A

resource B resource B

Fig. 6 Change of resource relations

resource A

attribute1= value1

outputinput

attribute1= value2

resource A

)}""},{},"{","("

),""},{},"{","{("

outputponentserviceComyescleaned

inputponentserviceComnocleaned

ResourceAttributesAllocation (resource) =

e.g. a “car washing service” changes the 
attribute “cleaned” from “no” to “yes”

Fig. 5 Changes of resource attributes
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(e.g. “wiping service” can only be processed when “sweeping service” is processed

as well) between service components. For these relations, three different modeling

levels are defined: graphs, cardinalities and non-hierarchical dependencies.

4.3.1 Graphs

To specify that a service component is a combination of a set of other components,

a graph consisting of vertices and directed edges can be used:

Edges�Vertices�Vertices; Edges\Vertices¼;; 8ðv;v0Þ 2Edges : v 6¼ v0: (15)

In this graph a component consists of other components that are connected to it

by a directed edge. To enable the choice between different components during

configuration (e.g. whether a “cleaning service” consists only of a “sweeping

service” or also of a “wiping service”), it is necessary to extend the graph by

defining “connecting vertices” and “service component vertices”:

Vertices ¼ ServiceComponents [ Connectors;

ServiceComponents \ Connectors ¼ ;: (16)
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Fig. 7 Changes of resource sub-systems
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While “service component vertices” represent different service components,

“connecting vertices” represent five different types of nodes necessary for enabling

configuration. These nodes allow expressions such as: “component A consists of at

least one of the subsequent components”. Every type of connecting vertices has

an individual syntax and semantics: (1) “conjunctive nodes”: all of the subsequent

components have to be chosen during configuration; (2) “exclusive-or nodes”:

exactly one of the subsequent components has to be chosen; (3) “optional-exclu-

sive-or nodes”: one or none of the subsequent components has to be chosen;

(4) “disjunctive-obligatory nodes”: at least one of the subsequent components has

to be chosen; (5) “disjunctive nodes”: no restrictions for the configuration.

Call node [ Cone node [ Cat most one node[
Cat least one node [ Cfree choice node ¼ Connectors:

(17)

Figure 8 exemplifies the different node types.

4.3.2 Cardinalities

The “connecting vertices” presented above allow a certain level of configuration.

But expressions such as “service component A consists of two or three service
components of the set {B, C, D, E, F}” cannot be modeled by these vertices.

conjunction nodes
(Call-node)

exclusive-or nodes
(Cone-node)

optional-exclusive-or
nodes
(Cat-most-one-node)

disjunctive-obligatory
nodes
(Cat-least-one-node)

disjunctive nodes
(Cfree-choice-node)

VerticesServiceComponents chosen during configurationConnectors

Fig. 8 Examples of connecting nodes
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Cardinalities are defined to enable such expressions. Although cardinalities are

more expressive than the Connectors, they are at the same time more difficult to

handle. Therefore, it depends on the structure of a service system and the intention

of modeling whether the graph should only be used or also the cardinalities.

Cardinalities (NodeOccurence) consist of a minimum and maximum value and

are specified as follows:

NodeOccurrence :Connectors!}ðN�NÞ;
8ðmin;maxÞ 2NodeOccurrenceðcÞ : ðminbmaxÞ;

8ðmin;maxÞ 2NodeOccurrenceðcÞ ::ð9ðmin0;max0Þ 2NodeOccurrenceðcÞ :
minbmin0bmax_minbmax0bmaxÞ:

(18)

4.3.3 Non-hierarchical Dependencies

The graph and the cardinalities allow the specification of interdependencies

between components as long as they can be displayed in the structure of the

specified graph. In addition, dependencies exist that cannot be displayed in

this graph (e.g. statements such as “service component F cannot be chosen during
configuration, if service component R has been chosen in advance”. Such inter-

dependencies demand so-called “non-hierarchical dependencies”. These dependen-

cies facilitate the specification of dependencies on service components and of

dependencies on cardinalities. Expressive rules can be specified by using logical

expressions. As these logical expressions are quite complex, four specific rules

were defined, covering most of the cases of non-hierarchical dependencies and

supporting modeling by non-experts (e.g. Table 1). These rules can as well be

mapped on the linear temporal logic (LTL) for further processing (e.g. automatic

model checking), as proposed in the literature (Aalst and Pesic 2006). This

approach allows the specification of additional rules as long as they conform to

the ones presented.

Table 1 Rules for non-hierarchical dependencies

rule LTL notation Example

b_implies_b´ ◊b)◊b´ If component b is chosen, component b´ must be

chosen as well.

not_b_implies_b´ □¬b)◊b´ If component b is not chosen, component b´ has to

be chosen.

b_excludes_b´ (◊b)□¬b´) ^
(◊b´)□¬b)

If component b is chosen, component b´ must not be

chosen (vice versa).

not_b_implies_not_b´ □¬b )□¬b´ If component b is not chosen, component b´ must

not be chosen.
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4.4 Process Model

Due to the character of service systems, components are time-dependent (e.g. before

wiping a floor, it needs to be swept). It is, therefore, necessary to specify when a

component has to be processed. Statements like “component A has to be processed
immediately before component B” or “component C must not be processed after
component D” have to be made. Instead of describing precisely the process as a

whole in advance, Aalst and Pesic (Aalst and Pesic 2006) propose a declarative

approach that specifies necessary temporal interdependencies. This approach

allows a more flexible change of the product model without having to alter

complete process descriptions.

The process model provides concepts (rules) for a declarative description of

temporal interdependencies between service components. These rules can be

mapped on LTL comparable to non-hierarchical dependencies. The rules

provided can be divided into two sets: “necessity rules” (defining that a compo-

nent needs another component to be processed in advance or afterwards) and

“exclusivity rules” (defining that a component excludes the execution of another

component) (e.g. Table 2).

5 Final Discussion and Implications

The proposed meta-model can be used to describe service systems in a formalized,

precise and detailed way; thus aiming at a better understanding, less friction and

better processing by information technology. As it is based on a broad literature

Table 2 Rules for a declarative process description

Rule LTL notation explanation

b_needs_succeeding_b’ □(b)◊(b´)) If component b is processed,

component b´ has to be processed

at any time afterwards.

b’_needs_preceding_b ¬(¬b U b´) Component b´ can only be processed,

if component b was processed at

any time before.

b_needs_imediate_succeeding_b’ □(b)
(○(b´))∨(○(b)))

If component b is processed,

component b´ has to be processed

immediately afterwards.

b’_needs_imediate_preceding_b ¬◊(¬b∧○b´) Component b´ can only be processed,

if component b has been processed

immediately before.

b_never_before_b’ ¬◊(b∧◊b´) If component b is processed,

component b´ must not be

processed at any time afterwards.

b_never_imediately_before_b’ ¬◊(b∧○b´) Component b´ must not be processed

immediately after the processing of

component b.
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analysis and on an analysis of existing modeling approaches, it covers a fairly wide

range of the current state of the art in service systems modeling. The development

approach of the meta-model (extracting concepts, a formalized meta-model and

technical concretion) allows a continuous enhancement because further concepts

can be added or changes of the actual meta-model can be made.

The evaluation of the meta-model (in different use cases) has shown that the

concepts provided are sufficient, yet the meta-model might be too expressive and

therefore too difficult sometimes to understand. Hence, a revision of the current

meta-model might decrease the complexity and simultaneously increase usability.

This revision can be achieved by further use cases or by a theoretical analysis of the

given meta-model.

Even though the given meta-model can generally be used for modeling all kind

of service systems, it is obvious that there are some weaknesses in modeling soft

factors of the service domain (e.g. customer satisfaction or “moment of truth”) as

they cannot be expressed by determinate values.

For a further improvement of the service modeling effort several steps are

necessary. Firstly, an automatic analysis of comprehensive text resources would

allow an additional extraction of specific concepts in the domain of service science.

These concepts could contribute to the meta-model. Furthermore, the meta-model

lives up to its promises only when modelers agree on used vocabularies. Therefore,

specific vocabularies need to be defined for certain sub-domains of the service

domain (e.g. “remote services”) and the meta-model has to be adapted to these

vocabularies.

While other disciplines have standards (e.g. “UML” in Software Engineering)

that can be developed further, no consistent standard exists for modeling service

systems so far. Therefore, it is worth thinking about developing a standard for

modeling services or investigating standards from other disciplines (e.g. Web

Service description standards like WSDL, UDDI, etc.) and analyzing to what extent

they can be used or adopted. This standard would lead to a faster and continuous

enhancement of existing modeling approaches.

As the modeling approach has the aim to provide a better understanding of

service systems and allow a better processing by information technology, it is

necessary to build different tools that can facilitate this meta-model. In addition

to a graphical editor, tools for simulation, optimization and planning as well as for

operational management are necessary.

By the given meta-model a first step has been taken towards a formalized

description of services with regard to the idea of service systems.
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Onto-ServSys: A Service System Ontology

Manuel Mora, Mahesh Raisinghani, Ovsei Gelman,

and Miguel Angel Sicilia

Abstract In this chapter, we report the design of an ontology (called onto-ServSys)

for the relevant service system construct used in the Service Science, Management

and Engineering (SSME) arena. These conceptual artifacts have been used to

establish a non-ambiguous and common set of basic constructs for supporting

automated reasoning on a domain of interest in intelligent systems. While this

reported ontology is initial, and still conceptual, we claim it is useful to advance on

an integrated view of service systems, which at present, given the multiple and

disparate literatures, is fragmented and disperse. Such integration is realized

through a Systems Approach, and its design is guided by a conceptual design

research method.

Keywords Service system � Ontology � Systems approach � Onto-ServSys � i-KMS

� Service science � SSME

1 Introduction

Service Science, Management and Engineering (SSME), is a holistic academic,

business, and governmental endeavor, which has emerged as a plausible interdisci-

plinary academic response to cope with the knowledge demanded for designing and

delivering modern and complex business and governmental services, as well as for

designing and managing their co-generative service systems (Chesbrough and

Spohrer 2006). Such a service-oriented worldview and knowledge demand can

be justified given the shift from a product-based manufacturing economy to a
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service-based one (Quinn 1992). Consequently, a vast and rich literature (Spohrer

and Kwan 2009) has been generated in the last four decades. However, this

avalanche of service frameworks, schemes, models, and constructs has generated

also fragmented, disperse and even conflictive knowledge (IfM and IBM 2008).

Under this complex situation, a myriad of concepts with a variety of definitions,

attributes, and interrelationships, we pose that conceptual artifacts and methods to

organize and provide an initial but integrative view are required.

In this chapter, we consider the utilization of ontology – as the conceptual

artifact- and the Systems Approach, as the conceptual method for such an aim.

An ontology is a formal and computerized specification of constructs for a domain

of interest, which have been used for supporting automated reasoning in intelligent

knowledge management systems (i-KMS) (O’Leary 1998). The Systems Approach

(Ackoff 1971; Checkland 1983; Gelman and Garcia 1989) has showed its useful-

ness to organize complex conceptual domains (Mora et al. 2008a), and thus, can

provide adequate theoretical capabilities to organize conceptually such a complex

content. Accordingly, in this chapter, we report the design and conceptual valida-

tion of a service system ontology (called Onto-ServSys). This design is guided

through a formulative-evaluative conceptual design research method (March

and Smith 1995; Glass et al. 2004; Hevner et al. 2004; Mora et al. 2008b).

This formulation of formal definitions for such constructs is essential for achieving

a theoretically robust foundation and a better understanding of this interdisciplinary

field. Consequently, we consider that Onto-ServSys ontology contributes to the

literature by adding: (i) an initial ontology which provides integrated conceptuali-

zations and interrelationships on the domain of service systems built on three core

analyzed literatures; (ii) harmonization with the core concepts from the Systems

Approach; and (iii) an initial knowledge model for deploying i-KMS related to

service systems (for instance for describing and comparison of service-oriented

process standards and models such as ISO/IEC 20000, ITIL v2/v3 , CMMI-SVC

and eSCM-SP v2).

The structure and organization for the chapter is as follows: in Sect. 2 we describe

the research method. In Sect. 3, we review the related work on service systems from

marketing/managerial, operations research/systems engineering, and IT domains.

In Sect. 4 we report the conceptual design and validation of Onto-ServSys. We end

this chapter, in Sect. 5 with contributions, limitations and conclusions.

2 Research Approach

A formulative-evaluative conceptual design research method can be used for

designing a conceptual artifact through a systematic process (Glass et al. 2004).

March and Smith (1995) indicate that a design research approach can be used to

build and evaluate non-trivial, non-naturally created and non-existent artifacts

needed for human-being purposes. In design research, a build activity responds to
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the inquiry: is it feasible to build an artifact X by using a method, materials, and

tools Y?, and an evaluate activity to: does the artifact X fulfill the design range

of a set of M expected metrics? While March and Smith (1995) do not report

guidelines for the build activity, they suggest two critical metrics for the evaluation

activity: utility and value, in contrast to truthfulness of natural and behavioral

sciences. Design research method has been also enhanced by Glass et al. (2004)

and Hevner et al. (2004). Glass and colleagues propose a formulative-evaluative

generic research goal, which can be supported in one specific method from 19 items

reported. In Hevner et al.’s framework (2004), seven design research guidelines

(reported in Appendix) and four types of products (design artifacts: constructs,

models, methods, or instantiations) are reported.

In this chapter, we use a formulative-evaluative conceptual research method

(extended by Mora et al. 2008b) with five activities are: CD.1 Knowledge

Gap Identification, CD.2 Methodological Knowledge Selection, CD.3 Conceptual

Design, CD.4 Design Data Collecting, and CD.5 Analysis and Synthesis. Activities

CD.1 and CD.2 corresponds to Sects. 1–3 and 2 of this paper. Activities CD.3, CD.4

and CD.5 are reported in Sect. 4. In CD.2, the selection of the methodological

knowledge selection is based on two criteria: (i) adequacy to treat conceptual complex

pieces to be analyzed and synthesized, and (ii) specific methodological familiarity by

researchers. Given these two criteria, a Systems Approach (Ackoff 1971; Checkland

1983; Gelman and Garcia 1989) and Ontology Engineering (O’Leary 1998) are

selected as methodological knowledge tools. Both have proved their effectiveness to

organize complex conceptual domains (Mora et al. 2008a). The Systems Approach

permits modeling a real or conceptual situation as a system comprised of interacting

subsystems, and into a wider system, and an environment, which affects it. All of

the systems share a set of essential attributes as: purpose, function, input–output

items-flows, and outcomes. Thus, the Systems Approach can provide parsimonious

but powerful concepts to organize disparate and complex elements as a hierarchical

organization under a common purpose (Mora et al. 2007).

Ontology Engineering approach, in Artificial Intelligence (AI) area, aims to avoid

ambiguities in used concepts, promote their re-utilization and standardization, and that

they serve as building blocks formore complex automated-reasoning systems (Gruber

1991; Chandrasekaran et al. 1998). An ontology, in the AI domain, is a set of essential

agreed definitions on the things to be represented in an intelligent system, and can

be defined as: “an intentional specification of the things, their properties, interrelation-

ships, and their basic instances, assumed to exist into a world of interest, expressed

explicitly in a formal computerized notation” (extended from Gruber 1993).

An ontology differs from a database model in the following issues: (i) ontologies

(database models) have a few (a high) number of concepts and a high (a few) number

of interrelationships between them; (ii) ontologies (database models) are populated

usually with a few (a high) number of instances; (iii) ontologies (database models)

permit (does not permit directly) automated inference mechanisms to reason on the

concepts per se rather the instances; (iv) ontologies (database models) usually are

useful to respond how and why ( what, where, how much, how many) alike queries;

and (v) ontologies can be considered meta-models for database models.
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Ontologies can be implemented in diverse types of knowledge representations

(KR) mechanisms: (i) frames/OKBC based mechanisms (Chaurdhi et al. 1998),

(ii) first-order logic (FOL) based mechanisms (Description Logic (DL)) (Hooker

1996; Horrocks and Sattler 2008), and (iii) KIF-based mechanisms (a subset of

FOL) (Genesereth and Fikes 1992). Three main criteria can be used describing and

comparing these three KRmechanisms. These are: (i) power expressiveness defined
as the level of variety of language elements to represent efficiently a part of

the world; (ii) reasoning issues that are features related with the capabilities

of the inference engines embedded in the mechanism; and (iii) pragmatic issues
that are features affecting directly the intention of use of a mechanism due to

its utility and easiness of use mainly. These criteria can be also used to compare

tools that implement these KR mechanisms (Denny 2002). However, no KR

mechanism outperforms to another ones in all criteria. This chapter reports a

conceptual design in a generic semantic network. Implementation decision on the

final KR mechanism to be used will be realized in next final research stage.

Several methodologies have been reported for designing an ontology. These

can be classified in two main categories: (i) methods to design isolated ontologies

(Gruninger and Fox 1995; Noy and McGuinness 2008), and (ii) methodologies for

designing a full intelligent Knowledge Management Systems (i-KMS) (Heijst et al.

1996; Edgington et al. 2004). In this chapter, we use a methodology based on Noy

and McGuinness (2008) given the conceptual design as research goal. In a next

research stage, this ontology is planned to be used (computationally implemented)

for deploying i-KMSs in the domain of service process standards. The essential tasks

for designing the ontology are the following: (i) definition of domain, scope,

competency, and design goals of the ontology; (ii) identification of knowledge

sources; (iii) initial identification and organization of ontological components (con-

cepts, hierarchy of concepts, interrelationships); and (iv) evaluation and refinement

of ontology.

3 Theoretical Background on Service Systems

Conceptualizations

In particular, three vast research domains on service systems have been: Marketing/

Management domain (Levitt 1972, 1976; Lovelock 1983; Shostack 1984; Heskett

1987; Parasuraman et al. 1988; Scheselinger and Heskett 1991; Quinn 1992; Heskett

et al. 1994; Vargo and Lush 2004; Lovelock and Gummenson 2004), Industrial and

OperationsManagement domain (Mills andMoberg 1982; Chase and Erikson 1988;

Wemmerlov 1989; Cook et al. 1999; Tien and Berg 2003; Tien 2008; Gautschi and

Ravichandran 2006; Araujo and Spring 2006; Chase and Apte 2007; Spohrer et al.

2008; Spohrer and Kwan 2009; Mora et al. 2009), and Information Technology

domain (Lewis 1976; Pitt et al. 1995; Kettinger and Lee 2005; Rai and Sambamurthy

2006; Demirkan and Goul 2006; Demirkan et al. 2008).
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Related research efforts have been also reported on service models and

meta-models (Garschhammer et al. 2001; Johnston 2005; Object Management

Group 2006 (call for proposals), Jegadeesan and Balasubramaniam 2008; Braun

and Winter 2007; Ebert et al. 2007; Black et al. 2007; Alter 2008), and service

ontologies (e.g. formal models that enabling reasoning capabilities) (Feier et al.

2005; Baida et al. 2005; MacKenzie et al. 2006; Sheth et al. 2006; The Open Group

2008; Ferrario andGuarino 2008).However, thesemodels have been built uniquely on

a single literature (Marketing, Operations Management, or IT) and have omitted

fundamental conceptual links to the Systems Approach. Consequently, we claim that

while thesemodels are useful for real applications, such schemes still provide a partial

view of what is a service andwhat is a service system. A comprehensive formalmodel

which includes the main common contributions of the three dominant literatures tied

with a Systems Approach is required to establish a theoretical robust knowledge

bridge. We cannot design efficient, cost-effective and trustworthy service systems

when the concept of system is weakly used (Ackoff 1971).

Another extensive historical tracking study on service research by Chase andApte

(2007) reports that scientific studies or interventions on services business are not new.

First stage is linked to early 1900, for improving human routines, following the

successful cases in the entertainment and hotel/hosting services, via well-designed

process and well-defined roles for human participants. A second stage is linked to a

clear industrialization of services (Levitt 1972, 1976), the acknowledgement of core

services attributes like intangibility, co-production between provider and customer,

and simultaneous generation and consumption (Shostack 1984), the extent of

customer participation and responsibility in the successful service achievement

(i.e. Chase’s contact customer model (1978)), the need for a clear service process

blueprint where the visible and invisible part of the service process be defined

(Shostack 1984), and the management of the demand and supply balance given

that the services cannot be produced in advance and stored (Sasser 1976). A third

stage is linked to a service strategy view (Heskett 1987), a service profit chain

(Heskett et al. 1994), typologies of service systems configurations (Lovelock 1983;

Wemmerlov 1989), and quality and guarantee models (Parasuraman et al. 1985; Hart

1988). Finally, a fourth and present stage is mainly related to the concept of

information-intensive services (Apte and Mason 1995) and knowledge-based ser-

vices (Quinn 1992). In particular, Chase and Apte (2007) alert that while the

dominance of service sector in the present economy is well recognized, the dedicated

research efforts are less than expected.

Hence, while such a vast literature for articulating such service and service
systems constructs have been fruitful, a main standardized scheme has not been

reported. Under this complex situation of a variety of definitions, attributes, and

interrelationships, we consider that the Systems Approach (Ackoff 1971; Checkland

1983; Gelman and Garcia 1989), can be used to organize such a rich set of insights in

an initial plausible integrated formal model (e.g. ontology). According toMora et al.

(2009) the majority of the previous studies provide rich conceptual schemes and

models (constructs, attributes and interrelationships) for service system, but these

are partial, fragmented, and disperse views by not using the Systems Approach.
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Notable exceptions are Chase and Erikson’s (1988), Johnson’s (1995), Tien’s (2008),

Spohrer et al.’s (2007); Spohrer’s et al. (2008), and Mora et al.’s (2009) studies.

Chase and Erikson (1998) establish the need of open systems logic to under-

stand a service system. Authors (idem) contrast with a closed-system thinking

usually perceived in the manufacturing systems. Johnson (1995) develops a

systems-based instrument for measuring quality of service composed by three

factors: inputs, process, and outputs. Arguments are reported on a more holistic

model to capture the complexity of a service system than competitive models. For

Spohrer et al. (2007, p. 76) service systems are “. . . complex adaptive systems

made up of people, and people are complex and adaptive themselves. Service

systems are dynamic and open, rather than simple and optimized. And there are

many different kinds of value, including financial, relationship, and reputation.”

In Spohrer’s et al. study (2008, p. 72) service systems are re-defined as “. . . a
value coproduction configuration of people, technology, other internal and exter-

nal service systems, and shared information (such as language, processes, metrics,

prices, policies, and laws.”

Tien (2008) introduces the concept of system of systems (SoS) as a better

descriptor of a service system, where the provider and customer entities are systems

per se, comprised by the components of people, processes and products. In the

domain of systems engineering, the concept of SoS is usually used to make

explicit the composition of a complex macro-systems from human-being perceived

components like systems per se (Carlock and Fenton 2001). From a theoretical

systemic viewpoint, the structure of environment, system and subsystems, can be

used recursively.

In Mora et al. (2009), a service is defined as a multifaceted concept that can

be mapped to: (i) an agreed and expected flux of interactions between the two

entities in the service system, (ii) a property of each entity in the service system

that is expected to be positively affected by such interactions, and (iii) an emergent

property (e.g. co-generated by the system, and not by individual components)

of the service system valued by people but that can be complemented with

objective metrics measured automatically by devices. In turn, a service system

(idem) is defined as a system comprised of two sub-systems: (i) a service facilitator
sub-system (e.g. the original service provider), and (ii) a service appraiser
subsystem (e.g. the initial user’s system), that pursues the co-generation of an

explicit or implicit agreed and expected service. Thus, because a service system is

a system, all core foundations from the Systems Approach (Ackoff 1971;

Checkland 1983; Gelman and Garcia 1989), that have been derived for all kind

of systems, apply on such a real system: (i) the environment, supra-system, system,

sub-systems, and components hierarchy; (ii) core properties (emergence, purpose-

fulness, organization, controllability, and wholeness); and (iii) the variety of

inherent systemic problems (environment-system-subsystem conflicts).

In this chapter, we update the service system conceptualization reported in Mora

et al. (2009) by integrating main updated service literature and redesigning the

concept of service systems in congruence with the Tien’s concept (2008) of a

system of systems (SoS). A working conceptual table (it is not reported here for
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space reasons but it is available upon request) was elaborated as follows: (i) first, we

elaborate an updated skeleton of a service system by using core concepts of the

Systems Approach (Ackoff 1971; Checkland 1983; Gelman and Garcia 1989), and

previous service system concepts reported in Tien (2008), Spohrer et al. (2008), and

Mora et al. (2009); (ii) second, we review integrated literature from the three

domain aforementioned, and populate the skeleton; (iii) third, we assess the most

consistently supported concepts and attributes in three core literatures, and mark

such concepts like essential ones. In this working table, we use the symbols ( , , ,

, ) to assess the following. Likert scale: (●) very high support, ( ) high support,

( ) moderate support, ( ) weak support, and ( ) null support, in each literature.

Finally, in the last column, we report the integrated systemic model from these three

dominant service literatures. From this working table, we elaborate the Table 1.

Table 1 The baseline conceptual matrix for service systems

Core concepts for ontology Mapping to the ten essential SSME concepts

C1.1 System of service systems E1 Ecology of service systems

C1.2 Service system (comprised of service

organizations)

E2 Service system (entities)

C1.3 Facilitator sub-system E3a Service entities of a service system

(supplier)

C1.4 Appraiser sub-system E3b Service entities of a service system

(customer)

C1.5 Services (as flux of interactions) E4 Interactions of entities

C1.6 Services (as levels of attributes of

interest for service systems entities)

E5 Service measures (quality,

productivity, compliance,

sustainable innovation/

improvement )

C1.7 Services (as valued outcomes) E6 Outcomes (value propositions)

C1.8 Services (as levels of attributes of

interest for service systems entities)

E7 Service measures (change of status on

core attributes in both supplier and

customer entities)

C1.9 Processes E8a Resources (organizations)

C1.9 People E8b Resources (people)

C1.10 Other resources (materials and

technology, information and

knowledge, capital)

E8c Resources (technology, information)

C1.4* Appraiser sub-system E9 Service system’s stakeholders

(customer, provider, authorinty,

competitor, others (owners,

employees, community)

C1.3* Facilitator sub-system

C1.11 Regulator-competitor system

C1.12 Support system

C1.13 Owner system

C1.5* Services (as flux of interactions) E10 Access rights (privileged access,

owned, outright, leased,

contracted, shared access)

C1.14 System’s envelop (economic, socio-

cultural, technological, political-

legal and natural-ecological

systems)

It is not considered explicitly in the

ten fundamental SSME concepts.
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This Table 1 was populated by (i) selecting the most important common concepts

reported in analyzed literatures, and (ii) a viable mapping on the ten initial agreed

fundamental concepts in modern SSME research (Spohrer et al. 2008; Spohrer and

Kwan 2009; IfM and IBM 2008). Fourteen essential concepts were generated and all

of them are mapped to the ten fundamental concepts, except the system’s envelop

(macro environment) concept which is not explicitly reported in them.

Hence, we consider the set of concepts reported in Table 1 as the essential

baseline of constructs for designing a service system ontology. However, further

analysis of the ontology, based on development methodologies, suggest that the

initial baseline can be iteratively improved and be preceded by a more generic

ontology (Chandrasekaran et al. 1999). It will be enhanced in Sect. 4, through the

addition of three complementary set of concepts.

4 Conceptual Design and Validation of Onto-ServSys

Onto-ServSys is designed through the utilization of a methodology based on Noy

and McGuinness (2008). Its five tasks are: (i) definition of domain, scope,

competency, and design goals of the ontology; (ii) identification of knowledge

sources; (iii) initial identification and organization of ontological components

(concepts, hierarchy of concepts, interrelationships); and (iv) evaluation and

refinement of ontology.

4.1 Task 1: Definition of Domain, Scope, Competency,
and Design Goals of the Ontology

In this task, the domain refers to the knowledge area(s) to be represented in the

ontology. Onto-ServSys is an ontology designed for the domain of service systems

and systems (in general). Onto-ServSys will cover the essential concepts and

interrelationships that have been posed in the three main service systems literatures.

Competency of an ontology refers to its functional capabilities for responding

inquiries. The generic required inquiries for Onto-ServSys are the following:

(a) why a service systems is a system?; (b) how a service system is comprised?;

(c) what is a service?;(d) what kind of outcomes can generate a service?; (e) what

are the inputs to a service system?; and (f) what are the outputs to a service system?

Finally, design goals must be established to establish generic evaluation criteria

and design guidelines. According to Gruber (1993) the following ontology design

goals should be pursued: (i) clarity, (ii) coherence, (iii) extendibility, (iv) minimal

encoding bias, and (v) minimal ontological commitment. We support first four

principles. We consider that while ontologies can be generic and must contain

only essential concepts, we consider that usefulness and value are also worthy

design goals that must be reached. Under this situation, we sacrifice generality by
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usefulness. Clarity implies that ontology must be understood without difficulties.

We use conceptual maps for this design aim. Coherence implies logical consistency

in the definitions and restrictions (via axioms) elaborated in the ontology. It also

means conceptual coherence between several knowledge sources. We pursue this

design goal via an integrated systematization by using Systems Approach as the

shared common vocabulary. Extendibility implies its potential to be used as basis

for extensions, adaptations, seeking more specific ontologies. We pursue this design

goal with a balance between general and specific content. Minimal encoding bias

implies a specific notation linked to a specific KR tool. We avoid it by using a

conceptual map representation that can be mapped to frames, KIF or description

logic (DL) mechanisms.

4.2 Task 2: Identification of Knowledge Sources

In this task, it is required to locate knowledge sources (human, documents). For

Onto-ServSys the main sources are the core literature on service systems from

marketing/managerial, operations and industrial management, and IT domains.

In the domain of Systems Approach core literature (Ackoff 1971; Checkland

1983; Gelman and Garcia 1989), updated system models (Mora et al. 2003; Mora

et al. 2009) are the knowledge sources. Sect. 3 reports it.

4.3 Task 3: Initial Identification and Organization
of Ontological Components (Concepts, Hierarchy
of Concepts, Interrelationships)

In this task, a list of potential concepts is required at first step. Table 1 is the source

of initial concepts to be used. However, three additional sets of concepts are

required for completing this initial service system ontology: a set of general system

concepts (Table 2), a set of organizational system concepts (Table 3), and set of top

concepts (Table 4).

Table 2 The set of general system concepts

C2.1 General system ( system I, system II)

C2.2 System I (core attributes (emergence, purposefulness, controllability, organization,

problematization, wholeness); core events (reactions, responses, self-actions)

C2.3 System II (subsystems, components, relationships)

C2.4 Sub-system

C2.5 Component

C2.6 System of systems (or supra-system)

C2.7 Entourage (immediate environment)

C2.8 Envelope (macro environment)

C2.9 System input-outputs (objective measures (efficiency, efficacy))

C2.10 System outcomes(subjective measures(effectiveness, ethical, aesthetical))
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From authors’ expertise and previous published research (Gelman and Garcia

1989; Mora et al. 2003, 2007) we report in Table 2 the set of concepts for general

systems, and in Table 3 the set of organizational system concepts. In Table 4,

we report the most essential set of elements (top hierarchy of concepts in an

ontology). We use in this chapter a transcendental realist ontology (Bhaskar 2008)

combined with fundamental classification of systems from Checkland (1983).

Bhaskar’ philosophical view has been reported as highly congruent with the Systems

Approach (Mora et al. 2007).

Given such a list of concepts, a map of interrelationships, and a hierarchical map

is developed. We use a simple but powerful notation to elaborate the map of

interrelationships (see Fig. 1). This notation is adapted from Common KADS-

based Methodology (Heijst et al. 1996). Such an ontology design is an iterative

process due to complexity of several sources.

Figures 1–3 show three partial views of the initial design. In Fig. 1, the essential

ontology based on transcendental realist concepts is reported in gray color with the

link to the concept of general system.

In Fig. 1, the notation for the different relationships used is also reported (is-a-

type-of, can-be-of-type, is-part-of, has(min:max), is-instance-of, and a generic one).

In Table 7 (Appendix) an explanation and examples of these conceptual links are

Table 3 The set of organizational system concepts

C3.1 Organization ¼ system

C3.2 Organizational subsystem ¼ High-Level Business Process (low-level business process

(driver), low-level business process(driven), low-level business process

(informational), socio-political forces)

C3.3 Organizational low-level process ¼ (activities, socio-political business forces)

C3.4 Organizational socio-political process (social forces, political forces)

C3.5 Organizational activity ¼ (tasks, resources (people, procedures, tools, knowledge,

capital))

C3.6 Service ¼ (human-valued {flux of acts, objective attribute, subjective outcome})

C3.7 Product ¼ (machine-valued {simple object, complex object})

C3.8 Organizational system of system ¼ Supra-system (core attributes: purpose, function,

inputs, outputs, outcomes, other-organizational systems of the same organization)

C3.9 Organizational entourage (core attributes: purpose, function, inputs, outputs, outcomes,

other-systems(customers, suppliers, competitors, regulators, partnerships))

C3.10 Organizational envelop ( core attributes: purpose, function, inputs, outputs, outcomes,

other-supra-systems (technological, economic, legal, social, ecological))

Table 4 The set of essential entities

C4.1 Thing (real, conceptual)

C4.2 Real thing (real (mechanisms, structures), actual (event experienced,

events not experienced), empirical)

C4.3 Conceptual thing (individual, social)

C4.4 Real system (natural, artificial, social)

C4.5 Conceptual system (artificial, social)

160 M. Mora et al.



reported. In Figs. 2 and 3, partial views (by space limitations) of the service system

ontology are reported. Systems concepts are reported in yellow color (light gray),

business organizational concepts in blue color (gray), and service system concepts in

purple color (dark gray). This initial ontology is represented as a semantic network

(Sowa 2000). A semantic network is a graph of nodes (concepts) and edges (binary

relationships between concepts). Semantic networks provide simplicity and a rich

expressiveness capacity in a high-level modeling mode. We consider such modeling

features as relevant before proceeding to a more detailed description of the ontology,

where other more powerful inferential mechanisms but also more expressively

limitative like description logic (a subset of first-order logic) can be used (Horrocks

and Sattler 2008).

4.4 Task 4: Evaluation and Refinement of Ontology

In this final step, we consider an internal evaluation (conducted by the authors)

based on the following criteria (Gruber 1993): (i) clarity, (ii) coherence,

real thing conceptual thing

thing

r-system r-non-system c-non-systemc-system

artificial c-systemsocial system

general
system

natural system artificial r-system

Notation

B

A

is-a-type-of

B

A

can-be-of-type

B

A

is-part-of

A

B

has(N:M)

A

B

generic r

A

B

is-instance-of

Fig. 1 Essential ontology of things
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(iii) extendibility, (iv) minimal encoding bias, and (v) minimal ontological

commitment. For this aim, we review the following inquires: (i) is the ontology

cognitively clear?, (ii) is the ontology coherent with theoretical sources?, (iii) can

the ontology be easily extended , (iv) is the ontology limited to a specific represen-

tation?, and (v) is the ontology linked to some philosophical commitment?

Authors, from different backgrounds (Systems Engineering, Computer Sciences,

Information Systems, and Mathematics and Systems), verified that this ontology

satisfies the clarity principle, because is simple to be understood by audiences in

these four disciplines. Given the theoretical sources used in its design (Tables 1–4),

Fig. 3 Service systems ontology (organization system and service system view)
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authors also consider that this ontology satisfies the coherence principle. The

extendibility principle is also achieved given a balance between generic concepts

and specific reported in service literature. In this way, additional generic and

specific concepts can be used to adapt and extend this ontology. The minimal

ontology encoding bias is achieved via a generic semantic network representation,

which can be mapped to several KR mechanisms.

Finally, we differ of the ontological commitment principle. While Gruber (1993)

suggests as positive criterion to avoid it, we consider that the opposite purpose is

more consistent with what an ontology is: the acceptance of what exists in a domain.

Thus, we define an ontology as a precise commitment to accept what is considered

to be in a domain. For instance, for a transcendental realist ontology (Bhaskar

2008), the commitment is the existence of real and conceptual things. While real

things have enduring mechanisms and structures, the conceptual things have only

modifiable ones.

A second evaluation conducted by the authors reviewed the competency inquires

for which the ontology must provide responses (e.g. the ontology must have

knowledge codified for answering them). Competency responses implicitly include

a pragmatic completeness criterion. From a formal view, logical completeness

implies that the any logical sentence implied in the ontology can be derived by

applying logical rules. KIF-based mechanisms (a subset of First-order Logic)

makes a trade-off on this attribute (there is not an algorithm to satisfy this attribute

in KIF-based mechanisms) versus expressiveness power. However, this mechanism

is logically soundness which implies that only valid (truth) derivations can be

achieved (Hooker 1996) and a pragmatic completeness is realized through the

correct derivation for the competency inquiries.

The six expected competency inquiries are achieved as follows: (a) why a

service system is a system? From Fig. 2, a service system is an organizational

system of systems (is-type-of(B: service system, A: organizational system of

systems)), and it is a type of system of systems, which while it has also several

general systems, per se, is a general system (is-type-of(B: system of systems,

A: general system)). Hence, a service system has all default elements for a general

systems. It has an entourage and an envelope. The entourage attribute in the general

system will lead to the derivation of a service entourage (called service ecology)

which has the regulator-competitor and support systems. The envelope attribute, in

turn, will lead to derive the service envelop that has the economic, socio-political,

technological, political-legal and natural-ecological systems.

The second competency inquiry (b) how a service system is comprised?, is

achieved as follows: a service system has one facilitator and one appraiser systems.

Both are of type service organizations, and a service organization is a type of an

organization. From this concept, the elements of an organization can be mapped to

the facilitator and appraiser systems. In particular, the people, processes and other

resources are part-of a service organization also via the organizational resource

concept. It is relevant to note that a service system concept considers the general

case of a facilitator entity and a specific market of customers, rather than an

individual customer. This specific market segment can be analyzed like a virtual
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organization. We suggest that this view will help in the design process of a service

facilitator system.

The third competency inquiry, i.e., “(c) what is a service?” is achieved as

follows: a service is an entity with three sub-types: service outcomes, service

measures and service interactions. Service outcomes can be effectiveness, ethical

or aesthetical issues, but all of them are human-valued outcomes, which is the

emergence of a general system (e.g. the service system). Service measures can be

efficiency and efficacy issues but both are objective metrics, which is a part

of the controllability issue of any general system. Finally, service interactions can

be a flux of actions, energy, material, or data-information-knowledge items. This

ontology, thus, supports the 3-dimensional view of what a service is. As a human-

valued outcome, a service is type of system outcome from effectiveness, ethical,

or aesthetical types. As an objective outcome, a service is a type of system fact or

event from efficiency or efficacy type, and as a flux of acts, a service is a type

of output in a system.

The fourth competency inquiry, i.e., “(d) what kind of outcomes can a service

generate?”, is achieved from a similar reasoning chain reported in the (c) case.

It can be derived that a service can generate an human-valued outcome among

effectiveness, ethical or aesthetical types.

Fifth and sixth competency inquires, i.e., “(e) what are the inputs to a service

system?, and (f) what are the outputs to a service system?”, are achieved because a

service system can be assessed as a general system (through several derivations), and

it has a system. It also has some s-core attributes, where one of them is controllability.

This attribute is made of three concepts, i.e., objective metrics, inputs and outputs.

The inputs and outputs could be energy, material, data-information-knowledge, or

a flux of acts. Hence, the inputs and outputs of a service system are derived as energy,

material, data-information-knowledge, or a flux of acts.

5 Conclusions

In this paper, we address the implicit research purpose associated with the existing

“service system” literature in order to reduce and manage the cognitive complexity

manifested by multiple concepts, attributes, interrelationships, focus of interest, and

conceptual layers, through two conceptual tools: a skeleton/frame based on the

Systems Approach and a conceptual (and computationally feasible) ontology. Given

the inherent complexity, we have relied on main integrative and core studies in

the three literatures that have dedicated the greatest efforts to study such concepts.

Our purpose is not to design a particular simple model (e.g. around 7–10 constructs)

for being empirically tested and statistically derived from the particular associations

among these constructs.While we believe this is useful, we also consider that the state

of the art on the knowledge of service and service systems, in its new perspective

(Spohrer et al. 2007), demands – at present – wider conceptual models, which

can be used to select diverse specific models (e.g. conceptual sub-sets of the general

model).
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Thus, we have reviewed the main contributions and conflicts from service

studies on marketing/managerial, industrial and operations management, and IT

domains to gather key findings that permit the generation of a more theoretically

robust conceptualization of a service system construct. While that the study of

services has been underway for more than a century (Chase and Apte 2007), its

economic relevance is for the first time seen as critical in the current post-industrial

society where knowledge and services are more important than labor and products,

despite the fact that the latter are still included and needed by the former. However,

while a vast and rich literature has reported valuable knowledge on service and

service systems, the core knowledge fragmentations can be identified as follows:

(a) the concept of service is perceived differently as acts, events, or an intangible

value; (b) the theoretical links from service literature and systems literature have

not been fully explored; (c) the systemic structure of service business organizations

and service delivering has been further explored in IT domains, rather than in

managerial and operations management domains, as a possible consequence of

the critical role of computer and communications technologies in the post-industrial

society (Huber 1984); (d) a knowledge map on service and service systems has been

missing in the literature; and (e) the few reported ontologies have been limited to

computer services rather than general service and services systems. Consequently,

such a knowledge generation must cope with all features relevant for management

and engineering services and service systems, and not uniquely on single aspects.

For instance, in the information technology domain, the knowledge of service-

oriented technologies has preceded the knowledge of methodologies for designing

large-scale and complex service-oriented systems, or the knowledge on standards

and model of processes for managing IT as a service has preceded the knowledge of

design and building them. We consider that these knowledge gaps lead to

knowledge islands between the academicians and practitioners in the same IT

domain. If we added another core domain (e.g. marketing/managerial, and/or

industrial and operations management) to this IT stream, the cognitive confusion

on service and service systems becomes unavoidable.

From a managerial perspective, the core ideas presented in this chapter highlight

their relevance to unique aspects of value creating service systems and networks,

especially along key agreed SSME performance indicators/dimensions such as

service quality, service productivity, service compliance, and service innovation.

Modern organizations must develop and maintain a strong learning environment to

remain competitive in the modern global economy, continually transforming them-

selves to embrace change. They must figure out how to disseminate their own

internal knowledge, in addition to acquiring knowledge externally. One of the

methods for executing this strategy is to elaborate and conceptually validate a

formal specification for service systems. The companies who can successfully

perform this will become learning organizations. The level of learning in an

organization can directly impact its ability to implement new technology and

e-business systems, required for keeping pace with competitors.

Hence, we consider that this paper contributes to our academic and practitioner

knowledge on service systems addressing the following issues: (i) it presents an
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original ontology (called Onto-ServSys) that provides integrated conceptualizations

and interrelationships on the domain of service systems; (ii) it presents a plausible

harmonization of core findings on service systems from three core literatures with

core concepts from the Systems Approach, which have been omitted in such

literatures; and (iii) it makes available an explicit knowledge model that can be

used as an ontology base for further deploying of an i-KMS for describing and

comparison process standards and models on services, as well as services systems

in general. Given the cognitive complexity to merge disparate literatures on similar

real constructs (service, and service systems) but differently conceptualized, we

consider that the Systems Approach can provide suitable tools for organizing such

concepts and reducing, and managing such a complexity. However, we recognize

that this proposal is an initial model, and more detailed ones, and empirical tests on

deployed i-KMS are required for a better understanding of this complex concept: a

service system.
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Table 5 Conceptual research activities

Research activity Inputs Process Outputs

CD.1 knowledge gap

identification

*Initial research

goals.

*Conceptual units

of study.

1.1 Selection of studies by

(i) recognition of

authors; and

(ii) comprehensibility

of studies.

1.2 Identification of

contributions and

limitations in studies

regarding the research

goals.

1.3 Relevance validity

assessment of the

knowledge gaps.

*The confirmed and

refined research

goals.

*The relevant

knowledge gaps.

CD. 2 methodological

knowledge

selection

*Confirmed and

refined research

goals.

*Relevant

knowledge

gaps.

*Conceptual units

of study.

2.1 Definition of the

research purpose

(conceptual

exploratory or full

design).

2.2 Assignation of unit of

studies between

researchers.

2.3 Selection of the design

approach (heuristic or

axiomatic).

*The research

purpose.

*The work plan.

CD. 3 conceptual

design

*Conceptual units

of study.

3.1 Designing of the

construct, framework/

model/theory, method,

or system/component

(not instanced in a real

object) by applying the

selected design

approach.

*The conceptual

designed artifact.

CD. 4 design data

collecting

*Conceptual

designed

artifact.

4.1 Identification of

conceptual units

for testing.

4.2 Application of

conceptual units for

testing.

4.3 Face validity from a

panel of experts (not

involved in the design

team).

*The conceptual

designed and

tested artifact

(initially used

with test data).

2. The face validity

assessment.

(continued)

Appendix: The Conceptual Design Research Method

See Tables 5–7.
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Table 5 (continued)

Research activity Inputs Process Outputs

CD. 5 analysis and

synthesis

*Conceptual

designed and

tested artifact

(initially used

with test data).

*Face validity

assessment.

5.1 Analysis (direct

insights) and synthesis

(emergent insights) of

findings derivable

from the designed

conceptual artifact.

*The contributions

from the

conceptual

designed artifact.

Table 6 Compliance to design research guidelines

Id

Hevner’s et al.’s

guideline How did this research address these guidelines?

1 “Design as an

artifact”

A new service system ontology (a kind of formal specification) is

generated.

2 “Problem relevance” The need of having a set of standardized formal constructs for service

system is reported. This concept is fundamental for the

advancement of SSME.

3 “Design evaluation” Given the scarcity of similar ontologies (formal specifications), the

evaluation is realized through the descriptive category by using an

informed argument from a panel of experts. This validation is usual

in conceptual design of simulation models (e.g. face validation).

An empirical validation, will be realized when the artifact (e.g. the

ontology) be deployed in an intelligent KMS.

4 “Research

contributions”

Research contributions are satisfied by the (i) designed artifact itself,

and (ii) the theoretical linking to Systems Approach and ten service

fundamental concepts.

5 “Research rigor” Methodological rigor is satisfied through the utilization of the Systems

Approach instanced in the design conceptual research method

based in Mora et al. (2008b), March and Smith (1995), and Glass

et al. (2004). It satisfies also Hevner’s et al. (2004, p. 81) criterion

for that a problem be considered for design research versus routine

design: “Design-science research in IS addresses what are

considered to be wicked problems . . .That is, those problems

characterized by . . . complex interactions among subcomponents

of the problem and its solution”.

6 “Design as a search

process”

Design as a process – based on Artificial Intelligence discipline – can

be defined as the time-space-economical feasible localization-

generation of a feasible node in the solution space under the

satisfaction of the goal and related constrain set. For complex

problems, this an iterative process guided by axioms – if exist

them – or heuristics. This research, given the complexity of the

used conceptual pieces, required such a process.

7 “Communication of

research”

Design research is presented for IT academic audience (e.g. the service

system ontology), and it is also explained its usefulness for

managerial audience.
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Table 7 Types of conceptual links

Type of link Description and example

is-a-type-of

(B,A)

This link asserts that a concept B is an element of the upper category labeled as

concept A. Examples are: is-a-type-of(B: natural system, A: real system),

and is-a-type-of(B: emergence, A: s-core attribute).

can-be-of-type

(B,A)

This link implies that a concept B can be abstractly instanced in a category of

type A. Examples are: can-be-of-type-of(B: service measures, A: efficiency

issue), can-be-of-type(B: input, A: energy). A can-be-of-type relationship is

less restrictive than an is-a-type-of relationship.

is-part-of(B,A) This link asserts that a concept B is a mandatory part of a concept A. Examples

are: is-part-of(B: service outcomes, objective A: service), is-part-of(B:

system I, A: general system).

has(A,min:

max,B)

This link asserts that a concept A has between a minimal and a maximum

number of concepts B. Examples are: has(A: system I, 6:N, B: s-core

attributes), and has(A: service system, 1:1, B: appraiser system).

is-instance-of

(B,A)

This link implies that B is a particular identified real or conceptual case of a

category A. Examples are: is-instace-of-(B: driver process, A: high-level

processes), and (B: control process, A: low-level process).

open generic

link

This generic relationship is open for modelers can assign the required label.

Examples are: generate(A: service system, 1:N, B: service) and uses(A:

service, 1:N, B: product).
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A Framework that Situates Technology

Research Within the Field

of Service Science

Kelly Lyons

Abstract Service science strives to bring together many disciplines (including

computer science, cognitive science, economics, organizational behavior, human

resources management, marketing, operations research, and others) in an attempt to

study service systems in the following ways: understanding what service systems

are and how they evolve; studying how to invest in order to improve management

practices in service systems; determining how to create new technologies that

increase the scaling of service systems; and, establishing a basis for assessing and

relating relevant interdisciplinary knowledge within this emerging field. Academic

and industry researchers from separate and currently mostly isolated disciplines are

each approaching the field of service science from their own perspectives. This

chapter presents a framework that technology researchers can use to understand

and articulate how their research relates to the field of service science. The result

will better enable technology researchers to relate to and engage with other

researchers in the interdisciplinary field of service science.

Keywords Framework � Service science � Service systems � Research

1 Introduction and Motivation

Service is defined as the application of competence and knowledge to create value.

Value is realized through interactions and co-creation among service systems.
Service systems vary in scope (from individuals to businesses, organizations,

governments, and nations) and involve people, information, organizations, and

technology adapting dynamically and connecting internally and externally to
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other service systems through value propositions. Service science strives to bring

together many disciplines (computer science, information systems and technology,

cognitive science, economics, organizational behavior, human resources manage-

ment, marketing, operations research, and others) in an attempt to study and

understand service systems (Maglio and Spohrer 2008).

Researchers in a variety of fields of study, eager to contribute to the emerging

field of service science, are striving to determine how their research fits within

this developing space. In this chapter, we present a framework to help researchers

in computing and technology fields relate their research to service science.

The motivation behind this framework originally came from a workshop on service

science, management, and engineering (SSME) where individuals from diverse

backgrounds (computer science, marketing, social science, psychology, and cogni-

tive science) tried to discuss their research in the context of service science. They

struggled to find a common definition of service and had difficulty clearly articu-

lating how their work relates to the emerging field of service science (SSME

Workshop 2008). The work being presented and discussed at the workshop was

clearly important with the potential to contribute significantly to the service science

field and there was much discussion about how each of the different research

activities presented might do so. The need for mechanisms to reconcile terminology

and relate concepts became quite evident during the discussion.

While it is important to create these kinds of mechanisms for each of the fields of

study related to service science, in this chapter, we focus on the general technology

area including information systems (IS), information technology (IT), and

computer science (CS). A recent article on service-oriented technology and man-

agement poses several questions that indicate a desire to better integrate and relate

work going on in service-oriented computing and service-oriented architectures to

service science (Demirkan et al. 2008). Several open problems are given including

understanding the relationship between the business view of service and the

corresponding technology elements (Demirkan et al. 2008). There is clearly a

need and desire to understand how technology research fields relate to and can

contribute to service science research.

One way to help satisfy this need is to introduce mechanisms and frameworks

that enable researchers to situate their own work within this emerging field. In this

chapter, we present a framework that provides a practical method for positioning

past and future IS, IT, and CS research within the service science research domain.

The main goal of the framework is to enable researchers in these fields to under-

stand how their research relates to and can contribute to the field of service science.

The ability to relate research to service science in this way will enable better

collaboration and interdisciplinary activities in service science involving IS, IT,

and CS researchers.

Section 2 presents related work on frameworks and research landscapes. In Sec-

tion 3, we present our framework by describing the service science concepts used to

define it. In Section 4, we demonstrate the effectiveness of the framework by using

it to situate current information systems research activities relative to the field of

service science. In Section 5, we conclude with suggestions for future research and

further developments of our framework.
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2 Related Work

The approach of using frameworks, models, and landscapes to bring understanding

to and engagement in research activities has been used in other areas (Grover and

Davenport 2001; Brooke 2002; Roth and Menor 2003; Sanders 2006; Kontogiannis

et al. 2007). In most cases, the goals are to look back at the evolution and growth of

a particular research area and identify future topics of research. In (Sanders 2006),

a landscape for talking about and reflecting on the state of research in the area of

design is presented in response to the recognition that design research was going

through a great transformation. The stated goal of the landscape was to provide a

view of the existing design research space in order to support conversation and to

provoke future thinking and action (Sanders 2006). In (Kontogiannis et al. 2007), a

research landscape for service-oriented systems is proposed. They put forward

a classification of research issues pertaining to the business, engineering, and

operational aspects of service-oriented systems in order to better channel research

efforts and enable building on the research of each other. A key reason noted for the

proposed classification and landscape is a recent growth spurt in research in service-

oriented systems which has resulted in substantial research and significant progress

albeit with efforts emerging in several directions and with little coordination.

We are witnessing similar issues in the field of service science with many

research efforts in diverse areas progressing along their own paths with little to

minimal coordination or formal link to service science research. As the field of

service science matures, we see transformations taking place that increasingly

require common frameworks on which to base discussions and collaborations.

In (Alter 2009) a service science domain framework is presented that attempts to

reconcile many concepts from service science. The complex framework consists of

four concentric layers (action, architectural, economic exchange, and industry and

society) and is oriented around two axes which create four quadrants within the

inner two layers of the framework. Its goals include locating topics from different

disciplines relative to the framework, showing synergies between quadrants and

links within layers of the framework and locating specific topics in the framework

such as service-dominant logic (Vargo and Lusch 2004) and various aspects of

software-as-a-service (Dubey and Wagle 2007).

The framework we present in this chapter is simpler and more clearly defined

and based on service science concepts. It is proposed specifically to enable

researchers in IS, IT, and CS research areas to relate their research to service

science, and is straightforward to use for that purpose as demonstrated in Section 4.

3 A Framework for Relating Technology Research

to Service Science

In this section, we describe the framework based on underlying research and

concepts in service science. The methodology we used to define this framework

is somewhat unique and it, itself, exemplifies service exchange and interactions
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among people. A review of service science foundational papers was conducted

which resulted in an original version of the framework. This original version was

validated and evolved through a series of presentations and interactions. It was first

presented, discussed and critiqued at a software engineering research workshop

(Lyons 2008a) and an information systems special interest group meeting on

service (Lyons 2008c). These discussions brought feedback on the framework

from computer scientists, business school academics, researchers in information

schools, and people in the IT industry. Further interaction and discussion brought

feedback through the use of social computing media (Lyons 2008b) and on-line

communities, in face-to-face discussions, and through evaluations and critiques of

the framework in a graduate-level introductory service science course (Lyons

2009). The resulting framework which incorporates this feedback from interdisci-

plinary researchers and practitioners is presented next along with an examination of

how foundational service science papers inform its definition.

Recall that the main goal of the framework is to enable researchers from IS, IT,

and CS disciplines to situate their research relative to service science foundations.

In this section, we show how the framework is defined based on these foundations.

According to Maglio and Spohrer (2008):

Service science combines organization and human understanding with business and tech-

nological understanding to categorize and explain the many types of service systems that

exist as well as how service systems interact and evolve to cocreate value.

From this fundamental definition, we consider two key aspects of service science:

the combination of knowledge from a number of different areas; and, the use of

that knowledge to study service systems and the ways in which they interact and

evolve to create value. Relating any field of research to service science then

requires relating the research to the different knowledge areas and relating the

research to service systems and how they interact and evolve to create value.

Therefore, our framework consists of two dimensions: the vertical dimension

identifies the knowledge areas or kinds of understanding (business, human/organi-

zational/work practice, technological) used in the research being positioned on the

framework; and, the horizontal dimension indicates how the service systems being

studied evolve and interact. Figure 1 shows the dimensions of our framework.

We now present a review of some foundational papers in service science and

show how the concepts within them support this choice of axes for the framework.

We begin with the vertical axis that identifies knowledge and understandings used

to study service systems. The University of Cambridge report (IfM and IBM 2008)

defines service innovation as a combination of the following: technology innova-

tion; business model innovation; social-organisational innovation; and, demand

innovation. Business model innovation and demand innovation can be combined

under a broader category of business innovation. These three types of innovation

map to the three kinds of understanding on the vertical axis of our framework:

technology innovation relates to technological understanding; social-organizational

innovation relates to organzational and work practices understanding; and, business

model innovation and demand innovation relate to business understanding.
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de Jong and Vermeulen (2003) identify the following dimensions of service

innovation: innovation in the service concept; innovation in the customer interface;

innovation in the delivery system; and, innovation in technological options. Inno-

vation in the service concept relates to business understanding in our framework.

Innovation in the customer interface is covered by the horizontal dimension of our

framework which is described later in this section. Innovation in the delivery

system refers to internal work practices and organizational arrangements that are

managed in order for service workers to do their work (de Jong and Vermeulen

2003). This innovation concept relates to organizational and work practices under-

standing in our framework. Service innovation in technological options relates

directly to technological understanding in our framework.

Demirkan and Goul (2006) describe a service-oriented enterprise as having

several layers: low-level technology and infrastructure layers; the business

processes and workflows layer; and, the business strategy layer. These layers map

to the technological, organizational / work practice, and business understandings in

our framework, respectively.

Spohrer andMaglio (2008) plot topics from academic courses and programs over

the last 100 years along three axes (technology, human or social-organizational, and

business), arguing that progress towards a greater balance among these three areas is

in reaction to the shift to a service economy. These three axes map to the three

understandings in our framework. Table 1 summarizes the foundational papers and

corresponding concepts as they relate to the three areas on the vertical axis of our

framework.

Business

Organizational/
Work Practice

Technological

Tech./ Tech. Tech. / People People / People

Value through
Internal

Improvements

Value through Exchange

Fig. 1 The Framework: The vertical axis identifies kinds of understandings used and the horizontal

axis identifies how the service systems being studied evolve or interact
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For the horizontal dimension of our framework, we refer back to the definition of

service science provided in (Maglio and Spohrer 2008) which states that service

science combines various kinds of knowledge to understand service systems and

how they interact and evolve. The horizontal axis of our framework identifies how

the research being situated addresses the study of service systems by differentiating

between research into internal improvements in service systems and research into

different kinds of service system interactions.

An important way in which service systems evolve is through internal improve-

ments. In addition to research that addresses improvements in service system inter-

actions, we also consider research that studies back stage improvements (Teboul

2006). Research that studies service system evolution through internal improve-

ments (back stage) in service systems is located on the far left side of our framework.

We now consider how to define the rest of the horizontal axis such that it deals

with service system interactions. Value creation takes place through exchange

among interacting service systems (Spohrer et al. 2008). In other terminology,

value is being co-produced by two or more actors for and with each other and

also with other actors (Ramı́rez 1999). In their revised foundational premises for

service-dominant logic, Vargo and Lusch (2008) refer to value creation through

resource integration and suggest that individuals and organizations are resource

integrators. In all cases, service system interaction involves at least two actors or

resource-integrators, one applying competence and another integrating the applied

competences with other resources to determine benefit (Spohrer et al. 2008).

The resources identified in (Maglio and Spohrer 2008; Spohrer et al. 2008) are

people, technology, information, and organizations. If we consider that organizations

contain people and technology and information is shared through people and

technology, we can focus on exchange and resource integration between the

people and technology resources in service systems.

Table 1 Foundational concepts as they relate to the vertical axis of our framework

Foundational paper and

corresponding concept

Types of understanding used to study service systems: The vertical axis

Technological

Organizational and

work practices Business

Maglio and Spohrer

(2008)

Technological

understanding

Organization and

human

understanding

Business understanding

IfM & IBM (2008) Technology

innovation

Social-

organizational

innovation

Business model innovation

and demand innovation

de Jong and Vermeulen

(2003)

Innovation in

technological

options

Innovation in the

delivery system

Innovation in the service

concept

Demirkan and Goul

(2006)

IT infrastructure

and

architecture

Business processes

and workflows

Business strategy

Spohrer and Maglio

(2008)

Technology axis Human or social-

organizational

axis

Business axis
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In order for value to be realized and competences to be applied, two of these

resources must exchange something through an interaction. The exchange can take

place between two technology resources using automated processes or web

services. The exchange can occur when a human resource interacts with or

exchanges information through technology, such as in an online banking service.

Finally, the exchange can take place through people-to-people interactions such as

that which takes place in a hotel service.

An important contribution of our framework is the way in which it reconciles the

use of the term service in technology literature with service science terminology.

In (Glushko 2008), a call is made to unify or define boundaries between these two

notions of service, stating that an inability to do so will stand in the way of progress

toward a service science. In our framework, we consider that service systems

interact through resources which can be technological or human. Therefore, in

the context of our framework, research on web services (Alonso et al. 2004) and

some aspects of service-oriented computing (Demirkan et al. 2008) address tech-

nology-to-technology interactions in service systems.

We now present a review of some foundational service science papers and show

how the concepts presented in each support the choice of the horizontal axis for our

framework. Wemmerl€ov (1989) defines three basic types of contacts necessary for

exchange between a service system and a customer in a proposed taxonomy

for service processes: (1) direct customer contact in which the customer is physi-

cally present during the service process; (2) indirect customer contact in which

the contact is mediated in some way by a human or another media form; and, (3) no

contact in which the service process does not interact with the customer as in the

purchasing activities in a restaurant kitchen, for example. The direct customer

contact category (1) is further subdivided into: (1.1) that with no service worker

interactions; and (1.2) that with service worker interactions. The subcategory (1.2)

maps to the people-to-people interactions specified in our framework and both

subcategory (1.1) and category (2) map to our framework’s people-to-technology

interactions. Examples of interactions of type (1.2) provided in (Wemmerl€ov 1989)
are giving a lecture or serving food in a restaurant (people-to-people interactions).

Examples of people-to-technology interactions of type (1.1) and (2) provided in

(Wemmerl€ov 1989) include ordering groceries on-line and withdrawing cash from

an automatic bank teller.

We note that, in 1989, Wemmerl€ov (1989) considered technology as a vehicle

for identifying service processes that are rigid (involved with routine technology)

and fluid (non-routine technology) and not as an interaction medium; therefore, the

technology-to-technology component (necessary to characterize research in service

system interactions today) is new in our framework. We also note that

Wemmerl€ov’s category (3) (no customer contact) maps to service system internal

improvements in our framework. Example service processes that exhibit no cus-

tomer contact given in (Wemmerl€ov 1989) are processing of information/images or

check processing. Further examples of service research that maps to the internal

improvements section of our framework include research in service operations as

surveyed by Chase and Apte (2007).
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Glushko and Tabas (2008) state that,

A key tenet in the service system perspective is that it emphasizes what is common to

person-to-person services, self-service, and services where the provider and consumer are

both automated processes rather than focusing on their differences.

The second dimension of the framework presented in this chapter is defined to

ensure that this tenet is maintained by equally representing the different kinds of

service interactions (person-to-person, person-to-technology – self-service, and

technology-to-technology – service through two automated processes) in the frame-

work. Table 2 summarizes the foundational papers and corresponding concepts as

they relate to the horizontal axis of our framework.

4 Using the Framework to Relate IS Research

to Service Science

There are several ways to demonstrate the effectiveness of our proposed frame-

work. In this section, we consider its usefulness as a means for defining

an information systems research program in service science. We do this by describ-

ing our own research program and some current research collaborations in terms

of the framework. We situate our research primarily in the right side of the

Table 2 Foundational concepts as they relate to the horizontal axis of our framework

Foundational

Paper and

corresponding

concept

Service system evolution and interaction: The horizontal axis

Internal

improvements

Technology-to-

technology

Technology-to-

people People-to-people

Wemmerl€ov
(1989)

(3) No contact – (1.1) Direct

customer contact

with no service

worker present

(2) Indirect

customer contact

(1.2) Direct

customer

contact with

service worker

present

Teboul (2006) Backstage Backstage/

Frontstage

Frontstage Frontstage

Glushko

(2008)

– Service

architecture

– Person-to-person

services

Glushko and

Tabas

(2008)

Backstage Provider and

customer are

both

automated

processes

Self-service Person-to-person

services

Chase and

Apte

(2007)

Service

operations

research

– – –

de Jong and

Vermeulen

(2003)

– Innovation at the

customer

interface

Innovation at the

customer

interface

Innovation at the

customer

interface
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framework spanning the vertical axis; that is, in terms of service science, the goal of

our research is to bring understanding and innovation in technology, work practices,

and business in order to study service system interaction through the exchange or

sharing of information and knowledge between people and between people and

technology. In this section, three research projects are described and situated within

our framework. The positioning of the three research projects relative to service

science is shown in the framework in Fig. 2.

Project P1: The first project to be described fits in the bottom right corner of the

framework. It is based on a method presented by Flor and Maglio (2004) for

identifying which aspects of an offline service business (i.e., one that does not use
technology to mediate interactions with customers) to move online (Flor and

Maglio 2004). Their method is based on the assumption that successful businesses

have well-honed offline practices that can be translated to online practices. They

use media-constellation diagrams to model activities in the service processes in

terms of movement of information across media and apply their method in a hair

salon business.

The goal of our project is to extend their method to identify opportunities to

inject social computing practices in a service business. We have applied this

enhanced modeling technique to a library service offering which provides access

to selected tables of contents of periodicals and access to selected articles from the

periodicals. We have studied the current offline processes in this offering through

observation and interviews with stakeholders and have used our extension of the

Flor and Maglio (2004) modeling technique to identify online social computing

P1

Business 

Organizational/
Work 
Practice

Technological

Tech./ Tech. Tech. / People People / People

Value through
Internal 

Improvements

Value through Exchange

P3

P2

Fig. 2 Three information systems research projects relative to service science research

A Framework that Situates Technology Research Within the Field of Service Science 183



practices that will enable sharing of information (e.g., tables of contents) to people

through technology and sharing of information (e.g., tags, tables of contents

subscription information) among people.

By situating Project P1 on the service science research framework, we can see

how it relates to service science research: Project P1 brings understanding in work

practices and technology to study how to incorporate technology into a service

offering to facilitate both people-to-people and people-to-technology interactions.

Project P2: The second project fits in the middle (vertically) and right (horizontally)

part of the framework. Its overall goal is to study the use of social computing tools in

the enterprise. In this research, we used the network structure of an internal enterprise

blog space (where nodes are bloggers and edges are comments made by one blogger

on another bloggers’ blog) to determine the number of bloggers, number of posts,

number of comments, tags, geographic distribution of bloggers, and their position

within the corporate hierarchy (Kolari et al. 2007).

We discovered a few interesting characteristics of the structure of this internal

blog space: conversations are not limited to peers and employees; conversations

span geographic boundaries (primarily among English speaking countries); blog

comments are highly reciprocal (people comment on each others’ blogs); in-degree

approximates authority; and, out-degree approximates connectors. The results point

to several interesting questions: can this information be used to identify experts; are

blogs enabling a flatter organization; how does employee hierarchy relate to the

implicit interconnections created through blogs; how can conversations across

geographies be encouraged; and, how can these networks be used to enhance

innovation or productivity?

In order to situate Project P2 on the service science research framework, we must

think about the service system of an internal blog community and how value is

created within it through interaction and resource integration. We define the service

system as the organization itself and the blog space as a technological structure that

facilitates value creation through people-to-people interaction. In this way, we view

the employees as internal customers of the organization that delivers various

employee service offerings. Note that some time ago, the notion of internal service

marketing was put forward as a future topic of research in service marketing (Fisk

et al. 1993). Our research aims to understand how the blog space and structure of

interactions enabled through it affect work and work practices within organizations

(Kolari et al. 2007); therefore, we place this work in the middle right part of the

framework (see Fig. 2). By situating Project P2 on the service science research

framework, we are able to articulate how it relates to service science research and

better understand the service system involved.

Project P3: Finally, we present research within our research program that fits in the

top right corner of the framework. In this work, we study business models for web-

based service offerings (such as software-as-a-service, social computing tools, and

virtual worlds) (Lyons et al. 2009). We looked at the kinds of new business models

that are emerging and the impact they are having on the ways in which service

offerings are paid for, delivered, and used. Specifically, we considered how the
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typical roles of provider / customer are changing in the context of emerging online

service offerings and in light of a move from a goods-dominant to a service-

dominant world (Vargo and Lusch 2004). In these emerging business models,

additional third-party entities are key stakeholders and we see co-creation of

value among many actors in the online service offerings. In this research, we

analyzed three types of online offerings and their corresponding business models.

We defined four classes of offering: (1) computational processing and database

service offerings, provided as old-style utilities; (2) content providers from the old

media (gathered by news teams and shared through newswires) and new media

(gathered from the Internet or created by online communities); (3) transactional

service offerings for physical products and packaged software information, or

media products; and (4) brokerage or affiliate models that help bring partners

together to make their own transactions or barter. For each class of offering, we

described how value is exchanged in a variety of specific instances. As the ability to

design new web-based service offerings grows, we will continue to see a need for

innovations in service business models such as those surveyed in this work.

By situating Project P3 on the service science research framework, we see how it

relates to service science research: Project P3 describes innovations in service

business models and shows how they are being used to create value through

exchange among people and between people and technology. This research collab-

oration includes business school researchers, computer science and information

school researchers and benefits from bringing together the complementary expertise

in service marketing, information systems, and computer science.

In this section, we demonstrated how the proposed research framework for

service science research can be used to help define an ongoing information

systems research program in service science. We feel that having a framework

within which to discuss the relationship of our research to the emerging field of

service science is beneficial in two main ways: it enables us to better associate our

different research activities to the field of service science; and, it is useful

in helping define collaboration opportunities with complementary research

programs and projects in service science.

5 Conclusions and Future Work

In this chapter, we proposed a research framework for relating IS, IT, and CS

research relative to the field of service science. We discussed the methodology by

which the framework was defined and demonstrated the effectiveness of the

framework by using it to situate and relate information systems research projects

within the field of service science. The implications of our study for researchers

include having a common reference point for research discussions and collabora-

tions. Specifically, our framework is a practical tool that helps researchers in IS, IT,

and CS reconcile terminology and relate their work to service science research.

Researchers can use the framework to define collaborative efforts that span
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the service science spectrum or focus on specific areas that are under studied.

Implications for practitioners include being able to map investments relative to

the breadth of service science research in order to identify areas of future focus.

Future work involves extending the framework, conducting further testing and

evaluation of the framework, and reconciling it with other related frameworks such

as that presented in (Alter 2009). The framework was originally conceived to help

situate and relate research from a variety of disciplines to the field of service science

but is currently focused on situating technology-related research within the field of

service science. Future work will extend and adjust the framework to situate

research from other relevant fields: cognitive science, economics, organizational

behavior, human resources, marketing, operations research, and others.

There are many ways in which the framework can be further evaluated and tested

including using it to situate a variety of IS, IT, and CS research projects, using it to

define research collaborations, and determining ways to measure the effectiveness

of the framework. Finally, there are many academic programs and courses being

developed in service science and it would be useful to map the curricula in those

programs within the framework to determine the usefulness of the framework in

guiding the design of future such programs.

As the field of service science continues to grow and evolve, the framework

should be evaluated and updated to ensure it develops to meet the needs of the

service science research and academic communities.
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Customer-Driven Value Co-creation

in Service Networks

Stephen K. Kwan and Soe-Tsyr Yuan

Abstract Service Dominant Logic (SDL), a contemporary view of services as

a foundation of all economic exchange, takes a very high level perspective of

provider–customer interaction. The role of the customers in value creation is

emphasized but their role in the creation of the value proposition choice sets is

not explicitly considered. From another perspective, the notion of value co-creation

addressed in existing Service Science studies often assumes the value proposition to

be static – i.e., proposition/acceptance happens before the start of service and is not

visited again during the service. This paper attempts to connect the macro view of

SDL to the system view of Service Science in creating a framework of Service

Value Network (SVN) that accounts for both provider and customer driven value

co-creation.

Keywords Service value network � Service dominant logic � Value proposition

� Customer value equation � Value co-creation framework

1 Introduction

The system view of Service Science considers a service system as a dynamic

configuration of resources to create value, including people, organizations, shared

information (language, laws, measures, methods), and technology, all connected

internally and externally to other service systems by value propositions (Spohrer

et al. 2008). In addition, a service system can be regarded as a resource itself and

may be composing, recomposing and decomposing over time. In effect, a service

system is comprised of service providers and service clients working together to

co-create value in complex service network (Tien and Berg 2003).
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San José State University, One Washington Square, San José, CA, USA
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In the current Service Science literature (Qiu 2007) (Vargo et al. 2008), authors

often assume the value proposition to be static (i.e., proposition/acceptance happens

before the start of service delivery and is not visited again during the service

delivery1) and the composing, recomposing and decomposing of SVNs are deter-

mined based a given static value proposition (i.e., the static value proposition

determines the connections and relationships among service participants). Taking

the automobile firm example from (Vargo et al. 2008), a customer derives value

when he/she actually uses the car and in accessing the firm’s maintenance or towing

services provided by the firm’s suppliers together with the customer’s personal

driving skills and the public road-ways. In other words, the value proposition is

determined by the provider before the value is delivered through a co-creation

process between the customer (that may exert private or public resources) and the

provider (that engages resources through the collaborative parties in its SVN). This

is the basis of the SDL propositions (Vargo and Lusch 2004, 2008).

In this paper, we extend the concept of value co-creation and SVN to consider

the view that the customer receiving the value proposition from the provider can be

empowered to dynamically enhance more value based on his creation/choice of

service network end points. This extension moves the relational aspect of value co-

creation (Lusch et al. 2008; Vargo and Lusch 2004, 2008) to a broader view of the

customer determining the values and activities in SVN (e.g., see Basole and Rouse

2008). In other words, the resource integration view emphasized the problem-

analysis and specification perspective with the given static value proposition from

the provider side. This paper addresses the symmetry of providers and customers

that can be empowered and drive the new perspective for SVN’s design and

development (cf. generator-conjecture-analysis in Roozenburg and Cross 1991).

We consider the following questions in this paper: What are the determinants

of value co-creation considering both the provider and the consumer versus

our proposed customer driven value co-creation? What are the determinants and

elements of customer driven-SVNs? How do we describe SVNs? What are the

incentives and the methods for service providers to embrace customer-driven

SVNs? A value co-creation framework and a SVN model are presented in this

paper to address the questions above and expose future research opportunities that

would contribute to the discipline of Service Science, Management, Engineering,

and Design (SSMED) (Spohrer and Kwan 2009).

The rest of the paper is organized as follows: Section 2 presents a discussion of

related literature, the SDL propositions, and contrasting it with the SVN concept.

Section 3 presents a conceptual framework of the extended notion of value co-

creation. Section 4 presents a model of a customer-driven SVN. Section 5 then

discusses implications for future research with concluding comments.

1 For example, the Interact/Serve/Propose/Agree/Realize (ISPAR) model in (Spohrer et al. 2008).
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2 Related Literature

2.1 Provider Centric SDL

In SDL, service provision and value co-creation are derived from an interactive

process and the provider and the customer are considered in an inherently relational

context (Vargo and Lusch 2008). In this perspective the provider determines the

value proposition but the value is delivered from the collaboration of the provider

and the customer established through their relationship (Vargo and Lusch 2008).

This is illustrated in Fig. 1 (Lillrank 2008).

Further detailed this relational context in terms of three types of encounters

(emotion, cognition, behavior) as shown in Fig. 2.

Fig. 1 The context of value

co-creation [adopted from

(Lillrank 2008)]
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Fig. 2 Managing the co-creation of value [adopted from (Payne et al. 2008)]
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In Fig. 2, the relational context involves the customer’s value creation process

in performing activities to achieve a particular goal through some information,

knowledge, skill or other resources that they can access and use. The relationship

also involves the provider’s value creation processes by way of the design and

delivery of customer experiences through an examination of co-creation opportu-

nities, planning, testing and implementing the customer’s encounters (represented

by a series of two-way arrows linking the customer processes with the provider

processes in Fig. 2). These encounters could be lending emotion, cognition, and

behavior support to the customers.

In the following, we attempt to extend the provider-centric SDL view to promote

a more prominent role for the customer in driving the value co-creation process.

2.2 Provider Centric SVN

A service provider can deliver value by re-sourcing through collaborative parties

which unfolds into a value creation network (linear or non-linear). In the case of

Nike, Inc. the enterprise does not manufacture or handle the physical movement

of its tangible products but leverage information by applying its competences to

design products, build brand, marketing, and outsourcing most other functions to

the value network (Lusch et al. 2008). In our discussion, we consider this type of

networks as a provider centric SVN. The following examines the motivation behind

variations of this characterization of SVN that are addressed in various studies.

l SVN as an entity flow model for offerings and revenues: SVN is a flow model

with economic entities as the basic unit of value creation and offerings/revenues

as the materials flowing among economic entities, and the network is the vehicle

for broadcasting production coordination information (Caswell et al. 2007).

Each entity would examine the value derived from participating in the SVN as

opposed to not participating (or participating in another SVN) and would

estimate how this participation value changes over time in the business processes

(Caswell et al. 2008). This SVN interpretation is a straightforward evolvement

from the traditional value chain notion in manufacturing industries to the value-

creating network notion in service industries.
l SVN as a mash-up network: SVNs are goal-oriented business networks, which

provide value through the agile and market-based composition of complex

services from a steady open pool of complementary as well as substitutive

standardized service modules with the use of ubiquitously accessible informa-

tion technology. In other words, a SVN works like a mash-up characterized with

easy and fast integration (Blau et al. 2009). This SVN interpretation puts the

emphasis on the process productivity in SVNs in terms of their composition.
l SVN as a living systemwith pattern, structure, process: A SVN is a living network

of tangible and intangible value exchanges characterized with patterns (configura-

tion of relationships between the system’s roles), structure (physical embodiment

of the patterns, and process (activities involved in the continual embodiment of
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the system’s patterns of relationships) (Allee 2002). The exchange is the molecular

level of economic activity and the patterns of exchanges describe how participants

add/extend/convert values to produce the resulting impacts. The network also

serves as the primary economic mechanism for value conversion and the value

creation dynamics is described in either tangible (good, service, revenue, etc.) or

intangible forms (knowledge, benefit, etc.). This interpretation delineated the

necessary elements to form a SVN.
l SVN as a mechanism for competitive innovation: A SVN is a set of relatively

autonomous units that can be managed independently, but operate together in a

framework of common principles and Service Level Agreements (SLAs). The

relationships among the firms in the network are essential to a SVN’s competi-

tive positions (Peppard and Rylander 2006). The structure of the network also

plays an important role in firm performance and in industry evolution (Madhavan

et al. 1998). The values of the relationships are three folds: (1) customer intimacy

(2) product service innovation and, (3) operational excellence. This SVN interpre-

tation considers the extension of the network boundary to incorporate the oppor-

tunities for service innovation.

From the descriptions of SVN variations above, we contend that there is a need

to extend the scope of SVN from the static SVN boundary to a dynamic SVN

boundary in order to incorporate more service value varieties and more service

innovation opportunities. This could be attractive to the focal service provider as

long as the incentives are sufficient and the cost of operating the network remains

affordable (e.g., handled with ICT). This customer-driven value co-creation SVN
problem is also very challenging for the service provider since it requires the

shifting of the control foci to the customer. In the case of Nike, Inc., it can deliver

enhanced value to its customers by integrating customers’ resources and collabora-

tive parties into its value creation strategy (e.g., sponsoring runners in a marathon as

part of a marketing campaign.) An exploration of this problem is conducted in the

next sections to lay the foundation for further in-depth research.

There are some other studies related to the customer-driven value co-creation

problem. For example, Evert Gummesson (2010) mentioned that co-creation of

value should consider expanding the notion of service encounter: (1) In the traditional

notion, service encounter refers to face-to-face interactions between a service provi-

der’s frontline employee and a customer based on the understanding that services

are produced, delivered and consumed during the interactions; (2) However,

this notion should be regarded as only a special case in the extended context

of the provider–customer interactions; (3) During a service delivery, customers

can interact among themselves (i.e., C2C) in addition to customers engaging in

B2C/C2B interactions. Other related works in the literature include customer-driven

innovation (Pellican and Homier 2005; George 2006; Selden andMacMillan 2006) in

which the main idea is to use customers (e.g., their inputs) to identify and define the

innovation opportunities and customer segmentation. Anderson warned that custo-

mersmight consider low cost as the primary determinant in purchases and ignore other

parts of the service provider’s value proposition (Anderson et al. 2006).
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3 Extended Value Co-creation Framework

In this section, we examine the notion of value co-creation and explore the

opportunities for incorporating the consideration of customer-driven value varieties

and service innovation. We will then present a framework to analyze the potential

opportunities and illustrate it with a case scenario.

Employed a feedback-loop to represent customer value within the framework

of a service profit chain. This representation of the strong relationships between

profit and customer loyalty, employee loyalty and customer loyalty, employee

satisfaction and customer satisfaction is shown in Fig. 3. The central part of Fig. 3

shows a customer value equation formulating the value of the delivered service as

the results created plus the quality of the delivery process (manifested as the

quality of the service experience) over the sum of price of the service and other

costs in acquiring the service. The provider’s value proposition is represented as

the denominator of the equation. The customer’s determination of value is

represented as the trade-off between benefits received (the numerator: results

plus quality of service) and costs (the denominator). Note that the customer has

no apparent role in determining the value structure in this formulation. The

assessment of value from benefits of the results and the quality of the experience

are post-hoc determinations.

Harvey (2005) extended the customer value equation further by introducing the

element of self-service experience as shown below:

Value ¼ Results þ ServiceExperienceþ SelfServiceExperience

OverallCost
(1)

Harvey illustrated the equation with the following example: If a user is trying to

lose weight, the results he/she is seeking is different from those looking for a

gastronomic experience. Consequently, the value of the added control over calorie

intake that the user gets from preparing a home meal (self-service experience)

would out-weigh the enjoyment of a five-star service (service experience) offered

Employee:
Productivity of Output
Quality of Output

Loyalty

Satisfaction

Capability

Customer Satisfaction

Customer Loyalty

Revenue Growth

Profitability

Customer Value Equation
=

Results + Process Quality
----------------------------------
Price + Customer Access

Costs

Fig. 3 Elements of service profit chain [adopted from (Heskett et al. 1997)]
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at the restaurant. Instead, the user can ask to take out the materials and prepare a

low-calorie meal with the ingredients at home. This value equation advances

Heskett’s equation by considering potentials for value varieties offered by the

provider side by incorporating self-service experience on the customer side.

Another perspective was presented by Goukens et al. (2009) who provided

evidences that self-aware customers (those who focus their attention inward)

were not only more selective in their information acquisition but also more likely

to search for alternatives. In this case, intentional manipulations of customers’

self-awareness could prove beneficial by enabling customers to make choices that

better match their personal preferences to achieve higher choice satisfaction. In the

aforementioned five-star service experience example, the user can acquire good

information from his/her social network and then make choices about which five-

star services to experience (or in a reverse-auction scenario, create choices and

receive bids from five-star services). Taking this perspective of self-aware custo-

mers, we extended (1) into the following:

Value ¼ CustomerChoicesþ Results þ ðSelf ÞServiceExperience
OverallCost

(2)

In (2), the additional consideration of customer choices (as supported by the

customer’s own network) changes the notion of value co-creation as addressed in

SDL and SVNs.

3.1 The Framework

In this subsection, we propose a framework to analyze the possible scopes of

delimiting the variations in SDL and SVN. This framework is based on the

determinants of value co-creation as shown in Fig. 4. These determinants include

value propositions from the provider and the customer, the provider-centric net-

work, and the customer-centric network. These networks could be organized

statically or dynamically.

Provider

(Value
Propositions) 

Customer
Customer-Centric 

Network
(Static, Dynamic) 

Provider-Centric 
Network

(Static, Dynamic) 
Value 

Co-Centric 

Fig. 4 Determinants of value co-creation
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These determinants of value co-creation are based on the following:

1. Network is a primary economic mechanism for value conversion and for

describing the value creation dynamics.

2. The value proposition offered by a provider-centric network may not sufficiently

fulfill the needs of customers in terms of their own value determination.

3. Customers might need to expend extra efforts to fill the gap - e.g., with

additional self-service (Harvey 2005) or creating new customer choices.

4. This self service or creation of new customer choices could range from a

simple labor effort to driving another network (e.g., a customer-centric social

network) to engage in dynamic value co-creation to fill the gap.

5. The combined network could enhance customer’s value as long as the increase

in overall cost does not offset the magnitude of the increase in value in (2).

By the same token, provider’s value could also be increased because of the

expected increase in sale volume (e.g., due to increased customer retention).

This could also decrease the cost of offering the service as well as warrant an

increase in price because of the service innovation opportunities created. In

short, the notion of value co-creation could be extended to incorporate the

opportunities for value varieties and service innovation.

The framework incorporates the following scenarios of service network creation:

l Provider Static: The service network is already determined by the provider and

the end points of the network are known.
l Customer Static: The customer does not have any way of altering the end points

of the network – they have to select for the predetermined end points.
l Provider Dynamic: The service network is created dynamically by the provider.

For example, through some cost optimizing algorithm in choosing the interme-

diate nodes (partners, etc.) This can also apply to the situation where cost is not

the only consideration (e.g., reduction in carbon footprint or other sustainability

considerations).
l Customer Dynamic: The end points of the network are not known ahead of

time. The customer creates these end points to maximize their value from the

service. That is, the value proposition from the provider only provides some

pre-determined value accepted by the customer who then is empowered to

enhance the value based on their creation of the service network end points

dynamically.

The static cases of value co-creation in which the provider’s value proposition is

well defined and when the customer accepts, then the outcomes are very much

predictable. However, the value co-creation in the dynamic cases is less predictable

since extra efforts are engaged either by the provider side or the customer side to

achieve extra benefits.

Figure 5 shows the extended framework with the four variations of SVNs and

they are schematically represented in Fig. 6.
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1. Value Chain is characterized by a one-sided (i.e., provider) value proposition

and thus the value varieties for customer and the metric of service quality are

predetermined.

2. Improved Value Chain is characterized by two sided (i.e., both provider and

customer) value propositions but the customer side has to expended extra efforts

to enhance their own value beyond the provider’s service quality and metrics.

3. Traditional SVN is characterized by a one-sided (i.e., provider) value proposi-

tion and thus the value varieties for customer and the metric of service quality

are predetermined, but the provider side would expend extra efforts in optimiz-

ing the network for the service delivery.

4. Customer-driven SVN is characterized by two sided (i.e., both provider and

customer) value propositions and the customer side’s network will be involved

to co-create the value with the provider’s network.

The Customer Driven Service Value Network represented in Fig. 6c depicts the

customer and service provider as symmetric network integrators and sources of

value propositions. The customer’s ability to drive the value creation is recognized

in these explicit roles which go beyond the notion of customer and service provider

as resource integrators expounded in SDL.

3.2 Case Scenarios

Scenario 1 – The value proposition from a cable or satellite television service

provider to a customer is very simple – programmed entertainment from multiple

channels is provided for a subscription fee. This value proposition is static and does

Customer-Driven SVN

two-sided value propositions
dynamic customer choice set

dual metrics

Traditional SVN

one-sided value proposition
static customer choice set
provider-centric metrics

provider network optimization effort 

Improved Value Chain

two-sided value propositions
static customer choice set
provider-centric metrics

customer added value effort

Value Chain

one-sided value proposition
static customer choice set
provider-centric metrics 

Static DynamicProvider

Static

Dynamic

C
us

to
m

er

Value Co-creation
I III

II IV

Fig. 5 Framework of extended value co-creation in SVN
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Fig. 6 Schematics of framework of extended value co-creation in SVN
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not change when the customer is receiving the entertainment value. The only role

the customer plays is to choose from a program guide based on his/her preferred

genre of entertainment. This is true even with programs that are “on demand” where

the entertainment choices are deterministic. Recently, some television service provi-

ders are also providing broadband internet and phone connectivity as a service bundle

(sometimes called triple-play packages). The internet connection provides a parallel

channel of communication for the customer. The customer could be connected

to his/her internet social network site while watching a TV program.2 In some

cases, the connection interface is displayed on the TV screen. In this scenario, the

customer could choose who to share the entertainment value with by connecting to a

(sub)group of preferred friends in the social network and invite them to watch the

program together. Conceptually the customer is inviting virtual friends to share the

entertainment on a virtual couch in a virtual family room. In effect, this sharing

increases the customer’s value by enhancing his/her social capital3 and is completely

customer-driven. This transforms a traditional value chain proposition to a customer-

driven SVN.

Scenario 2 – From the perspective of the TV service provider, the added cost

associated with provisioning for the service bundle in Scenario 1 is partially off-set

by charging the customer additional service fees. This increase in revenue is

insignificant in comparison to the additional revenue that could be garnered from

advertising. The traditional value proposition the TV service provider to advertisers

is also simple – broadcast ads with certain programs to reach some target audience

with certain demographic profile. This is a static 1:M proposition – M being some

purported target audience. This proposition is more attractive than the hit-or-miss

advertising in newspapers where the demographics of M are even more difficult to

ascertain. The value proposition from the TV service provider to advertisers for

Scenario 1 is more attractive and could result in increases in advertising revenue.

Firstly, the TV service provider has demographic information about its subscribers

which could be used to direct targeted advertisements (albeit without violation of

the user privacy agreement). Secondly, the TV subscription customer through his/

her social network is providing additional connections that will be exposed to the

advertisement. In effect, the value proposition from the TV service provider to the

advertiser could be phrased as a 1:M:N dynamic proposition. In the extreme case, if

it could be done legally within the service provider’s privacy agreement with the

customer, a 1:1:N dynamic proposition could be the result.

In the above we have described a user-driven value co-creation in scenario 1 and

have also shown how the service provider could leverage the customer’s social

networking connections to enhance revenue in scenario 2.

2 Lawton (2008) described new television ventures that promise to bring the community-building

features of the Web into the living room.
3 Social capital could be interpreted as an aggregation of social cohesion and personal investment

in the community.
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4 Customer-Driven Value Co-creation in SVNs

In Sect. 3, we described the motivation for customer-driven value co-creation that

could be realized through SVNs. This section presents a model to describe the

customer-driven SVN in terms of is components and shows how the customer-

driven SVN is superior to the other three network variations. This model also

inspires some new research issues in Service Science. For the methods to develop

customer-driven SVNs, we assume there are appropriate scalable ICT technologies

that can be used to control the costs of building a complex network while preserving

incentives for the providers.

The salient properties of a customer-driven SVN represented in the model are

presented in Table 1. The goals of a customer-driven SVN include service produc-

tivity (e.g., the cost of building the network and its relationships), customer

satisfaction (e.g., increase in value varieties with more choices such as self-service),

and service innovation (e.g., from innovative design of the choices).

The network is built with human tacit knowledge and interdisciplinary theories

to be applied to ensure certain solution qualities (e.g., minimized cost, maximized

satisfaction, maximized opportunities for service innovation). Moreover, the

network development and operation can be managed and facilitated by particularly

designed ICT artifacts to minimize the operating cost. Examples of related ICT

artifacts include the mechanisms to semi-automate the value co-production process

(e.g., Tung and Yuan 2010), the mechanisms to conduct cloud service governance

and integration (e.g., Plummer and Kenney 2009), etc.

4.1 Model of Customer-Driven SVN

In this section, we will first provide a representation of the model for customer-

driven SVNs, followed by the comparison among the four variations of SVNs

shown in Fig. 6 and demonstrate that customer-driven SVN is superior to the

other three according to the extended customer value function of (2). The model

of a customer-driven SVN presented in the first part is based on the formalism

suggested by (Conte et al. 2009) while focusing on the value that could be derived

from customer choices in (2).

Table 1 The salient properties of a customer-driven SVN

The salient properties The shared reality of value co-creation

Goals Service productivity, customer satisfaction, service innovation

Problem solving strategy Networked collaborative services

Solution requirements Minimized cost, maximized satisfaction, Maximized opportunities

for service innovation

Theories Inter-disciplinary

Tacit knowledge Information, knowledge and decision of people involved

Design method Synthesized artifact
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4.1.1 Representation of Customer-Driven SVN

For a focal relation containing a focal provider vPf to which a focal customer vCf
places the request of service directly (or indirectly) as depicted in Fig. 5, the

definition of customer-driven SVN is formulated in terms of its universe and the

members of the universe. In a customer-driven SVN universe (G¼ ð VP [ VCf g;EÞ,
NP, NC, PP, PC), G represents the network of nodes VP [ VCf g and edges E; NPand

NC respectively denote the provider-side network and the customer-side network;

PPand PC represent the respective value propositions. In our model, the goal of the

network4 is to maximize customer’s value by increasing the opportunities of value

varieties and service innovation with reasonable cost as implied in (2). Each

instance of value creation dynamics is assumed to have a focal relationship with

a focal provider and a focal customer. The descriptions and representations of the

members of the universe are itemized as follows.

l VP : For simplicity we assume that each service is owned by a different service

provider. Thus, the set of service providers VP equals the set of services present

in network G. A characteristics configuration APj of service vPj is fully char-

acterized with a set of M attributes APj ¼ {a1Pj,...,a
M
Pj} where amPj is an attribute

value of type m (e.g., cost).
l VC : The remaining nodes of G (i.e., nodes excluding those in VP ). When VC

refers to only the customer’s social network, VC would contain the nodes of NC

(i.e., the customer-side of network). A characteristics configuration ACj of

customer vCj is fully characterized with a set of N attributes ACj ¼ {a1Cj,...,a
N
Cj}

where anCj is an attribute value of type n.
l E: Each edge eij 2 E denotes an integration relationship between either two

service providers vPi and vPj (i.e. interoperability of offered services and their

willingness to cooperate), one service provider vPi and one customer vCj, or two
customers vCi andvCj. Each edge eij is annotated with the price pij where vj is a
successor of vi (vi, vj 2 VP [ VC). pij can be zero such as the case of free transfer
of intangible offerings (Allee 2008). On the other hand, pij can incorporate

different kinds of cost considerations (e.g., production cost, relationship cost,

transaction cost, etc.).
l NP , NC : Assume Ni is a network of a subset of connected nodes from VP [ VC

that drives the creation of a value choice ðwiÞ for customer ðvCf Þ (the sink of the

network). Ni can then be represented with two sub-networks: Ni ¼ NP
i [ NC

i ,

where NP
i is the provider-side network (containing the focal provider vPf ) and N

C
i

is the customer-side network (containing the focal customervCf ). The customer-

driven SVN can then be a super set composition of the involved candidate

networks (e.g., G ¼ [k
i Ni).

4 Described a network as an economic mechanism for describing the value creation dynamics.
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l PP, PC: PPis the value proposition of the focal provider ðvPf Þ that is associated
with the provider-side’s metrics for computing the value of the network G. PC

is the value proposition of the focal customer ðvCf Þ representing the customer-

side’s metrics and opportunities of new customer choices to be created. For

simplicity, the metrics for the provider and the customer are constrained by

thresholds of benefit and cost: lPf and aPf are the thresholds of benefit and cost

for the provider; lCf and aCf are the thresholds of benefit and cost for the

customer.

The goal of the customer-driven SVN is to maximize customer’s value. Without

loss of generality, the customer value function is defined as benefits minus costs.

The benefit for customer is comprised of the three parts in the numerator of (2) –

i.e., results, service experience (could be the assessment of the quality of the (self)

service experience), and customer choices. In the universe, we assume a set of

candidate networks (Ni) which can generate different acceptable value choices

ðwiÞfor the focal customer ðvCf Þwith the reasonable costs ðaf Þprovided through

the focal provider ðvPf Þ directly or indirectly. The threshold ðlCf Þ for the values

of the choices (Valueofwi) is assumed (i.e., Valueofwi � lCf ). The incurred cost of

the value choice (Costofwi) should not exceed ðaCf Þ (i.e. Costofwi ≦ aCf ). In
general, Costofwi can be computed by aggregating the prices pij along the paths

in Ni (i.e., pi ¼
P

eij2Ni
pij ).

For each value choice ðwiÞ, Valueofwi then boils down to the consideration of

the benefits of the results and the service experience minus the cost, which can then

be regarded as a function of the characteristics configuration attributes ACf ¼
{a1Cf ,..., a

N
Cf }, the customer value proposition PC, and the value of the network

Ni ði:e:; ’ðNiÞ or ’ðNP
i [ NC

i ÞÞ. Presented a method to compute the value of a

network taking into account the value accrued – i.e., benefit minus cost – due to

the transfers of offerings as well as the expected value due to the partners’

satisfaction in the various relationships (Anderson 1995). By adopting the greedy

approach, the value of the network Ni ¼ ’ðNP
i [ NC

i ÞÞ can be considered as a

function ’ of two parts: the value of the provider side’s network ’PðNP
i Þ and the

value of the customer side’s network ’CðNC
i Þ that can be computed with the

Caswell’s method. The value of ’PðNP
i Þ are bound by the thresholds of benefit

and cost for the provider (lPf , aPf ). The network values ’PðNP
i Þ or ’CðNC

i Þ has

to be greater than zero for them to be viable and have enough incentives to satisfy

both the provider’s network and the customer’s network in order to sustain the

provision of the results and the service experience for the customer. In other words,

network viability has to be satisfied in the computation of ’PðNP
i Þ, ’CðNC

i Þ and

thus ’ðNiÞ.
To represent the customer-driven SVN, we let G ¼ [k

i Ni for k that satisfies

wðACf ;’ð[k
i NiÞ�maxðwðACf ;P

C;’ðN1Þ; :::;wðACf ;P
C;’ðNkÞÞ, i.e., the weaker form

of super set composition of the involved candidate networks. This representation

allows us to maximize the customer value function shown in (2) by considering

the customer choices, the results and (self)service experience with respect to the

overall cost.
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4.1.2 Comparing the Four SVN Variations

To compare the four variations of SVN (Value Chain, Improved Value Chain,

Traditional SVN and Customer-Driven SVN), we use the benefit parts in the numer-

ator of the customer value function (2) together with the universe of customer-driven

SVN (G ¼ ð VP [ VCf g;EÞ, NP, NC, PP, PC) with respect to the overall cost:

l Value Chain: The characterization of a one-sided provider value proposition

and a static provider network structure implies that VC, N
C, PC and hence Ni are

null. Accordingly, there will be no benefit accrued from the part of customer

choices for the customer. Meanwhile, the cost of operating NP for the provider

will be higher than that of Traditional SVN which optimizes the operating cost

of NP.
l Traditional SVN: Similar to Value Chain, it is characterized by null VC, N

C, PC

and hence Ni. The provider operates N
P by minimizing costs. When assisted by

appropriate scalable ICT technologies, some of the costs could be minimal. In

the long run, this could lead to lowering the overall cost for the customer when

compared with using the Value Chain approach.
l Improved Value Chain: Given the characterization of two sided (i.e., both

provider and customer) value propositions with the customer’s extra efforts

expended to enhance their own value beyond the provider’s service quality

and metrics, VC, N
C, and hence Ni are null. Accordingly, there will be no benefit

accrued from the part of customer choices for the customer; meanwhile, the

overall cost of achieving PC will also be increased.
l Customer-driven SVN: Given the characterizations of two sided (i.e., both

provider and customer) value propositions and the customer side’s network

will be involved to co-create the value, there will be the three parts of benefit

(i.e., results, service experience, customer choices) accrued and the overall cost

can be minimized by operating and managing the network with appropriate

scalable ICT technologies.

From the above analysis, it is obvious that customer-driven SVN is superior to

the other three SVN variations according to the extended customer value function

of (2) when the proper ICT technologies are in place to assist the operation of the

overall networks.

4.1.3 Implications to Service Science

Based on the framework of extended value co-creation in SVN and the customer-

driven SVN model (G ¼ ð VP [ VCf g;EÞ, NP, NC, PP, PC), there are some research

issues that could be explored in the future. In the following, we provide a brief

discussion of these issues in light of the four aspects of Service Science, Manage-

ment, Engineering, and Design – SSMED (Spohrer and Kwan 2009):

l Design: With the incorporation of customer value proposition PC, the human-

centered design methodologies can be introduced into the study of Service
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Science. For instance, Design Thinking is a systematic methodology with seven

stages (define, research, ideate, prototype, choose, implement, and learn) that can

empower the development of customer-driven SVNs that allow creating choices

with empathy meaningful to the customers.
l Engineering: To minimize the cost of operating and managing NP for the

service provider, there should be more studies of ICT artifacts specifically

designed to facilitate the development and the operation of the customer-driven

SVNs. In addition, dynamic ways to combineNP,NC and enable the communica-

tions between the two sub-networks should also be investigated.
l Management: Given the value propositions from both the provider side PP and

the customer side PC, new service strategies and quality measurement to ensure

the goals of service productivity, customer satisfaction and service innovation

should be investigated.
l Science: Given PC and NC are considered, new service system entities and

interactions (e.g., new choice identification) are introduced. Accordingly, different

models of the possible interactions and their governance should be explored with

simulation and virtual reality experiments.

5 Conclusion

In the current unsteady economic environment the business ecosystem is increasing

more competitive and complex. Customers are also becoming savvier, demand-

ing more information, access and choices. An example of that is the demand trend

for more user-created content on the Internet (oft calledWeb 2.0 phenomenon). This

also led customers to create their own social network based on specific social value

propositions and not dependent on static value propositions from the service provi-

ders. This paper provides a framework that shows the different variations of service

value networks. In particular a model of the customer-driven service value network

was formulated and explored. The relationship between the model and the discipline

area of SSMED was also discussed.

The customer-driven value network concept extends the contemporary Service

Science and SDL propositions to provide the customer a more prominent role in value

co-creation. Future research in this area includes empirical studies of customer-driven

value networks (such as scenarios described in Sect. 3.2), empirical evaluation of (2),

and studies of the behavioral aspects of customers in dynamically generating network

endpoints.
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Towards Service System Governance:

Leveraging Service System Grammar

to Empower Value Co-creation

Stefan Puehl

Abstract The integration of customers (often as an additional vendor) into global

service delivery with industrialized processes is a challenge:When running software

projects for such settings we see with all customers the practical need to harmonize

governance – over projects inside an enterprise for a particular customer, over

vendors for a particular project, over projects of a particular vendor for different

customers. This chapter discusses this urgent need to innovate interactions – while

leveraging the service system grammar to organize governance in a multi-sourcing

environment with global service delivery. We focus on streamlining the architecture

and the design to allow simpler i.e. simple governance in a global service delivery

network of multiple service systems. With service perspectives derived from the

service system grammar the creation of service systems empowers design and

architecture of the service system at the right point in time with the right level of

detail. The purpose of this chapter is to describe this shift in approaching service

governance.

Keywords Service science � Service system � Service governance � Service gram-

mar � Semantic decomposition � Service systems perspectives � Service innovations

1 Introduction

This chapter about service system governance has five sections: (1) creating

service systems ensure context and content fit in a global sourcing environment,

(2) service system grammar lays the foundation for simple service system gover-

nance, (3) service systems provide the structure to enable detailed accountability,

S. Puehl (*)

Dell Services, Herriotstrasse 1, 60528 Frankfurt (Main), Germany

e-mail: Stefan_Puehl@dell.com

H. Demirkan et al. (eds.), The Science of Service Systems,
Service Science: Research and Innovations in the Service Economy,

DOI 10.1007/978-1-4419-8270-4_12, # Springer Science+Business Media, LLC 2011

207



(4) service system grammar establishes service perspectives to allow architecture

and design streamlining governance, and (5) service system governance focuses

with the service system grammar on the strategy driven control of value creation.

The first section discusses the service system in the context of global service

delivery and multi sourcing; it explains how that affects the architecture and design

of systems to propose a service grammar that allows combining business and

technology interests.

The second section lays the foundation of simple service governance introducing

the four levels of detail that the service system grammar offers: sequence, feedback,
human interaction, straight through aggregation. It describes how semantic decom-

position of service system behavior coordinates architecture and design.

Section 3 is about the knowledge worker accountability for the leading roles

in a service system: service owner, business analyst, and technology architect.

It describes the situational behavior and how different level of detail and common

language derived from the service grammar help defining simple governance.

Section 4 establishes service system perspectives to articulate governance visually
with defined levels of visibility and interest: (1) the service value chain perspective

and (2) the service co-creation perspective to enable a (3) service system engineering

perspective and a (4) service system governance perspective.

The last section concludes with the value proposition of the service grammar

leveraging service system governance because of its embedded service innovation

structure to empower and control value co-creation in a service system network.

2 Creating Service Systems Ensure Context

and Content Fit in a Global Sourcing Environment

2.1 Multi-sourcing and Global Service Delivery

The pressure of virtualization and agility enforces more flexibility on architecture

and design combining a more technological minded SOA (e.g. Demirkan and Goul

2006) with a more business driven BPM (e.g. Weske 2008 and Hammer and

Champy 1990). We think that the service system abstraction (Spohrer et al. 2008)

is actually the most promising approach to deliver services globally in an increas-

ingly complex partner and customer network; (Cohen and Young 2006) found the

root cause of poor performance – not at the day-to-day delivery level – but in a lack

of effective business-to-business management and governance at a level above day-

to-day delivery.

We especially see in CRM and call center automation (e.g. Maglio 2006) a

high degree of customization in service processes in contrast to the need of

standardization and industrialization of business processes. The service system
approach encourages a holistic view of service interactions (Alter 2008) that

combines both business and technology perspectives. From product logic we
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move to service logic (Vargo and Lusch 2004). This shifts CRM (or customer

interacting) software thinking, too.

Work smarter often means you also have to be quick, flexible, and ready to adapt

to the transforming world (Champy 2008), hence the need for flexible software

development to support the automation of the service systems that is going to be

created. The standardization and industrialization of these service processes there-

fore requires sophisticated governance mechanisms to maintain flexibility where

needed. Service systems may formalize or structure the ad-hoc architecture of

participation created in the open-source communities. These service systems

deliver new services and offerings created by us – and our customer, partners,

vendors, and providers. Together these stakeholders form a service system network

(Spohrer et al. 2007). Global service delivery is described in terms of a co-
productive view (Ramirez 1999) that emphasizes customer satisfaction.

Value creation is synchronicly interactive (value constellations); some types of

value cannot be measured or easily quantified; diverse types of value are

co-invented, combined, and reconciled. Customers (co-) create value with provi-

ders; a service framework encompasses all value creating activities considered as

co-produced. Essentially, within service networks, multi-sourcing can combine

service systems of different vendors together to enhance value co-creation oppor-

tunities for the customer.

The value network formed from combining many service systems (the different

sourcing partners) creates a new aggregated service system for the customer.

We need to organize service process fusion (Demirkan and Goul 2006) for the

service system we create for our customers, and service process fusion of the service

system network we establish to create the customer service system. Therefore,

understanding both service systems better increases the quality and customer satis-

faction despite the need of protecting certain intellectual assets on each side.

Governance has to be an enabler and accelerator to create new combinations of

services, not simply longer value chains. Improved governance mechanisms must

improve the overall SLA of the service network for the customer; not simply more

efficient services, but also resolving disputes, such as “who pays for non-productive

interactions”?

2.2 Business and Technology – Architecture and Design

In global service delivery the relationship between architecture and design for

business and technology has to be more explicit due to the service network of

sourcing partners and the co-creation of value with the customer (Table 1). We

associate with architecture: structure, frame of reference, guidelines, principles,

standards – the context. With designwe associate: activities, tasks, logic, algorithm,

interactions – the content.

This foundation is the essential start to create new software – or using the

broader approach including the end-to-end process view and service portfolio
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analysis – to create the new customer service system. Structuring and incorporating

both enterprise level and project level mechanisms can result in better governance.

Who-is-doing-what ought to be coordinated at a higher level than the mere project

level with its inherent timeline pressure of “just execute!” would allow.

In software projects we see confusion regarding the relationship or dependencies

between architecture and design; this results in a governance challenge mixing

business and technology on the strategic enterprise architecture and on the project

solution level. The essential coordination on the enterprise business process level as

well on the project technology level is a prerequisite to establish service systems

that both integrate and create value for all stakeholders. Only this enables stable

operations. A common language is the basis for shared governance in a service

provider network environment. The common language based on the grammar that

structures service systems enables an efficient governance frame of reference.

We want to leverage the grammar of service systems (Puehl and Szczeponik

2009) to explore the structure of service systems that flexibly integrate into value

co-creating service networks.

Service systems describe holistically business and technology. By leveraging the

service system governance approach, service organizations can enhance their

abilities to create a compelling shared level of control for each service system in

the value network.

We are therefore researching service systems – its grammar and resulting

governance – to:

l Find some structural unity in the controlling diversity of technology and busi-

ness service processes despite all cultural and organizational differences.
l Industrialize the service governance process to agree to a project governance

defining and materializing value creation.
l Establish and simplify project governance consistency with the enterprise

governance relevance while e.g. clarifying design and architecture work.
l Standardize the process of service network governance with situational flexibil-

ity for customers and providers to facilitate and simplify global service delivery.
l Understand service governance in order to (1) create new service systems and

(2) run existing operational service systems.

Table 1 Leveraging the separation of concerns for architecture and design to structure gover-

nance: the high-level starting point for agreeing a common understanding

Business Technology

Architecture Common glossary Shared platforms

Service entity catalogue Application interoperability

Reference processes Industry standard roadmap

Alignment and profit Convenience and reuse

Design Workflows User interfaces

Organizational roles Software components

ROI solutions Cost implications

Customer effectiveness Automation efficiency
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l Articulate compelling next step service governance recommendations for a

certain maturity or level of partnership for the key roles involved.
l Optimize the creation and operation of new service systems in an innovative

service system network leveraging service grammar based governance.

2.3 Service System Grammar

Only a common language for describing service systems can ensure a proper

understanding of the purpose of a particular service system (i.e. to explain how

and why it co-creates value in a service network). Only after understanding the

purpose of a service system within a service network effective governance can be

achieved.

The provider customer interaction paradigm of a service (in a service value

chain) allows a structure or grammar of service system behavior, knowing that any

effective process only works with a context sensitive and standardized vocabulary.

The great advantage of service is: to make it efficient there is no need for a full

enterprise information model. The service allows focusing on the customer provider

interaction first; the business entities (or products) demanded by that particular

service can be determined at a later stage.

We propose semantic decomposition of service system behavior as the service

value chains grammar with the four levels of detail. Each decomposition level has a

specific meaning that contributes to the overall behavior. We use service process

modeling as a formalization basis. The service value chain grammar has two parts,

two levels of semantic decomposition each:

l The first two levels (level 1 and 2) are business related. The business analysis

describes the service system’s organizational aspects of the service value chain.

The business level 1, the business sequence, relates to the overall strategy. Level

2 deals with the business decisions. It holds the management aspects of the

service system.
l The second two levels (level 3 and 4) are technology related. The technology

design describes the service system’s automation aspects of the service value

chain. The technology level 4 relates to the application infrastructure. Level 3

determines the human interaction to link the business decisions to infrastructure.

It holds the engineering aspects of the service system.

This unifying grammar improves the alignment between business and technology.

A technological solution shall ask the business perspective on level 1 and level 2 to

prove value through business effectiveness. A business solution shall ask for the

technological perspective on level 3 and level 4 to prove value through technology

efficiency.
We then can approach architecture and design challenges one at a time in a

constructive order. This reduces the overall governance need. The service system
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grammar organizes the collaboration between architecture and design (both have

business and technology relevance) having an upfront agreed common language

established. This structure streamlines the collaboration of architecture and design

and results in simple governance that has more potential for agreement, because it is
simpler and respects the structural separation of concerns and areas of interest.

3 Service System Grammar Lays the Foundation

for Simple Service System Governance

3.1 Service Oriented Governance and Service
System Governance

IT Governance (Weill and Ross 2004)moves enterprise (architecture) governance to

service oriented (architecture) governance (Demirkan et al. 2008). Our guidelines

integrate service governance into an existing enterprise governance framework.

The result is: SOA governance stays technical. Service system governance has the

ambition to incorporate both technical and business dimensions holistically.

l There are governance challenges due to technology: Shared platforms for appli-

cation servers, ESB, process engines, external information system usage and

integration, hardware virtualizations and clouds, software-as-a-service, etc.
l There are governance challenges due to business: partnering, sub-contracting,

multi-sourcing, global service delivery – for server administration, software

development, testing factories, etc.

Both have in common: isolation fades, interaction flies. Co-creation of value is

normal for everyday activities in software development: This materializes, e.g. in

combined pricing and compound SLA or OLA. Therefore the service interaction

with the customer is essential. We therefore distinguish also for governance

purposes between fluid and rigid service processes (Wemerl€ov 1989): without

i.e. indirect and with direct customer contact. Due to partnering, i.e. multiple

sourcing of one particular service, this is not one absolute separation but may

depend on the provider role relationship.

A service system approach does not focus on developing technology solutions.

Technology is from an automation perspective an integral part of value creation –

not an isolated solution. Service system governance needs to have an approach to

relate business to technology and architecture to design. The service system is

promoting this at discrete levels of detail. SLA and any other operational excellence
or service quality are always a combination of technical applications and human

operations and then can be defined at these levels.

This is why software development (especially for CRM) shall be addressed

together with the service system governance. The common understanding about
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the major structure at a certain level of detail establishes agreement easier and in the

end increases the overall quality due to more creational clarity.

The service value chain focuses on the behavior of the service system. A lot

of generalization and standardization in modeling focuses on the static product

vocabulary. This vocabulary is essentially industry specific, e.g. for financial

products or aviation, and even enterprise dependent business entities. Service

system behavior in contrast can be more generic using the industry specific vocab-

ulary, e.g. the verb-noun combination for service interactions (defining an activity,

the verb, and the manipulated business entity, the noun).

Best practice process models include industry specific and taxonomy based

vocabulary. The structure of services systems is determined by the service system

grammar using semantic decomposition. The vocabulary gets a grammar. This

grammar enables mutual understanding of the service interactions, not only the

contractual deliverables or agreed artifacts. This understanding is the basis for

simple governance.

3.1.1 Level 1 – Service Sequence

The overall behavior of the service system is represented as service sequences
separating the behavior (the service value chains) into distinct internal and external

customer provider interactions, sometimes called by process notation standards as

tasks, steps or activities.

The goal of the first level of decomposition is to understand the start and the end –

the trigger and the completion – of a service process. It establishes the purpose and

ensures in the service network the essential service interactions with the customer

(or multiple customers) and potential other partners or providers. It ensures the right

scope. In other words (Womack and Jones 2007): Any consumption process that

cannot totally solve the problem is unacceptable.

We see in our practical work, especially in the transformation projects weakness

to understand start and end of service processes. With a service sequence we find it

more efficient to get agreement of what the service processes is actually supposed to

do. It is a simple way to communicate purpose and therefore the value.

Governance aspects are the value chain profits (Heskett et al. 1994) and the

completeness of the value chains for the purpose given while creating the service

system. During operations the structure allows the governance to focus on fewer

measures: only the purpose needs quantification.

3.1.2 Level 2 – Decision and Feedback

Decisions and feedback separate the service sequence parts of the service value

chain. In graphical notation standards these are represented as forks, gateways,

splits, or joins. Decisions and feedbacks decompose the service value chain

sequence discovering detailed provider related interactions.
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The goal of the second level of decomposition is to understand alternate
scenarios and their choices. Doing it for a particular service sequence value chain

step separates the service system vertically and therefore reduces the “process

spaghetti” of wallpaper processes and back-to-square-one behavior.

We see in our practical work difficulties to create proper and local decision

structures, i.e. decision frameworks (O’Reilly et al. 2004). Defining a semantic

level of detail improves the mapping and structure of the business knowledge with

less redundancy and more coherent options.

Governance aspects on this level are the choices and options and its organiza-

tional underpinning. Enforcing to make decisions locally (for that particular

service value chain interaction) reduces the alternate scenarios. This results in

less governance activities (e.g. escalation) while running the service systems and

faster agreement while creating the service system.

3.1.3 Level 3 – Human Interaction

Human interactions are distinct from computerized or automated interactions.

Decisions and feedbacks and their decomposed sequence interactions are decom-

posed into manual and automated interactions.

The goal of the level 3 of decomposition is to establish the automation with

potential software applications – information systems – and its usage. It includes the

decision whether to automate particular steps of the value chain or not. For the same

value chain these decisions can vary depending on the organization capabilities,

costs, etc.

We often see software projects – in order to be as close as possible to the final

user – starting with user interface design. This isolated level of too much detail

jeopardizes architecture and design and delays agreement. Having established

values (level 1) and the decisions (level 2) first, the user interfaces is better

anchored and predetermined.

Access channels – not only backend or self-service applications, but increasingly

ESB driven BPM solutions and mobile devices – are then easier to govern during

creation. The screen flow can focus on the value creation of short form navigations,

e.g. wizards. The service interaction process has already been defined at level 2.

3.1.4 Level 4 – Straight Through Aggregation

Straight through aggregation allows the technical execution. Automated provider

or customer interactions are decomposed into the actual technological execution

according to the application infrastructure and the corporate organization.

The goal of level 4 is to incorporate the corporate information system landscape –
the actual or new information systems, the infrastructure for needed access channels,

and external information systems according to the service value chain. This may

open different options that can be evaluated in the context of value creation, instead

of focusing on the given.
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We often see in software projects that integration of the applications needed

(besides the new software components written) is late. Technology integration is

complex and needs very rigorous scoping. Having understood and agreed what is

done manually (level 3) and the value that needs to be created by the actual

technology solution is better shaped.

This simplifies the governance and scope for applications executing the services

designed, because the application contribution (to the value chain – and therefore

profit) can be measured quite directly. The consolidation of infrastructure, shared

platforms, clouds, access channel virtualization, or software-as-a-service approach

is governed then by content.

3.2 Simple Governance Coordinating Architecture
and Design

Jim Champy states it clearly as a warning for all governance approaches (Champy

2008): companies that outsmart their competitors depend on culture to manage

behavior. Incumbents use rules and controls. Since the 1980s we struggle with it

(De Marco and Lister 1999): What present-day standardization has achieved is a

documentary consistency among products, but nothing approaching a meaningful

functional consistency. In other words, standardization has mainly homogenized the

paperwork associated with the services or products, rather than the products or

services themselves. Value is missed.

Change is constant – flexibility needs a frame of reference. We propose to

establish structural stability for solution flexibility with the service system grammar.

Governance manifests in documentation and communication (report and announc-

ing). Using process models we formalize this documentation reflecting reality as

good as possible (Table 2).

Astonishingly enough, based on a given business architecture there is a compa-

rable high amount of business design and technology design required to formulate

relevant technology architecture.

We see that design bridges business architecture and technology architecture.

Governing this structure enables simple service governance. The structure of

the system determines the coordination of influence for that particular system.

The structure is known before. The conflicts are determined and can be foreseen:

during creation or operations the interest can be articulated – having value

co-creation as the leading principle. This duality of responsibility is essentially a

matter of value and common language.

Table 2 Discussing the separation of concerns leveraging the service system grammar

Business – Management Technology – Engineering

Architecture – context Level 1: Service sequence Level 4: Straight through aggregation

Design – content Level 2: Decisions and feedback Level 3: Human interactions
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The critical challenge on consumption and provision processes is: include all the

significant activities at a scale that can be understood at a glance (Womack and

Jones 2007). Governance processes are often like manufacturing sausages – you

only like the result, but not the process. With the service grammar we can establish

more structure and relationship at the right level of detail.

We believe the reason for the often observed reluctance to share service processes

is: they are at one level of detail and therefore exposing too much cooperate

knowledge; they are exposing the acting units. To control service process interaction

visibility is therefore a prerequisite to co-creation of value. Leveraging the service

grammar’s different levels of detail reflect the growing partnership of the sourcing

relationship. This results in service governance interactions with simpler rules for

each level of detail. Governance service processes are like ballet: the easier the

performance (the execution), the harder the preparation.

The simple rules provide the guidelines within which managers can pursue

opportunities. Strategy then, consists of the unique set of strategically significant

processes and the handful of simple rules that guide them (Eisenhardt and Sull 2001).

In service systems these rules are stated at the service value chain level (level 1)

focusing on co-creation.

4 Service Systems Provide the Structure to Enable

Detailed Accountability

4.1 Knowledge Worker Accountability

Governance in practice is about ownership. Service system governance is about

service system ownership. If now a human being, a person is the service system,

we call it accountability. The challenge lies not simply in formally modeling the

technology or organizational interactions, but inmodeling the people and their roles as

knowledge workers in the system (Maglio 2006). Standard knowledge management

is failing – making the knowing-doing gap worse – because they treat knowledge as a

tangible (Eisenhardt and Sull 2001). Service system governance has to respect the

intangible; service system governance has to take into account the human knowledge

worker as the bearer of an intangible asset in the service value chain.

Knowledge management combined with accountability, i.e. the respect of what a

knowledge worker does, and a culture of support or empowerment results in simple

governance. Service system governance therefore explicitly embeds knowledge
management: importing knowledge, problem solving, experimenting, and imple-

menting and integrating – to create values, skills and knowledge, management

systems, and physical systems (Leonard 1995) one at a time.

Making services tradable requires the regulation of access to maintained socio-

technical capabilities which may involve a variety of models of interaction

(Araujo and Spring 2006). This is especially true in global service delivery
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where specializing and “virtualizing” of activities sharpen the professions and

formalize their activities or service interactions. The decomposition level of detail

determines the responsibility in a service system. Service system governance is

assigning artifacts at a certain level of detail. This is a better way of separation of

concern than merely task based (e.g. using a RACI) control. Governance cannot

be pressure or complete control; these knowledge workers would go elsewhere to

find an environment that fit their needs.

4.2 Service Owners

Service owners are service system owners. This is a little different from the domain

owners e.g. in SOA. Domains are defined along a functional areas or technological

disciplines or subsystem types. “The domain owner manages the direction of the

domain and the business relationships between the domain and business units, as

well as other domains. The domain owner also helps business process owners in

various business units understand the business application of the Services within the

domain. This person also tracks the usage of Services for management purposes

and ROI calculations” (Bloomberg 2004).

We actually think that the domain is better represented as a service system,

because you can combine service systems into a new service system and you can

describe service system networks. Domains are one-dimensional. This then allows a

recursive hierarchy of service system owners in contrast to a matrix of domains.

The semantic decomposition helps to break down the accountability – in a network,

not in a purely hierarchical manor.

Service owners in global multi-sourcing service delivery deal with: relationship,

performance, and contract (Cohen and Young 2006). In big settings each area may

have its own manager under the service owner. Often the technology owner (mostly

an application owner) and the business owner (sometimes the process owner) are
separate depending on the application governance and ownership in an enterprise

architecture governance setting. Ideally, the service governance is catered for by

one service owner accountable for the service.

Governing the services directly – having networks and decomposing it according

to the service system grammar – creates simpler rules: it leverages the service

process interactions in a service system network that can be organized more flexibly

than static domains.

4.3 Business Analysts

Business analysts derive services from requirements. Within a given architecture

these consultants, experts, managers make content work. These service process

interactions are linked into the service value chain. The service system grammar
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structures the creation of the service system from co-creating value. Having the

right granularity the hand-offs and collaboration with the technology architects is

much more efficient.

Especially in global service delivery – when roles are more strictly defined –

known and confirmed expectations are essential for success. It is rare that business

analysts are also fully literate in technology, making these hand-offs even more

important. The service system grammar lets the business analysts focus on the

value co-creation, not just mapping processes, separate from the engineering

aspects of technology. This serves their interest better than demanding everything

together – in one step. The service value chain is also cleaner when business

analysts focus on business. Governance is simple, because acceptance is focused

and accelerated.

Our experience shows that confirming level 1 with the senior management, often

the business process representatives of the relevant organizational units, is easier

than a flat “process map” with all detail possibly available. Level 2 – the operational

decision design – agreed with the business unit’s experts when the unit head are

“fine with it”. Both are done by business analysts.

4.4 Technology Architects

Process modeling is often done by technology architects; their main focus is

technology architecture not business processes – or service interactions. When

process modeling is done by business analysts their focus is the business process

map, not their possible implementation or execution. In software projects the busi-

ness teams and the technology teams have to collaborate for success, no real business

solution today works without technology; no excellent information system without

focused business value.

The context of the service system – and its grammar – supports the often

underestimated communication effort between the teams and helps their mutual

understanding with its a-priori grammar for service value chains. This reduces

the synchronization gaps and double modeling risks. Both teams – business

and technology – describe service system behavior using service process model-

ing in the service value chain. Measurements can be aggregated on each level

of detail.

4.5 Organization Behavior

Situational behavior (Hersey et al. 2008) has two dimensions: the task dimension

and the relationship dimension. Service networks and service systems neatly
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represent these two dimensions of situational behavior. This is the behavior for

creating service systems and for operating service systems.

The decomposition addresses the different types of complexity (Diao 2007) at

different levels of detail focusing divide-and-conquer or slice-and-dice content

design approaches towards aggregated behavior in the architectural context. The

business grammar focuses on the collaboration model and the decision model of

service interactions while the technology grammar focuses on the automation model

and execution model leveraging shared information. This structure implies and

organizes directly a work split (task dimension) between owners, analysts, and

architects – and their service interactions (relationship dimension) – and therefore

governs implicitly their situational behavior.

The service sequence (L1) addresses collaboration complexity. The service

sequence determines the separation of internal and external business collaboration

of the service value chain. Decisions and feedback (L2) address the decision

complexity. The decisions and feedbacks determine the separation of the business

governance and service interactions of the service value chain. Human interactions

(L3) address the execution complexity. The human interactions determine the

separation of manual interactions and automated interactions of the service value

chain. Straight through aggregation (L4) addresses the shared information and

persistency complexity. Straight through aggregation determines the computational

diversity.

The goal of service system governance is to articulate a common understanding

in a service system network and inside a service system. The grammar using

semantic decomposition tackles the needed trade-offs one at a time, prominently,

regarding (1) reputation and image, (2) internal coordination, and (3) over- or

under-engineering (Porter 1996). Service system grammar allows governing these

directly.

The sequence (L1) determines the purpose, defining start and end. Decomposing

it into decisions and loop-backs (L1-L2) ensures that the system’s reputation and

the external image of the behavior are consistent with the strategy for that particular

service system, because the governance is established for that particular value chain

purpose. Decomposing decisions and feedbacks into manual work and automation

(L2-L3) ensures internal coordination, because the roles are introduced for particu-
lar decisions. Decomposing manual work and automation into straight-through

aggregation (L3-L4) ensures that the service system establishes no over- or

under-engineering, because the technology and their applications are considered

for a particular service execution while sharing these services.

The service system grammar is a predefined structure for creating and for

combining service systems into service networks, thereby linking the service

value chains of the participating service systems together focusing on situational

behavior. Sharing the same language (due to the service system grammar and

agreed industry specific vocabulary) facilitates mutual understanding without

compromising on asset visibility selection the appropriate level of detail –

between different roles in one service system and the same roles in different

service systems.
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5 Service System Grammar Establishes Service

Perspectives to Allow Architecture and Design

Streamlining Governance

5.1 Service System Perspectives

Our experience in modeling service processes, designing and architecting informa-

tion systems in a multi-sourcing environment shows that it is important to separate

the actual value creation from the service interaction to achieve it. We therefore

propose two primary service system perspectives:

l Service value chain perspective deals with the service decomposition of one

particular services system: it is the task dimension of organizational behavior:

the service processes – answering: Which service features do we need?
l Service co-creation perspective deals with the service interaction inside a service

system or service interactions between service systems: it is the relationship
dimension of organizational behavior – answering: How do we understand their

service interaction?

Both primary perspectives depend on each other to model service systems. There

might be a couple of secondary service system perspectives, most prominently an

engineering perspective looking at the technical execution and support of services

systems and the governance perspective.

The service value chain perspective may have different angles (or types):

Service value chain perspective for the customer, for the provider, or for the

service owner (creating the secondary governance perspective). Taxonomies are

known for these angles (Wemerl€ov 1989) spanning between the degree of diver-

gence, from standard to customized, and the degree of customer contact, from no

contact to direct contact.

The line of visibility (Bittner 1993) separates the onstage contact person

from the backstage – or front-office from back-office – or access channel

from backend. This line of visibility is also needed to protect assets while

interacting with customers and partnering providers. The visibility compilation

facilitates cooperate communication and therefore is a means of governance.

Service perspectives compile this visibility level based on the service system

grammar.

Design and architecture tooling moves to collaboration using one repository, in

a Web 2.0 community fashion (e.g. Decker et al. 2008), or in an EAM fashion

(e.g. Telelogic 2008) or process modeling tools (e.g. Adonis 2008). An increasing

amount of people need to be informed and need to contribute to actually architect

and to design the service systems. The time of the one isolated “mapper” of

processes documenting every detail in one flat diagram is over. Service system

perspectives help to remove the graphical complexity and present a targeted

audience the right amount of detail.
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6 Service Value Chain Perspective

The service value chain focuses on the service system behavior to create value.

Situational behavior can be generalized and consolidated using semantic decompo-

sition as the grammar proposes. The service value chain perspective is supporting

this separation of concerns for all four semantic decomposition levels (Fig. 1).

General behavior is captured at the service sequence (L1). Using verbs only

focuses on the behavior and allows the standardization for different contexts.

Defining the industry specific and solution related business entities applies the

general behavior to a particular context. These are basically context free behavioral
patterns (and used here as an illustration). We use BPMN as a notation for service

processes, UML activity diagrams or any other flow charting can be utilized.

Essentially the service value chain perspective supports decomposition the own

service systems behavior using the service system grammar graphically for a model

of the inside:

l Semantic decomposition articulates actual, relevant service processes. Grammar

and verbs (the behavioral part of the vocabulary) are predefined to ensure

consistency and to find commonality. Grammar is a vital part to apply these

types of reference models that focus on behavior – and not on business entities,

e.g. analyzing entity lifecycles.
l Semantic decomposition reduces the risk of isolating the analysis due to very

specify business entities. The service processes not only industrialize the provi-

der’s behavior: the provider’s service sequences are collaborating with the

Fig. 1 Service value chain perspective leveraging the semantic decomposition of the service

grammar (Two levels with their respective activities A1, A21, etc. are conceptually visualized

together so that the detailing diagram and the level above can be inspected at the same time.)
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customer’s service sequences. This creates the services the provider’s service

system is offering its customers.

Combining two decomposition levels graphically create simple angles of the

service value chain perspectives: the architecture perspective L1-L4, the design per-

spective L2-L3, a business perspective L1-L2, and a technology perspective L3-L4.

6.1 Service Co-creation Perspective

The service co-creation perspective focuses on the service network behavior to co-

create value. Value chains of distinct service systems – and most importantly:

customer and provider of one service system – need to agree on interaction: that

is the service co-creation perspective visualization. The interactions with the

customer are established to ensure customer satisfaction.

The service co-creation perspective is supporting this separation of concerns for

all levels of service interactions. That means what is provided – the message, the

offer, deliverables, i.e. tangible stuff – can be decomposed as well to facilitate

mutual agreement (Fig. 2).

Interaction can happen at different levels of detail – not always is the partner or

customer value chain known. Provider co-creation perspective is at the level needed

(e.g. level 4) while the customer co-creation perspective might be educated gues-

sing at level 1. The service co-creation perspective is basically the model of the

outside; it models how shared information is organized between customers and

providers – and consequently between different partnering providers.

Service interaction can bridge over different levels of semantic decomposition;

this allows interaction with the explicit choice of visibility. Different types of

people or organizations can create different relationship visualizations, i.e. different

angles of the service co-creation perspective. A level of shared information is also

needed to establish simple governance, essentially sharing information between the

system owner and its executing provider. For creating service systems these first-

hand provider roles are business analysts and technology architects – ideally on

customer side as well as on provider side.

Fig. 2 Service co-creation perspective for customer interaction without customer visibility (The

customer is added to see the interactions of the provider service value chain, here on level 1.)
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6.2 Service Engineering Perspective

Enterprise architecture ends in a solution architecture and vice-versa. Information
system or application landscapes, technological service portfolios are organized to

create an overview of the technological capabilities of the provider (and even the

customer if needed). Executing in service system networks only works with a

certain degree of technological interoperability. Projects span over more than one

application over more than one provider.

The engineering perspective therefore links the L3 and L4 levels of the

service system structure to existing or planned information systems and access

channels.

This visualizes the technology resources to support management and strategy for

engineering. The engineering perspective links technology resourcing to support

technology roadmaps, information system portfolio planning, and the creation of

new service systems – while linking the resourcing to the service value chain

(architecture angle). The design angle shows what shared information can be

provided by whom.

For creating service systems with software projects these information systems

are repositories, registries, essentially tooling for modeling and reporting to share

the needed information at the appropriate level of detail (to code, to deploy, to test,

to install hardware, . . .).
Other perspectives e.g. to visualize the management of the service system

might be incorporated, not the information systems but the organizational struc-

ture into the service value chain perspective and into the service co-creating

perspective.

6.3 Service Governance Perspective

The governance perspective essentially adds the service system owner as a

third value chain to the customer and the provider service value chain (Fig. 3)

to understand this influence in the relationship with other service system

owners. While creating service systems e.g. the governance aspects are about

sharing information with technology resources like tooling for modeling or

reporting.

The governance perspective is a combination of the value chain perspective and

the co-creation perspective to achieve the impact governance has on the execution

of the service system. Service system governance can be separate, collaborative, or

embedded. We believe that a separate owner with own service processes can more

effectively act in increasingly complex and often confusing service system network

situations. Decision rights to be effective need simplification to agree faster: for

the governance for the service system itself, for governance with customers, for

governance with partners.
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Behavioral patterns for simple governance may help as a start, like: Check–

Decide–Confirm service sequence. The sequence e.g. can decompose for decision

making and feedback into:

l Check – audit, analyze, ensure, review, understand, or inform.
l Decide – delegate, agree, defer, or escalate.
l Confirm – explain, empower, consolidate, announce, or feedback.

Situations are e.g. (driver) legal regulations, corporate policies, SOX, PCI, ergo-

nomics, budgets, or go-life to govern (subject) change, execution, options, or readiness

for (severity) compliance, plausibility, completeness, relevance, or consistency.

The governance perspective for the service value chain perspective – or in

short: profit governance – and governance perspective for the service co-creation

perspective in short: collaboration governance – depend on each other. Global

multi-sourcing service delivery governance asks for the following service pro-

cesses: (1) relationship strategy, (2) responsibility, especially at hand-offs, (3)

integration as a theory of interaction, (4) equity regarding value and funding, (5)

audit and assessments monitoring performance, and (6) leadership (Champy

2008). Our experience is that establishing communication and feedback is the

greatest challenge in such a virtualized environment where customer “cannot

touch shoulders” of key contributors.

Service system grammar is good in crystallizing behavioral patterns at the right

level of detail. This improves governance structure; it makes governance simple

targeting the decision rights to the relevant people. Depending on the level of visibility

the amount of information is shared with increasing relationship intensity, i.e. trust.
Simple governance embeds knowledge management: the guys checking and

deciding know. Different level of detail can be adopted into the situation needed.

Structural agreement – interactions are known – is easier for the same approach in

the sensitive area of governance and power.

Fig. 3 Service co-creation perspective for customer interaction with customer visibility

(The customer view details conceptually the customer behavior to create explicit service interac-

tions with the customer value chain.)

224 S. Puehl



The governance perspective coordinates the different service owners

(of call centers, front-office, back-office . . .), and technology representatives, e.g.

application owners, maintenance heads, or data center directors. Other perspectives

e.g. to visualize transformation to communicate change, optimizations, and

innovation might be needed. This would not only include different people –

decision makers – but also different value chains for the same purpose.

7 Service System Governance Focuses with the Service

System Grammar on the Strategy Driven

Control of Value Creation

7.1 Service Innovation Structure

The governance of the service system creating the new service system influences the

sustainability of the value creation of the new service system. Innovation is a climate

of participation. Service processes articulate cooperation behavior, organizingwork.

Communicating these service processes is becoming a key to change and innovation.

There are two stages of innovation (Table 3): (1) managing key activities, and (2)

creating an innovative climate focusing on people and structure (Jong 2003).

The reality of creating service systems has changed. The focus on pure software

solutions is gone; operations and maintenance, as influential organizational units,

are major stakeholders due to the simple fact of being a substantial efficiency driver

after creation. The combination of service processes and service technology has

become a reality. The style of creating the service systems moves from an onsite

one-vendor consulting project in which each consultant and customer more or less

was able to gather and to design the requirements, to architecture the business and

the technology solution, to design software for the service processes, and to code

(and test) the solution has gotten less common over time. Work split is extreme:

coding is done offshore, even test factories virtualize continuous validation of the

information systems. Design and architecture are still often done onsite but mostly

Table 3 Structuring an innovative climate

People Structure

Managing key activities Involvement of operations people

(the front-line)

Presence of subject matter experts

(product champions)

Management support

Funnel tools

Multifunctional teams

Availability of resources

Pre-launch testing

Market research

Creating an innovative

climate

External contacts

Sharing information

Autonomy of employees

Strategic focus

Training and education

Internal organizations and task

rotation

Information technology
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by the service providers. This requires a changed approach to governance; this

requires different governance.

The governance of delivering and creating service systems influences the gover-

nance of the service system itself while using it. This sounds trivial but is often enough

astonishingly underestimated. Both are service systems. The same governance

approach ought to be applied. The service grammar simplifies its structure.

Viewing collaboration through this broader lens highlights how it can be used to

support a firm’s strategy. It forces managers to understand the competitive implica-

tions of partner selection, by assessing their merits along multiple dimensions,

instead of only one. And it helps firms understand where to use collaboration, in

terms of the parts of the innovation value chain where a focus on cost versus

differentiation is most appropriate (MacCormack et al. 2007).

The service value chain and the service co-creation perspective help to analyze

innovation from the transactional (course of action, plan) and from the collabora-

tive (relationship, governance) angle. Simple governance ensures that the service

value chain and the innovation value chain actually match.

7.2 Embedded Value Proposition

Simple governance is smart governance; it outsmarts competition because it creates

value with partners. Service system governance is simple governance if it is

leveraging the common language based on a service system grammar. Service

system governance does not need to separate the governance of the service from

the governance of the product. This can be done at the right level of detail – with the

visibility possible (starting with none but defined service interactions, moving to

Level 1, . . .) in the service system network.

We believe the best value proposition in such a complex setting of interests is to

demonstrate the own service system governance at the lowest level of detail needed

to prove it works. This motivates the service interaction governance.

What is then the strategic value? It arises from focusing on key strategic

processes and developing simple rules that shape those processes – a pattern

that creates network effects or economies of scale or scope – the result can be a

long term competitive advantage (Eisenhardt and Sull 2001). A service systems

grammar is the essential ingredient to use the common language that reduces

governance.

Changes – and their resulting trade-off discussions – for engineering are there-

fore easier (with less impact, having less level of detail to look at), than for

coordination or even reputation. This makes operational efficiency in engineering

less interruptive (coordination and reputation are staying consistent). Integration of

technology remains the biggest engineering challenge and change has a high

impact. With this grammar for service value chains the danger that engineering is

misused for internal coordination or even reputation is reduced because of distinct

levels of detail visualizing the fit of services.
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The service system paradigm therefore facilitates the communication between

business and technology teams due to the simple fact that the grammar for the

service value chains structures the agreement procedure – the service system

governance process. Bringing business and technology together early seems to be

common sense, but the actual challenge is the effort of communication and the level
of alignment needed to create the service system. The value chain grammar

postulates a priori a semantic level of detail to structure agreement of the people

involved.

The right level of detail enables the teams to focus on the actual challenge

aligning business and technology in a service system to actually provide value for

customers. The business sequence (L1) then is often nearly pure business, while the

application portfolio (L4) is mainly technology. The agreement process can then

use the decomposition level for decisions and feedbacks (L2) for the operational

effectiveness of the service value chain and the automation and manual work split

(L3) for the organizational efficiency to model achievable, executable behavior.

In the very end, L2 and L3 see more iterations than L1 and L4. You can expect the

most intensive discussion for internal coordination (in joint workshops): decisions,

feedbacks, and the impact of manual work and automation.

The grammar allows these workshops to stay at a consistent level of detail. With

its derived service perspectives it visualizes the audience relevant level of detail to
deal with the challenges for creating the service system – including a simple service

system governance to run it sustainably.

8 Conclusion

We propose that simple governance in value networks needs a structure that can be

articulated and understood at different levels of detail – by all relevant stakeholders.

This is what the service system grammar can provide. This structure has to combine

business and technology aspects. The service system grammar is doing so while

coordinating architecture and design interactions – respecting and coordinating the

key knowledge worker roles.

Further research is needed to enable and to encourage organizations to exchange

their governance mechanisms leveraging certain visibility levels. We find out: only

sharing the content to be governed enables e.g. software development in a multi-

sourcing global service delivery setting. With service perspectives the content

empowers and controls the communication and the governance for innovation

and for excellence.
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Service Science: The Opportunity to Re-think

What We Know About Service Design*

Chris Voss and Juliana Hsuan

Abstract The evolution of service science or Service Science, Management and

Engineering – SSME, provides us with a platform to critically review the area of

service design. The drivers for this include the lack of cross-disciplinary writing

on service design, the limitations of the treatment of service design as an extension

of product design and the dominance of B2C and neglect of B2B design. Three

perspectives are used: service delivery systems, service architecture including

modularity and platforms, and the service supply chain/network. Empirical exam-

ples are provided and a service modularity function is developed. It is argued that an

important role of SSME is to be able to link the operationally based service

architectures and resulting design methods and information system (IS) architec-

tures, and that there is a need to develop a combined view of the physical,

organisational, and IS architectures of services.

Keywords Modularity � Service design � Service architecture � Service science

� Service systems

1 Introduction

The challenge of developing a new concept of service science (or Service Science,

Management and Engineering – SSME) has triggered a wide range of thinking by

both academics and practitioners alike (Maglio et al. 2006; Spohrer et al. 2007;

Hefley and Murphy 2008). From an observer at the interface, it would seem to have

gone through a number of phases. The first was to broadly define the scope of the
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field. This has been done, though as SSME begins to mature, this scope has been

questioned and it can be argued that it is rather narrow and could be expanded. The

second phase in which many including the lead author of this chapter participated,

was to argue that before a totally new field was developed it was important that

the depth of existing knowledge be recognised and brought into the arena. It would

now seem that this stage is well on the way and diverse and multi-disciplinary sets

of knowledge from systems, operations, marketing and engineering are being

brought together.

We believe that part of the next phase in the evolution of service science is to

use it as a platform to hold up a mirror to this accumulated and diverse knowledge

and to address some of the core areas both of service within the scope of SSME

and the broader area of service management. Rather than just propose existing

knowledge areas that should be addressed in the development of SSME, we propose

to use it as a platform to critically examine one important area of service – service

design.

2 Why Service Design Needs Re-examining

In addressing service design the starting point is our own, non-computer systems,

knowledge base of service design and product architecture. We identify a number

of drivers that collectively cause us to see a clear need to re-examine service design.

Our first observation is the narrowness of much writing on service design, particu-

larly from a marketing perspective. The prime focus in this area is the service

concept and design of the interface between the service and the customer to

maximise customer satisfaction, positive word of mouth and repeat business. The

operations management literature tends to take the reverse and broader view with a

focus on the design of the service delivery process to effectively deliver the service

concept (Roth and Menor 2003).

One of the dilemmas of service design is whether it is a product or a process that

is being designed? The dominant models in the service design literature implicitly

treat the development of new services in a similar manner to that of a product and

use frameworks drawn from product development (see for example (Bessant and

Davies 2007)). However as Voss and Zomerdijk (2007) point out, although there is

much new product development in services, much is actually design and develop-

ment of new service processes and/or systems. We therefore argue that for much of

the area of service design a manufacturing-based, product development paradigm is

inappropriate. Given that the process is the product in many services, we should still

draw on our knowledge from products, but adapt it. A third issue that we identify is

that the dominant literature on service design is based on B2C services. This raises

the question as to whether the knowledge base of B2C service development is

equally applicable for the design and development of B2B services. A final issue

that follows on from this is the diversity of services. This is a challenge both for

defining the scope of service science and for developing knowledge and processes
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for service design more generally. We propose three perspectives that may help

move service design forward; a service delivery system perspective, an architecture

perspective and a service supply chain/network perspective.

3 Service Delivery System

As stated earlier, operations management researchers have examined the opera-

tional processes and choices that are required to deliver value and the service

concept. Roth and Menor (2003) have developed a comprehensive framework

setting out these choices. They argue that these consist of three areas; the structural

which includes the physical structure, the technology and the operational planning

required to deliver a service; the infrastructural which include the people, systems

and processes and then the integration. It is probably the latter where the interface

and importance of SSME becomes apparent. Integration requires design of physi-

cal, organisational and technological coordination mechanisms. They also position

this in the context of the service supply chain. Their framework for service delivery

system design is shown in Fig. 1.

This framework provides a useful model for thinking about service design in the

context of SSME. The service concept may be developed in a traditional way

through marketing, though the role of the user in co-design and co-production is

Fig. 1 Service delivery system design framework – source Roth and Menor (2003)
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becoming increasingly important. However, the design of the delivery system must

involve not just marketing and users, but computer systems, operations and human

resources. The challenge in rethinking service design is in part how do we bring this

diverse group together effectively.

In the following sections we examine a number of important perspectives, before

returning to SSME and service design. We next examine a complementary element

to this – Service Architecture and in particular how it enables us to think about

service modularity and design areas such as service outsourcing.

4 Service Architecture

We propose that one way forward that can potentially bring together the differing

views on service design is through consideration of service architecture. Product

architecture can be considered as the arrangement of a product’s functionality

elements into a number of physical building blocks, including mapping of func-

tional elements into physical components and the specification of interfaces

between interacting physical components (Ulrich 1995). Menor et al. (2002) state

that understanding the architecture of a physical product helps developers partition

the development work content, and also helps developers understand the potential

interactions between different parts (modules) of the product. This helps develop-

ment managers plan the coordination of different organisational functional groups

and task teams associated with specific modules.

There has been growing study of product architecture, particularly in the context

of modularity. Modularity refers to the scheme by which interfaces shared among

components in a given product architecture are standardised and specified to allow

for greater reusability and commonality sharing of components among product

families. Modularity provides the basis for customisation, provides economies of

scale and scope, and can help structure products to facilitate outsourcing. However,

there are also costs associated with modularity, in particular those associated with

coordination (Mikkola 2006). Menor et al. (2002) argue that the product architec-

ture serves as a means of making the product concept quite specific, and allows a

shared understanding of the new product between multiple disciplines (marketing,

design engineering, and operations). They see developing and applying the con-

cepts of architecture and modularity to New Service Design (NSD) projects and the

NSD process as a major research opportunity and may be a useful tool to integrate

the “front” and “back” ends of the NSD process.

An important way of looking at product architectures is to distinguish between

modular and integral product architectures (Mikkola 2006), see Table 1.

Modular product architecture designs provide the foundation for flexible

platforms, as they allow the realisation of product variations. These designs inten-

tionally create independence between components. This is accomplished by stan-

dardising interface specifications. That is, the components can be disassembled and

recombined into new configurations. Product variants can be realised with less
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difficulty as changes in one component do not lead to changes in other components,

and physical changes can be more easily varied without adding tremendous com-

plexity to the manufacturing system. The motivation behind this strategy is to gain

cost savings through economies of scale from component commonality, inventory,

logistics, as well as to introduce technologically improved products more rapidly.

It also allows the firm to make product changes easily such as upgrade, add-ons,

product line extensions, and cosmetic adaptations. This, in turn, enables firms to

listen to customer feedback and alter their systems accordingly by substituting

some components while retaining others.

With Integral product architectures, on the other hand, modifications to any one

component cannot be done without requiring the redesign or reconfiguration of the

other components. Performance via state-of-the-art innovation is the key objective,

which can be prohibitively costly for complex systems. Integral architectures tend to

have many unique components making the redesign of the architecture difficult due

to the complex one-to-one relationship shared with other components. The tightly

coupled interfaces of integral product architectures require new product develop-

ment (NPD) and manufacturing activities to be carried out concurrently. This means

the learning becomes interactive making component outsourcing difficult.

We see this categorisation as potentially applying equally well to service design,

and in particular toB2B services. For example third party logistics (3PL) has providers

with both modular and integral service architectures. A challenge in developing our

ideas about modular service architecture is to understand the degree to which some

of the important elements in product architecture translate into service architecture.

These elements include the nature of the interfaces, the degree of coupling and

substitutability, the degree of standardisation and uniqueness, and the nature and

number of components. Operationalising these dimensions is difficult in product

design (Mikkola 2006), and we anticipate that the same to be true for service.

Table 1 Characteristics of modular and integral product architectures (Mikkola 2006)

Modular product architecture Integral product architecture

Design criteria Commonality sharing Maximum performance

Component boundaries Easy identification Difficult identification

Redesign to architecture Without modification With modification

Interfaces Decoupled Coupled

Outcome Economies of scale Craftsmanship

Product variants High Low

Nature of components Standardised/generic Customised/dedicated

Component outsourcing Easy Difficult

Learning Localised/Dispersed Interactive

Synergistic specificity Low High

Component substitutability High Low

Component recombinability High Low

Component separability High Low

Nature of innovation Autonomous Systemic

System design strategy Decomposition Integration
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5 A Hierarchical View of Service Architecture

We draw on our recent work on service architecture to show how a service

architecture and the associated modularity might be represented (Voss and Hsuan

2009). In bringing operational, marketing and service systems views together, we

take a systems and decomposition view of service architecture (Sanchez 1999;

Simon 1962). The functionalities of the service system are decomposed into

individual functional elements to provide the overall service delivered by the

system. At each level of decomposition the architecture can be either integral or

modular (Mikkola 2006). When we compare services with products, we find

different ways to look at decomposition. Whereas the top level of product architec-

ture is the product itself, the top level of a service architecture can be seen as the

industry. A service system can be analysed at each level from the industry level

down to what one might think of as the discrete service module. In exploring the

architecture of services we illustrate through four levels, even though it may be

possible to subdivide into many more than these four.

The levels are as follows:

0. Industry

1. Service company/supply chain

2. Service bundle

3. Service package/component

Level 0 – Industry
The study of industry architectures is growing especially in the area of service

industries. An example is the mortgage banking industry, which has been under-

going a major shift from an integral model, in which all services are provided by the

mortgage bank, toward a more modular industry architecture in which specialist

firms have emerged and mortgage banks now perform a narrower, market-facing

role (Jacobides 2005). Once an industry architecture becomes stable, a system of

interfaces develops. At the industry level, these interfaces often consist of regu-

latory frameworks, rules, standards, and technological specifications that allow

different players to connect (Jacobides et al. 2006). Interfaces can be both proprie-

tary and open. The move to modular industry structures emphasises the growing

need for SSME approaches to industry IT systems (Spohrer et al. 2007).

Level 1 – Service company/supply chain
In contrast to industry-level architecture, at the company level an organisation has the

ability to design its own architecture. As with products, a modular architecture

enables a firm to consider outsourcing some of its services or service processes to

others (or to be a supplier of services to others). Hence, architecture at this level

should be considered not just at the level of the firm but also at the level of its supply

chain, both upstream and downstream. A parallel trend toward both shared services

and service outsourcing is apparent. Outsourcing has become an increasingly impor-

tant consideration for all businesses, and can only be realised when a system can be

decomposed in such a way that the interfaces of the components are well specified
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and standardised, which is a central focus of modularisation strategies (Mikkola

2007). Effective service outsourcing requires clear knowledge of both the process

architecture of services and the interfaces between them. A common configuration

at the company level is the multisite service organisation. Examples include firms

such as banks, department stores, general retail outlets, restaurants, and auto-repair

garages. Typically the architecture for such an organisation will consist of a core

plus a set of standard modules deployed across many sites. Another configuration is

product-based, in which a series of modular products are developed, often sharing

the same components and information systems, as in financial services.

Level 2 – Service bundle
At this level of disaggregation, we consider the individual service bundles that

comprise the company’s Level 1 service offering. Each bundle can be viewed as a

set of modules. One example is a modular approach to the designing of service

packages for the elderly (de Blok et al. 2010). A Dutch network of care providers

for the elderly delivers a variety of care and service packages. They offer three

kinds of modules: a basic module common to all services, a set of modules that can

be configured for each segment, and a further set of modules that allows for

customisation at an individual level. These customisable modules are in turn

composed of modules or elements at Level 3. Similar configurations of company-

level architecture can be found in B2B services such as 3PLs.

Level 3 – Service package/component
The service component can be treated as the smallest building block or module of a

service system. A number of important characteristics of these building blocks

contribute to the nature of the overall systems architecture. These include standar-

disation, uniqueness, degree of coupling, and replicability.

The cruise industry provides an apt illustration of the four levels of service

architecture decomposition (Fig. 2). Level 0 features the various players in the

industry, some of whom are cruise line companies, others of whom are independent

Cruise
Company 2

Port
Operations

Ship 1 Ship 2 etc.MarketingShip 3

Cabin
Operations

etc.
Engine
Room

EntertainmentPools
Food and
Beverage

Airline
Cruise

Company 1
Travel
Agent

Kitchen Waiters Laundry Maintenance Monitoring Inspection

0

1

2

3

Level

etc. etc.

Fig. 2 Hierarchical decomposition example of sea cruise services (Source: Voss and Hsuan 2009)
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of the these companies. Level 1 is that of an individual cruise line company. The

firm operates a number of cruise ships and has marketing services and port opera-

tions services, as well as back-office, procurement, and other services. Some of

these services may be outsourced, building a service supply chain. Level 2 reflects

the level of the ship itself. Each ship has an architecture consisting of a variety of

guest services such as swimming pools, restaurants, night clubs, and cabins. There

are further services associated with the running of the ship and its interface with

shore visits, and so forth. These guest services may be standardised and thus easily

replicated across all the ships of the fleet, or they may be custom-designed for that

ship. Further, these services may be unique to the company and not easily imitated,

or they may be standard, that is, similar across all firms operating in the industry.

Finally, at level 3, each of these services can be broken down into a further set

of service components, such as the individual elements of food and beverage (into

kitchen, waiters, laundry, etc.) and of engine room (into maintenance, monitoring,

inspection, etc.).

6 Modelling for Service Design Decision Making

In the dynamics of services, sustained competitive advantage is hard to achieve.

Within the frameworks of service architecture and modularity, there are three

areas that can contribute to competitiveness. The first is the possession of unique

service modules or elements that are not easily copied in the short term by

competitors. The second is the ability to exploit these through replication across

multiple services or multiple sites. The third is the possession of a degree of

modularity, which in turn supports both customisation and rapid new product

development. Service designers face architectural choices regarding the nature

and the degree of modularity, the nature of interfaces, and the degree of unique-

ness. It has been argued that customising a firm’s offering to meet the diverse

needs of individual consumers is relatively more important for satisfying service

customers than for satisfying consumers of goods (Anderson et al. 1997). The

thorough understanding of the architecture of a service can facilitate design for

effective customisation.

In designing or re-designing services to gain sustainable competitive advantage,

managers face many decisions. These include the choice of integral or modular

architectures, the degree of uniqueness or replicability required at each level,

whether to build a service platform, and the location and nature of key interfaces.

Managers require tools to enable them to support decisions such as whether to

increase uniqueness at the expense of modularity.

Analytic approaches can provide powerful tools to help managers assess

design alternatives. One such tool is the Service Modularity Function (SMF)

(for a fuller description see: Voss and Hsuan 2009). This provides a means of

articulating and quantifying the degree of service modularity. It also allows firms to
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examine the sensitivity of service packages with respect to changes in unique

services.

SMFðuÞ ¼ e�u2=2Nf

u: number of unique services

N: number of all services (unique and standard)

f: replicability factor

The SMF can be interpreted as follows. Because we take the decomposition

approach, all services are treated as systems. These service systems have standard

and unique service elements. The degree of service modularity varies exponentially

with respect to the total number of services (N), the number of unique services (u),
and how these unique services can be replicated across service families ( f ).

Standard services are those services that are routinised and abundant in the

industry. Such services are common in multisite service providers such as fast

food and retailing. For example, most retail bank services are very similar (despite

their marketing claims), partly driven by the need for intercommunication between

banks. The goal of standard services is usually to achieve agility, that is, the ability

to respond rapidly and effectively to changing market demands.

Unique services (u) are those services that are unique within the firm and

difficult to copy in the short term by competitors. Such services provide heteroge-

neity that makes replication difficult. This is particularly evident in firms (and

supply chains) in which knowledge and information sharing is tightly controlled,

such as consulting firms. With the increase in outsourcing and off-shoring activities

by firms, the survival of firms has become less predictable due to services that are

too generic and price sensitive. Organisations are thus looking to uniqueness as a

source of sustained competitive advantage.

The replicability factor ( f ) provides an indication of how easily a service

can be reproduced. A standard service can be easily copied and replicated. However,

the competitive advantage of service design is related to the replicability of unique

services. Service innovations are constantly being introduced by organisations, but

not all of these innovations get replicated. Replicability is particularly important in

the context of multisite and multi-service organisations, which seek to leverage their

service innovations through delivery across different sites and in different services.

For example, Cameron Macintosh Ltd. was the first to realise the power of the mass

replication of uniqueness in stage shows, and they have successfully replicated a

number of stage shows (modules) such as Phantom of the Opera, Cats, and Les
Misérables across multiple countries and multiple languages.

SMF captures the idiosyncratic elements of organisations, internal as well as

external. Service bundles might be modular within an organisation, but unique

within another. Simply replicating a new service without understanding the “inter-

faces” of the other organisations can worsen organisational communication (both in

quality and frequency), which can be extremely costly. This may have tremendous

implications for multinational corporations that are considering outsourcing services

to low cost countries.
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SMF might also guide the managers to reflect on strategic implications of unique

services that are dependent on scarce resources (such as procurement of qualified

officers – captains, chief engineers, marine engineers, and specialized technical crew).

Studies show that, in 2010, there will be a shortage of 5.9% in the total work force

of officers required to man the world fleet. This trend is further complicated with

the continuous increase in the number of fleets of 1% per year (BIMCO/ISF 2005).

It implies that Cruise Company 2 (example in Fig. 2) should consider not only on how

to compete with merchant ships in human resources recruitment but also on how to

train these officers so they can man as many cruise liners as possible. This has direct

implications for the replicability of such unique service elements into new ships.

7 Platforms

The role of platforms is becoming more widely considered in the service design.

A platform can be considered an evolving system made of interdependent pieces

that can each be innovated upon (Gawer and Cusumano 2002). A platform embo-

dies an architecture plus a set of rules; that is, the protocols, rights, and pricing

terms that govern transactions (Eisenmann et al. 2006). Platforms can be both

proprietary and shared (e.g. broad standards); and that product architecture – both

the high-level platform design and the interface designs that determine how sub-

systems work together – can have a profound impact on the structure of an industry

and on the nature of follow-on innovation. It is particularly useful when the

interfaces are open – that is, when the platform leader specifies publicly show

how to connect components to its platform (Eisenmann et al. 2006). Modular

platform architectures can be particularly useful in the development of new services

(Meyer and DeTore 2001). Financial services often have IT based platforms on

which they can continuously innovate and add new services.

An example of platform and module architecture is that of multi-channel retail

banking. The platform is at two levels. First, an IT platform common across all

channels and second a set of different channel platforms. These two platforms

support the delivery of a wide variety of product modules each of which contains

multiple products (see Fig. 3).

The product modules illustrate some of the characteristics of modular architecture

described by Mikkola (2006). In the bank studied, there was careful attention to the

interfaces between the products so that they could be bundled is such a way that

the bundling added value to the customer, created uniqueness for the bank’s products

and led to higher customer retention benefits for the bank (Done et al. 2001).

8 Service Supply Chain/Network

Our next argument is that service design must move from designing an individual

service to taking a supply chain perspective. Despite the well established field of

supply chain management both in practice and research, service supply chains have
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received scant attention. There are many reasons for this. Most attention has been

paid to service procurement and service outsourcing, but usually looking at just

one connection in the complex network that makes up a service supply chain. In

addition there are many difficulties that are less common in product supply chains.

These include the difficulty of developing clear specifications, outcome measure-

ment is often hard to do and responsibility for the supply chain is often distributed

across the organisation. Service supply chains have a number of particular organi-

sation aspects that need to noted in service design, these includes suppliers fre-

quently interacting directly with customers, fellow customers playing important

roles and particular roles such as intermediaries integrators, technology enablers

and consolidators.

In this context an SSME approach plays an important role. As services take place

and are enabled by a complex network of players, design involves designing for and

within a complex system. This is only likely to be most effective when there is

linking of multiple contributors to the design of the service system, paying particu-

lar attention to the design of linking mechanisms and systems and the roles and

interplay between them.

9 The Challenge of Diversity

Although there are substantial differences between products in areas such as

complexity and technology, the implications of these differences for product design

are relatively clear. This is not the case in service. Services are characterised by
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Fig. 3 Platform and module architecture – retail banking
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a high degree of diversity. There have been many service categorisations, often

made to facilitate marketing, none of which is robust across different many applica-

tions. One of the core concepts for service design is the concept of the front office

and back office, which is particularly powerful in B2C services. Another categor-

isation is the nature of the interaction between customer, technology and service

provider (see Fig. 4). This leads to two related challenges. The first is the develop-

ment of design concepts and models that are robust and that are applicable in a very

wide variety of services. The second is the development of categorisations that are

broad enough, but at the same time capture the distinctive nature of different sorts

of services. The development of SSME is a good example of where such a

categorisation may be required. There is parallel growth of study of new areas of

service from the servitisation of manufacturing, product service systems to services

of the sort offered by organisations such as IBM and HP. The development of

definition of scope and of categorisations within this scope could be a major step

forward in consideration of service design.

10 Service Architecture and Service Oriented Architecture

An important role of SSME is to be able to link the operationally based service

architectures and resulting design methods and information system (IS) architectures.

Meyer et al. (2007) argue that in modular service architectures, coordination becomes

increasingly important, and support for this can come from parallel IT systems.

Arguably, the concepts of modularity and the importance of interfaces had their

foundation in information systems. Like the service architectures described above,

these systems are increasingly becoming platforms that provide support for many

services in a modular manner. This has led to the development of service-oriented

architectures (SOAs), which essentially are modular IS architectures that allow

Fig. 4 Service typology – technology mediated customer contact (Source: Roth and Menor 2003)
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customisation at various levels of service architecture. The creation of SOAs has

led to a number of practical and theoretical implications. First, there is a large and

growing systems literature on service modularity and architecture that promises to

be of benefit to the wider area of service research and innovation (including this

volume). Second, there is a need to develop a combined view of the physical,

organisational, and IS architectures of services. For example, in contexts where

services are primarily IT-based an SOA will likely map directly onto the physical

service architecture. However, IS architectures may not map so directly onto an

integral platform supporting a range of modular services. Furthermore, SOA is still

in its infancy, and realists point out that many difficult technical problems must be

solved before SOA can become the backbone for a new strategic architecture

(Rettig 2007).

11 Towards a Future Agenda

We have argued that there are a number of reasons why we need to re-think what we

know about new service design and development (NSD). We have argued that

service science provides us with a mirror upon which to base this re-thinking. We

have proposed that service product and process architecture, service platforms

together with tools such as the SMF provide a basis for this. There are many

unanswered questions. In particular, can the models of product architecture and

modular products; be brought together with the models of modular processes and

process platforms. In addition, can it successfully address both the systems view of

architecture and the marketing and operations concepts of service design? If these

concepts can be fully developed, operationalised and made measurable, we will

make a major contribution to service science in a way that can be relevant to a wide

range of services.
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Service Science Learning: Exploring

the Challenge of Cross Disciplinary

and Academia–Company Collaboration

Jos G.A.M. Lemmink and Jayanta Chatterjee

Abstract Several authors have claimed that there is an increasing demand for

multidisciplinary and cross-disciplinary work in service science, management and

innovation. Especially in the service area there is a need to break down the barriers

between disciplines. At the same time here is evidence that joint multidisciplinary

work by authors in academic journals is only increasing marginally. Another

weakness is the lack of real academia–company interaction. Service sector compa-

nies have accumulated significant experiential knowledge base and tacit insight

from their engagements with many real life applications and successes, but these

have often not been studied by academicians for abstraction and understanding of

principles. This calls for more study as well.

As academia cannot bridge the gap alone with their traditional curricula, there is

a most important role for new learning approaches incorporating cross disciplinary

and academia–company learning at the group level. In this case, bringing the group

approach to learning means contributions from a wide area of disciplines and

participation from academia as well as from companies. Problem based learning

(PBL) seems to be an approach that provides the necessary structure for systematic

goal oriented collaboration while encouraging new paradigms to emerge.

Keywords Service science � Service systems � Inter-disciplinary research � Multi-

disciplinary teaching � Problem based learning (PBL) � Service innovation

1 Introduction

Taking a closer look at the field of new service development and innovation several

authors claimed that there is an increasing demand for multidisciplinary and cross

disciplinary work. Especially in service there is a need to break down the barriers
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between disciplines. At the same time here is evidence that joint multidisciplinary

work by authors in academic journals is only increasing marginally. The first author

on this paper has published an overview of all articles published in the International

Journal of Service Industry Management between 2000–2005 (Lemmink 2005).

The focus of the overview was to assess the extend of cross-disciplinary research.

Of the papers that explicitly addressed cross-disciplinary research, most of the 187

authors are members of marketing departments (59), followed by business (58),

management (38) and consumer sciences (32).

In order to get some idea of collaboration we counted the number of bilateral

co-operations between different departments in the authors’ teams. Relevant infor-

mation was traced from 86 articles. Twenty of them were single-authored. The

remaining 66 articles were written by more than one author. In total the number of

bilateral relationships between authors was 141. From these 141 pairs of authors, only

40 were cross disciplinary. Adding the number of single-authored articles leads to a

preliminary conclusion that from 161 authors only 40 (25%) were involved in cross-

disciplinary collaboration. The overview paper concluded that “based on the intrinsic

qualities of theories and models from disciplines like marketing and operations

management, we should be able to put more effort into collaboration.” This logical

opportunity however does not translate into “reality” in terms of research publications

even today, the percentage of multidisciplinary papers in IJSIM, definitely has gone

up between 2005–2009 but it still awaits the surge that one expected since the

SSMED movement galvanized major industry–academia fora. There is still lack of

good results for academia–company collaboration, and only stepwise progress has

been made by setting up joint private–public initiatives.

This paper starts with the premise that this lack of intense inter-disciplinary

research in the domain of service systems is not only because Service is still largely

considered as another sector of the economy after Industry/Manufacturing and

Agriculture. Not only because it is still not seen as the most compelling business

logic or as a meta-perspective about which economic activities are all about but also

because of the way the subjects that constitute the holistic view of SSMED are

taught or learnt today.

The pioneers of this movement are eloquent in desiring an integrative approach to

theoretical and practical foundations. Spohrer and Kwan (2008; pp. 2–3) were among

the first to equate the original description of the field Service Science Management,

Engineering andDesign (SSMED) as Service Science and then cited a comprehensive

list of important previous literature written between 2005 and 2007. They elaborated

on three foundational concepts that underlie the service systems worldview, namely

service systems, value propositions and governance mechanisms. At this level, aca-

demicians from various disciplines will not have many issues to debate. However

when we start with the definition that Service Science, Management, Engineering

and Design (SSMED) or Service Science for short, “is an emerging discipline aimed

at understanding and innovating service systems” (Spohrer and Kwan 2008; p. 5) and

then elaborate the constituent terms as follows we enter the realm of the pedagogical

challenges in terms of curriculum design and delivery and learning styles across these

constituent disciplines.
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Let us first look at these four sets of fundamental questions that SSMED seeks to

answer:

l Science (use historical facts to learn, devise models, and measure predictions):

What are service systems, how have they naturally evolved to present, and how

might they evolve in the future? What can we know about their interactions,

how the interactions are shaped (value propositions, governance mechanisms),

and the possible outcomes of those interactions both in short-term and long-

term?
l Management (use future possibilities to learn, devise strategies, and measure

progress): How should one invest to improve service systems and service value

networks?
l Engineering (today’s and the foreseeable future’s best use of resources, espe-

cially technical and information resources): How can the scaling of service

systems be improved by the invention of new technologies (and environmental

infrastructures) or the reconfiguration of existing ones?
l Design (today’s and the foreseeable future’s best use of resources, especially

human and organizational resources): How can one best improve the experience

of people in service systems?

To an extent some of the pedagogical issues were identified in the Cambridge

Manifesto (http://www.ifm.eng.cam.ac.uk/ssme/) but the beginning of the problem

can be viewed in Svobodovas’ (2008) presentation at ECSS, which contained an

elaborate description of the need for T-shaped professionals. However, if one goes

through the websites of the 130 universities worldwide who are piloting SSME

curricula and programs, academic administrators will recognize that Engineering

and Technical universities might have added a few courses on human aspects of

service systems but the curriculum remains heavy on analysis. On the other hand

Management schools or Design schools might have added courses on design of

systems or product-service-systems design. As a result the primary emphasis

remains on courses that nourish creativity, craft and various soft skills.

2 Exploring the Learning Challenge

For a critical understanding of this problem one can refer to Kolb’s (1984) work and

many subsequent authors who were inspired by Kolb’s Experimental Learning

Theory (KELT) (e.g., Holman et al. 1997). The following diagram (Fig. 1) proposes

the pedagogical and learning style differentiation among the constituent disciplines

of SSMED. If we conceptualize SSMED as facilitating the problem-solving

process by and with the customer then service innovation will mean a process of

knowledge development and deployment. Thus the pedagogy has to be process

oriented, constructionist (as opposed to instructionist), embracing both convergent

and divergent thinking, analytic-synthetic, operating in both theoretical and practi-

cal domains simultaneously or at least interactively.
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As a result of these pedagogical variances, learning styles are shaped differently

by Technology, Management/Social Science and Design oriented approaches. For

example, managers seek solutions that are readily accepted by most and so they

tend to innovate within rules set by large/influential customers and shareholders.

Thus, most often, managerial preferences gravitate towards incremental innovation.

On the other hand, designers are taught/encouraged to break rules and be not overly

concerned with what has happened before. So the learning style differentials bring

about different thinking styles, different behavioral styles and discourses. Service

Innovation needs the requisite variety of all the quadrants because even while

offering a radical new experience, it needs to be based on fundamentals of famil-

iarity and comforts, efficiency of the routine and aim for superior economic returns.

In the next diagram (Fig. 2) we propose a pedagogical model of Project based or

Problem based Learning (PBL: Wilkerson and Gijselaers 1996) that can help

deliver the promise of SSMED through a student centric process of learning to

manage that paradox of creating innovative service experience while exploiting the

economics of efficiency and modularity. Such ambidexterity demands simultaneous

deployment of contradictory capabilities of exploiting current competences while

exploring new domains in terms of customer delight.

This experimental model being tried at the Indian Institute of Technology,

Kanpur is inspired by service learning (Academy of Management Journal, Learning
and Education 2005, Vol. 4.3). At its core it is about creating opportunities for

students to apply theory they learn in the class to critical social problems and needs.

It is based on action learning that engages students in the wider community around

to extend “What is possible” to “What is necessary to meet the challenge”.

Management 
teaching

Science & Technology 
teaching

Master- Disciple 
apprenticeship/ skills 

teaching in Art Schools 

Active Ex-
periments 

Reflective 
Observati

on

Abstract

Concrete Experience

Fig. 1 SSMED Learning styles and Pedagogical Differentials (adapted from KELT Design Teach-

ing 1984)
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Academy of Management coined an acronym WE CARE (Welcomed, Evidence

based, Complementary, Action-oriented, Reciprocal and Epistemic). Each of these

terms seem to be important for integrative SSMED pedagogy. It is important here to

focus on creativity through generative projects. We know now that learning is not a

linear process (Kolb and Kolb 2005) so SSMED teaching need not be linear either.

Technology/Engineering curricula, across most top universities of the world,

have increasingly converged with that of science and mathematics, over the last five

decades, based largely on the engineering science model. Four years of undergrad-

uate engineering courses, partly due to the Grinter (1956) model, mostly rely on

2 years of intensive natural sciences and mathematics teaching. The focus remains

on analysis where technological problems are interpreted and addressed through

scientific principles. Engineering and technology education thus have steadily

moved away from practice and practical skills to the theoretical principles (Dutson

et al. 1997). The epistemological approach in science and technology teaching is

thus systematic questioning where known, proven principles are applied to analyze

a problem to reach verifiable truthful answers or solutions (Dym and Little 2003).

This convergent thinking inspired by Aristotelian hierarchy of questioning pro-

cedure is good to reveal facts based on truth value providing a specific set of

answers to a given question. Questions that are asked by creative designers or

innovators, on the other hand often come from an opposite premise: for any given

question, there exist or could exist multiple alternatives, some known and some to

be imagined regardless of being true or false. The innovators’ questions are often

interested to uncover the unknown possibilities through a divergent thinking

process. This divergent thinking process has been investigated by many (Eris

2004) through survey as well as quasi-controlled laboratory experiments. The

Concept-Knowledge (CK) theory of teaching conceptual design thinking (Hatchuel

and Weil 2003) argues that design concepts need not start with truth value emphasis

Fig. 2 SSMED Learning styles and pedagogical differentials (inspired by Beckman and Berry

(2007) and WE CARE
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whereas engineering knowledge seekers usually rely on that only. Design

innovation thinking is thus seen as a series of continuous transformations from

the concept domain to the knowledge domain.

The dialectical continuum between this science based convergent engineering

teaching-learning and creative conceptualization based design thinking-learning

somewhere in between needs management teaching-learning to maintain the flow

from concept to knowledge and then onwards to actionable knowledge. Management

teaching and curricula across different business schools thus cover subjects relying on

systematically asking convergent questions (market research or fundamentals) as

well as subjects built upon deep reasoning questions, strategy, to generative questions

based subjects (management of innovation). In our experimental pedagogy, learning

is context-dependent and calls for both the faculty and the students to link classroom

theory to real world experiences (Reynolds and Vince 2004).

In service business, new creative ideas are not enough, to usher in innovation,

they must be realized at the points of contact and must pass social (user/customer)

evaluation (Annabile 1996). And then to cross the tipping point such service

innovations must exploit current competencies of the organization while exploring

and incorporating that of others (customers/suppliers) (Gladwell 2000; Godin

2001). Johansson (2006) in his book The Medici Effect provides numerous exam-

ples how breakthrough ideas most often happen when we bring concepts and

expertise from one field (convergent facts) into new, unfamiliar territories (diver-

gent linkages) and more current research (Agarwal and Selen 2009), shows how

such collaborative practices can be integrated into a dynamic capability building

framework for elevated service offerings. However as these researchers point out,

collaborative organizational practices emanate from collaborative organizational

learning, which necessarily needs organizational relationship capital building. That

relationship capital building among professional colleagues coming from different

disciplines remains a challenge because multidisciplinary collaborative learning

itself is not part of our current conventional higher education system. At Under-

graduate level even finding time table slots for multidisciplinary open electives

pose many scheduling challenges as each (of engineering, science, business or

social science) discipline encourages its faculty members towards deeper and

deeper specialization thus initiating demand for more and more focused depart-

mental core and elective teaching slots.

3 Integrative Problem Based Learning

The conceptual spanning of the continuum around all the four dimensions of service

science in the new pedagogy will often lead to inter-disciplinary tension. This

tension has not been dealt with specifically in the current SSMED literature except

for articulating the need for T-shaped professionals. But one can build that inte-

grative new approach on the earlier experience of designing and delivering
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Engineering System Design curricula at MIT, Stanford or Aalborg University

during the 1960s and 1970s. The 1994 review of the Aalborg model (Christopher-

son et al. 1994) on one hand can direct us to the strength of the problem based inter

disciplinary pedagogy and on the other hand it can provide a framework for

managing the paradox of a new style pedagogy that aims at teaching-learning

of innovation.

The longitudinal study done at MIT from 2000 to 2005 to assess its Conceive-

Design-Implement-Operate (CDIO) initiative and the charter of the Design Factory

at Aalto University, Finland (http://www.aaltodesignfactory.fi) based on the PDP

course of Helsinki University of Technology also provide us with the process of

developing new pedagogy with that of a fresh approach to research in a new domain

like SSMED.

4 Problem Based Case Examples

Figures 3–5 represent the results of a quasi controlled experiment (led by Atul

Sultane and V. Nachiket, 2009 Master of Design students) at IIT Kanpur, where

critical social concern, system design principles and technological possibilities

were brought together in a multi-disciplinary project based learning project and

students were encouraged to build different scenarios and narratives through

experiential field trips. The resultant solution of a cycle van based potable water

delivery service is novel and locally practicable solution based on a low environ-

mental impact, modular upgradable system that serve the unserved while creating

possibilities for further service co-creation involving the rural citizen customers

of India.

1.1 Billion people don’t have access to clean water. In India, diarrhea alone causes
more than 1600 death’s daily.
Water sources are at a distance. Women must devote hours to meet the basic need of
the family. They need to walk 3 to 5 km daily to get water for their family. This is very
laborious task.
Taking this into account, we made a need statement i.e. to find a service innovation
for ease of access to potable water.

Fig. 3 Integrative PBL pedagogy applied for service innovation in a quasi controlled experiment

(problem finding and selection)
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Fig. 4 Solution development using product-service-system design approach
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5 Conclusion

In the white paper entitled “Succeeding through Service Innovation” (2008, p. 5),

University of Cambridge, it was proposed that “the changing global landscape of

business and society can be described as a very large global service ecosystem”.

Current eminence of “service dominant logic” looks at “all firms as service firms”

(Vargo and Lusch 2004). Yet due to this lack of interdisciplinary discourse on

pedagogy, “design as a discipline currently has almost no participation in the

service sector. In many ways most of our service-related daily experiences

are devoid of thoughtful design, except in their tangible aspects” (Pinhanez

2009). The lack of interdisciplinary discourse has often created wrong metaphors

and the lack of deeper understanding of the power of multi-disciplinary design

thinking have excluded the possibilities of illuminating insights into complex

business problems. These issues have been felt by many over the last 10 years

(Liedtka 2000; Verganti 2006) but the curricular silos have avoided innovational

confluences. Perhaps the development of more socially inspired and thematically

Fig. 5 Service Innovation and solution testing prototype based on Interdisciplinary PBL
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integrated choices for interdisciplinary topics and new experiments on learning

methods can create the agile SSMED professionals who can bring about the new era

of service innovation by moving easily between the abstract and the concrete and

between analysis and synthesis. Initiatives in this direction should be the responsi-

bility of both academia and the corporate world. However the most important driver

will be the discovery of other disciplines. As academia cannot bridge the gap with

their traditional curricula, there is a most important role for new learning

approaches incorporating cross disciplinary learning at the student group level.

Via similar cases and learning approaches like PBL as mentioned before we trust

that academics will be encouraged into more seamless exploration across the

current academic silos and unleash the boundless potential for service innovation.
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An Engineering Perspective on Service Science*

Duncan McFarlane

Abstract This article focuses on the way in which engineering, as a discipline, can

most effectively interact with the services sectors generally, and with service

science in particular. This perspective is proposed in order to balance the relatively

limited recognition of both engineering as a contributor to service science and also

services as an application area for engineering developments. The article is

structured as a response to a series of questions relating to the current and potential

future role engineering can best support the evolving area of Service Science,

Management and Engineering

Keywords Engineering � Education � Research � Service systems � Management

� Product service systems � Curriculum � Vocation

1 Introduction

This article focuses on the way in which engineering, as a discipline, can most

effectively interact with the services sectors generally, and with service science in

particular. The need for a greater examination of the engineering – services linkage

is motivated by a number of important issues:

(a) Service sectors as a dominant employer of engineers: The service sectors are

dominant in most western countries employing between 70–90% of the work-

force (Paulson 2006). Even for students studying engineering, a career in the
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service sectors is most likely. In Australia, by way of example, up to 57% of

engineering graduates find jobs in the service sector.1

(b) Increasing requirements to optimise service design and delivery: Service

businesses are facing unprecedented constraints on their operation and signifi-

cant pressure to optimise their processes. This is the case whether it be cost

cutting in government, space constraints in retail or leisure or environmental

constraints in transportation. Even more broadly, there are increasing calls for

greater innovation to be introduced into the provision of services.2 The engi-

neering profession is equipped with numerous tools for systematically addres-

sing these challenges.

(c) Evolution from product to service provision in the industrial sector: Many

manufacturers or providers of equipment are increasingly re-organising them-

selves as [asset based] service providers for economic or strategic reasons.3 The

motivations for these changes ranges from the need to tighten and sustain

customer links (e.g. office equipment, mobile electronics), to a lack of profit-

ability in product sales (e.g. automotive or civil aerospace) to a customer

mandated shift. In the latter case, by way of example, the UK Ministry of

Defence has mandated that its prime suppliers make a shift from parts and

equipment contracts to so called availability or performance based contracting.4

This evolution of new so called complex engineering services (see Ng et al.

2011), coupled with the ever growing industrial asset management offerings in

oil, utilities, and construction industries formally establishes a need for engi-

neering discipline in service domains.5

2 Challenges for Engineering in SSME

Having established that there is a clear need to clarify, articulate and extend the role

of engineering in the services sector, the remainder of this short article raises four

simple questions that need to be addressed if the links between the engineering

discipline – and academic engineering departments in particular – and the services

1 2004–2005 Graduate Placement Data, Centre for Policy Studies, Monash University, Australia.
2 This issue has been argued in a number of reports including: a) Taking services seriously - How

policy can stimulate the ‘hidden innovation’ in the UK’s services economy, NESTA Research

Report, May, 2008, b) IfM and IBM, (2008). Succeeding through Service Innovation: A Service

Perspective for Education, Research, Business and Government. Cambridge, United Kingdom:

University of Cambridge Institute for Manufacturing. ISBN: 978-1-902546-65-0, c) Science and

Technology-Led Innovation in Services for Australian Industries, Report of the PMSEICWorking

Group, Australia, 2008.
3 See the references provided in Baines et al. (2007).
4 The recently completed Service Support Solutions: Strategy and Transition [S4T] Programme

coordinated by Cambridge University and funded by BAE Systems and EPSRC [2008–2009] was

established specifically to examine this shift in theUKDefence industry. www.ifm.eng.cam.ac.uk/s4t/
5 Conversely, this evolution also challenges traditional manufacturers to embrace the rather

foreign areas of services marketing and strategy amongst others.
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sector are to be improved. It is intended that these comments might form a blueprint

for the way in which engineering might increase its profile in those sectors which

dominate our economy.

(1) How can the engineering discipline – and academic engineering departments in
particular – best prepare graduates for a vocation in the services sector?

A useful way to consider this question is by way of comparison with the evolution

of manufacturing engineering as a discipline. Fifty years ago there was no recognized

discipline of manufacturing engineering, there were few text books and little system-

atic coverage within the academic engineering curriculum. The samemight be said of

the role of engineering in services – or service engineering – today.

To begin to address this issue within an engineering department, a three level

approach is needed:

l Increased Service Awareness: Introducing service issues and examples into core

engineering courses.6

l Service Course Modules: Developing engineering-oriented course modules that

can be integrated into industrial, manufacturing, and systems engineering courses.
l Post Graduate Education: Providing Masters’ streams rich in service content.

By way of example, in the UK, at Cambridge, initial trials of a service engineer-

ing module within a manufacturing engineering course have indicated a significant

enthusiasm on the part of students to embrace service sector challenges, while at the

same time finding an increased customer service perspective to be helpful in

viewing more traditional industrial domains.7

More broadly the capabilities and career paths for tomorrow’s service engineers

need to be defined. In the UK there are currently no Institutional committees

focusing on the engineering issues in the services sector, and hence little institu-

tional support.

The evolution of service engineering differs in one way from that of manu-

facturing engineering; in that there already is a recognized base for service

education – predominantly within business and management schools. This raises

a second question:

(2) To what extent are existing service science courses relevant to engineering and
engineers?

Service science courses have historically been run within business and marketing

schools,8 and they therefore focus on issues most relevant to business undergraduates

6 For example, statistics can be taught with service-oriented (e.g., healthcare, retail, etc.) examples

in addition to agriculture and manufacturing (Ledolter and Swersey 2007)
7 A two day service systems module has been run in 2008 and 2009 within the Cambridge

University Engineering Department, Master of Philosophy in Integrated Systems in

Manufacturing and Management.
8 For example, in the USA, leading service science courses are offered by Robert H Smith School

of Business, University of Maryland, Wharton School at University of Pennsylvania, Arizona

State – Cary School of Business, Jenkins School of Management, NC State University.
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and graduates. Key topics covered include services marketing, customer relationship

management, service strategy, and service operations management (This content is

reflected in key text books in the area as well e.g. Gronroos 2000; Lovelock 2007).

For mature graduate engineers, this style of content may be educational, but at an

undergraduate or immediate postgraduate level. A further issue for engineers under-

taking a business school service science course is that – in general – much of the

taught material is analysis-oriented rather than synthesis-oriented. That is, a course

provides tools/methods for examining past and present behavior, rather than

providing tools/methods for designing and implementing future solutions. More

recently, service science has also been offered by computer science/IT departments.9

Here the taught content has a more technical flavour, with some significant focus on

the synthesis of new service solutions. However, beyond general introductory mate-

rial there is a heavy focus on information/internet services and the underlying

architectures to deliver these. Such courses are unlikely to be immediately accessible

to all but the most IT oriented engineers.

The following steps can be taken in order to increase the relevance of existing

service science course to engineers and to improve their accessibility for engineers:

l More Relevant Examples and Case Studies: The complex engineering services

domain is an ideal area to focus on as services, for example, in defence,

petrochemical, utility industries, provide the challenges faced in more conven-

tional service sectors mixed with those more typically faced by engineering

undergraduates (e.g. the challenge of achieving specified customer service levels

while maintaining and upgrading complex equipment over its effective life).
l Course staff with academic or industrial engineering background: A relatively

obvious proposal. Mixing an engineering background into the course delivery

team will immediately ensure greater accessibility for engineers.
l A mixed analysis-synthesis approach to Service Science: Introducing curriculum

that supports the design, modeling and improvement of services and their

underlying components. Such an introduction would compliment existing ser-

vice course material, and would generate graduates armed with the ability to

innovate and generate new service offerings – with or without a technical

content. Potential tools to support such course additions will be discussed in

question (3) next.

(3) Are engineering tools and techniques widely used in the design, operation or
evaluation of services?

While there have been notable efforts to demonstrate that it is possible to deploy

industrial engineering principles within services operations,10 these have often

focused only on methods from the operations management domain and tend to be

demonstrated in simple service scenarios. Hence there appears to be significant

9 See for example, Department of Computer Science, Carnegie Mellon University, University of

Manchester School of Informatics, Manchester, U.K., Information School of UC Berkeley.
10 See, for example, sections on service operations and technologies within Johnson, Clark (2008).
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further opportunity for the deployment of engineering principles, approaches, and

tools in the design and delivery of services.

Some key engineering methods11 that could be readily adapted or extended and

applied to services include12:

l Computer Aided Design: Development of repeatable, systematic software tools

for service design and for design of products from a service perspective.13

l Information Models and Architectures: To date there are few information systems

specifically developed to manage service operations – most borrow heavily from

systems developed for industrial information management.
l Manufacturing Engineering Tools: A number of methods exist which could

support service delivery (Critical Path Analysis, Theory of Constraints, Respon-

siveness Analysis), service quality (Statistical Process Control, Motorola

6-Sigma Methods, Quality Circles), service resource support (Total Productive

Maintenance, Cause and Effect Analysis,).
l Process Modelling and Simulation: The development of systematic methods for

describing and emulating service process can contribute to the optimisation of

these operations.

A further set of tools, associated with supply chain analysis and optimisation,14

has the potential to be adapted to service supply chains, once the issues in convert-

ing from the analysis of the flow of goods to the management of resources in

completing a service can be satisfactorily resolved.

Referring to the motivating issues from the beginning of this article, the engi-

neering methods described above might equally be deployed a) in the standardisa-

tion and optimisation of conventional services (e.g. better information management

in healthcare, more reliable and versatile transportation, tourism with greater

energy efficiency, reduced cost government services) or b) in the support of

organisations migrating from equipment or parts sales to the provision of complex

engineering services. In the latter case, companies are seeking to systematise their

overall service development delivery in the same way that they have previously

done with their product development and production.

In summary, key steps that can be taken in order to ensure a broader take up of

engineering methods and tools in services are:

11 The reader is referred to a number of core manufacturing engineering texts which provide

overviews of many appropriate engineering tools and techniques which are broadly applicable to

services. See for example: Rembold, U, (1994), Kalpakjian, S, (2001), Montgomery, D (2009),

Boucher, T (1996).
12 It is not intended to imply here that the methods described have never been used in the service

domain but more that their use is not commonplace and could be more prevalent. Also, clearly the

list of methods given here is not exhaustive.
13We note that, by way of example, the UK Integrated Products and Services [IPAS] project

[2005–2008] and other related projects have examined issues of use in service in the design of

aircraft engines and their subcomponents.
14 See Simchi-Levi et al. (2010) or Christopher (2004) for example.
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l A Toolbox for Complex Engineering Services: Development of a comprehensive

set of tools that support the development and delivery of complex engineering

services. By implication this would involve combining existing service analysis

tools with an adaptation of engineering tools in order to meet the challenges of

forming this type of service.
l Develop and collect case studies: The provision of illustrative examples sourced

from across multiple service domains showing the use of engineering tools and

methods
l Guidelines for Use: Produce practitioner accessible workbooks/reference books

which not only describe tools but provide guidelines for their us.

In addition to addressing the education issues in the first two questions, enacting

some of the steps required for broader adoption of engineering tools and methods

will fall to the academic domain working in partnership with industry.

(4) Is there sufficient research of an engineering nature being applied to service
sectors?

This is a complex question to address. It is clearly true that there is a significant

level of research funding being made available for the engineering development of

equipment and technical systems that are used in the service sector. In the UK alone

there are significant programmes which fund academic work in partnership with

industry for example in the development of transportation vehicles,15 airport

information infrastructure,16 new methods of energy generation, and transmis-

sion,17 new medical equipment,18 new techniques for waste disposal.19 Each of

these pieces of work (and many others) is of a fundamental engineering nature

and the results are expected to support one or more key service sectors, but in

general, the research is somewhat decoupled from the notion of the service to be

provided and is viewed as a technical challenge. In fact, researchers in these areas

are often unaware that their work contributes directly to one or more service

sectors. There would be significant benefit in simply enabling the drawing together

of existing engineering research that contributes to services in order to ensure

maximum visibility and that maximum synergies are achieved.

In contrast to the significant amount of basic engineering research supporting

different service sectors, there is far less research being undertaken in which

contributes to the improvement of the overall design, delivery and performance

of services (and their supporting systems) being addressed by the engineering

15 For example Southampton Railway Systems Research (SR2), University of Southampton.
16 For example, TINA: The Intelligent Airport, University of Cambridge, University of Leeds,

University College London.
17 For example, Institute for Energy Research & Policy, University of Birmingham.
18 For example, Health and Care Infrastructure Research and Innovation Centre, University of

Loughborough.
19 Engineering issues in waste disposal are examined for example at Geoenvironmental Research

Centre (GRC). This is based in the Cardiff School of Engineering, in Cardiff University, Wales UK.
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community. This is typically research of an integrating nature, providing tools and

guidelines to draw together aspects of the service system, supporting services from

initial concept through to sustained delivery. There is a clear analog with the type

of research that has supported manufacturing developments for many decades.

Even today, the UK government funds a large number of Innovative Manufacturing

Research Centres (IMRCs) which focus on multi-disciplinary, innovative, and

broad reaching programmes supporting the UK manufacturing industry.20 The

European Union funds a range of similar activities in manufacturing, drawing

together researchers from different regions. These programmes involve engineering

researchers in conjunction with researchers from numerous other disciplines which

are required to undertake research into complete service solutions. It is this mix of

disciplines in research that the services domain would benefit from, and to date

there have been few significant programmes in the UK that have addressed this

despite the clear importance of the service sector to the UK economy.21

Apart from a lack of relevant funded research, there are other disincentives

which act as barriers to involving engineers in service research. For example – until

recently – there has been a shortage of quality journals in which engineering

researchers could have service research outputs published. This is now being

addressed with an increasing number of new service science related journals

and also with prominent journals beginning to run special issues on service

science,22 but remains a challenge in many journals. On a more positive note, there

are a number of ways in which service research can address engineering researcher

needs, is provided in Table 1.

Achieving a more comprehensive involvement of engineering research in improv-

ing innovation and performance in services can be addressed in the following ways:

l Greater awareness of existing research contributions: Making a study of the

many different engineering contributions that are already made to the service

sector and presenting these through a high profile report or industry forum.
l Lobbying funding bodies for integrated research in services: Through coordi-

nated industry/university actions, make representations to appropriate funding

bodies to ensure that research is commensurate with the scale of the services

sectors in the economy and that funding is deployed in such a way to maximise

the level of innovation and performance improvement in key service sectors.
l Incentivising Engineering researchers to become involved: Ensuring that new

service journals achieve a consistently high quality of publication, encouraging

meaningful special issues in key high profile journals, and more generally increase

the awareness of opportunities for engineers to become involved in service research.

20 In the UK there are currently 16 EPSRC sponsored IMRCs funded between £1.5M and £14M of

which ten are based in engineering departments.
21 The S4T and IPAS Programmes mentioned earlier in footnotes 7 and 17 respectively are

exceptions
22 Key journals covering service systems development include Journal of Service Science, Journal

of Service Science and Management, International Journal of Service Science.
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3 Engineering for Future Service Models

Thus far this article has addressed the role of engineering in services as they are

delivered today. The final section now seeks to examine the engineering role in

addressing future models for services.

There are many views and perspectives on the way services may evolve over the

next 10–15 years. Rather than triggering a debate as to the most appropriate models

here, we simply present a set of characteristics of future service models that are

being discussed in one or more sectors and will then identify engineering capabil-

ities that might be called on to support these.

A. Performance or Output Based Service Agreements: Service models in which the

provider is paid only on the basis of the provision of a service above a specified

performance level [e.g. UK Defence Industry – provision of military effects].

B. Highly Customised Service Provision: The provision of services – in volume –

for which the service delivered is actually tailored to each individual customer

[e.g. Healthcare – provision of genetic based drug therapy].

C. Reconfigurable Services: Service delivery systems that are able to reconfigure

in a simple, cost effective manner to meet changing needs [e.g. Airports – ability

to change service offerings depending on changing mix of airlines].

D. Fully Automated Services: Services that can more effectively deliver through

automation of both information and actions [e.g. 24/7 Security – automated

surveillance, monitoring, alarming, response].

E. Rapid Service Design: The ability to generate new, innovative, cost effective

service offerings rapidly and comprehensively [e.g. Telecommunications where

competition and new technologies emerging create a need for providers to offer

continually revised consumer information services].

Table 1 Researcher incentives for involvement in service research

Features of service research

Needs of the engineering researcher

Research

funding

Interesting

problems

Recognition/

Promotion

Impact

in society Publication

Alternative, new source of

funding

�

Means of engagement with key

business sectors

� �

A source of problems needing

fundamental analysis

�

An alternative to

manufacturing as a

technology outlet

� �

An opportunity to collaborate

with other disciplines

� �

Alignment of research with key

issues in public domain

�
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F. Carbon Neutral Services: Services when the design specification includes a

requirement for zero net carbon emissions to be integrated into the design of

the service [e.g. Tourism where additional payments to a 3rd party to achieve

carbon offsetting can make travel packages uneconomical.

In some cases, the characteristics are present in existing services but they have

been included as they represent significant innovative changes for services in one or

more sectors. Because space is limited, Table 2 provides a set of linkages between

recognised engineering disciplines and the six sets of characteristics A–F. It should

be emphasised that in addition to the engineering inputs identified below, signifi-

cant inputs from other disciplines would be required.

What is clear from Table 2 is that there are many opportunities for engineering to

make a constructive contribution to the development of future models for services,

and that key areas of information, design, systems and risk engineering are likely to

central elements in this evolution.

Hence, in terms of research and practice, the engineering discipline has substan-

tial potential for contributing to the development of future service models. This is

simply a reiteration of the discussions around Questions (3) and (4) but emphasises

the need for involvement in the planning (as well as development) stages of future

service development. It is worth noting finally, that the time frame for the develop-

ment of a complex piece of equipment such as defence equipment, aircraft, and

medical equipment is often measured in tens of years23 while a new service

development is often expected to be achieved in the space of 1–2 years or even

months. These different time frames have serious implications for the engineer, as

legacy technology and equipment will invariably play a role in the design of a new

service.

Table 2 Engineering inputs to future service model development

Engineering input

Future service model

A B C D E F

Information engineering � � � � � �
Design engineering � � � �
Maintenance engineering � �
Operations management �
Systems engineering � � �
Mechanical engineering � �
Risk, cost engineering � � � � �
Technology development � �
Environmental engineering �
Project management � � �

23 For example, typical development of military equipment can take over 15 years from concept to

production.
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4 Summary

This article has taken a pragmatic approach to seeking ways to increase the

involvement of the engineering discipline in the support of the service sectors

that dominate our economy. Making recommendations that cut across education,

practice and research and which apply to both current and future service models.

The thrust of the recommendations support the recent shift – driven by IBM and

others – from the notion of Service Science to that of Service Science Management

and Engineering (SSME) as being a rather better reflection on the services domain.
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Service Systems in Changing Paradigms:

An Inquiry Through the Systems Sciences

David Ing

Abstract For professionals at the beginning of the twenty-first century, much of

the conventional wisdom on business management and engineering is founded in

the twentieth century industrial/manufacturing paradigm. In developed economies,

however, the service sector now dominates the manufacturing sector, just as

manufacturing prevailed over the agricultural sector after the industrial revolution.

This chapter proposes the development of a body of knowledge on services systems,

based on foundations in the systems sciences. The approach includes the design of

the systems of inquiry, acknowledging that the body of knowledge on twenty-first

century service systems is relatively nascent. A program of action science is pro-

posed, with an emphasis on multiple realities and knowledge development through

dialectic. The outcome pursued is an increased number of T-shaped people with

depth and breadth in service systems, in communities of inquiry of researchers and

practitioners.

Keywords Service systems � Service science � Inquiring system � Action science

� Paradigms

D. Ing (*)

IBM Canada Ltd., 3600 Steeles Avenue East,

Markham, ON L3R 9Z7, Canada

and

Department of Industrial Engineering and Management,

Aalto University, Espoo, Finland

e-mail: daviding@ca.ibm.com

H. Demirkan et al. (eds.), The Science of Service Systems,
Service Science: Research and Innovations in the Service Economy,

DOI 10.1007/978-1-4419-8270-4_16, # Springer Science+Business Media, LLC 2011

267



1 Introduction: Structural Changes in the World Economy

Call for an Inquiry into the Understanding of Service

Systems Amongst Scientists, Managers, Engineers

and Designers

Conceptually, services are not new. Concretely, an encounter with an instance of a

service system is an everyday event. One can be recognized by its structure (e.g.

resource configurations), function (e.g. creation and delivery of value) and process

(e.g. party-to-party coordination):

A service system can be defined as a dynamic configuration of resources (people, technology,

organisations and shared information) that creates and delivers value between the provider and

the customer through service. In many cases, a service system is a complex system in that

configurations of resources interact in a non-linear way. Primary interactions take place at the

interface between the provider and the customer. However, with the advent of ICT, customer-

to-customer and supplier-to-supplier interactions have also become prevalent. These complex

interactions create a systemwhose behaviour is difficult to explain and predict. (IfM and IBM

2008, p. 6)

Abstracting beyond instances of services to obtain a generalized understanding

across a variety of types of service systems is a challenge. Changes in society,

technology and economics have brought new voices to the prior conventional

wisdom on services. Conceptual definitions, common features and principles

from a systems foundation are yet to be fully worked out.

. . . a theory of service systems should explain what service systems are and aren’t, how they

arise and evolve, the relation between internal and external service systems, and the role of

people, technology, value propositions, and shared information in the system. (Spohrer

et al. 2007, p. 73)

In the interest of developing a general theory, service systems should be acknowl-

edged as subtypes of systems. It then follows than an emerging science of service
systems is a specialization of the science of systems.

Systems science (including cybernetics) is not a traditional discipline concerned with the

study of a particular domain, but a meta-discipline, concerned with the domain-independent

modelling of general systems (Van Gigch 1986). As such, it does not aim to find the one

true representation for a given type of systems (e.g. physical, chemical or biological

systems), but to formulate general principles about how different representations of differ-

ent systems can be constructed so as to be effective in problem-solving. (Heylighen 1990;

François 1997, p. 362)

Service systems are currently regarded as a multi-discipline within science,

and may or may not mature into a meta-discipline.

Despite the rise of the services economy into the twenty-first century, “few

researchers have studied service, and institutions have paid little attention to educat-

ing students in this area” (Spohrer et al. 2007). This chapter aims to contribute to

coherency in the body of knowledge amongst scientists, managers, engineers and

designers by inquiring into the underlying ways of knowing, i.e. inquiring systems.

The next three subsections outline the challenge, an approach, and the desired future.
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1.1 Challenge: Our Prior Understanding of Service Systems
Is Inadequate for Societal Challenges that We Foresee
in the Twenty-First Century

The future is already here. It’s just not very evenly distributed. (William Gibson)

A National Academy of Engineering report has been interpreted as a “failing grade

for the innovation academy” for not meeting the needs of service businesses

(Chesbrough 2004). The impact of ICT (Information and Communications Tech-

nologies) on growth and labour productivity was concentrated in the services sector

and a few manufacturing sectors (OECD 2000), and significant in all 20 OECD

countries in the period between 1995 and 2005 (OECD 2007). Yet, a business school

professor exclaimed “Why is it that 80 percent of the economy in the United States is

service yet 80 percent of the required operations management courses in business

schools still focus primarily on manufacturing?” (Davis and Berdrow 2008).

Existing theories are clustered in schools of management, science and engineer-

ing, social sciences and humanities, and information. Advances in research into

service systems are hampered by specialization along disciplinary lines, reinforced

by expectations from institutions and funding bodies that work against an integrated

approach. A skill gap has resulted as university graduates have insufficient training

to work on innovating and interdisciplinary activities (IfM and IBM 2008).

Section 2 of this chapter will frame the development of a science of service

systems as a paradigm shift. While meaning is occasionally shared across scientists,

engineers, managers and designers, disciplinary thinking is a more common pattern.

To see the boundaries on knowledge more clearly, five ways of knowing – inquiring

systems – are outlined. Learning – both for researchers and practitioners – follows

in a proposed program of action science.

1.2 Approach: Developing the Coherency and Validity
of a Science of Service Systems Requires Engagement
with Multiple Realities, and New Syntheses Produced
Through Dialectic

A large body of knowledge on services already exists. The challenge is how

to integrate and/or bridge perspectives into a systemic whole. This presents an

unbounded, unstructured problem, in which knowledge has already been structured

within bounds.

. . . with few exceptions, professional schools largely teach their students how to solve

bounded-structured problems. (. . ..) The problem is “structured” in that it is phrased

unambiguously in a language . . . that states clearly what the problem is, and gives an

equally clear procedure for finding the solution . . . Just as strongly, there is a clear sense

of what constitutes a “solution”. The problem is “bounded” in that there is a finite set of

appropriate “solutions” to the initial problem. (. . ..)
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Unbounded problems, on the other hand, are generally on the cutting edge of knowl-

edge. In the early stages of research, there may well be no single, accepted way of posing or

structuring a problem to the satisfaction of all experts. (Mitroff and Linstone 1993, p. 14)

In particular, the compartmentalization of universities is criticized in three splits:

(a) the theory-action split, (b) the peer-society split, and (c) the teacher-student

split. In the theory-action split, scientists are cut off from learning possibilities

involved with testing theories in praxis. In the peer-society split, the important

research questions that cross professional boundaries are inhibited. In the teacher-

student split, professors are discouraged from engaging in mutual learning activities

with students and extra-academic stakeholders by distancing themselves (Levin and

Greenwood 2001).

The development of new body of knowledge in service systems can be

approached, in an alternative to a positivist science, as action science. Researchers
and practitioners would advance theories in practice.

Action science assumes that human beings are theory-builders who mentally ‘construct’

theories of reality, which they continually test through action (Argyris and Sch€on 1974; . . .
Senge 1990). The difference between researchers and practitioners is that the former are

‘explicit’ theoreticians whereas the latter are ‘tacit’ theoreticians. The objective of action

science is to make these tacit theories explicit so that they can be critically examined and

changed. (Friedman 2001, p. 161)

Accordingly, this chapter is based largely on inductive and abductive reasoning,

rather than deduction (Ing 2009).

Section 3 of this chapter introduces concepts from the systems sciences as a way

to shape the multiple realities that emerge from a science of service systems

crossing disciplinary boundaries.

Section 4 of this chapter opens the opportunity for dialectic by abducing a

position through which knowledge might be generated through dialogue. Since

this written content represents only one side of a dialectic, the written word is

incomplete, and new knowledge will not be generated until multiple parties engage

in joint sensemaking through rich conversations.

1.3 Desired Future: T-Shaped People Should Have Not Only
a Depth in a Domain of Service Systems, But Also an
Appreciation of the Breadth of Related Service Systems
Designs

Developing a science of service systems is not an end in itself. The function of

a stronger understanding of service systems is a capacity to gain insights into

a design or situation at hand, drawing on theories from general or related service

systems. Redesigning a service system requires deeper knowledge than maintaining
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an existing one. The goal is typically to improve or transform from a current

(functional or dysfunctional) state to some desired future state.

Section 5 of this chapter foreshadows an opportunity for a variety of professions –

scientists, engineers, managers and designers – to cooperate in a shared body of

knowledge. Progress on this cooperation relies much on a mutual understanding of

concepts and language, as well as the recognition that errors and unknown knowns

(as passive ignorance, ignoring) and taboos and denials (as active ignorance, the

ignored) from industrial age thinking may be surfaced (Ing et al. 2003). Educational

programs on service systems in the spirit of action science are exceptions rather

than the rule.

2 As Paradigms on Service Systems Shift, Alternative

Inquiring Systems Support Learning Through a Program

of Action Science

“It’s like the fish in water. We don’t know who discovered water but we know it wasn’t a

fish. A pervasive medium is always beyond perception.” – Marshall McLuhan

Establishing doxa in engineering and management while a new science of service

systems emerges draws attention to a legacy in science. Current practices, experi-

ence and education are anchored in disciplines with a long history of development

over the past half century. The predispositions and assumptions from the last half

century may or may not continue to be valid in the next half century. As a practical

example, how should business performance of service system be measured? Many

service businesses count hours of labour (e.g. billable utilization) as a key measure

of productivity. When revenue and profitability are driven by the application of

expertise and skills, the logic of tracking hours can encourage dysfunctional

behaviours. Client satisfaction and the quality of customer deliverables are not

always improved by more working hours. As a corollary, counting hours worked

and not worked (e.g. vacation) induces an administrative overhead unnecessary for

senior business professionals who are otherwise trusted to meet planned business

commitments (Belson 2007). Counting hours in a service business may be as

nonsensical as a standard 9-to-5 schedule to a farmer who tends to fields and

livestock from sunrise to sunset.

In the subsection that follows, the challenge of clearly seeing services systems

in the “new” economy with mindsets from the “old” economy are reviewed.

Advances in technology are posed as a primary driver changing economics

in businesses and society. Then, the systems sciences are proposed as common

points of reference for both engineering and management education. Outlining

the variety of inquiring systems surfaces closed and open ways of knowing.

Action science is then described a method through which group learning can be

conducted.
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2.1 The Science of Service Systems Is Immature, Catching Up
with Twenty-First Century Technological, Economic
and Social Changes

Does the development of a science of service systems represent a new paradigm?

The science of service systems has yet to achieve the status of a normal science,

from which features of scientific practice (e.g. law, theory, application and instru-

mentation) provide coherent models (Kuhn 1967). Some parts of the science of

service systems could be described as immature or ineffective, in the resolution

of practical problems.

In such an uncontrolled and perhaps uncontrollable context, where facts are few and

political passions many, the relevant immature field functions to a great extent as a ‘folk-

science’. (. . ..)
The indubitable and public symptom of ineffectiveness of a field is the absence of

facts. . .. (Unlike) in a matured field, the students do not encounter a collection of standar-

dized materials, presented in a digestible form, and utterly reliable and incontrovertible in

themselves . . .. By contrast, in the ineffective or immature field, the student is presented

with one out of several sets of supposed basic materials, and can discover other sets by

reading textbooks not on the recommended list. These materials themselves consist of

intuitive generalized dressed up as empirical laws, and insecure theoretical speculations

masquerading as fundamental explanations. (Ravetz 1971, pp. 366–367)

A paradigm is “a mode of viewing the world which underlies the theories and

methodologies of science in a particular period of time” (New Shorter Oxford

English Dictionary 1997). In a practical evolutionary view, three stages have

been proposed as “a nation’s economic evolution” – mechanical, electrical, and

information (Tien and Berg 2003). This thinking can be extended to recognize

advances in science with technology along a non-exhaustive list of disciplines, e.g.

l Mechanical
l Biological
l Material/chemical
l Electrical, and
l Information/communications

Within each of these fields of science, paradigms have shifted. In biology,

the discovery of DNA led to the advent of molecular biology. In material

science, nanotechnology reveals properties previously unseen at the molecular

level. Simultaneously with changes within these sciences, boundaries between

disciplines have naturally become redefined (e.g. biology and chemistry have

led to biochemistry).

Business opportunities arise as paradigm shifts lead to technologies that change

the possibility and feasibility of products and services.

The effect of technology is – and always has been – to loosen constraints. As a result of

technological development, what was not possible becomes possible. Or what was not

economically feasible becomes so. (Normann 2001, p. 27)
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In the late 1990s, the most significant paradigm shift for the sciences and the

business world was in information, as digital content became networked, i.e.

the Internet. These advances not only impacted computer science, but also other

fields (e.g. bioinformatics in the life sciences). A new conventional wisdom on a

science of service systems will take years to work through definitions and distinc-

tions. This new science of service systems is largely being driven inductively from

developments of society and business.

2.2 Intelligibility on Service Systems Amongst Scientists,
Managers, Engineers and Designers Can Be Enabled
Through Foundations in the Systems Sciences

The motivation to view service systems through a lens of systems science is

practical. In the services specialization of systems, definitions and theories are

still evolving. At this time, systemics – as “an open set of concepts, models and

practical tools useful for a better understanding and eventual management of

complex situations or entities of any type” (François 1997, p. 362) – enable a rich

vocabulary and set of concepts for discussion.

System science has a tradition of linkages with engineering, management and

design. Systems engineering applies principles from systems science to improve

performance and efficiency. In management, concepts and vocabulary from

approaches such as the socio-technical systems perspective – rooted in human

systems research at the Tavistock Institute (Trist et al. 1997) – is so deeply

embedded in organization theory as to have become invisible. The pursuit of

business and social innovation emphasizing creativity in systems design has been

exhibited in formation of cross-disciplinary D-Schools (Atal and Wokye 2007).

The engineering of service systems conceptually would seem to be a small step

from systems engineering. The IEEE defines systems engineering as “an inter-

disciplinary collaborative approach to derive, evolve, and verify a life-cycle

balanced system solution which satisfies customer expectations and meets public

acceptability”. An alternative concise definition sees systems engineering as

“a multidiscipline that addresses a system from a life-cycle, cybernetic and cus-

tomer perspective” (Tien and Berg 2003, pp. 22–23). Although some would

perceive engineering as based primarily in hard science, the systems engineering

literature includes natural and human sciences as part of the domain:

(A) system (can be defined as) an assemblage of objects united by some form of regular

interaction or interdependence . . . A system can be natural (e.g., lake) or built (e.g.,

government), physical (e.g., space shuttle) or conceptual (e.g., plan), closed (e.g., chemicals

in a stationary, closed bottle) or open (e.g., tree), static (e.g., bridge) or dynamic (e.g.,

human). In regard to its elements, a system can be detailed in terms of its components,

composed of people, processes and products; its attributes, composed of the input, process

and output characteristics of each component; and its relationships, composed of inter-

actions between components and characteristics. (Tien and Berg 2003, pp. 23–24)
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The lineage of engineering as an applied science following from theoretical

knowledge is obvious.

The management of service businesses requires some reframing from the

heritage of industrial businesses. Management – in itself, a multidiscipline –

has hidden foundations from some leading thinkers who encourage a systems

approach. While some see management as an art, others emphasize the science in

management.

(Amongst) Management Scientists . . . the systems approach to problems is fundamental

and . . . organizations, a special type of system, are the principal subject of study.

The systems approach to problems focuses on systems taken as a whole, not on their

parts taken separately. Such an approach is concerned with total-system performance even

when a change in only one or a few of its parts is contemplated because there are some

properties of systems that can only be treated adequately from a holistic point of view.

These properties derive from the relationship between parts of systems: how the parts

interact and fit together. (Ackoff 1971)

There is not a single systems approach in management. Generic methodologies

have been constructed for a functionalist systems approach (with 7 categories of

theories), an interpretative systems approach (with 7 categories of theories), an

emancipatory systems approach (with 2 categories of work) and a postmodern

systems approach, leading to development of a pluralist approach of critical

systems thinking (Jackson 2000).

The design of service systems integrates human systems with technical

systems. In the industrial age, the pace at which machines were upgraded or

replaced was measured in years, if not in decades. The advent of software has

accelerated the pace of change with fixes, patches and upgrades into hours, if not

minutes. The recognition of service systems with varying levels of information

intensity has recently surfaced the consideration of alternative contexts for design

(Glushko 2010).

While depth in at least one of the professions – science, engineering, manage-

ment or design – provides a perspective on which knowledge on services systems

could be advanced more generally, ambiguity in the breadth and bounds of the

systems sciences themselves are considered to be a strength. Systemicists largely

agree that systems science loses its value if it is seen as a discipline.

Systems science is a meta- or trans-discipline (or possibly better, a meta-methodology) for

everybody, and should not be simply reduced to a discipline status, even when and where it

must be teached (sic). (François 1997, p. 362)

For the interests we have at hand – bridging the language and concepts of

scientists, engineers, managers and designers, so that discussions of analysis and

design can productively proceed – systems concepts and languages can aid in

clarity. The undesirable alternative would have the quality of discourse fall to the

common level of a Grade 6 education. When a twenty-first century paradigm on

service systems has developed sufficiently with a normal science, the systems

sciences will then likely recede into the background as a foundational body of

knowledge.
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2.3 The Validity of Analytic-Deductive Inquiry
and Inductive-Consensual Inquiry Can Be
Re-established by Sweeping in Knowledge
Through Multiple Realities and Dialectic

Inquiry is an activity which produces knowledge. (Churchman 1971, p. 8)

In periods of normal science, the world is known through commonsense under-

standing and coherent frameworks as published in textbooks. Emphasis is placed on

dissemination of the known, over the pushing the frontiers of knowledge. In times

of revolutionary change – as in scientific revolutions – commonsense understanding

and textbooks are of suspect reliability. Knowledge generation rises in importance.

An inquiring system “is a system of interrelated components for producing

knowledge on a problem or issue of importance” (Mitroff and Linstone 1993,

p. 29). Five designs, based on philosophies developed over the seventeenth to

twentieth centuries, have been identified. Although the designs have been described

with a variety of labels – see Table 1 – we’ll refer to the five ways of knowing:

(1) inductive-consensual, (2) analytic-deductive, (3) multiple realities, (4) conflict,

and (5) unbounded systems thinking.

The first and second ways of knowing are based in objective views of knowledge. The third

way of knowing recognizes subjective views, where the model and data are inseparable in

the minds of individuals. The fourth way of knowing generates knowledge through debates

from polar positions. The fifth way of knowing incorporates aspects of the preceding four

ways, with a guarantor of “progress” that ensures more perspectives and views are swept in.

(Ing et al. 2003)

Many of the service systems in our everyday life are understood on the first two

“ways of knowing”. In the first way of knowing – inductive-consensual – service

systems can be often understood by simply observing social behaviour. Public

service systems for citizens typically function by showing up in person and queuing

(at least in orderly countries), with coordination self-enforced through social norms

on taking turns. In the second way of knowing – analytic deductive – service

systems can be understood by decoding the formula. Automated services typically

ask requesters to choose from a menu, or respond to a series of questions, or invoke

an exit option for exceptions.

In the third way of knowing – multiple realities – service systems produce a

greater variety of outcomes with the introduction of subjective views. The same

Table 1 Designs of inquiring systems

Way of knowing Mitroff and Linstone (1993) Mitroff (1998) Churchman (1971)

First Inductive-consensual Expert consensus Locke: consensus

Second Analytic-deductive Expert modeling Leibniz: fact nets

Third Multiple realities Multiple models Kant: representations

Fourth Conflict Conflict Hegel: dialectic

Fifth Unbounded systems thinking Systemic reasoning Singer: progress
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service output delivered to two different customers in exactly the same way can

be perceived by each as a different outcome. If the service involves aesthetic

judgements – either on the part of the customer or of the provider – replicability

and consistency can arise as issues. Resolving a customer satisfaction issue using

an inductive-consensual or analytic-deductive design may only serve to further

frustrate the client.

In the fourth way of knowing – conflict – service systems require multiple parties

for resolution, potentially engaged in either adversarial or constructive positions.

In adversarial circumstances, negotiations drawing out hidden assumptions and

teasing out preferences and priorities for each stakeholder are often marked by

extended deliberations. In constructive circumstances, productive friction can

provide the spark for innovation (Hagel and Brown 2005).

The fifth way of knowing – unbounded systems thinking – integrates the other

four designs to sweep in new knowledge. Metrology – the science of measurement –

is central to this inquiring system. If a vector of progress can be established in

advance of engagement, dialectic across multiple perspectives continues until

advances cease to be obtained. An appropriate metric of performance in educational

context could be learning. In a business context, the metric of customer value could

be appropriate (Haeckel 1999).

With the science of service systems in its early development, the fifth way of

knowing (unbounded systems thinking) is entirely appropriate. This inquiry can

be an open system where features of inductive-consensual, analytic-deductive,

multiple-reality and dialectical thinking are all included, and new ideas are contin-

ually swept in. In contrast to viewing disciplines having closed and fixed boundaries

(e.g. this idea belongs to economics, that idea belongs to sociology, and the other

idea belongs to political science), the friction of distinctions and meanings can lead

to production of a distinct new (and unified) perspective on service systems.

Establishing the guarantor – the vector of progress by which knowledge generation

is to be measured – is the first step.

2.4 Action Science Is an Appropriate Approach
for Knowledge Generation on Service Systems
in Theory and in Practice

Service systems include both human systems and technical systems. Between and

amongst the actions of recipients and providers of service, social practice (Bourdieu

1977; Dreyfus 1992) and communities of practice (Wenger 1999) introduce com-

plications in descriptive models and normative models. Action science is helpful in

untangling some of these distinctions.

(Action science) is an inquiry into social practice, broadly defined, and is interested in

producing knowledge in the service of such practice. Thus, what counts as a solution for

action science both overlaps with and diverges from prevailing scientific criteria. Like the

empirical-analytic tradition, action science requires that knowledge include empirically
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disconfirmable propositions that can be organized into generalizable theory. But at the same

time, it also requires that these propositions be falsifiable in real-life contexts by the

practitioners whom they are addressed. Like applied research, action science requires

knowledge to be useful. Yet in so doing it emphasizes the designing and implementation

of social action, and it rejects the current dichotomy between basic research and applied

research. It instead asks that its knowledge illuminate basic issues in ways that are at once

generalizable and applicable in particular cases. (Argyris et al. 1985, p. 232)

Action science is normally conducted by communities of inquiry (within commu-

nities of practice). In this early stage of developing a science of service systems, the

emphasis should be less on problem solving, and more on problem setting.

Problem solving can be understood as a matter of means-end deliberation. This is because

the statement of a well-formed problem includes specification of the purposes to be

achieved. But before a problem can be solved, it must be set. (. . ..) Sch€on writes:

“When we set the problem, we select what we will treat as the ‘things’ of the situation,

we set the boundaries of our attention to it, and we impose upon it a coherence which

allows us to say what is wrong and in what directions the situation needs to be changed.

Problem setting is a process in which, interactively, we name the things to which we will

attend and frame the context in which we will attend to them” (1983, p. 40). (Argyris et al.

1985, p. 47)

Section 3 of this chapter describes a series of learning frames, setting up contexts

for reflective experimentation, where “participants act, fail, get stuck, and try to get
unstuck, while simultaneously reflecting on these attempts with their peers”

(Argyris et al. 1985, p. 319). Following action science rules, mutual learning

would normally occur in face-to-face situations. Section 4 boldly presents a public

inference of a personal inquiry in an interest of evoking responses.

Action science rules ask individuals to retrieve and make public their inferences, while

participants’ rules lead them to jump to abstract conclusions and to lose sight of the steps

that brought them there. Other rules require that participants design valid tests, when their

own rules tell them to conduct private tests that create self-sealing processes. And still other

rules ask that participants inquire into their errors. (Argyris et al. 1985, p. 320)

Strong responses to these inferences will lend credence to the assertion that the

maturity of knowledge on service systems is low, and that opportunities for joint

inquiry should continue to be sought.

3 The Coherency of Service Systems Can Be Examined

As Multiple Realities Framed with a Variety of Systems

Science Concepts

Towards a goal of learning amongst scientists, engineers, managers and designers,

concepts from systems sciences are presented as frames by which assumptions on

service systems can be probed. In this interest, ten topics are presented below to

guide thinking and discussion about changes in society, economics and technology

in the twenty-first century. The clustering of concepts into ten frames is somewhat
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arbitrary, and motivated with the practicality of organizing sessions in a series of

meetings over a quarter or semester. The ten topics are:

1. Service systems, business models, and value creation

2. Ignorance and knowledge

3. Boundary

4. Order, purpose, self-organization

5. Living, being, becoming

6. Energy and complexity

7. Form, networks and power laws

8. Information, communication and meaning

9. Coevolution, competition and variety

10. Aesthetics, ethics and morals

If these frames were to be pursued as a study of systems science per se, each frame

could become a course by itself. The content and references for each frame follows.

3.1 Service Systems, Business Models, Value Creation:
Why Study Service Systems?

The subtlety between service science and a science of service systems draws

thinkers into the systems sciences. Why are service systems now so important,

when, less than 10 years ago, service industries were considered to be the less

desirable sectors of the economy?

While government statistics lag the world by at least a few years, OECD countries

have seen services as economic engines towards which resources have recently

shifted in a “new” service economy (W€olfl 2005). In the 1990s, information tech-

nologies became a major contributor towards increased productivity (OECD 2000).

Deeper insight requires analysis of systems within these macroeconomic trends.

As technology has loosened constraints (Normann 2001), shifting opportunities

for value creation has driven businesses – or more generally, institutions formed as

purposive social systems – to transform their purposes, functions, structures and

processes. Acknowledging a business model as a system design recognizes that

individuals and organizations respond to changes in the environment, planned and

unplanned.

The businessmodel defines the value-creation priorities of an actor in respect to the utilization

of both internal and external resources. It defines how the actor relates with stakeholders, such

as actual and potential customers, employees, unions, suppliers, competitors, and other

internal groups. It takes account of situations where the actor’s activities may

(a) Affect the business environment and its own business in ways that create conflicting

interests, or impose risks on the actor; or

(b) Develop new, previously unpredicted ways of creating value

The business model is in itself subject to continual review as a response to actual and

possible changes in perceived business conditions. (Wallin 2006, p. 12)
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Changes towards customer/client/citizen centricity and agility have led monolithic

enterprises to transform into value constellations (Ramı́rez and Wallin 2000),

operating in interorganizational networks. These transformations can be informed

by recent advances in the study of systems of systems (Jamshidi 2009). In addition to

appreciating quid pro quo monetary exchanges in the economy, broadening the

perspective to include resources and ethos of social relations and institutions moves

opens up the discipline of microeconomics to interactions in economic sociology

(Swedberg 2003).

3.2 Ignorance and Knowledge: Which Aspects of Services
Systems Are Known, Knowable and Unknowable?

As we pursue a science of service systems, what can we know and what should we

know? Are there things about the service systems that will (or should) remain

unknowable?

A systemic approach to competence development and ignorance (Ing et al. 2003)

draws on the training of physicians in the College of Medical Ignorance (Witte et al.

1998). The design of inquiring systems (Mitroff and Linstone 1993; Churchman

1971) sees knowledge generation – essential to development and innovation – as

transformative in some situations more than others. While service engineers and

service managers may be more comfortable with the knowable, service scientists

and service designers may seek out creativity in the unknown and the sacred in an

ecology of mind (Bateson 1972).

3.3 Boundary: Where Do We Draw Lines Delimiting Service
Systems from Their Environments?

Pure services businesses, manufacturing businesses and agricultural businesses

don’t really exist. What are the boundaries of a business when viewed as a system?

What are the considerations for inclusion or exclusion? How do new informatic

spaces (e.g. the Internet) impact social interaction in physical and social spaces?

Understanding service systems as open systems (Katz and Kahn 1978) is foun-

dational. The lenses of physical, social and informatic perspectives are a response to

the rise of ICT (information and communication technologies) that have altered the

mediating spaces through which social interactions take place (Ing and Simmonds

2002). Principles for designing service systems may be informed by techniques of

interactive planning (Ackoff 1994) and pattern languages (Alexander et al. 1977).

The shift to value constellations (Normann and Ramı́rez 1994) requires adjustments

of coordinating action outside of organizational boundaries. In drawing distinctions

between parties to be included or served, critical systems theory (Jackson 2000)

invokes reflections on boundary judgements.
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3.4 Order, Purpose and Self-Organization: Which Parts
of Service Systems Should Be Actively Designed,
and Which Parts Should Emerge?

Investments in human systems – with individuals who exercise will – are more

prominent in service businesses when compared to manufacturing businesses (with

facilities and equipment) and agricultural businesses (with land and cultivation).

On which organizational dimensions should leaders of service businesses set

direction and/or bounds, and on which should they let direction emerge from the

experiences of front-line representatives? Which styles of coordination work in

global businesses? What processes enable self-organization?

Unlike machines that operate only on legal (rule-based) order, human systems

additionally operate in negotiated order (Strauss 1978) with increasingly distributed

network form organizations (Parhankangas et al. 2005). Organizational systems

require different strategies in placid and turbulent environments (Emery and Trist

1965). The horizon for planning goals, objectives and ideals (Ackoff 1981) enables

coherency in direction, with context and coordination (Haeckel 1999) additionally

maintaining consistency. As an alternative to coordinating a service business as

did master builders of a cathedral, open source has been compared to a bazaar

(Raymond 2000). The scaling of service systems up to global levels can be informed

by research into heterarchy (Hedlund 1986), and polycentric and geocentric forms

(Perlmutter and Heenan 1979).

3.5 Living, Being, Becoming: Can Service Systems
Effectively Evolve?

As service systems mature, they may continue to prosper as living systems, or

decline in relevance to dysfunction and death. Comparing service systems meta-

phorically to machines or organisms evokes non-rational understandings of change,

at the risk of misguidance. Appreciating service systems formally as a subtype

of systems in general draws in knowledge on evolution, transformation and

pathologies.

The purposes of systems, as a whole and in their parts, can be distinctly

categorized as deterministic (mechanistic), animate (organismic), social and

ecological models (Ackoff and Gharajedaghi 1996). The essential function of

service systems can mapped against the 20 subsystems identified in living

systems theory (Miller 1978). Diagnosing dysfunctions through the viable

system model (Beer 1972, 1979) sheds light on system dysfunctions through

coordination of abstract (e.g. strategic vs. operational) subsystems. Modeling the

functional capability for service systems to encode and decode information for

metabolism and repair functions itself enables anticipatory behaviour in living

systems (Rosen 1985).
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3.6 Energy and Complexity: How Can Service Systems
Be Sustainable?

Natural science sees the world as material, energy and information. Industrial

systems typically improve efficiency by embodying repetitive activities into

machines. Service systems generally operate with less tangibility and greater agility,

often without similar economies of scale. Do service systems have to emulate

industrial systems to attain sustainability, or are alternative designs feasible?

In ecosystem ecology, energy and complexity are related through hierarchy

theory. Service systems can invest in natural and man-made species of capital as

potential energy available to be released on demand.

In economics, the parallelism between energy and capital is related to informa-

tion (e.g. property rights) in underdeveloped countries (de Soto 2000). The choice

between complicated and complexified designs trades off between sustainability

and efficiency (Allen et al. 1999). Supply side sustainability explores the advan-

tages and disadvantages of systems operating on high gain resources and low gain

resources (Allen et al. 2003). Systems accustomed to high gain resources require

a great amount of discipline to transform in a “prosperous way down” to low gain

resources (Odum 2007).

A universal property of systems – entropy, the second law of thermodynamics –

finds that models of economics based on presumptions of equilibrium are mis-

guided (Georgescu-Roegen 1971). As an alternative to bureaucracies of oversight

and punitive enforcement, innovations in governance can be introduced through

self-regulating designs that dissolve undesired behaviours (Hawk 1999). Mid-level

systems can be designed as self-refueling to ensure essential functions are maintain

as sustainable in nature (Jacobs 2001).

3.7 Form, Networks and Power Laws: Over Which Scales,
Scopes and Speeds Can Service Systems
Effectively Function?

Service systems in the twenty-first century increasingly operate with parts loosely

coupled. Simultaneously, social ties can be developed as long term interorganiza-

tional relationships, joint capabilities can be coordinated towards target markets

and/or cascaded projects, and each service request can be handled seamlessly with

the specific customer, client or citizens at the centre.

Systems theory provides common language and concepts, with structure as an

arrangement in space, and process as an arrangement in time. Cellular form

organizations (Miles, Snow et al. 1997) are structures well-suited to managing

and growing knowledge-intensive service businesses. With research into organiza-

tion learning only beginning the 1990s, observing “how buildings learn” (Brand

1994) has provided insight into the varying paces of change, with rapidly changing

Service Systems in Changing Paradigms 281



layers shearing against more durable layers. The risk of tightly-coupled systems can

lead to “normal accidents” (Perrow 1984).

Service systems designed as networks should not only obey, but also learn to

take advantage of power laws (Barabási 2002). The advent of Internet technologies

has enabled the structure of production to be shifted to open source (Benkler 2006).

Digitalization also has enabled the potential for products and services to be shifted

from the mass market to the long tail (Anderson 2006).

3.8 Information, Communication and Meaning:
How Can Service Systems Be Coordinated?

Small service systems can rely on knowledge embodied in individuals. Larger

service systems improve their knowledge and skills by learning, sharing meaning

and identity through communities of practice (Wenger 1999).

In these types of social interaction, information serves a variety of functions

(e.g. directing, requesting). Information may be interpreted with different meanings

according to the context of the parties to the conversation.

Drawing from computer science, approaching service systems from a language

action perspective (Ing 2008), offerings (Ramı́rez and Wallin 2000) can be coordi-

nated through commitments (Flores and Ludlow 1980). Since service systems

include both human systems and technology systems, what computers can and

cannot do (Dreyfus 1992) should be appreciated, in the ways that computers affect

cognition (Winograd and Flores 1986).

In less directive interactions within service systems, generative dialogues (e.g in

the style of Béla H. Bánáthy) can dissolve criticisms of overt control.

In circumstances of transformation, a context with homeopoetic ethic for organiza-

tional change (Rowland 2004) and self-organization of public discourse (Walton

2004) may be appropriate.

3.9 Coevolution, Competition and Variety: How Can a Service
System Operate in the Context of Others?

Leaders of service systems can choose to cooperate, compete or not engage with

others. The dimensions of coevolving relationships are complex, each with merits

and demerits. Competition may or may not result in conflict. Cooperation can be

different from coordination, if increased variety is desired. The rise of open source

as sharing in communities contrasts to views of private source and ownership.

Definitions of types of interactions between species (e.g. parasitism, mutualism)

are categorized in basic ecology (Odum 1983). The benefits of cooperation may
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show up with positive feedback as increasing returns (Arthur 1996). Within or

outside the relationship, coordination may follow the law of requisite variety

(Ashby 1956). Benefits may accrue from a design of diversity (Page 2008). If the

relationship is not going well, partners may have to choose to express themselves

through exit, voice and loyalty (Hirschman 1970). For large scale issues, how-

ever, there may be no exit, and action only in the face as catastrophe looms large

(Homer-Dixon 2006). Reacting, rather than proactively or interactively dealing

with these issues leads only to a post-normal science of precaution (Ravetz 2004).

3.10 Aesthetic, Ethics and Morals: What Impacts Can Service
Systems Have on the Human Condition?

Service engineers and managers of service businesses may be most explicitly

focused in design and economics. From a larger philosophical perspective, there

has been a long tradition in the systems movement with the classical ideals of

aesthetics, ethics and morals.

The leading view in the systems approach recognizes enemies – politics,

morality, religion and aesthetics – with the prescription that they should be

embraced (Churchman 1979). In a complementary but different approach, goal

setting can be instead considered as values and norms in the appreciative systems of

Sir Geoffrey Vickers (Checkland 2005). Both of these approaches have influenced

more recent work on systemic governance and creative problem solving through

critical systemic praxis (McIntyre 2004). Commercial and guardian syndromes are

both recognized as valid systems of survival, with risks of corruption when features

are intermixed (Jacobs 1992).

3.11 Acknowledging Systemic Frames Opens Up Additional
Realities on Which the Coherency of Service Systems
Can Be Examined

The systems sciences do not provide “right” or “wrong” answers on service

systems. They can only provide concepts, language and some principles that can

be shared across scientists, engineers, managers and designers.

The science of service systems is not sufficiently mature to provide a standard

textbook, based on context that follows deductively. Until the point at which that

science has matured, action science suggests learning in communities of inquiry.

Each participant in the inquiry will bring his or her own perspective on service

systems of interest, surfacing and challenging the assumption of others in engage-

ment. As a foundation, the systems sciences can provide some neutral territory on

which sensemaking on service systems can occur.
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4 The Validity of Understanding on Service Systems

Can Be Improved Through the Dialectic of Multiple

Perspectives

This chapter represents a single perspective on service systems, and is thus

inadequate to the task of productively generating new knowledge. The written

word does, however, provide an efficient means to potentially provoke a reader to

reflect on his or her own frames and assumptions.

The subsection that follows explores the opportunity and challenge of multiple

perspectives in developing knowledge in the style of action science. As an exercise

for the reader, a single perspective is presented – not as end product, but as a

position seeking an opponent to develop even greater knowledge. The reader is

invited to challenge, extend or repudiate this position in the interest of advancing

a science of service systems.

4.1 Conversations from Multiple Perspectives Can Induce
a Variety of Service System Designs

. . . to conceive of knowledge as a collection of information seems to rob the concept of all

of its life. (. . ..) In other words, knowledge resides in the collection. It is how the user reacts

to the collection of information that matters. (Churchman 1971, p. 10)

Only people know. Across the wide variety of types of service systems, each person

brings his or her own perspectives, based on personal internal models and experi-

ences. Advancing a science of service systems involves transforming a community

of interest – with services at its centre – into a community of inquiry. Crossing prior

disciplinary boundaries, that community of inquiry convenes diverse roles to find

generalities across – and distinctions between – a range of service systems types.

Since the science emerges through social interactions, setting a collegial context is a

prerequisite to knowledge development. An ultimate result from the community of

inquiry could be new conventional wisdoms about service systems. In a domain

where theoretical and practical orientations coincide, however, bridging the variety

in communities of practice may be a more practical goal than striving to unify

predispositions and perspectives.

As an exercise, the next subsection proposes a position that is theory-building

(Eisenhardt and Graeber 2007), with an inductive style that surfaces patterns across

a broad range of service systems. This position dissolves the distinctions between

the agricultural, manufacturing and service sectors as categorized by economists

from an industrial paradigm, in the interest of a more general understanding from

a systems perspective. In a dialectic, a practically-oriented position could find

parts or the whole of this theory-building perspective irrelevant to an immediate

context, or potentially edifying as features from adjacent contexts may be cross-

appropriated to improve or transform an existing design.
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4.2 A Theory-Building Position on System Models
in a Service Economy Frames a Matrix with Types
of Resources and Ethos

Since the nineteenth century, economists have developed a sense of services as a

third sector, the residual after agriculture and industrial production have been taken

into account. Principles of systems theory lead us to ask about the input, process and

outputs associated with human beings working together collectively. A mechanistic

worldview sees resources primarily as land, labour and capital – where capital in

the industrial age has generally been regarded as machinery driven by internal

combustion or electrical motors – and outputs as mostly tangible products.

As system inputs, research into services in the late twentieth century has

recognized the contribution of knowledge and human skills, e.g. the emergence of

a creative class (Florida 2000, 2005). As system outputs, research into services

recognizes outcomes, e.g. customer satisfaction, as distinct from outputs, e.g. the
delivery of the service only from the provider’s perspective. As system processes,
the model of producer-product in well-established and replicable formulas has been

contrasted with coproduction where outcomes and outputs emerge through synergy

(Ackoff and Emery 1972; Normann and Ramirez 1994; Parhankangas et al. 2005).

In a human-oriented view of service systems, the contribution and involvement

of individual and groups particularly impacts mental models. As a position – a

starting point into a conversation, and not the end point after deliberation – three

categories of resources with three categories of ethos are proposed. When the

three categories of resources are mapped against the three categories of ethos,

a matrix of nine types of system models is formed.

4.2.1 System Inputs Acknowledging Services Include Natural

and Social Features of Resources

Following the shifts towards a service economy, let’s consider three major types of

resources:

(1) Renewable resources

(2) Appropriable resources, and

(3) Cultural resources

Renewable resources are replenished by nature. Human beings can offset

the depletion of renewable resources consumed through programs of replenish-

ment or conservation. Businesses based in renewable resources include farming

and fishing. Major activities within such businesses include cultivation and

harvesting.

Appropriable resources are generally non-renewable. Manufacturing processes

transform the appropriable resources with energy, resulting in man-made products.

Businesses based in appropriable resources include extractive activities such as
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mining and petrochemical refining, and manufacturing activities such as building

automobiles. Major activities within these businesses include acquisition and

processing.

Cultural resources originate from human interaction. They are embodied in human

beings and shared in practices of everyday life. Cultures include language, artistic

expressions, rituals and behavioural norms. Cultural practices are reproduced with

shared experiences and predispositions through family ties, social networks, history

and institutions. In today’s world, human beings may adopt aspects of culture from

regional domiciles, workplaces, generational cohorts and/or shared interests. Parti-

cipating in these businesses includes affiliating with the culture (e.g. being accepted

as legitimate by the community) and practicing the skills (e.g. being a player rather

than an observer).

Describing a business by its essential resources is only a partial analysis. As a

renewal resource, growing vegetables on a farm is different from growing vege-

tables in a hydroponic skyscraper. The mass production of automobiles is different

from a restoration of an antique car. Shooting a major motion picture is different

from capturing home videos. This leads to another dimension: ethos.

4.2.2 System Processes and Outputs Acknowledging Services Include

Human Engagement in Practices

An ethos is “the characteristic spirit of a culture, era, community, institution, etc., as

manifested in its attitudes, aspirations, customs, etc.” (New Shorter Oxford English

Dictionary 1997). A business is a social system, so there are varied and alternative

structures of actions to produce similar types of outputs. From a systems perspec-

tive, ethos is part of the operation of the system. Let’s consider three types of ethos:

(a) An organic ethos

(b) An industrial ethos, and

(c) A service ethos

The feeling from each ethos comes through from the engagement of an individual

associated with a profession or community.

An organic ethos may be described as one that appreciates and nurtures the

local bounty. An Amish farm may be the ultimate reflection of an organic ethos in

agriculture.

What is underway on an Amish farm does not involve single purpose. The farms are not

regarded as economic units, although the Amish make sound economic decisions. What we

observe on the Amish farms is similar to what we observe on a natural ecosystem –

homeostasis. Purpose and mechanism are transcended.

. . .. (The Amish) are interested in profit and high yield, but neither concern drives them

as a single purpose. Had the Land Institute’s newly acquired 160 acres been an Amish farm,

it would have been highly diversified . . . The living riparian community on each side of the

two streams would have been a habitat for an abundance of wild species, including quail,

pheasant and deer. It would have been a source of fuel, a boundary dividing the farm into
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smaller fields. It would host some predatory birds and insects. The smaller fields would

have suited a horse- or mule-powered agriculture. The larger cottonwoods would have

provided shade for grazing animals or for a resting team and driver. The fallen hackberry

limb would have been converted into firewood. The straw that we plow under or burn would

have become bedding for livestock and thus become a way of holding urine and manure,

and all three would have returned to the fields from which they came. Some of the grain

would be fed on the farm, some would be sold, depending on need.

Because the emphasis for the Amish is not exclusively on production, mass production

of food on the farm is incompatible with their sense of how to live in the world. (Jackson

1987, pp. 128–129)

The description of an organic ethos in the context of business isn’t necessarily

meant as an anti-technology bias; it is meant as a way seems more natural to the

community. Similarly, photography on film holds an organic ethos for those from

an age of chemistry in a way that digital photography does not.

An industrial ethos is associated with efficient machinery, and describes much of

the modern world. Machines extend the capabilities of human beings, replacing

social functions with automated mechanisms – either as improvements or degrada-

tions, depending on the point of view. Much of the business world implicitly takes

the industrial ethos, from the days of Henry Ford’s Model T, to the current day.

Competitive advantage cannot be understood by looking at a firm as a whole. It stems from

the many discrete activities a firm performs in designing, producing, marketing, delivering,

and supports its products. Each of these activities can contribute to a firm’s relative cost

position and a basis for differentiation. A cost advantage, for example, may stem from such

disparate sources as a low-cost physical distribution system, a highly efficient assembly

process, or superior sales force utilization. Differentiation can stem from similarly diverse

factors, including the procurement of high quality raw materials, a responsive order entry

system or a superior product design (Porter 1985, p. 13)

The industrial ethos has a predisposition for finding more efficient ways of getting

work done. It can be dispassionate about tradition, and thus surfaces advocates and

resisters. The industrial ethos occurs not just in manufacturing businesses, but also

in public enterprises. It is closely related to Weber’s idea of a machine bureaucracy,

which served to eliminate nepotism in German civil service of the early twentieth

century.

A service ethos is associated with humility. Humility is the quality of having

or showing a low estimate of one’s own importance. It is reflected in the person

providing the service recognizing the wants and needs of the customer / client /

citizen above his or her own position. A service ethos does not mean a lower

societal rank, as can be demonstrated in the spirit of servant leadership.

The servant-leader is servant first.. . . It begins with the natural feeling that one wants to

serve, to serve first. Then conscious choice brings one to aspire to lead. That person is

sharply different from one who is leader first, perhaps because of the need to assuage an

unusual power drive or to acquire material possessions. . .. The leader-first and the servant-
first are two extreme types. Between them there are shadings and blends that are part of the

infinite variety of human nature.

The difference manifests itself in the care taken by the servant-first to make sure that

other people’s highest priority needs are being served. The best test, and difficult to

administer, is: Do those served grow as persons? Do they, while being served, become
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healthier, wiser, freer, more autonomous, more likely themselves to become servants?

And, what is the effect on the least privileged in society? Will they benefit or at least not

be further deprived? (Greenleaf 1977, p. 13)

The service ethos is commonly associated with service professions such as the

clergy and nursing. This does not preclude for-profit businesses placing value on

serving customer and other constituents.

A service ethos in a business often espouses social and ethical features as

paramount, and thus attracts individuals who share those values. The individuals

choose the organization as much as the organization chooses the individuals.

An individual who doesn’t fit in with the character of an ethos-driven organization

generally disassociates himself or herself within a short period of time.

4.2.3 A Matrix of Nine Types of System Models Result from

Crossing Types of Resources and Ethos

As a way of building systems models, the three types of resources can be matrixed

with three types of ethos to produce nine system models.

Each of these nine system models described in Table 2 has unique features.

The (1a) agroecological system model, as illustrated by family farms but

exemplified by the Amish, is designed around renewal resources, operating with

an organic ethos. Diversity of crops, livestock and byproducts enables near self-

sufficiency, with local trade supplementing family efforts.

The (1b) materials refining system model begins with similar resources to the

agroecological, but takes an industrial ethos with the use of machines. Examples

include food processed at superhuman speeds, or pharmaceutical development

of plant and animal extracts. Corporate agribusiness also conforms to this type of

system.

Table 2 Nine system models

(a) Organic ethos:
local bounty

(b) Industrial ethos:
machine efficiency

(c) Service ethos:
humility

(1) Renewable

resources: Cultivate

and harvest

(1a) Agroecological

system model
l (Amish) family

farms

(1b) Materials refining

system model
l Food processing

Pharmaceuticals

(1c) Physical wellness

system model
l Health care

(2) Appropriable

resources: Acquire

and process

(2a) Handcrafting

system model
l Fashion apparel

(2b) Lean production

system model
l Petrochemicals
l Automobile

(2c) Security system

model
l Insurance
l Banking

(3) Cultural resources:

Affiliate and practice

(3a) Performative

experience

system model
l Concerts
l Live theatre

(3b) Media publishing

system model
l News
l Television and

movies

(3c) Intellectual

development

system model
l Education
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The (1c) physical wellness system model takes natural living beings (i.e. human

beings and animals), and applies a service ethos. Health care services in the spirit

of nursing are of this type.

The (2a) handcrafting system model starts with appropriable resources but

applies an organic ethos. Fashion apparel, where uniqueness and custom fit are

important, places a high value on craftsmanship.

The (2b) lean production systemmodel is based on appropriable resources, and the

industrial ethos is a direct descendant of the mass production style of Henry Ford.

Petrochemical and automobile production clearly follow this type of business model.

The (2c) security systemmodel takes appropriate resources – potentially abstract,

as in property rights – and applies a service ethos. Insurance means that if an insured

item is lost, it can’t be lost again. Banking enables funds to be channeled from those

who have plenty to those who have short-term obligations to meet.

The (3a) performative experience system model is founded on cultural resources

(e.g. musical scores, actors) working in an organic ethos. Concerts and live theatres

are valued for their immediacy, and the immersive experience has provides benefits

to “being there”.

The (3b) media publishing system model takes cultural resources (e.g. concert

performances), and applies an industrial ethos. Live events (e.g. news as it happens)

can be reproduced at lower fidelity and bandwidth for viewers with a lesser interest

in the content.

The (3c) intellectual development system model starts with cultural resources

(e.g. high school graduates) and applies a service ethos. Education is delivered

through pedagogy.

In contrast to the traditional three-sector categorization of agriculture,

manufacturing and services, the above nine system models provide a framework

through which the validity of perspectives on service systems – as well as agricul-

tural systems and industrial systems – can be discussed. Other dimensions and

categorizations could have equal validity, and friction between varied perspectives

could be constructive.

4.3 In an Action Science Approach, this Position Seeks
a Dialectic Through Which Mutual Learning Can Occur

In an appreciation of the new learning to be done on service systems, alternative

positions should be considered, presented and discussed. The context for alternative

positions could be driven by inquiry in various modes:

l Why? For which purposes should we develop models of service systems? Will

the commonalities and distinctions between types of service systems enable

cross-appropriate of features as innovations?
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l Where? In which circumstances and situations are more explicit or more formal

models of service systems helpful? Are prior models developed in an industrial

paradigm good first-order approximations?
l Who? For which professionals or domains are models of service systems useful?

Will deeper inquiry introduce unnecessary confusion?
l When? How patient can we be on formalizing theoretical specifications of

service systems? Will a commonsense understanding of service systems evolve

naturally, or will a revolution take place?
l How? Which institutions and fields can rise to lead development of knowledge

on service systems? How can questions of greater immediacy be handled, while

the depth of scientific knowledge accumulates?

Each reader of the above nine system models will have already formed an initial

impression of the value of that position, and potential gaps and/or weaknesses.

Dialogue within a community of inquiry on service systems can take this position as

one of many starting points, in an engagement to further develop the science.

5 Maturity in Service Systems Will Be Marked with

T-Shaped People Having Deep Knowledge in a

Type and/or a Feature, and General Knowledge

Across the Varieties

While a theory of service systems is under development, practitioners who deal

with service systems every day will draw on conventional wisdom immediately at

hand. Until a state of normal science has been established, concise textbooks that

properly lay out the breadth of service systems will be incomplete.

To conclude this chapter, roles interested in service systems – scientists, engi-

neers, managers and designers – are recognized. The challenge of prior knowledge

from the industrial paradigm is reiterated. Finally, the maturity of the science of

service systems is expressed in the development of T-shaped people with both

breadth and depth in the domain.

5.1 Scientists, Engineers, Managers and Designers
Should Clearly See Domains of Knowledge As Generic,
or for a Type or Part of a Service System

No individual is omniscient. Specialization of knowledge occurs because human

beings are mortal. Development of the domain of service systems amongst scientists,

engineers, managers and designers is closer to infancy than to maturity. To overcome

incommensurability, a common language and set of concepts is necessary.
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In the mid-twentieth century, the systems sciences emerged as a way to bridge

the natural sciences, social sciences, and humanities. Systems ideas have founda-

tions dating back to the ancient Greeks, with a universal understanding across

national boundaries, cultures and languages. Systems concepts such as function,

structure and process are well understood across all sciences. These foundations can

be applied in development of knowledge about services in the twenty-first century.

Amongst scientist, engineers, managers and designers, one of the early questions

to be asked is: within what boundaries is your understanding of service systems

delimited? The response could be:

l a part of the service system, e.g. the function of marketing (which may or may

not coincide with a marketing department in an organizational structure)
l a type of service system, e.g. a transportation service or a professional service, or
l service systems in general, e.g. interactions between providers and clients in a

variety of contexts

Explicit specification of the domain of knowledge – as well as the domain

of ignorance – can help communications and accelerate the learning on service

systems.

In the domain of information systems, much research has been conducted on

capability maturity models. A similar framework – appropriate not just to practi-

tioners but also researchers – might be helpful in the domain of service systems.

5.2 The Legacy of Industrial Age Thinking Still Looms
Large on Service Systems

Industrialization – specifically as the introduction of technology to society – has

advanced well-being in human civilization. Economies of scale improve efficiency

in the production of goods, and mass distribution spreads the benefits of modern

conveniences to a wider population. The improvements in productivity in

industrial production have not been paralleled by improvements in productivity

in services. How much of our learning in the industrial paradigm is applicable to

service systems?

Developing a science of service systems may require redefinition of the types

of improvement that are being sought. A service system includes both service

providers and service recipients in mutual engagement. Reducing the perspective

to parts of a service system – in a divide and conquer approach – won’t advance

our understanding in the early days of this science. Maintaining the holism in

system models – requires embracing “enemies” in dialectic in the pursuit of further

development (Churchman 1979).

The rise of the service sector (W€olfl 2005) – and specifically the rise of

Information and Communication Technology (ICT) capital (OECD 2000) – signals

that labour trained for the industrial era is being challenged to keep up with
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changes. Presuming that students in graduate engineering and management pro-

grams will eventually become leaders in society, they should recognize that the

drivers of value creation in the next 25 years will likely to differ from those in

the past 25 years. As these emerging leaders accumulate experience in business

organizations – either in for-profit or not-for-profit designations – they will shape

and be shaped by the economic and technological context in their work.

5.3 When a “Conventional Wisdom” on Service Systems
Has Been Established, the Breadth of Depth of Knowledge
for T-Shaped People Can Be Filled Out

How will we know when the science of service systems has been sufficiently

developed into a normal science? One signal will be the presence of T-shaped

people.

The need for T-shaped skills surfaces anywhere problem solving is required across different

deep functional knowledge bases or at the juncture of such deep knowledge with an

application area. . .. People possessing these skills are able to shape their knowledge to fit

the problem at hand rather than insist that their problems appear in a particular, recogniz-

able form. Given their wide experience in applying functional knowledge, they are capable

of convergent, synergistic thinking. (Leonard-Barton 1995, p. 75)

Initial approaches to the engineering and management of service systems have built

incrementally on existing disciplines. The disciplines include economics and

law, operations research, industrial engineering, computer science, informa-

tion systems, MBA and management consulting, management information systems

and knowledge management, organizational studies and organizational learning

(Spohrer et al. 2008, pp. 6–7). Curriculum has been developed as courses inserted

into existing programs (IBM 2006) and as the premise for a new program (Tukiai-

nen et al. 2006). While a new science of service systems is under development, a

bottom-up approach to curriculum development has been practical.

As a complementary contribution to an educational curriculum, this chapter has

proposed knowledge development in a way embraces uncertainties as the science

of service systems evolves. The challenge of multi-disciplinary thinking can be

dissolved through a foundation in systems science.
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Service Customization Research: A Review

and Future Directions

P.K. Kannan and John Healey

Abstract Service customization is an important new opportunity for firms in their

pursuit of better outcomes in their service provision process. Much like the recent

expansion of product customization in goods markets, service customization has

been expanding recently due to a variety of factors, such as technological devel-

opment allowing for improved service delivery and better communication with

customers as well as a growing acceptance amongst customers of the customi-

zation process. Much of the previous research on services in this area has viewed

service variability as a negative that should be limited. However, customer varia-

bility in product needs provides a similar opportunity to deliver more value for

consumers through specialization of services. In fact, the co-creation of value in

services makes the development of effective mass customization systems in the

area of services exceptionally important. This chapter will examine service mass

customization and the design of systems for service customization. Starting with a

review of extant work, the chapter will develop a framework for service customi-

zation and service design, specifically, focusing on the concept of customer

variability and how this concept can be used to extract greater value from the

transaction between the customer and the firm. Based on the framework, the

chapter will then identify important directions for further research from both

practice and academic viewpoints.
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1 Introduction

Service customization offers a new opportunity for firms to develop better service

systems, offerings, and solutions to customers with the goal of better outcomes.

New advances in technology have resulted in the capability of service firms to

deliver high-quality, individually-tailored solutions to their customers, helping to

create more value along with the customer (Spohrer et al. 2007; Demirkan et al.

2008). Customization strategy has a variety of implications for service providers,

specifically within the context of service design. However, in addition to the

benefits of service customization, there are some costs and drawbacks that need

to be considered. Therefore, the effective design and implementation of service

customization is a crucial area of research that will allow us to better understand

how to develop service customization systems, with the goal of creating more value

with customers. This is specifically important development of service customiza-

tion systems calls for close integration of issues researched across different dis-

ciplines from service operations, information technology, service marketing, and

consumer psychology among others.

While customization research in the production domain has been fairly

extensive, the research in service customization is still largely being developed

as it falls in the interface of many disciplines. While it is important to take lessons

from the product-based customization research, it is also crucial to recognize the

differences between production and service provision, and how those differences

can cause differences specifically within the process of customization. Therefore,

the goal of this chapter is to explore the issue of customization, specifically within

a service context, and to examine how the traditional product-based models can

inform our thoughts on service customization, as well as how differences between

production and service provision can result in important differences. Based on the

above understanding, this chapter will propose a framework for service customi-

zation that not only provides a foundation for examining various issues related to

customization, but also highlight the managerial implications of the related

research issues.

Customization, in both the service and production firms, has recently expanded

due to many factors. The first factor is the expansion of a variety of new technol-

ogies. These new technologies have resulted in more flexible manufacturing and

better information transmission. Second, consumers are demanding more custo-

mized product and service offerings. This has created an environment in which

even traditional segmented product and service offerings may be too broadly

targeted to develop appropriate niche strategies. Third, product life cycles are

shortening, which along with increased competition, has caused the breakdown of

more traditional strategies, which often rely on longer life cycles. Finally, firms can

better avoid the commoditization of their products through the use of mass custom-

ization, allowing for higher profits for the firm. In the future, more companies are

likely to develop customization strategies as consumers become more accustomed

to the process of customization.
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One major gap in the literature on customization is the lack of research on

service customization. Strategies for service firms are considerably different than

strategies for manufacturing firms, and thus, customization strategies for service

firms need to be considered in a separate manner. Customization research has

typically been performed in product contexts. One of the reasons for the focus on

products and manufacturing is that customization has traditionally been a focus of

operations management research. In this research, the focus has been on how to

hold manufacturing costs down for customized products. Recently, however, the

marketing, strategy, and management literature has relatively recently begun to

address customization issues. The cross-discipline nature of research in mass

customization has created a rich understanding of the process, while allowing for

considerable new research in a variety of disciplines. Much of the early research on

mass customization has viewed mass customization as the eventual successor to

mass production (Ahlstrom and Westbrook 1999). However, another viewpoint has

developed that views mass customization and mass production as coexisting and

developing synergy through this coexistence (Kotha 1995). The different perspec-

tives on mass customization and its relationship to traditional mass production

strategies will be crucial in the discussion of frameworks for considering service

customization. We will first start with key definitions

1.1 Definitions

Partly due to the somewhat contradictory nature of the two terms, mass customiza-

tion has a variety of definitions. Davis (1987) states that mass customization is

the process of providing a one-of-a-kind product without sacrificing the benefits

of scale economies. In a later work, Davis (1989) refines this definition as the ability

to provide individually designed products and service offerings to customers

through high process agility, flexibility, and integration. Another pair of definitions

of mass customization was provided by Hart (1994). The first, which he termed the

“visionary definition”, is “the ability to provide your customers with anything they

want profitably, any time they want it, anywhere they want it, any way they want it.”

This definition, while useful from a general perspective, is not particularly specific

or practical. Hart (1994) then provides a second, more practical definition, which

is “the use of flexible processes and organizational structures to produce varied and

often individually customized products and services at the low-cost of a standar-

dized, mass-production product.” Another definition, based more on the practical

rather than theoretical issues of mass customization, was provided by Teresko

(1994). He states that mass customization is the ability of today’s manufacturing

technology to bring down the cost of variety. This definition illustrates an operations

viewpoint of mass customization. Pine (1993) defines mass customization as the

process with a goal of providing enough variety in products and services that

the firm can provide nearly everyone what they want at a reasonable cost. These

definitions are a good starting point to look at the conceptual and theoretical
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issues of mass customization and how those issues specifically apply to service

customization. They also show the many different viewpoints of mass customi-

zation and what it means for businesses attempting a mass customization strategy.

1.2 Service Customization

As stated before, the research on mass customization, including many of the

definitions previously given, was mostly focused on production firms. While this

literature can inform us in our discussion of service customization, it is important to

consider the potential differences between the mass customization of product

offerings and the customization of service offerings.

The first step to examine the differences between product and service customi-

zation is to look at how the process of manufacturing and service provision differ

generally. One framework for the examination of service provision was provided by

Rust and Kannan (2002). The authors describe a traditional service model, in which

a physical product is encased in a combination of service delivery, a service

product, and a service environment. Many companies are now changing their

focus to the service aspects of their businesses rather than the product-centric

aspects of their businesses. Service customization can occur in any part of the

process of service provision. Therefore, one of the primary differences between

product and service customization is the interaction between different elements of

service provision and how customization can alter those interactions.

Another key difference between production and service provision is the impor-

tance of touch points in the service offering. Touch points are the points at which

the firm and the consumer interact in the provision of the service. The process of

service customization, therefore, must start from the touch points. New technolo-

gies have changed the nature of touch points. For example, in many service

businesses, touch points are traditionally firm employees. However, new technol-

ogies have resulted in a variety of new potential touch points, such as self-service

kiosks. One example of this shift is retail banking, in which ATMs have partially

replaced tellers. The implementation of automated touch points allow for additional

options for the firm when considering customization strategies. However, unlike

production systems where the quality of the customized offering is not dependent

on customer skills, in service systems the impact of technology is dependent on

variation in customers’ skills.

The next step in the process of examining service and product customization

is to look at the process and design of service customization system. Service

customization has existed in less formalized forms in many service businesses for

years. For example, most restaurants offer the capability to make special orders

based on customer feedback. However, the development of new technologies

has resulted in the opportunity for a more formalized and larger-scale strategy

of service customization. The advance of information technology has been a
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particularly important factor allowing for a variety of service firms to begin

more formalized customization programs. This new technology has allowed

firms to collect more information on consumer preferences, and specifically, for

the purposes of service customization, the heterogeneity of those preferences.

This offers an exciting new opportunity for service providers to better serve their

customers and potentially make higher profits.

Service customization is important because it offers service providers the oppor-

tunity to offer a more individualized service, based on the needs of the customer.

As firms become more focused on service provision, it is important to develop

customization processes for these offerings. Service customization offers service

firms many of the same opportunities that product customization offers to produc-

tion firms. Specifically, service customization will allow firms the ability to provide

service offerings in such a way as to result in better profit maximization as well as

provide better outcomes for customers. One of the most important reasons for the

expansion of mass customization is that firms feel customers have begun to demand

increased variety (Ahlstrom and Westbrook 1999). In addition, firms feel that

customer needs are changing faster and that product lifetime is decreasing.

This has led to an increase in the desire of firms to engage in customization efforts

in order to better provide value for customers.

In what follows, we will first look into the extensive literature on product

customization. This will provide insights for future frameworks and potential

research for service customization. Next, we will examine the nature of services

and customization. In this section, we will look at how service offerings differ from

product offerings and how those differences can be manifested in service customi-

zation, in the context of extant work. Third, we will develop a framework for

service customization and the design of service customization systems. Finally, we

will look at some future research areas in service customization.

2 Product Mass Customization

The first step in the study of service customization is to look at the more extensive

literature on product mass customization. Many authors have developed frame-

works for examining the process of customization within the product contexts.

These models, as well as specific research on methodologies, implementation, and

customization system design, will serve to provide a basis for the study of customi-

zation in service context.

2.1 Frameworks

One framework for considering the issues of mass customization was presented

by Duray et al. (2000). The authors examine four stages of the production cycle:
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design, fabrication, assembly, and use. The authors also present different modes

of modularity. The six types of modularity are component-sharing modularity,

component swapping modularity, cut-to-fit-modularity, mix modularity, bus

modularity, and sectional modularity. These are illustrated in the Fig. 1.

The authors then combine the concepts of point of customer involvement,

modularity type, and the production cycle (Fig. 2).

Fig. 1 Modularity types
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Finally, the authors present four groupings of different types of customizers

based on the point of customer involvement and type of modularity: fabricators,

involvers, modularizers, and assemblers (Fig. 3).

Fabricators are firms that involve the customer early in the process in order to

develop unique designs, but still use modular components. Involvers also allow the

customer into the customization process early, but only by allowing consumers to

choose from combined standard models. Modularizers develop modules in the early

stages of the production, but do not involve the customer until later. Finally,

assemblers develop modules and involve the customer late in the process.

Another framework for considering mass customization was developed by

Gilmore and Pine (1997). The authors define four approaches to customization:

collaborative, adaptive, cosmetic, and transparent. The four types of customization

vary on two main attributes: the product itself and the representation of the product.

Collaborative customization occurs when the customizer engages the customer in a

conversation to help them identify their needs in order to more accurately fulfill

those needs. This is fairly common in customized consumer goods, such as custo-

mized personal computers. Adaptive customization is when the firm offers a

standardized product, which the user can customize themselves. Cosmetic custo-

mizers present a standardized product differently to different customers. Finally,

transparent customizers provide customers with customized goods without letting

them know that the good is customized. This often occurs in environments when

customer needs are fairly easily deduced but in which customers do not want to

continually spend time customizing a good.

These four approaches to customization all have potential extensions into service

customization. In fact, many of the forms of customization have been practiced in

service firms for many years. The application of these frameworks and how they

might affect customization systems is an interesting area for future research.

Fig. 2 Point of customer involvement
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Another framework for analysis of customization was developed by Murthi

and Sarkar (2003), who develop a three-step framework. The steps are to first

learn about consumer preferences, then matching product offerings to customer

preferences, and, finally, an evaluation of the learning and matching processes.

The authors develop a framework, which they call the Enhanced Value Net.

This model looks at how personalization occurs in a competitive framework (Fig. 4).

A fourth framework for considering mass customization was presented

by Lampel and Mintzberg (1996). The authors present customization and standar-

dization as a continuum rather than as two separate concepts. They identify five

different stages of this continuum, which vary on four different aspects of the

manufacturing and distribution process. The four aspects are design, fabrication,

assembly, and distribution. The first stage is pure standardization, in which each

of the aspects of the process is standardized. This stage has no differences between

products, with products targeted at the broadest possible group of consumers.

The next level is segmented standardization. In this stage, distribution is custo-

mized. There are small differences provided in the product to target it to a

specific aggregated segment. The third step on the continuum is customized

Fig. 3 Matrix grouping of mass customization configurations
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standardization, which has customized distribution and assembly. In this stage,

there is a standardized product in which the assembly is customized by the

consumer, such as at fast food restaurants where consumers can choose what

they want on their hamburgers. The fourth step is tailored customization. In this

step, everything but design is customized. A prototype of the product is presented

to the customer, who gets to customize that product. The final step is pure

customization, in which every aspect of the process is customized.

This is an important framework for considering service customization because it

offers service providers the ability to decide on a level of standardization to

maintain in order to keep costs low, while at the same time allowing some

customization in order to better serve their customers and better extract value

from those customers. Different service firms in different businesses will have

different optimal levels for customization of service provision.

A final, and slightly broader, framework for the idea of customization is the

idea of customerization presented by Wind and Rangaswamy (2001). The authors

define customerization as a move from a seller-centric firm to a buyer-centric firm.

The authors for this paper offer a framework in which they separate the concepts

of personalization, mass customization, 1-to-1 marketing, customerization and

standardization. The authors present two attributes on which these concepts differ,

operational customization and marketing customization (Fig. 5).

Building on earlier work, in a survey paper on mass customization, Da Silveira

et al. (2001) present eight generic levels of mass customization: standardization,

usage, package and distribution, additional services, additional custom work,

assembly, fabrication, and design. These strategies were taken from earlier research

and integrated into one framework, in which many different but similar concepts

Fig. 4 The enhanced value net
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were combined into over-arching ideas. For example, the idea of package and

distribution customization comes from the cosmetic approach (Gilmore and Pine

1997), segmented standardization (Lampel and Mintzberg 1996), and customizing

packaging (Spira 1996).

One form of customization that is slightly different from those listed above

is bundling. This is when products (often in the form of content or information)

are put together based on either firm design or customer preferences. Hitt and

Chen (2001) show that in a monopolistic setting, bundling chosen by consumers

outperforms either individual selling or firm selected pure bundling when marginal

costs are positive and customers have heterogeneous preferences. Bundling is an

especially important form of customization when considering service customiza-

tion because most service offerings are bundled.

2.2 Implementing Successful Mass Customization

The Da Silveira et al. (2001) paper presents six factors that the literature often

present as success factors for mass customization strategies. They divide these six

factors into two large groupings. The first two factors are market-driven success

factors, while the other four are organizational success factors.

The first market driven success factor is that demand for variety and customiza-

tion must exist. This deals with the issue that in addition to the advantages of

customized products (such as improved targetability), there are also costs to

customization (such as time costs). Therefore, customers must demand customiza-

tion enough to cover this cost. The other market success factor is that market

conditions must be appropriate for mass customization. This issue primarily

deals with the competitive environment of the firm and its effects on the firm’s

mass customization strategy. For example, the ability to be the first-mover into

Fig. 5 Pathways to customerization
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mass customization in a market may result in better market conditions for the

customizer. Therefore, the market conditions are a major success factor for a firm

considering mass customization strategies.

The first organizational success factor is that the value chain should be ready for

mass customization. The entire supply network, from suppliers to distributors to

retailers needs to be prepared and willing to help ensure success of a mass

customization strategy. Often, all parts of the supply network need to be willing to

share information to ensure efficiency in customization in order to ensure that

mass customization does not prohibitively increase the price of production, sales,

and distribution by too much to make it an effective strategy. The second organiza-

tional factor for success is that technology, specifically information technology and

process flexibility technology, must be available for the customizing firm. Third,

products should be customizable. This is on its face a somewhat obvious observation.

However, in order to make products customizable, for many products, they must have

potentially modular components. In addition, organizations need to be designed to

ensure fairly rapid product development and R&D programs, due to the fairly short

product life-cycle for customized products. Finally, organizations must be set-up to

encourage knowledge sharing. Different units of an organization must be capable

and willing to share information on a variety of issues in order to ensure effective

mass customization.

While the previous list of success factors outlines many of the theorized issues

that separate success and failure of mass customization strategies, it is not an

exhaustive list. For example, in a case study of Hewlett-Packard, Feitzinger and

Lee (1997) argue that the most effective way to mass customize products is to wait

as long as possible in the supply chain before allowing the customer to customize

the product. The authors state that this allows the company to mass customize while

still holding down production costs, a major concern for product customization.

Da Silveira et al. (2001) examine a number of methodologies and technologies

that enable the success factors to develop within an organization. They focus

specifically on the organizational factors. Methodologies must develop in the

correct way to ensure the organization can effectively develop a mass customiza-

tion strategy. Agile and lean manufacturing are required for the development of

effective mass customization. Agile manufacturing is the ability to change

manufacturing processes quickly due to market changes. Agile manufacturing is

different than flexible manufacturing in that agile manufacturing is more proactive

than flexible manufacturing (Gutman and Graves 1995). Agile manufacturing has

been divided into internal agility and external agility (Owen and Kruse 1997).

Internal agility is the ability of the organization to respond to market changes

quickly with new products and product features. This requires the ability to change

manufacturing very quickly due to small lot sizes. External agility refers to the

ability to use relationships with other businesses in order to produce high-quality

customized products. Lean manufacturing is when the producer develops an effi-

cient manufacturing process for the production of the product. Supply chain

management in this context refers to effective practices in optimizing the different

elements of the value chain to gain competitive advantages (Boyton et al. 1993).
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A variety of factors contribute to successful supply chain management, such as

interconnected information networks with suppliers, the ability to maintain small

inventories while still delivering products effectively, suppliers who are actively

collaborating with suppliers, and the ability to deliver the right-product to the right-

customer. The final methodology is the development of customer-driven design and

manufacturing capabilities. This is developing organizationally in order allowing

customers to provide information on the design of products and developing

manufacturing to produce those new products.

Next, Da Silveira et al. (2001) present a variety of mass customization enabling

technologies. The first group is advanced manufacturing technologies, which include

computer numeric control, flexible manufacturing systems, computer-aided design,

computer-aided manufacturing, computer integrated technology, and electronic data

interchange. These technologies are specifically designed to make manufacturing

processes more agile and flexible. Many of these technologies will not directly

apply to service customization, which is another major difference between product

and service customization. The second group of technologies is communication and

network technologies. These technologies can provide direct links between different

groups in an organization and improve the response time to customer requirements.

Another group of technologies that is important for the development of mass

customization systems is the technology that links customers with the producers.

Mass customization is a process that requires far more communication between the

firm and the consumer, at some point in the process, than mass production or

traditional service provision. Therefore, one of the primary drivers for mass custo-

mization success is the development of an effective communications system

between the customers and the producers, which often involve the extensive use

of information technology. Da Silveira et al. (2001) present four steps for develop-

ing an effective communication link between customers and producers. The first

step is to define a catalogue of options available to the consumer. In this step, the

firm provides information to the consumers about potential customization oppor-

tunities for the product, often based on past analysis of consumer demand. In many

firms, this takes the form of an online catalog of options, on which customers

directly specify their selections. The second step is to collect and store information

on the consumers. This can make the customization process easier for the con-

sumer, by providing them with better options. In addition, it allows for analysis

of the data with the goal of improving manufacturing performance. The imple-

mentation of mass customization systems only makes it more important to

maintain customer information. The third step is to link the retailer with the

manufacturer (which can either be separate firms acting in a channel or the same

vertically integrated firm in a channel). This allows the manufacturer to gather

more information to help make manufacturing decisions. Finally, the manufac-

turer uses the data collected in previous steps to design product features and

manufacturing techniques. Through these steps, a firm can use technology to

cheaply and quickly obtain information on consumer preferences, allowing for

better mass customization strategies. Many of these steps would also be applicable

to service customization. For example, it is crucial for service customizing firms
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to effectively provide the customer with a set of options and to gather and maintain

customer information. However, the nature of many service firms, in which they

directly interact with customers, make some of the channel issues less important.

A word of caution in switching a firm to a mass customization strategy was

provided by Zipkin (2001). The author identifies three capabilities for mass

customization. The first is elicitation, which is “a mechanism for interacting with

the customer and obtaining specific information. Next, process flexibility is the

production technology that is used to create the product as specified in the first

stage. Finally, logistics need to be able to ensure that the identity of each item is

maintained and delivered to the correct customer. The author presents an argument

that not all companies have the appropriate capabilities in these areas in order to

effectively implement a mass customization strategy.

Zipkin (2001) describes four kinds of elicited information in mass-customization

systems: name and address, customers’ selections from menus of alternatives,

physical measurements, and reactions to prototypes. Obviously, some of this data

is more difficult to obtain. For example, while it is fairly easy to obtain basic

information, such as name and address, it can be far more difficult to collect data on

reactions to prototypes.

Therefore, a variety of factors can lead to success in developing a mass customi-

zation strategy. These factors are crucial to consider when making a decision about

whether to engage in a mass customization strategy. After deciding to engage in a

mass customization strategy, these factors are also important in designing customi-

zation system designs.

2.3 Customization System Design

Previous research has examined the idea of elicitation of customer information and

how it can be effectively implemented by companies in markets with varying

degrees of customer knowledge. For example, recent research has looked into the

design of customization systems for goods (Randall et al. 2007). The authors

examine user design, which is a form of customization that involves a system that

allows the user to specify certain characteristics of the customizable product. In this

research the authors study the use of parameter-based customization systems versus

the use of needs-based systems. In parameter-designed systems, the users directly

enter design components for the customized product. In a needs-based system, the

system uses an optimization algorithm to determine the best components based on

consumer needs. The authors find that expertise is a major factor in the success of

parameter-based systems compared to need-based systems. All outcomes, includ-

ing comfort and fit measures increase with user expertise in the parameter-based

systems. For novices, which are defined as those without expertise, the need-based

system results in superior outcomes. This has important implications for business

managers in many industries. If most customers are fairly knowledgeable about the

product, a parameter-based system alone may be the best option for the company.
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If a firm produces in an industry without much detailed knowledge, a needs-based

system might be the best system design. Finally if a firm is in an industry with very

high heterogeneity of knowledge, the best option may be to develop a system to

discern consumer knowledge and direct the users to the appropriately designed

system to ensure the best results of the customization process.

VonHippel (1998) also deals extensivelywith knowledge and experience and how

those factors can affect system design. He deals with how mass customization can

develop even though consumers do not have the same level of expertise as companies

who specialize in specific product categories. The author argues that one of the

drivers for mass customization strategy is that an agency-related problem exists in

product design and is one of the primary drivers of firm’s strategies for problem-

solving and product design towards customers, who are typically closer to novices

than production firms. Specifically, consumers have more motivation to create an

outcome that is exactly correct for their needs than a firm, which might be satisfied

with creating a “good enough” solution in order to prevent the development of

different solutions for each consumer. Therefore, even though consumers do not

have the same level of knowledge about the product, their motivation to obtain

a product perfectly positioned for themselves results in the desirability of mass

customization. This theory has important implications for service customization.

The most important implication is that it demonstrates the importance of viewing

customization from a service perspective due to the similarity between this concept

and the concept of value co-creation. If firms and customers view themselves as

partners in creating value, the agency issues of creating less than optimal solutions

diminishes and the motivation for unique solutions and outcomes increases.

The author also presents a concept he terms “sticky” local information. This refers

to the cost of transferring information about the optimal product design from one

location to another, or, specifically, from a consumer to a producer. Therefore,

customization systems are a method for overcoming the agency-based problem.

The primary strategic objective is to lower the cost of “sticky” local information.

In addition, experimental evidence has been collected to determine the effec-

tiveness of certain system design elements for customization systems. For example,

Brown and Krishna (2004) develop an experiment to test the effects of default

options on marketplace metacognition. Marketplace metacognition is a consumer’s

social intelligence about marketplace behavior. In this experimental study, the

authors found that customers treat default options as though they contain some

information about the marketplace. The authors term this “carriers of meaning.”

Therefore, defaults are a very important part of any service customization system

design. Another experimental study of customization involved the framing of

options as either additive or subtractive (Park et al. 2000). This paper found that

consumers select more options when the choice is framed as a subtractive choice

(one in which the customer starts with a higher default and takes away options)

versus an additive choice (one in which a customer selects an increase in options

compared to the default).

Another area of potential future research with major implications for system

design is to look at customer demand for mass customized products. One such study
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involved modeling the use of experimental choice-menus for determining customer

preferences and price sensitivities (Liechty et al. 2001). The authors then develop a

Bayesian model, specifically a constrained random-effects multivariate probit

model, to describe the data from the experimental menus. In this model, the authors

account for customer heterogeneity for the utilities for components and character-

istics. This model offers an interesting research opportunity to further explore mass

customization from the demand-side of the transaction rather than the supply-side,

which is where most research has occurred in this area.

2.4 The Effect of Customization on Channel Members

Another issue in the analysis of customization is the effect that customization

strategies can have on partners, such as suppliers (Murthi and Sarkar 2003). A firm

could move from a single to multiple-supplier strategy, in an attempt to increase

potential customization options. For example, Dell uses several suppliers for video

cards in order to better serve heterogeneous customers. Mass customization can,

therefore, result in a far more complicated set of suppliers. Mass customizing firms

must balance the needs of heterogeneous consumers with the potential additional

production costs found by increasing the number of suppliers.

Another strategic concern for firms performing mass customization is the

amount of information to share with suppliers. This is also a concern for companies

performing more traditional manufacturing. However, this problem is extended in

the case of mass customization because of the importance of sharing information

in order to hold down production costs. Information can change bargaining power

between firms, since more information on higher value customers could change

bargaining positions for the supplier.

Another major issue in customization strategy is whether to engage in the

customization or to have an intermediary perform the customization. Often an

intermediary can be a better customizer since it possesses more knowledge of

individual consumers than many manufacturers (Murthi and Sarkar 2003). This

advantage has been diminishing due to the increased use and effectiveness of

information technology. However, in certain markets, firms should consider allowing

an intermediary to offer the customization, while focusing on other aspects of the

business such as production.

3 Nature of Service and Customization:

The Extant Perspective

The previous research in product customization provides a useful basis for the

study of service customization. However, the differences between service and

product offerings will create important differences in all stages of the process of
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customization. This section will look at how these differences can manifest

themselves into new opportunities and new challenges for customizing service

offerings instead of product offerings, following the current thinking in the

service literature (Fisk and Brown 1993; Maglio et al. 2006; Chase and Apte 2007).

3.1 Background of Services

While the background on customization in production firms is important, service

firms have many differences with traditional production firms, and thus have to

be considered with different frameworks (see, for example, Heskett et al. 1994) .

Frei (2008) provides a framework for service business consisting of four elements

for successful service firms. The first, the offering, involves a necessary tradeoff.

When developing an effective service offering, the firmmust decide which attributes

of the service are going to be the focus of the firm and which attributes are going to

be comparatively weak. Very few firms can specialize in providing great service in

all aspects due to the cost that would be required to provide this great service. It is

important in this stage to decide who the targeted customers are and what attributes

will allow the firm to best target these customers.

The second element is the funding mechanism. This is a major difference

between service firms and manufacturing firms. Manufacturing firms, generally,

collect revenue from the sale of a product. Service firms often cannot collect revenue

on a purely transactional basis. For example, if a salesperson offers service to a

customer in a retailing environment, that salesperson is providing service, but gener-

ally does not request compensation directly for performing this service. It is important,

therefore, for service firms to design a system that allows for the collection of revenue

in a manner that is both acceptable to the customer and the firm.

The third element of the successful service firm is an effective employee

management system. The firm must be able to attract service personnel, and

develop the talents of the personnel in an appropriate manner, to ensure that the

employees can deliver the service offerings in the desired manner. The elements of

the employee management system, which include training, job design, and perfor-

mance management (Frei 2008), must be focused on developing personnel in a way

to ensure effective performance in the areas in which the firm is focused.

The final element of the successful service firm as presented by Frei (2008) is the

customer management system. This step is especially crucial in a service customiza-

tion setting, since customers are being asked to participate even more directly in the

service process. One important aspect of this element is the training of customers.

Customers are integral members of the value creation in a service setting and,

therefore, much like customers, need to be trained to deliver service offerings effec-

tively. However, training is far more difficult since formalized training programs

are often not an option with customer training. In addition, the firm only has limited

ability to choose their customers. An effective system for managing customers trains
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the consumer to participate in the service process more effectively and can also

serve to choose consumers that are the focus of the firm, and thus may be better at

participating in the process.

3.2 Implications for Service Customization

Customization of services will affect services in all four of the elements presented

by Frei (2008). The process of customization will require the firm to modify their

strategy at every step of the design of their service.

The most obvious change in strategy will occur with the offering. In service

customization, the firm is directly altering the offering by allowing the customer to

decide on their preferred offering. Firms need to be careful to allow for the consumers

to have enough options at this stage, while also ensuring that costs do not excessively

increase due to potential additional costs. For example, if consumers are allowed

to receive service at additional times, the firm will have to maintain some service

infrastructure for additional hours than they might under a single-offering strategy.

While technology may help to make such provision posssible and efficient, the

effectiveness will depend on the customers’ – their preferences and skill levels

in using the technology.

The second aspect is the funding mechanism, which will be particularly crucial

in a framework for service customization. Typically, customers compensate the

firm for service offerings as part of a bundle. This may have to change in a service

customization context due to the ability of the consumer to directly choose the

elements of their bundle. In addition, the firm will have to design a system in which

the customer will find payment to be palatable. This might require the use of

extensive record keeping system, to move the pricing temporally further from the

touch point.

The primary goal of the firm for employee management systems while imple-

menting a service customization strategy is to maintain lower costs while still

effectively preparing employees for the challenges of customization. Effective

employee training must be provided by the firm to ensure that the employees are

capable and prepared to deliver customized service offerings. This training should

also contain information on how to maintain lower costs while still delivering

effective customized offerings.

The final element, the customer management system is especially important

within a service customization context. Customers must be effectively managed

since they play an even greater role in the service process under a customization

system than under a traditional service design system. Customers often need to be

more trained in the system to be effective at creating effective service offerings.

This is similar to the results found by Randall et al. (2007) in the product domain,

who find that better outcomes are produced by needs-based systems instead of

parameter-based systems amongst novices. The firm needs to be able to effectively
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manage customer knowledge of their service offerings, in addition to the system

designed to allow for the customization of those offerings.

3.3 Service System Design

Recently, researchers have begun to look at how customization systems are

designed in a service context. The differences between product and service markets

require firms to develop different systems for the effective customization of service

offerings. For example, one notable difference between service and product custo-

mization is the fact that service customization cannot rely nearly as heavily on the

modularity of components to ensure lower costs. Modularity is one of the key

cornerstones of product mass customization. Service customization will, therefore,

require more creative methods and systems for implementation.

Another major difference between mass customization of product and service

offerings is that consumers often have more of a face-to-face relationship in

service markets. Customers can provide direct feedback in many service environ-

ments, bypassing the information technology that is such a central component of

mass customization in product markets. One of the challenges for those looking at

service customization is the integration of face-to-face communication with infor-

mation technology into an effective overall communication system.

Another major difference between product customization and service customiza-

tion is that consumers are more sensitive to quality errors in service offerings than

in products (Da Silveira et al. 2001). This means that customization in service

offerings will have to ensure fewer quality errors than is necessary in product custo-

mization processes. This will lead to new challenges at effectively delivering

customization while not raising costs for the customizer toomuch tomake the strategy

unprofitable.

Service offerings also have tighter delivery times than products. Offerings often

require direct interaction between the consumer and the service provider. This

means that time is an important consideration for service providers. If service

providers are unable to provide their services in an effective time period, consumers

will move to competitors who are more capable of providing service offerings in a

more-timely manner. A related problem when implementing service customization

is that service offerings, unlike product offerings, can’t be placed in inventory.

Therefore, normal variation in demand can be covered by putting additional units

into inventory. For example, if a mass customizer in the personal computer market

has a drop-off in demand for a particular type of hard drive, the company would be

able to store some of their extra units in inventory for a fairly low cost. This action

is not an option in service customization environments. Therefore, service custo-

mizers need to be able to better predict demand heterogeneity and effectively

provide their service offerings in a timely manner to be effective.

The final aspect which Da Silveira et al. (2001) describe as differing between

service and product customization is dependence on information reliability.
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Specifically, service businesses are more dependent on reliable information than

product manufacturing. In the end, however, this is not as important of a difference

because both service and product customization require information that is as

accurate as possible. Service customizers, like product customizers, do have to

develop the best systems for learning customer preferences, which is somewhat

related to the research done by Randall et al. (2007) on customization system

design. However, this research was conducted in a product setting. In order to

effectively research system design within a service customization context, more

research needs to be performed on how systems are designed and how this design

can be improved to ensure a variety of better outcomes for both the customizer and

the consumers.

One area on which service and product customization will differ is customer

privacy. Customer privacy is a major issue in a variety of contexts in product

customization. In fact, previous research has even been done positing the possible

development of markets where levels of privacy are purchasable (Rust et al.

2002). An interesting difference in the nature of privacy in a service context

compared to a product context is that service offerings are often inherently less

private purchases. Customers’ willingness to forego privacy in a service context

versus a product context would be an interesting area for future research in service

customization.

Another interesting area for research in the area of service customization is

the interaction between service offerings, products, and customization. One

example provided by Wind and Rangaswamy (2001) is the original concept of

garden.com. This company provided consumers with the service of helping them

to design a garden for their home. Then the consumer could select products from

the website. Next, the firm would coordinate through a network of suppliers to

deliver the requested products. Finally, FedEx would deliver the selected products

to the consumer. While ultimately unsuccessful, this business model demonstrates

the potential interactions between traditional service offerings, traditional

products, and mass customization in the delivery of those products and service

offerings.

Another example of the interaction between service and product customization

is often found in hotel rooms. Many hotels have begun to use systems that allow

for customized communications with hotel guests. For example, LodgeNet is a

company that provides communication and information technology that allows

hotels to customize their service offerings. LodgeNet’s system allows for custo-

mers to checkout while still in their room. In addition, the system allows the hotel

to provide customized television service to certain hotel guests. Finally, this

system allows for the hotel to distribute surveys to their guests. This allows for

quicker service recovery. The firm provides hotels with a variety of service

offerings and products, such as the ability to customize placement of products

(in this case the television that is the basis of the system). Therefore, this system,

consisting of information technology software, as well as products, allows custo-

mers to provide information to the hotel employees, allowing them to provide

better service.
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3.4 Variability in Service Provision

One recent paper that has looked at the area of service customization was written by

Kannan and Proenca (2009). This paper deals with the variability both from service

personnel and from customers. This additional source of variation in comparison to

product customization is a major issue for future research in service customization.

One of the primary goals of product mass customization is to use modular compo-

nents, and thus diminish variability. Service customization, therefore, has the

challenge of either managing this variability, which is how traditional research

has framed firm strategy for dealing with customization, or by accommodating this

variability.

Frei (2006) presents the tension between reducing and accommodating customer-

introduced variability. Reducing variation can reduce costs but it can also reduce

the quality of the customer’s experience. Accommodating variation can improve the

customer’s experience, while at the same time posing a risk of dramatically escalat-

ing the cost of service provision. Frei (2006) then presents five phases in which

customer-based variability can occur: customer arrival, customer requests, customer

capability with respect to their expected involvement with the process, effort

that customers are willing to exert, and subjective preferences of how service should

be provided.

In addition, there is also a significant amount of variability that is not attributable

to the variability of customers. For example, employees can be heterogeneous in

skill levels. In addition, equipment can vary in effectiveness. This can be due to

either variability within the equipment or due to outside factors, such as geography.

For example, cell phones can vary in effectiveness depending on where the phone

is used.

Variation can also be either controllable or not controllable. Some variations can

be controlled through effective management and strategy, while other variability,

such as the cell phone example above, cannot be controlled. One example of a

variability reduction strategy is a training program for service providers within the

company. In addition, equipment variation can be reduced by using standardized

equipment. Variability in servicescapes can be reduced by providing standard

designs and equipment.

However, service providers should not always attempt to reduce variability. Some

of the variability, specifically much of the customer-induced variability, holds

the potential for increasing profitability. For example, some customers take longer

to order food at a restaurant. These customers though could allow greater profit-

ability through a variety of factors, such as filling excess capacity, greater personal

profitability (they may take longer to order because they are ordering more expensive

service), or by a willingness to pay for the increased usage of the service. Despite

the potential advantages of variability on service profitability, service variability is

also a great risk. Many negative events can occur due to high variability. In fact,

consumers could value service offerings less due to the variability. Demonstrating

this, Meyer (1981) shows that variability lowers choice probability. Even the
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more potentially positive customer-based variability is a potential problem because

consumers often evaluate service offerings from their own frame of reference (Kannan

and Proenca 2009). Therefore, even if the other customer may be more profitable

due to increased use of the service, they could cause other customers to be less satisfied

with the service. The key for dealing with these risks is to positively deal with the

variability issues. Therefore, some variability is a standard characteristic of service

provision, and is a necessary consideration in the customization of service offerings

that differs from traditional product customization.

One of the key questions in looking at the issue of variability in service offerings

is measurement. Kannan and Proenca (2009) propose the use of conjoint analysis,

on which not only means but variances and the interaction between means and

variances are recorded in order to get a better picture of the nature of how variability

in service offerings is affecting the consumer’s overall evaluation of the service.

This leads to the need for a framework for service customization and design that

will enable us to define clearly the important research issues in this domain.

4 Framework for Service Customization and Design

Our framework for service customization and design is based on the commonly

used perspective on service offering as illustrated in Fig. 6, where the marketing

offering of a firm is broken down into four main components: physical product,
service product, service environment, and service delivery (Rust and Oliver 1994).

We will analyze service customization and design from the above perspective,

specifically focusing on what customization implies for each of the four main

components. We also add a fifth element to this – customers who can play an active

role in co-creating the service and hence can interact with all the service elements of

ProductProduct

Service Delivery

Service
Environment Service

Product

CustomersFig. 6 Framework for service

customization
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the offering (see Fig. 6), and thus a critical determinant of service customization

and design alternatives. We give some examples below, following Rust and Kannan

(2002), to illustrate how this framework will apply to different market contexts.

Applying the framework to the automobile market, we can readily identify

the automobile as the physical product, while the service product consists of title

exchange, warranty, financing and insurance, etc. The service product is the core

performance purchased by the customers, and the flow of events in the service

product ensures that the customer receives his/her preferred product. It is the process

design that creates the service customers pay for. The servicescape or service

environment includes the showroom, product display, decor and the car lot, while

service delivery includes the sales function, test drive, price negotiation, etc., all of

which comprise the process of purchasing a car. If the market analyzed were college

education, the physical product itself (which could be a degree or diploma)may not be

as significant as the service product, which might include the fields of study, intern-

ship, placement, and so forth. The service environment is made up of classrooms,

dormitories, dining hall, sports and recreation complexes, while the service delivery

component would include teaching performance, the grading process, the job

interview process, etc., with the customers being students. In the context of a business

market, an IT service provider could view their offering in terms of any hardware

supplied as product, the software package provided as the service product, installation,

service quality and maintenance as service delivery, while the service environment

could be in-house at the client’s premises, or online as in an Application Service

Provider model.

It is important to note that customers play a critical role in the service

customization framework. The customer component in the framework highlights

the importance of accounting for customer preferences, abilities and values and

the heterogeneity in those factors, and the importance of managing the hetero-

geneity in providing service customization. In the framework, customers interface

with all components of service: the service product, the service environment and

service delivery. The framework suggests an easy approach to analyzing varia-

bility in service and service customization – analyzing the interface of customers

with each of the service component separately for identifying customization

opportunities and appropriate designs for realizing such opportunities. Such

an analysis can also reveal the limits to service customization given funding

mechanisms for the service offering. As an illustrative example, when Gateway

Computers found that they could appropriately target and customize their offer-

ings to novice computer users and first-time owners of PCs, they had to make a

clear cut decision to change service environment – move from online environment

to brick-and-mortar retail stores, that could enable them to customized their

service product and service environment to service a different segment of custo-

mers. However, their funding mechanism for this service customization was not

robust enough to allow them to compete effectively with other retailers.

The framework also highlights the interaction between the various components

in impacting the variability in service and potential for service customization.

For example, the service environment in an automobile showroom can be limited
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in its customization opportunities as customization in such setting can be expensive.

However, supplementing the environment with online access can expand the

customization opportunities at a low cost of delivery as long as the customers

have the ability to use the channel effectively to receive the customization they

need through self-service. For novice buyers, this customization may not be effec-

tive, and they may need to have a salesperson provide this as part of the service

delivery process. Customization in the service delivery stage can be accomplished

only through hiring versatile employee who can play several service roles and cater

to different needs of different types of customers. This can be expensive and unless

the funding mechanism allows such customization (through higher prices for

vehicles), the service customization model may not be sustainable. This may also

highlight the importance of customer selection and customer management for

effective and profitable service delivery.

On a final note, it should be noted that the framework considers product as part of

its core and the mass customization techniques addressed in the extant literature are

readily applicable to this component. The product customization system (eliciting

customer preferences and specifications they desire, as in Dell.com website) would

itself be part of the service product, the process that enables the customer to receive

his/her preferred/selected product. In the next section we identify several important

future research directions on the basis of our framework.

5 Research Issues and Future Directions

The current thinking in the design of service systems has focused, rightly so, on

the issue of business viability of the service model. The argument goes as follows:

There are obvious limitations to service customization. A service business cannot be

everything to everybody – the funding mechanism for service usually does not allow

this. This implies that a service organization has to pick service attributes that theywill

excel in, at the cost of other attributes being not being as excellent as they could be (e.

g., Frei 2008). It is all a notion of trade-offs – a firm picks the customer segments it

wants to target, designs the service product for those segments and delivers service

efficiently at a cost that allows it make profits. Unfortunately, service customization

becomes one of those service attributes that can be traded-off against other attributes

such as service efficiency and service quality (see Anderson et al. 2006). We have

philosophical difference with the above argument. We believe that service customi-

zation has to be viewed as a separate objective, in and of itself, quite apart from other

service attributes which are traded off against each other. This is necessary because

paradigm shifts in service design and service customization systems cannot be

achieved if service customization is treated as something that could be traded-off

against other attributes. Thus, the first research challenge for practitioners and

academics is to delink the concept of service customization from those attributes

that can be traded-off against each other and instead focus on break-through design

possibilities which will contribute to significantly different service models.
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5.1 Customization and Service Product

Our framework provides the building blocks for such paradigm shifts in design for

service customization. The critical component to target is the service product,

which along with the service environment determines the scope of service customi-

zation that is feasible within the service system. The service at the service delivery

stage can be customized only to the extent that service product is flexible enough to

accommodate the customization in response to customer variability. Thus, front-

line service employees or self-service technologies or the combination of the two

can be as effective as what the service product (the processes that allow customers

to obtain their preferred product or service) can allow. While much of extant

academic research has focused on training and adaptiveness of employees to

accommodate flexibility/customization at service delivery stage (e.g., Gwinner

et al. 2005) or using self-service technologies to accomplish such customization

(Meuter et al. 2000), significant research is needed to understand how service

customization can be accomplished at the service product stage. In the context of

online service environment there are good examples of such research – design

of recommendation systems (Ansari and Mela 2003; Chung et al. 2009) that

create service products to provide precise customization of service, be it music or

movie rental service. Similar examples exist in the context of online games where

learning algorithms are used to infer customer preferences as they play games and

develop and design new games to suit their tastes. The research and development

challenge is to extend this to offline, face-to-face service environments – such as

hospitals, banking, transportation, government services, logistics, B2B service

environments, etc. Technology is likely to play as key a role it plays in the online

service environment.

5.2 Customization Through Co-creation

Customers touch/interact with all components of the service offering in our frame-

work. This recognizes the possibility that customers can co-create service in

interacting with all of the service components. Customer co-creation in the service

delivery component through self-service technology is only the initial application

of this concept and it has been, thus far, motivated primarily as a cost-saving and

efficiency increasing move by firms rather than as a service customization initia-

tive. In the context of online service environment, there are examples of customi-

zation achieved through co-creation at the service product level – online tax

preparation, which involves the customer to make appropriate choices and actions

to get the kind of service he/she desires as customized to his/her needs. Designing

co-creation systems that allow customers to customize their service and derive the

benefit and high-level of satisfaction is an interesting challenge. Depending on

the type of service contexts, such service customization can be complex. In some
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service situations (such as tax preparations), there is an element of information

asymmetry between the customer and the service provider (“am I getting the correct

advise? How would I know that I am getting all the deductions that I can?”) that can

be eliminated or reduced through customer co-creation of the service process,

which can lead to higher satisfaction. On the other hand, for a customer with little

expertise in tax preparation and tax laws, co-creation can be cumbersome. Custo-

mizing the extent of co-creation at the service product interface to maximize

perceived benefits and satisfaction of customers in different service contexts is a

research and development challenge that can be viewed as the holy-grail of service

customization.

5.3 Customization and Service Pricing

Service customization is limited by the business viability of the service model, which

in turn depends to a significant extent on the funding mechanism required for

implementing and maintaining a successful customization system. Given that service

customization creates value for customers by making the service provided closer to

customer’s ideal point, customers should be willing to pay for the customization.

However, for a “should” to manifest as a “would”, customers need to perceive that
they are getting more value and have an increased willingness-to-pay for customiza-

tion. There has been extensive extant work in the area of pricing services that examine

ways to charge for service provision encompassing areas of value pricing, fairness

in pricing, and how the nature of the service context changes customers’ willingness-

to-pay.While customers’ are generally willing to pay for the additional customization

features in a product (for example, when they order a customized PC through Dell.

com), similar customization at a service delivery stage is generally not as readily

acceptable. However, when service customization ismade at the service product level,

they are more readily accepted. For example, Dell.com sells telephone-based

customer service at a much higher price that reflects the cost involved, while online

web-based services are priced differently. The challenge for firms in this dimension is

simple: how can they communicate the value of their service customization and

how can they price the customization at the service delivery stage differentially to

reflect the costs involved. The conjecture based on our framework will be to use

customization at service product stage to fund the customization at the service delivery

stage. Clearly, more research is needed to appropriate design pricing and funding

mechanisms for service customization.

5.4 Customization and Customer Selection

Appropriate customer selection is much more important for service customization

initiatives to be successful as compared to even overall selection of customer for

regular service provision. For service customization to succeed, customers need to
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realize the value of customization and be willing to pay for the customization.

Customization provides the flexibility some customers seek and selecting such

customers who value flexibility is critical. In a similar vein, customers who are

willing to and capable of co-creating services for their custom needs would be the

right target for a firm focused on such strategies. When technology is used to deliver

customized service, customers need to be technology-ready. The design challenge

for service firms is to match the appropriate customers to the appropriate means of

enabling customization and the appropriate pricing of customized services. This is

key in ensuring that firm’s customer equity is increased over time.

6 Conclusions

It is clear that with advancing technology and methodologies, service customiza-

tion is going to much more important in the coming years. It will be a critical

strategy that will separate winners from losers. In order that it provides a competi-

tive edge to a firm, it is imperative that it is not viewed as a service attribute that

can be traded-off against other attributes, but rather viewed as an objective where

the bar should be set increasingly higher over time. It is necessary that firms have a

learning mind-set when initiating service customization strategies. The strategy is

best implemented with the selection of a niche segment of customers, for whom

service customization is offered, either through co-creation or through other

means. The focus should on ensuring that customers realize the value, willing to

fund the customization initiative with their higher than normal willingness-to-pay.

If this is successful, then the bar for customization should be increased – another

segment of customers should be targeted, which will obviously increase the

variability on all factors. However, this will present the firm with a challenge to

extend the initiative successfully and maintain the pressure to innovate and main-

tain the firm’s competitive edge. Such a learning process will create the need for

both practitioners and academics to focus on design models, technologies and

methodologies that can make service customization successful.

References

Ahlstrom, P. and Westbrook, R. (1999). Implications of Mass Customization for Operations

Management: An Exploratory Survey. International Journal of Operations and Production
Management 19 (3), 262–274.

Anderson, J. C., Narus, J. A. and van Rossum, W. (2006), Customer Value Propositions in

Business Markets, Harvard Business Review, March, 91–99.

Ansari, A. and Mela, C. (2003). E-Customization. Journal of Marketing, 40(2), 131–145, May

Boyton, A., Victor, B., and Pine, J. (1993). NewCompetitive Strategies: Challenges to Organizations

and Information Technology, IBM Systems Journal 32 (1), 40–64.

322 P.K. Kannan and J. Healey



Brown, C. L. and Krishna, A. (2004). The Skeptical Shopper: A Metacognitive Account for the

Effects of Default Options on Choice. Journal of Consumer Research 31, 529–539.

Chase, R. B. and Apte, U. (2007). A history of research in service operations: What’s the big idea?,

Journal of Operations Management, 25, 375–386.

Chung, T. S., Rust, R. and Wedel, M. (2009). My Mobile Music: An Adaptive Personalization

System for Digital Audio Players, Marketing Science, 28(1), 52–68.

Da Silveira, G., Borenstein, D., and Fogliatto, F. (2001). Mass Customization: Literature Review

and Research Directions. International Journal of Production Economics 72, 1–13.

Davis, S. (1987). Future Perfect. Addison-Wesley Publishing, Reading, MA.

Davis, S. (1989). From Future Perfect: Mass Customizing. Planning Review 17 (2), 16–21.

Demirkan, H., Kauffman, R. J., Vayghan, J. A., Fill, H. and Karagiannis, D. (2008). Service-

oriented technology and management: Perspectives on research and practice for the coming

decade, Electronic Commerce Research and Applications, 7, 356–376.

Duray,R.,Ward, P. T.,Milligan,G.W., andBerry,W.L. (2000). Approaches toMassCustomization:

Configurations and Empirical Validation. Journal of Operations Management, 18, 605–625.
Feitzinger, E. and Lee, H. L. (1997). Hewlett-Packard: The Power of Postponement. Harvard

Business Review January–February, 116–121.

Fisk, R. P. and Brown, S. W. (1993). Tracking the Evolution of Services Marketing Literature,

Journal of Retailing, 69 (1), 61–103.

Frei, F. X. (2006). Customer Introduced Variability in Service Operations, HBS 606-063. Harvard

Business School Publishing, Boston, MA

Frei, F. X. (2008). The Four Things a Service Business Must Get Right. Harvard Business Review
April, 70–80.

Gilmore, J. H. and Pine, B. J. II. (1997). The Four Faces of Mass Customization. Harvard Business
Review. January–February, 91–101.

Gutman, R., Graves, R. (1995). The agile manufacturing enterprise- both a new paradigm and a

logical extension of flexible and lean, EAMRI Report ER95-10, Rensselaer Polytechnic

Institute, Troy, NY.

Gwinner, K. P, Bitner, M. J., Brown, S. W. and Kumar, A. (2005). Service Customization Through

Employee Adaptiveness. Journal of Service Research. 8 (2), 131–148.

Hart, C. W. L. (1994). Mass Customization Conceptual Underpinnings, Opportunities, and Limits.

International Journal of Service Industry Management 6 (2), 36–45.

Heskett, J. L., Jones, T. O., Loveman, G. W., Sasser Jr., W. E. and Schlesinger, L. A. (1994).

Putting the Service-Profit Chain to Work, Harvard Business Review, March–April, 164–172.

Hitt, L. M. and Chen, P. (2001). Bundling with Customized Self-Selection: A Simple Approach to

Bundling Low Marginal Cost Goods. Working Paper, http://grace.wharton.upenn.edu/~lhitt/

bundling.pdf.

Kannan, P. K. and Proenca, J. F. (2010). Design of Service Systems Under Variability: Research

Issues. Information Systems and e-Business Management. 8(1),1–11.
Kotha, S. (1995). Mass Customization: Implementing the Emerging Paradigm for Competitive

Advantage. Strategic Management Journal 16, 21–42.
Lampel, J. and Mintzberg, H. (1996). Customizing Customization. Sloan Management Review 28,

21–30.

Liechty, J., Ramaswamy, V., and Cohen, S. H. (2001). Choice Menus for Mass Customization:

An Experimental Approach for Analyzing Customer Demand with an Application to a

Web-Based Information Service. Journal of Marketing Research 38 (2), 183–196.

Maglio, P. P., Srinivsan, S., Kruelen, J. T. and Spohrer, J. (2006). Service Systems, Service

Scientists, SSME, and Innovation, Communications of the ACM, 49 (7), 81–85, July.

Meuter, M, Ostrom, A., Roundtree, R. and Bitner, M. J. (2000). Self-Service Technologies:

Understanding Customer Satisfaction with Technology-Based Service Encounters, Journal of

Marketing, 64 (3), 50–64.

Meyer, R. J. (1981). A Model of Multi-Attribute Judgments under Attribute Uncertainty and

Informational Constraint. Journal of Marketing Research 18 (4), 428–441.

Service Customization Research 323



Murthi, B. P. S. and Sarkar, S. (2003). The Role of Management Sciences in Research on

Personalization. Management Science 49 (10), 1344–1362.

Owen, D. and Kruse, G. 1997. Follow the Customer. Manufacturing Engineering 118 (4), 65–68.

Park, C. W., Jun, S. ., and MacInnis, D. J. (2000). Choosing what I Want Versus Rejecting what I

do not Want: An Application of Decision Framing to Product Option Choice Decisions.

Journal of Marketing Research 37, 187–202.

Pine, B. J. II (1993). Mass Customization: The New Frontier in Business Competition. Harvard

Business School Press, Boston, MA.

Randall, T., Terwiesch, C., and Ulrich, K. T. (2007) User Design of Customized Products.

Marketing Science 26 (2), 268–280.

Rust, R. and Kannan, P. K. (2002). The Era of E-Service. From e-Service: New Directions in

Theory and Practice. M.E. Sharpe, Armonk, NY, 3–21.

Rust, R., Kannan, P. K., and Peng, N. (2002) The Customer Economics of Internet Privacy.

Journal of the Academy of Marketing Science 30 (4), 455–464.

Rust, R. T. and Oliver, R. L. Eds. (1994). Service Quality: New Directions in Theory and Practice.

Thousand Oaks, CA: Sage Publications.

Spira, J. (1996). Mass Customization through Training at Lutron Electronics. Computers in
Industry 30 (3), 171–174.

Spohrer, J., Maglio, P., Bailey, J. and Gruel, D. (2007). Steps Toward a Science of Service

Systems, IEEE Computer, January, 71–77.

Teresko, J. (1994). Mass Customization or Mass Confusion. Industry Week 20 (June), 45–48.

Ulrich, K., Tung, K. (1991). Fundamentals of product modularity. Proceedings of the 1991 ASME

Winter Annual Meeting Symposium on Issues in Design Manufacturing Integration, Atlanta.

Von Hippel, E. (1998). Economics of Product Development by Users: The Impact of “Sticky”

Local Information. Management Science 44 (5), 631–644.

Wind, J. and Rangaswamy, A. (2001). Customerization: The Next Revolution in Mass Customi-

zation. Journal of Interactive Marketing 15 (1), 13–32.

Zipkin, P. (2001). The Limits of Mass Customization. MIT Sloan Management Review 42 (3),

81–87.

324 P.K. Kannan and J. Healey



Service and Science

James C. Spohrer, Haluk Demirkan, and Vikas Krishna

Abstract While there is a rapid growth in the number of researchers and

practitioners joining the service science community, this community has not yet

settled on precise answers to two fundamental questions: “What is service?” and

“Where is the science (in service science)?” This chapter examines possible

answers to these two fundamental questions from multiple disciplinary perspec-

tives, and proposes the Abstract Entity-Interaction-Outcome Universals (AEIOU)

theory to frame the science of service systems.

Keywords Service science � Service innovation � Service customization � Service
systems � Value co-creation � Customer variability

1 Introduction

1.1 Two Fundamental Questions

What is service? Where is the science (in service science)? The emerging service

science community has not yet settled on precise answers to these two fundamental

questions. Existing disciplines from economics to marketing to computer science

provide related, but different definitions of service. Also, each discipline contributing

to the creation of the service science community has its own scientific approaches and

methods that practitioners bring to bear. Service-oriented sub-discipline areas are

forming. Some of these sub-disciplines are service oriented architectures in computer

science, service systems engineering in industrial engineering, and knowledge-

intensive business services in economics. With so many disciplines taking up the
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study of service phenomena, a deeper integration seems possible and needed.

This chapter will gather up evidence and examine possible answers to these two

fundamental questions.

In addition to majority views, minority views are on the rise in the service

science community. In short, a paradigm shift is underway, as the service science

community wrestles with these two fundamental questions. Before foreshadowing

the established majority and rising minority views, the nature of the existing service

science community is described. Ultimately, this community must reach a new

consensus view, or be forced to accept that service science is merely a mosaic of

many disciplines.

1.2 An Emerging Community

Ten interrelated drivers are shaping the growth of service phenomena in the world.

This rapid growth is increasing the number of researchers and practitioners joining

the service science community.

Global economic change is the first driver. More nations are investing to

improve their service sectors – monitoring productivity growth, quality levels,

regulatory compliance and innovativeness. For the last 50 years the economies of

most developed nations have been dominated by what traditional economists refer

to as the service sector, and yet service has been understudied in academia relative

to its economic importance (Chesbrough and Spohrer 2006; Parasuraman et al.

1985, 1990). Economics, marketing and operations (including both operations

research and operations management) were some of the first disciplines to begin

scientific study of service and service systems, and more recently other areas of

management, engineering, computing, design, law, as well as social and behavioral

sciences have applied their unique methods in service-oriented specializations or

sub-disciplines (Roth and Menor 2003; Demirkan and Goul 2006; Sen 1999;

Spohrer and Maglio 2009). Increasing levels of automation and outsourcing in

agriculture and manufacturing enterprises, has shifted labor and value creation

into what traditional economists call the service sector (Anderson et al. 2007).

Nations are a type of service system from a service science perspective. Citizens

are both customers and providers. Nations have the responsibility of protecting

the rights of their citizens. When the majority of citizens no longer live in nearly

self-sufficient farming communities, the unemployment rate among adult citizens

becomes a major concern.

ICT-enablement or technology change is the second driver. For the last 50 years,
integrated circuits and other advanced technologies have increased in capability at

an exponential rate. Nevertheless, many of the grand challenges facing the world’s

growing population, such as hunger, poverty, unemployment, and corruption can be

framed as lack of access to resources and opportunities in a world of increasing

abundance (Sen 1999, 2001). Information Technology (IT) or Information-and-

Communications Technologies (ICT) is both enabling and stimulating the growth
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of new types of service offerings that can reach the under-served members of

society to help them participate in new on-line labor markets as well as help people

and organizations in need connect with people and organizations with value

propositions that address those needs (Rai and Sambamurthy 2006; Sen 2001).

ICT-enablement is helping all types of service systems improve internal operations

as well as external interaction capabilities with other service systems.

Outsourcing is the third driver. Businesses whose customers are other businesses

are on the rise. The growth of business-to-business (B2B) service is highly corre-

lated with the amount of outsourcing by existing firms. This driver is also closely

related to the rise in the use of ICT, which enables outsourcing. Service delivery

centers have sprung up in India, China, Egypt, Philippines, and other emerging

market nations, as work shifts to where the best skills are available at the lowest

cost. The ability to enforce service level agreements (SLA), switch to alternative

service providers easily, and resolve legal disputes across national boundaries has

also helped enable outsourcing to flourish, and given rise to the rapid growth of

B2B service. Businesses are a type of service system (Demirkan et al. 2005). Their

sustained vitality depends on maintaining profitability or being acquired.

Business model change (value migration) is the fourth driver. As products

become more complex, many customers will not buy a product without a service

plan, and they often prefer access (leasing) over ownership. Therefore, traditional

manufacturing firms like GE, IBM, Xerox, Rolls Royce, John Deere, and other have

seen an increasing percentage of their revenue come from service offerings, rather

than simply the sale of products. IBM has played a major role in helping to establish

the service science community (IfM and IBM 2008; Spohrer and Maglio 2008).

Modern businesses, including agricultural and manufacturing businesses, are

service systems from a service science perspective. This new perspective breaks

with the current majority view.

Where people live (demographic change) is the fifth driver. Cities and suburban

areas are where most people are born or move to for a job, and therefore end up

living their lives there. Most of the world used to live on farms in rural areas. Cities

with their diverse jobs and service conveniences are attracting more and more of the

world’s population. As the world’s population shifts from rural to urban areas and

as national economies become dominated by the what economist call the service

sector, or the knowledge economy, interest in service science has also been

growing. Cities are a type of service system from a service science perspective

(Heskett 1987; Heskett et al. 1990, 1994, 1997a, b).

How long people live (another demographic change) is a sixth driver. Also, an
aging population world-wide is a related demographic change. People are living

longer. This is creating more dependence on hospitals and hospital operations.

Hospitals are a type of service system from a service science perspective.

The nature of family life is the seventh driver. The role of women in society has

been changing rapidly in the last 100 years. As women have entered the workforce

in developed nations, family incomes have risen and the demand for personal

services has skyrocketed. Demand for child care, retail, hospitality, entertainment,

information, mobile communications, fitness, and more are surging. Managing dual
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careers in volatile job markets has also increased demand for education and

life-long-learning, fueling a growth in educational service for working profes-

sionals. Families are a very special type of service system from a service science

perspective.

A rising education level is the eighth driver. Employees find higher education

levels and life-long-learning required to participate in many career paths (Hefley

and Murphy 2008; Mandelbaum and Zeltyn 2008). On the flip side, employers face

the challenge of creating career paths to elevate employees over time into higher

value creation and higher compensation roles. On the one hand, employers in both

the private and public sector are using technology to reduce labor costs (number of

employees used to provision a service) and improve reliability of outcomes per unit

of management and governance costs through a higher degree of standardization

and automation. The labor (employees) that are no longer needed must either be

elevated into new roles or eliminated from the enterprise. Elevation into new roles

typically requires a simultaneous increase in intra-and-inter-organizational com-

munication skills and/or multidisciplinary project team communication skills

(breadth) as well as specialized problem solving skills and new areas of expertise

(depth). So called T-shaped professionals have both depth and breadth, allowing

them to be more productive on teams and more productive life-long-learners who

can adapt to new opportunities and challenges (Donofrio et al. 2009). The ability

to lead and start new ventures, both inside and outside firm boundaries is also,

highly sought. Service science provides a transdisciplinary framework that helps

I-shaped professionals become more T-shaped over time. Individual people are

service systems from a service science perspective.

A rising dependence on universities is the ninth driver. Universities create the

skilled human-capital essential to national prosperity, and are also the source of

new knowledge which is also essential to national competitiveness. The academic

ranking of universities is driven by the quality of faculty and research centers at a

university. In great cities with great universities, universities are also often in the

top ten employers of their regions, helping to create many jobs for knowledge-

workers. These great universities in many cases have a medical center and hospital

as part of their operations, and in these situations the university is often in the

top five employers of the region. Universities play a key role in society, providing

a bridge for young adults into higher learning, jobs and independent living.

Universities are service systems from a service science perspective.

A rising dependence on non-profit organizations is a tenth driver. Non-profit
organizations exist at two ends of a spectrum and all points in between. At one end,

are foundations with collectively trillions of dollars of wealth that they must invest

in creating benefits for society consistent with their founder’s intentions. At the

other end of the spectrum, are non-profits that struggle to remain viable while

delivering service to some of societies most under-served, who have nearly dropped

out of modern society for reasons of mental illness, drug addictions, or in some cases

those left homeless through a string of bad luck or non-productive life choices. In the

middle of the spectrum, is a rich diversity of public broadcasting, museums,

galleries, orchestra, religious organizations, educational institutions, charities,
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research centers, professional association, community athletic associations, and

much more. Non-profits exist because increasing levels of wealth allow people

to make donations, and increasing amounts of leisure time allow people to volunteer

more. Non-profits are service systems from a service science perspective.

The above ten drivers are highly inter-related and interconnected. The growth in

the diversity and number of entities interacting to create mutual benefits is driving

the growth of service phenomena in the world. The growth of service phenomena is

incenting disciplines to create service-oriented sub-disciplines to remain relevant.

The growth of service-oriented sub-disciplines is in turn driving participation in

the emerging service science community. Researchers join the community to look

for coherence and deeper insights into service phenomena. Practitioners join the

community to look for applications and insights that might improve operations or

help create sustainable innovation, and thereby elevate the value of their service

offerings to their customers and other stakeholders (Chase 1978, 1981; Chase and

Dasu 2001). “Service up! Value up!” is one catch phrase used by practitioners.

As it matures, the service science community is gradually becoming increasingly

focused on the study of holistic service systems, such as cities, universities,

hospitals, luxury resort hotels, cruise ships, and the like, that can be described as

somewhat self-contained entities that are a complex system of systems. In each of

these somewhat self-contained entities, one finds a range of systems including

transportation, water, food, energy, communications, buildings, retail, finance,

health, education, and governance. The study of holistic service systems is espe-

cially challenging, because local optimization does not necessarily lead to global

optimization and small changes in one subsystem can lead to large consequences in

other systems (Alter 2008a, b; Blomberg 2008; Maglio et al. 2006, 2009; Spohrer

et al. 2007). IBM’s Smart Planet initiative and the US National Academy of

Engineering’s Grand Challenges of Engineering initiative have both brought a

great deal of attention to system of systems, including cities, and many other

types of engineered human-made systems (Donofrio et al. 2009; IBM 2004, 2009).

In sum, service science is an emerging area of research and practice for the

transdisciplinary study and improvement of service systems (Chesbrough and

Spohrer 2006; Demirkan et al. 2008; Spohrer and Riecken 2006; Spohrer et al.

2007). Service systems are complex business and societal systems that create

benefits for customers, providers, and other stakeholders, and include all human-

made systems that enable and/or grant diverse entities access to resources and

capabilities such as transportation, water, food, energy, communications, buildings,

retail, finance, health, education, and governance.

1.3 Majority and Minority Views

The next two sections explore important views on possible answers to the two

fundamental questions. In both cases the majority view comes from a traditional

economics perspective. The first question (what is service?) has a current majority
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view that is based on the traditional economist perspective (intangible product and

service sector) and an emerging minority view that is based on a splinter market-

ing perspective (service-dominant-logic and value-cocreation). The second ques-

tion (where is the science?) has a current majority view that is based on the

traditional economist perspective (prices and productivity) and an emerging minor-

ity view that is based on a splinter systems perspective, closer to ecology (diversity,

sustainability and quality of life).

2 What Is Service?

2.1 Tangible Versus Intangible

The majority view (established by traditional economists over 200 years ago)

is that service is intangible product. Product is the output of an entity’s efforts

that may have value to other entities. If an entity produces a physical output that can

be weighed, measured (using the physical sciences to ascertain its quality relative

to a standard), and stored, then that entity (according to the majority view) is

counted as a product-producing entity, and not-counted as a service-producing

entity. For example, a farm produces bushels of corn that can be weighed and

inspected via the methods of the physical science. Another classic example is that

of a pin shop that produces tiny pieces of metal used to sew clothing or join sheets

of material. These are physical or tangible outputs that can be weighed, inspected,

and stored.

In contrast, the classic example of a service is a musician or a string quartet

music group. Music is produced, but unless you are in the audience, you do not

experience it. However, already we see our worldview today is quite different than

200 years ago. Two hundred years ago music could not be recorded and stored on

digital media. Furthermore, measuring the frequency characteristics of the music

would have been unimaginable except to a few members of the scientific commu-

nity. To be sure, music boxes did exist and they were tangible products, but the

majority of entities that produced music did so in live performances.

So 200 years ago, music required human labor to produce and could not be easily

stored. So 200 years ago, music was a service. Today music is still a service in

traditional economic statistics, even though music is most often listened to, by first

being recorded and then played back by any number of devices, mundane and

sophisticated. Because of technology, the majority of musical production has gone

from the intangible product realm to the tangible product realm. And yet the older

means of categorization and accounting are still used.

Without belaboring the point, if what is and is not a service is dependent on

the technological capabilities of the time, then a precise definition is difficult as

technological capabilities change rapidly, and we do not want our definitions to

change that rapidly.
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2.2 Ownership Versus Access

Another product-oriented approach to defining which entities produce service is

based on the notion of ownership versus access. If an entity does not transfer

ownership of a tangible product, but merely provides access, then that entity should

be counted as a service-producing entity. So in the case of music, when you play

back the song, you do not “own the song.” You merely have “access to the song.”

Similarly, if a company makes cars to sell to customers, it is a product-producing

entity, but if it rents the cars to customers, it is a service-producing entity.

The definition of service is now a legal definition. A service-producing entity is

one that by definition provides access to resources it owns, but does not transfer

ownership.

Again, without belaboring the point, what is and is not classified as a service-

producing entity in national accounts is largely a matter of decisions made about

entities at some point in history. Two more examples are needed before we suggest

an alternative paradigm that avoids the problems of technological change and

historical precedent.

2.3 Production Versus Coproduction/Transformation

By 1980, a number of economists were troubled by the lack of a positive definition

for service-producing entities. Defining service-producing entities as a heteroge-

neous group of entities that were clearly not agriculture or manufacturing in nature

was a negative definition that was for a number of reasons unsatisfying (Hill 1977).

By this time the information economy was the focus of attention of many econo-

mists, and some of them set out to create a positive definition of service-producing

entities (the service sector) that would fit the historical context well and accommodate

the many new types of information services arising (Spohrer 1999).

Economists had already observed that in many service situations the coopera-

tion of the customer was an essential characteristic (Fuchs 1968). For example, in

education that student must labor to provide reasonable effort to gain benefits, and

in health care the patient must eat right and exercise to gain benefits. Even listening

to music requires some attention or cognitive resources of the customers to be

committed. Coproduction of value was highly characteristic of many service situa-

tions, but not all. For example, newspaper delivery service requires very little

customer effort. Nevertheless the commitment of customer resources and granting

provider access to those resources, opened the doors for some new efforts to define

“what is service?”

Within the product-centered or producing-centered worldview, some economists

realized that an even more general framework would be needed to distinguish

service-producing entities from product-producing entities. The key insight was

noticing that many service-producing entities transform the customer entity in
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some way (e.g., education and health care) or transform a possession of the

customer entity (e.g., washing the customer’s car or depositing a newspaper on

the customer’s driveway).

Service as the transformation of an entity or an entity’s possessions is a

powerful, positive definition of service. A product-producing entity does not need

customer resources during the production process, but a service-producing entity

does need access to the customer or the customer’s resources.

The only problem now was that the number of product-producing entities was

dwindling, as economies of scales allowed fewer and fewer entities to produce most

of the tangible products that customers need. Even more, with automation and off-

shoring, the number of employees in developed economies needed by product-

producing entities was dwindling as well. What had been the dominant part of the

economy two hundred, even 100 years ago, was rapidly dwindling in number,

though not dwindling in economic and political importance.

2.4 Outsourcing and Servitization

Just as some economists were celebrating a useful positive definition of service-

producing entities by the end of the 1980s, one that was not dependent on techno-

logical capabilities of the time, two other dynamics began to raise concerns about

the definition of product-producing entities. The first was outsourcing. Large

manufacturing companies (product-producing entities) began depending on supply

chains and procurement procedures, rather than vertical integration. In just a few

decades, jobs that had been counted as part of product-producing entities shifted to

service-producing entities. For example, janitors employed by a car manufacturer

are not consider part of the service sector, but when the same employees doing the

same work on the same assets are part of a cleaning service, suddenly they are

counted as jobs in a service-producing entity.

The fact that an organizational change caused by outsourcing decisions could

impact national statistics so substantially caused economists to scrutinize both their

definitions of service-producing entities and goods-producing entities, but also the

purpose of making this distinction (Argyris 1999).

Compounding the problems brought on by outsourcing, manufacturing compa-

nies began doing what might have been unthinkable a few decades earlier – they

began adding service offerings to their revenue mix. From financing to maintenance

to help-desks, expensive and complex manufactured products needed more cus-

tomer service to appeal to customers.

2.5 Other Disciplines Join In

Economics was not the only discipline working to adapt their concepts and methods

to better recognize the phenomenal growth of the service sector. Many academic
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disciplines that had grown up at a time dominated by product-producing entities

were now seeking to prepare graduates who could solve problems and create

innovations for a growing landscape of service-producing entities. Marketing,

operations, management, engineering, computing, design, law, as well as social

and behavioral sciences to name a few, were all adapting their content to prepare the

majority of their students for jobs in the service sector.

Alternative definitions of service have been offered over time and together they

could fill a large book (Edvardsson et al. 2005a, b). A sampling to illustrate the

variety of ways to define service is presented below:

2.5.1 Economics

l Intangible products, unlike the tangible products of agriculture or manufacturing
l An exchange between economic entities that do not transfer ownership, but does

grant access to resources and capabilities (access not ownership)
l An economic activity that requires access to customer resources or capabilities

(coproduction)
l A transformation that one economic entity performs with the permission of a

second entity, that transforms the second entity or a possession of the second

entity (transformation)

2.5.2 Marketing

l The solution to a customer’s problem
l A result customers want
l A customer-provider interaction that creates mutual benefits
l An economic exchange that does not transfer ownership to customers
l Customer benefits that are intangible, heterogeneous, inseparable, perishable
l The application of competence (e.g., resources, skills, capabilities) for the

benefit of another entity

2.5.3 Operations

l Activities, deeds or processes, interactions that do not produce goods
l A process or performance, rather than a thing
l A production process that requires inputs from a customer entity

2.5.4 Computer Science

l A modular capability that can be computationally accessed and composed with

others
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2.5.5 Systems Engineering

l A system (with inputs, outputs, capacity limits, and performance characteristics)

which is interconnected with other systems that may seek to access its capabil-

ities to create benefits, and in which local optimization of the system interactions

may not lead to global performance improvements

2.5.6 Design and Psychology

l An experience of a customer entity that results from that customer entity

interacting with provider entities’ offerings

2.5.7 Service Science

l Value-cocreation phenomena between interacting service system entities

What is common is the notion of entities interacting to achieve outcomes that are

mutually agreeable and beneficial. What differs is contrasting the presence of

tangible goods with intangible goods, contrasting access to resources with owner-

ship of resources, contrasting implicitly agreeing with explicitly agreeing, contrast-

ing directly interacting with indirectly interacting, etc. However, each discipline

seems to focus on some aspect of the entities, interactions, and outcomes, and leaves

out parts or add embellishments to suit their own specific disciplinary interests.

2.6 Enter Service-Dominant Logic

Clearly, economics is not alone. Other disciplines are working to adapt their

concepts and methods to better recognize the phenomenal growth of the service

sector. Over the last 50 years, marketing and operations were also evaluating

alternative definitions of service. Courses taught traditional definitions to students,

even as researchers pointed out the inadequacies and inconsistency in those

definitions (Lovelock and Gummesson 2004). These same authors suggested that

a paradigm shift might be necessary to make progress, and address the many

anomalies resulting from inadequate definitions of service.

Within the marketing discipline, a view emerged known as service-dominant

logic (Vargo and Lusch 2004a, b, 2006). Service-Dominant Logic (SDL) begins by

suggesting that Goods-Dominant Logic (GDL) or the concept of product-producing

entities as central, normal, and good is in fact exactly backwards. They begin by

proposing that all economic interactions are service for service exchanges. Instead

of service being intangible products, products are a form of packaged service or

tangible service. The knowledge, competencies, and resources of the entity that
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offers the product are embedded in the product. For example, if a fish is offered, the

fish embeds the competency of fishing, say baiting a hook, attaching the hook to a

line and pole, knowing where to put the hook in the water, etc. In today’s knowl-

edge economy, this explanation resonates well with many people. All exchange

is service for service (value-cocreation), because even when a tangible service

(product) is part of the exchange, the product embodies the knowledge, competen-

cies, and resources of the provider. Vargo and Lusch acknowledge this view

was proposed in the early 1800s by the political economist Bastiat (Bastiat 1850/

1979), and suggest Adam Smith’s view of service was closely aligned with this

view, but because of some misinterpreted examples in Smith’s early writing the

Goods-Dominant Logic view of service took hold (1776/1904, 1776/2000).

In the SDL view, products exist to make self-service easier, but having another

entity provide the service may in fact be preferable. For example, one could use a

lawn mower to mow one’s lawn, or one could hire a yard service. What matters in

the end is a mown lawn; both the lawn mower and the yard service are simply

means to an end, or outcome. Levitt also noted that no one really wants a 1/8 in.

drill, they want a 1/8 in. hole (Levitt 1972, 1976). The physical product is the means

to an end, and the end or outcome is what is valued. The complexity of the means is

a cost to achieve the desired outcome.

More recently, Vargo and Lusch argue that the entities capable of service for

service exchange should be viewed from a systems perspective (2008a, b). While

most of marketing has focused on B2C (Business to Consumer) exchange, they

argue that from a systems perspective both the provider and the customer are

complex systems, or resource integrators. For example, in one exchange an entity

will be the customer, but in the next exchange that same entity may be a provider.

B2B (Business to Business) exchange, clearly fits this pattern. In fact, entities are

part of vast networks of other entities engaged in service for service exchange, as

they apply their knowledge, competencies, and resources to create mutual benefits

(Gummesson 1977, 2007).

2.7 New Questions

The majority view that service is intangible product is flawed. The music industry is

categorized in the service sector, even though technological advances allow music

to be easily recorded, stored, and distributed. The quality of music reproduction can

be easily analyzed with today’s technology, and precisely measured with the help of

the physical sciences. As technological capabilities continue to advance, other

supposedly service sector entities or intangible-product producers will be made

tangible in a more advanced technological form. In addition, some businesses that

are categorized as manufacturing businesses have completed outsourced their

design and production to other businesses. They market and sell products (transfer

ownership), but they do not contain a single manufacturing process or job in house

(e.g, on-line T-shirt companies). The majority view of service as tangible product is
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flawed and no longer tenable, and yet national statistics still use categories that

mischaracterize the in-house competencies of some firms and/or the characteristics

of the output of some firms. In short, anomalies exist using the majority view.

If we accept what is still the minority (though rapidly growing) view of SDL that

all economic exchange is service for service exchange, and that products are

tangible service, then what is service? Service is the application of knowledge,

competence, and resources for the benefit of another entity, and national economies

and global markets can be viewed as entities engaged in service for service

exchange (value-cocreation phenomena). To elevate their productivity, quality,

compliance, and innovativeness entities need new knowledge, competencies, and

resources. In short, anomalies can be resolved using the minority view.

Adopting the minority view of SDL, service interactions can be seen as service for

service exchange, or value-cocreation phenomena between entities. These interactions

may involve goods and money, which are viewed as mechanisms of indirect service

for service exchange. Goods and money are tangible service (embodiments of past

service). This view leads to a new set of questions for service scientists to answer,

about the nature of entities, interactions, outcomes, and their dynamics over time:

l What types of entities are capable of service interactions?
l What types of interactions do service system entities engage in?
l What types of outcomes can result when service system entities interact?
l How do the types of entities and interactions change over time?
l How do the spatial distributions of types of entities change over time?
l How do the hierarchical structure and network relationships of entities change

over time?
l How do the knowledge, competencies, resources owned and accessed by the

entities change over time?

Some progress has been made by the emerging service science community in

generating initial answers to these questions (Spohrer and Maglio 2009). However,

nothing is settled, and much work remains.

2.8 Holistic Service Systems

Before addressing the second fundamental questions, where is the science (in
service science)? which is the focus of the next section, it will be useful to further

explore one class of service system entities known as holistic service systems

(Spohrer and Maglio 2008; Donofrio et al. 2009). These types of systems vary

enormously in scale and are very complex, but they also may be entering an era of

accelerated innovation, or rapid learning from each other’s best practices.

The types of entities that are capable of service interactions (service for service

exchange) vary enormously in scale and structure. Nations, states, cities, hospitals,

universities, businesses, non-profits, families, and individual people are capable of

service interactions. They apply knowledge, competencies, and resources for the
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benefit of other entities, and engage in service for service exchange (value-cocreation).

For example across nations, the populations can vary from hundreds of thousands

(Iceland) to over a billion people (China), with differences in the structures associated

with transportation, water, food, energy, communications, buildings, retail, finance,

health, education, and governance.

Throughout most of history, farming communities existed as somewhat self-

contained entities. Cities, surrounded by a network of smaller farming commu-

nities, were also somewhat self-contained. Similarly, for states and nations,

throughout much of history they were largely self-contained entities that could

exist for many generations with only minimal interactions with outside entities.

In short, they were (or at least had the potential to be) largely self sufficient.

The knowledge, competencies, and resources, they needed to survive were largely

contained within their population and local environment. While there are many

benefits of being largely self sufficient, nevertheless, because they had minimal

interaction with other entities, processes such as learning and sharing innovations,

or best practices could be quite slow, and take many generations to jump from one

holistic service system to another (Arc et al. 2003; Baumol 2002; Gadrey 2002;

Gustafsson and Johnson 2003; Miles 2006, 2008; Pal and Zimmerie 2005; Spath

and F€ahnrich 2007).

In the interconnected world of today, if a nation, state, or city were to become

cutoff from the rest of the world, quality of life would begin to suffer almost

immediately. There is a much greater degree of interdependence amount service

system entities today than in the past. Quality of life is a function of the quality of

service from many systems such as transportation, water, food, energy, commu-

nications, buildings, retail, finance, health, education, and governance. In the world

of today, quality of life is also a function of the quality of jobs in each of those

systems. Furthermore, long-term, quality of life is a function of the quality of

investments available to improve those systems year over year, so each generation

benefits from a rising standard of living.

As noted in the introductory section above, the service science community is

gradually becoming increasingly focused on the study of holistic service systems,

such as cities, universities, hospitals, luxury resort hotels, cruise ships, and the like,

that can be described as somewhat self-contained entities that are a complex system

of systems.

Holistic service systems can improve by generating innovations on their own or

copying the innovations of other holistic service systems. Holistic service systems

include (to some degree) all of those sub-systems necessary for quality of life.

Therefore, they can potentially benefit from improvements that first arise in another

holistic service system.

Could we be entering an era of dramatically accelerated improvement of holistic

service systems? There is some data that suggests this may be the case. For

example, Fig. 1 below shows the correlation between a nation’s percentages of

world-wide GDP (Gross Domestic Product) and percentage of top-500-ranked

universities. The strong correlation exists over time, and for nations like South

Korea and China that have seen rapid GDP growth, there is also a rapid growth in
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top ranked universities. This is likely a case of dual causality, in the sense that

improved universities can help boost GDP, and improved GDP can help boost the

quality of faculty, facilities, and graduates at the university.

Correlating Nation’s (2004) - % of WW GDP to  % of WW Top-Ranked Universities  
US is literally “off the chart” – but including US make high correlation even higher: 
US % of WW Top-Ranked Universities: 33,865 %; US % of WW GDP: 28,365 %  

2004-2009: Relative Change - China (+3,+2), US (−3.5,−5) 
US is still “off the chart” –  China projected to be “off the chart” in less than 10 years: 
US % of WW Top-Ranked Universities: 30,3 %; US % of WW GDP: 23,3 %

Fig. 1 The correlation between a nation’s percentages of world-wide GDP and % of top-500-

ranked universities. (Source: http://www.arwu.org/ARWUAnalysis2009.jsp)
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Furthermore, Fig. 2 below shows that universities are often in the top ranked

10 employers of a city or urban region, and often in the top 5 if the university

includes a medical school and a hospital.

Cities and universities are tightly coupled holistic service systems. To a great

degree, they rise and fall together. Changes in one affect the other. Furthermore,

it appears we are entering an era, where our understanding of holistic service

systems, will enable accelerated improvements, as they learn best practices from

each other. Quality of life has the potential to improve consistently generation after

generation, including quality of service from multiple systems, quality of jobs in

those systems, and quality of investment opportunities based on more predictable

change. The service science community is composed of researchers and practi-

tioners working together to better understand service systems and to manage,

engineer, and design best practice improvements.

3 Where Is the Science?

According to Webster’s New Collegiate Dictionary, the definition of science is

“knowledge attained through study or practice,” or “knowledge covering general

truths of the operation of general laws, esp. as obtained and tested through scientific

method and concerned with the physical world” or “the organized body of knowl-

edge people have gained using that system”. Basically science refers to a system of

2006 1995 1984 Average
Growth

1984-2006
Stanford* 20,452 16,587 16,500 1.0%
Cisco Sys. Inc. 16,500 1,023 n/a
AT&T Inc. 15,500 n/a n/a
Santa Clara 
County

15,012 13,512 9,600 2.1%

Kaiser 
Permanente

9,845 n/a n/a

Lockheed
Martin

7,951 10,200 21,992 −4.5%

Oracle 
Corporation

7,500 n/a n/a

City of San
Jose

7,169 5,218 4,310 2.3%

Hewlett-
Packard Co.

7,000 15,000 18,033 −4.2%

IBM 6,500 7,000 13,500 −3.3%
Intel 5,700 5,000 6,000 −0.2%
Google 5,337 n/a n/a
Applied
Materials

4,156 5,122 n/a

*Includes
University
hospitals and
SLAC (Note:
LPCH’s 2,037
employees were
added 1995
with 2006 data)

Data sources:
All data except
Stanford,
Kaiser
Permanente and
Google, are
from IT
Business
Journal. Data
for Stanford,
Kaiser
Permanente and
Google are self
reported.

Between 1990 and 2008, private payroll employment in the Boston area grew by 10.2 percent; 
during the same period, employment at private colleges and universities rose by 18.4 percent.

Fig. 2 University in the top ten largest employers

Service and Science 339



acquiring knowledge – answering important questions about change and limits.

This system uses observation, experimentation, and mathematics to describe,

explain, and quantify phenomena. Less formally, the word science often describes

any systematic field of study or the knowledge gained from it. What is the purpose

of science? Perhaps the most general description is that the purpose of science is

to produce useful models of reality.

Our second question (where is the science in service science?) has a current

majority view that is based on the traditional economist perspective (prices and

productivity) and an emerging minority view that is based on a splinter systems

perspective (ecology and quality-of-life). Before describing the current majority

view, which argues that service science is a sub-discipline of economics concerned

with a particular type of economic production system that does not produce physical

output, we briefly mention two other views that are more common than the emerging

minority view. One suggests that service science is a misnomer, and that service

management, service engineering, and service design are more appropriate terms.

Supporters of this view argue that science is about the study of systems as they have

evolved naturally, and that the quest for better service innovation is about better

design, engineering, and management of service systems, not science (Bolton et al.

2003; Gluhsko and Tabas 2009; Tidd and Hull 2003; Tien and Berg 2003, 2007; UK

Royal Society 2009). However, just as mechanical engineering is informed by the

physics of mechanics, service engineering (and the others) can be informed by a

science of service. In fact, management science, engineering science, design sci-

ence, and even engineering economics are all important emerging areas of study, not

unrelated to service science. So this view is not really arguing against a science of

service, as much as it is arguing for the need for an increase in community activities

associated with service management, service engineering, and service design.

The second widely held view, that is not the majority view, is the view that

service science is in fact a mosaic of many discipline aligned around the better

understanding and innovation of service systems – and so many (all?) sciences

contribute to service science (Spohrer and Maglio 2009). Figure 3 below shows the

service science transdisciplinary framework, and the thirteen vertical columns

represent different types of service systems (all part of holistic service systems in

one way or another), and each row corresponds to areas of disciplinary knowledge:

marketing (behavioral science), operations (management sciences), governance

(political science), strategy (game theory and learning sciences), psychology (cog-

nitive science), industrial engineering (system sciences), computer science (infor-

mation sciences), knowledge management (organization theory and administrative

sciences), economics and law (social sciences), and management of innovation

(decision sciences). Again, while there is truth in this view, it does not provide a

very satisfying answer to the question of where is the science in service science.

If service science has core questions, then the science in service science “must”

(in the view of the critics) provide clear mathematical principles and laws that are

at the core of the science, as well as methods of observation and experimentation

that can grow the body of knowledge and provide deeper answers as well as

answers to related questions.
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Despite the prominence of these two alternative views, the majority view in the

service science community is based on traditional economics. Just as the majority

view of the definition of service is based on the traditional economics view, the

majority view on where is the science is based on a traditional economics view.

This majority view starts with a question that economists have answered with a

mathematically formal model of interaction of entities. When two service systems

interact, how likely is it that there exists a value proposition that, if realized, can co-

create value for both of them? In economics, Ricardo’s Law (1817/2004) says that

the law of comparative advantage refers to the ability of an entity (such as an

individual, a firm, or a nation) to produce a particular good or service at a lower

opportunity cost than another entity. It is the ability to perform work at the highest

relative efficiency given all possible work allocations that matters most (Normann

2001; Normann and Ramirez 1993). Nations include many businesses that thrive

on a variety of types of exchange, and so if in aggregate two nations have

complementary competences (i.e., one does one thing better, and the other does

another thing better, and both nations need both competences), then clearly a basis

for exchange is established, and each nation does a little more of what they do best,

and little less of what they do less well. This is the case of complementary

competences. However, what Ricardo was able to show was that under a wide

range of circumstances, one nation could have superior competencies in all areas,

and there still could be an improvement for both entities through interactions that

allocate work loads. Furthermore, since experience or learning curves exist in most

activities, the longer one engaged in exchange the more benefit both parties could

potentially achieve, as increased frequency of work accelerates learning to do the

work more efficiently! (Spohrer and Engelbart 2004).

Fig. 3 Service science transdisciplinary framework. (adapted from Spohrer and Maglio 2009)
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In fact, Ricardo’s Law is the starting point to understand “where is the science

in service science.” Ricardo’s Law tells us that distributing work activities or jobs

among entities makes quantifiable mathematical sense especially when variations in

capabilities exist, evenwhen one entity can do every type ofwork better than all other

entities. In general, value cocreation (or service) opportunities increase rapidly as

the number and diversity of entities and types of entities increase. The science of

service science asks important questions about the dynamics of value cocreation

across space, time, and scale of entities and types of interactions (see question in

Sect. 2.7 above).

However, the science of understanding how diverse populations of entities

interact with each other and their environment is not the science of economics;

it is in fact the science of ecology. Therefore the rising minority view in the service

science community is that service science should not be seen as a sub-discipline of

economics, and therefore the social science, but instead be seen as a sub-discipline

of ecology (writ large) and therefore more of a general systems science. Given

the rapid growth of the service economy globally in the last century, one can

reasonably ask should service science be thought of as a specialization of econom-

ics or ecology? Both of these established sciences, include the term “eco” meaning

household, and not surprisingly families are the first types of holistic service

systems, and families often become especially stable households when they settle

down in a city, a second type of holistic service systems.

But can we say more about where is the science in service science, besides the

study of evolution of entities and their interactions within a service (value cocrea-

tion) ecology that expands out from families to cities, with their many households

and other service systems? And are the service system structure determined only by

Ricardo’s law and the efficiency of work allocation among entities across space,

time, and scale? Holistic service systems like households and cities are impor-

tant types of entities, but the study of change and limits associated with service

(value cocreation) is not complete without including another more recent holistic

service system – the university. The increasing knowledge-intensity of the service

economy is accelerated by the rise of global universities as holistic service systems.

Universities are like mini-cities. Universities are like big-households. The family-

household, university, and city are three important types of holistic service systems

and the service science community is increasing its study of these types of entities.

It should also be noted that hotels are examples of holistic service systems, and the

service operations and service marketing communities have made extensive studies

of these entities (Fitzsimmons and Fitzsimmons 2007). What principles and laws,

beyond Ricardo’s Law, can help service scientists understand the dynamics

(change, limits) associated with the evolution of value cocreation?

It is beyond the scope of this paper to go deeper into the successes and challenges

of this majority view, which suggests that economics is where the science is in

service science. Nevertheless, economists have done a remarkable job including

households (e.g, family social interactions (Becker 1991)), law (e.g., economics

and law (Posner 1973), and resolutions of Pigou’s Example (Pigou 1920, 1932)

and Braess’s Paradox (Braess 1968; Braess et al. 2005; Roughgarden 2001)),
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and institutional structure (e.g., transaction costs, governance, and new institutional

economics (Williamson 1998)), in terms of economic efficiency arguments, which

fit within traditional pricing and productivity reasoning of rational agents. How-

ever, the predictive powers of which institutional and organizational forms will

arise, and even which business models and value propositions will arise, has not

been a strong suit of economics (Engelbart 1962, 1980). While economics provides

a powerful analytical view of the history of service system evolution, economics

has been less successful predicting future forms of service system entities and the

value propositions that connect them.

In addition to the Ricardo’s Law, “systems-thinking” is another way of reviving

the science in service science (Simon 1945/1997, 1996). Systems thinking is the

process of understanding how things – systems – influence one another within a

whole. Systems thinking is various elements such as air, water, movement, plant

and animals work together to survive or perish in ecosystems (Bertalanffy 1976).

In organizations, systems consist of people, structures, and processes that work

together to provide value. Service, which can be defined as the application of

competence and knowledge to create benefit (or value) for another, derives from

the interactions of entities known as service systems. Service science (or sciences of

the artificial human-made world) has been described as specialization of systems

science (Simon 1996).

Systems sciences are scientific disciplines partly based on systems thinking such

as Chaos theory, Complex systems, Control theory, Cybernetics, Sociotechnical

systems theory, Systems biology, Systems ecology, Systems psychology and the

already mentioned Systems dynamics, Systems engineering and Systems theory.

Basically, we can say that the purpose of service science is to study the

establishment of an environment for entities to co-create value with benefits to

all. Within this context, in the next section, we introduce universal patterns that can

possibly occur when abstract entities (service systems) interact and produce out-

comes, or Abstract Entity-Interaction-Outcome Universals (AEIOU Theory).

AEIOU Theory is part of the emerging minority view, from a systems and ecology

“writ large” perspective, of where is the science in service science.

4 AEIOU Theory (Abstract Entity-Interaction-Outcome-

Universals)

Where is the science in service science? In the last section, the majority view was

introduced with as an economic focus on efficient allocation and distribution of

work, guided by the surprising principle of Ricardo’s law which factors in the

opportunity cost of work, and hence concludes that value propositions can be found

between almost all entities, even when one entity does everything better than

another. In this section, the emerging minority view is introduced with an eco-

logical focus on sustainability. The emerging principle from this perspective relates
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to predicting what types of new service system entities are likely to emerge,

and suggests a balance exists between productivity and sustainability, between

exploitation and exploration (March 1991), and between boredom and challenge

(Csı́kszentmihályi 1990). Before describing this principle and AEIOU Theory

(Abstract-Entity-Interaction-Outcome-Universals), this section first provides an

introduction to ecology (“writ large”) and suggests that all service scientists should

be grounded in this broad view of ecology. The broad view of ecology is not just

limited to biology species and environments, but is the science of populations and

how they change and limits to growth, and diversity of populations. Ecology (“writ

large”) is the study of the abundance and distribution of entities in an environment,

and how the entities interact with each other and their environment over successive

generations of entities (Smith 1986; Begon et al. 2006) (Fig. 4).

Most people think of ecology in terms of living organisms, like plants and

animals in a natural environment. However, the concept of ecology is more general

and can be applied to entities as diverse as the populations of types of atoms in stars

to the types of businesses in a national economy. To relate ecology to service,

we must start by thinking broadly about ecologies of entities and their interactions.

Eventually, we will get to human-made service system entities and human-made

value-cocreation mechanisms. . . but first, let’s really start at the very beginning –

the big bang. About 14B years ago (indicated by the top of this purple bar), our

universe started with a big bang. And through a process of known as fusion, stars

Fig. 4 Ecology
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turned populations of lighter atoms like hydrogen into heavier atoms like helium,

and when stars of a certain size have done all the fusion they could, they would start

slowing down, and eventually collapse rapidly, go nova, explode and send heavier

atoms out into the universe, and eventually new stars form, and the process repeats

over and over, creating stars with different populations of types of atoms, including

heavier and heavier elements. So where did our sun and the earth come from. . ..
Eventually after about 10B years in the ecology of stars and atoms within stars, a

very important star formed our sun (the yellow on the left) – and there were plenty

of iron and nickel atoms swirling about as our sun formed, and began to burn 4.5B

years ago, and the Earth formed about 4.3B years ago (the blue on the left). . . In less
than a billion years, the early earth evolved a remarkable ecology of complex

molecules, including amino acids, and after less than a billion years, an ecology

of bacteria took hold on early earth (the bright green on the left).

The ecology of single cell bacteria flourished and after another billion years of

interactions between the bacteria, the first multi cellular organisms formed, and

soon the ecology of sponges (the light blue on the left) and other multi-cellular

entities began to spread out across the earth. Then after nearly 2B years, a type of

division of labor between the cells in multi cellular organism lead to entities with

cells acting as neurons in the first clams (the red on the left), and these neurons

allowed the clams to open and close at the right time. After only 200 million years,

trilobites appeared the first organisms with dense neural structures that could be

called brains appeared (the black on the left), and then after about 300 million years,

multi-cellular organisms as complex as bees appeared (the olive on the left), and

these were social insects, with division of labor among individuals in a population,

with queens, drones, worker bees. So 200 million years ago, over 13B years after

the big bang, the ecology of living entities is well established on planet earth,

including social entities with brains and division of labor between individuals in a

population. . ..
Living in colonies that some have compared to human cities – where thousands

of individuals live in close proximity and divide up the work that needs to be done

to help the colony survive through many, many generations of individuals that

come and go. Bees are still here today. And their wingless cousins, called ants, have

taken division of labor to incredible levels of complexity in ant cities in nearly

every ecological niche on the planet. Now let’s look at the human ecology and the

formation of service system entities and value-cocreation mechanisms, a small

portion of which is represented by the colored bar on the right.

Recall bees appeared about 200 million years ago, a small but still noticeable

fraction of the age of the universe as shown on the bar on the left. Now take 1% of

this little olive slice, which is 2 million years. . . that is how long people have been

on earth, just one percent of the little olive slice on the left. What did people do in

most of that 2 million years? Basically, they spread out to every corner of the planet,

and changed their skin color, eye colors, and hair colors, they spread out and

became diverse with many different appearances and languages. It took most of

that 200 millions just to spread out and cover most of the planet with people. When

there was no more room to spread out the density of people in regions went up. . .
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Now take 1% of that 2 million years of human history which basically involved

spreading out to every corner of the planet and becoming more diverse, recall

ecology is the study of abundance and distribution and types of interactions, and 1%

of that 2 million years is just 20,000 years, and now divide that in half and

that represents 10,000 years. The bar on the right represents 10,000 years or just

500 generations of people, if a generation is about 20 years. 500 generations ago

humans built the first cities, prior to this there were no cities so the roughly 100M

people spread out around the world 0% lived in cities, but about 500 generations

ago the first cities formed, and division of labor and human-made service inter-

actions based on division of labor took off – this is our human big bang – the

explosion of division of labor in cities.

Cities were the big bang for service scientists, because that is when the diversity

of specialized roles and division of labor, which is at the heart of a knowledge-based

service economy really begins to take off. . .. So cities are the first really important

type of human-made service system entities for service scientists to study, the

people living in the city, the urban dwellers or citizens are both customers of and

providers of service to each other, and division of labor is the first really important

type of human-made value-cocreation mechanism for service scientists to study.

(Note families are a very important type of service system entity, arguably more

important than cities and certainly much older – however, family structure is more

an evolution of primate family structure – and so in a sense is less of a human-made

service system entity and more of an inherited service system entity. . . however, in
the early cities often the trades were handed down father to son, and mother to

daughter as early service businesses were often family run enterprises in which the

children participated – so families specialized and the family names often reflect

those specialization – for example, much later in England we get the family names

like smith, mason, taylor, cooper, etc.) These family businesses and the specializa-

tion of knowledge was like the first B2B outsourcing, but it was F2F (family to

family outsourcing). In patriarchal societies, the head man usually was responsible

for holding the knowledge and training the apprentices in the next generation.

So to a service scientist, we are very excited about cities as important types

of service system entities, and division of labor as an important type of value-

cocreation mechanism, and all this really takes off in a big way just 500 generations

ago when the world population was just getting to around 100M people spread

out all around the world – so 10,000 years about 1% of the worlds population was

living in early versions of cities. It wasn’t until 1900 that 10% of the world’s then

nearly 2B people lived in cities, and just this last decade that 50% of the worlds

6B people lived in cities, and by 2050 75% of the worlds projected 10B population

will be urban dwellers. If there is a human-made service system that we need to

design right, it is cities. It should be noted that the growth of what economist call

the service sector, parallels almost exactly the growth of urban population size and

increased division-of-labor opportunities that cities enable – so in a very real

sense SERVICE GROWTH IS CITY GROWTH OR URBAN POPULATION

GROWTH. . . in the last decade service jobs passed agriculture jobs for the first

time, and urban dwellers passed rural dwellers for the first time.
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But we are starting to get ahead of ourselves, let’s look at how the human-made

ecology of service system entities and value-cocreation mechanisms evolved over

the last 10,000 years or 500 generations. The population of artifacts with written

language on them takes off about 6,000 years ago or about 300 generations ago (the

yellow bar on the right). Expertise with symbols helped certain professions form –

and the first computers were people writing and processing symbols – scribes were

required, another division of labor – so the service of reading and writing, which

had a limited market at first began to emerge to help keep better records. Scribes

were in many ways the first computers, writing and reading back symbols – and

could remember more and more accurately than anyone else.

Written laws (blue on right) that govern human behavior in cities takes off about

5,000 years ago – and this includes laws about property rights, and punishment for

crimes. Shortly thereafter, coins become quite common as the first type of standard

monetary and weight measurement system (green on right). So legal and economic

infrastructure for future service system entities come along about 5,000 years ago,

or 250 generations ago, with perhaps 2% of the population living in cities. . ..
(Historical footnote: Paper money doesn’t appear much until around about

1,400 years ago – then called bank notes, so use of coins is significantly older

than paper money, and paper money really required banks as service system entities

before paper money could succeed.).

About 50 generations ago, we get the emergence of another one of the great types

of service system entities – namely universities (light blue line) – students are the

customers, as well as the employers that need the students. Universities accelerate

the division of labor in cities and the supply and demand for specialized skills,

including the research discipline skills needed to deepen bodies of knowledge in

particular discipline areas. The red line indicates the population of printing presses

taking off in the world, and hence the number of books and newspapers. This was

only about 500 years or 25 generations ago. Now university faculty and students

could more easily get books, and cities began to expand as the world’s population

grew, andmore cities had universities as well. The black line indicates the beginning

of the industrial revolution about 200 years ago or 10 generations ago, the steam

engine, railroads, telegraph and proliferation of the next great type of service system

entity – the manufacturing businesses that benefited from standard parts, technolog-

ical advances and scale economies, and required professional managers and engi-

neers. About 100 years ago or just 5 generations ago, universities began adding

business schools to keep up with the demand for specialized business management

skills, and many new engineering disciplines including civil engineering, mechani-

cal engineering, chemical engineering, and electrical engineering, fuel specializa-

tion and division of labor (Donofrio et al., 2009). By 1900, just over 100 years ago, or

5 generations ago, 10% of the world’s population, or about 200 million people were

living in cities and many of those cities had universities or were starting universities.

Again fueling specialization, division of labor and the growth of service as a

component of the economy are measured by traditional economists.

Finally, just 60 years ago or 3 generations ago, the electronic semiconductor

transistor was developed (indicated by the olive colored line on the right), and the
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information age took off, and many information intensive service activities could

now benefit from computers to improve technology (e.g., accounting) and many

other areas.

So to recap, cities are one of the oldest and most important type of service system

and universities are an important and old type of service system, as well as many

types of businesses. Service science is the study of service system entities, their

abundance and distribution, and their interactions. Division of labor is one of the

most important types of value cocreation mechanisms, and people often need

specialized skills to fill roles in service systems. Service science like ecology studies

entities and their interactions over successive generations. New types of human-

made service system entities and value-cocreation mechanisms continue to form,

likeWikipedia and peer production systems. More complex types of holistic service

systems, like nations, states, cities/regions, universities, luxury hotels and cruise

ships only arise as sustainable entities, if the atomic service system on which they

are based has a certainly level of symbolic reasoning capabilities. While “eco” the

household, house, or family relationships are the core holistic service system, the

atomic service system is the individual person. As we will see in the remainder of

this section, AEIOU Theory provides a way to begin to rank order the capabilities of
entities and the types of interactions they can sustain in network structures.

In Spohrer and Maglio (2009), the authors suggest that the concept of physical

symbol system with the capability of reasoning-about-value “symbolically” may

provide a fruitful direction of inquiry, when it comes to understanding the range of

resource integrators that can design and improve markets. Using the physical

symbol system (PSS) criterion, animals and technology (as generic actors and

PSS) have a very crude potential to participate in markets as resource integrators,

as they have not yet developed adequate symbolic processes-of-valuing capabil-

ities, nor additional capabilities to model other such entities, to realize that potential

to design and improve markets (Newell and Simon 1976). So while animals and

computers may someday evolve these capabilities, so far markets are a purely

human endeavor. The point is simply that the resource integrators must be able to

give symbolic names to resources, and reason symbolically about their value to

different entities that are also resource integrators. So animals and computers are

not generic actors, in the sense that “it is all B2B” implies.

Of course any integrators/actors or resources require interactions. Usually, there

are two types of interactions, relational interactions versus transactional inter-

actions. Giddens (1984a, b) provides the philosophical foundations for reasoning

about systems in which entities and interactions co-evolve – each shaping the other.

Markets emerge when certain types of routine exchange interactions take hold

between actors in a population, and those interactions result in sustainable, mutual

benefit outcomes. A systems-oriented framework must also examine the types of

interactions and outcomes that are possible. The ISPAR (Interact-Service-Propose-

Agree-Realize) model is a one of the first steps in this direction (Maglio et al. 2009),

but more is needed. ISPAR generalizes the four possible outcomes of a two player

game (e.g., win–win, lose–win, win–lose, lose–lose) to include ten possible out-

comes of service system entities. Service system entities are the generic actors of
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service science (Spohrer et al. 2007; Spohrer and Maglio 2009). ISPAR is an

example of generalized interactions and outcomes. AEIOU Theory (Abstract

Entity-Interaction-Outcome-Universals) is introduced here as an even more

abstract systems-oriented framework than ISPAR that may provide a further fruitful

path for exploration in looking for universals associated with resource integration

and value co-creation phenomena.

Everyday descriptions of entity-interaction-outcome patterns exist for many

domains (see Table 1), but, as we will show, AEIOU theory seeks a more formal

and universal framework in which to understand entity, interaction, outcome

(E-I-O) patterns.

A bit of groundwork connecting service-dominant (S-D) logic and service sci-

ence is needed, before explaining the details of AEIOU Theory. First, S-D logic is

fundamental to the foundations of service science (Maglio and Spohrer 2008).

Figure 5 summarizes the ten foundational concepts of service science. Service

science is the specialization of systems science that studies value-cocreation inter-

actions between service system entities (Spohrer and Maglio 2009). Elsewhere,

these ten concepts of service science have been connected to the ten foundational

premises of S-D logic (Service is the fundamental basis of exchange, Indirect

exchange masks the fundamental basis of exchange, Goods are distribution mechan-

isms for service provision, Operant resources are the fundamental source of com-

petitive advantage, All economies are service economies, The customer is always

Table 1 Everyday

descriptions of E-I-O patterns

for multiple domains

Domain Entities Pattern

Physics Atoms Fission, fusion, reactions

Physics celestial bodies Orbit, collide, sling shot

Chemistry Molecules Equilibrium, reactions

Biology Organisms Mutualism, consumption

Business Firms Exchange, divest, merge

Government Nations Trade, dissolution, annex

Ecology
(Populations & Diversity)

Entities
(Service Systems)

Interactions
(Service Networks)

Outcomes
(Value Changes)

Value Proposition 
(Offers/Risks/Incentives) 

Governance Mechanism 
(Rules/Constraints/Penalties)

Access Rights
(Relationships)

Measures
(Rankings of Entities)

Resources
(Roles in Processes)

Stakeholders
(Valuation Perspectives)

win-win

lose-lose win-lose

lose-win

Identity
(Aspirations/Lifecycle)

Reputation
(Opportunities/Variety)

Fig. 5 Ten foundational concepts of service science (Adapted from Spohrer and Maglio 2009)
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a co-creator of value, The enterprise cannot deliver value, but only offer value

propositions, A service-centered view is inherently customer oriented and relational,

All economic and social actors are resource integrators, Value is always uniquely

and phenomenological determined by the beneficiary) (Lusch and Vargo 2006;

Lusch et al. 2008, 2010; Vargo and Lusch 2004a, b). The main concept is that of

an ecology of entities interacting. The term ecology is preferred over ecosystem to

emphasize that population of entities come and go, but the diversity of populations

is one measure of the health of the ecology. In fact, we propose that a service system
ecology is a suitable generalization of a market from a systems perspective.

AEIOU Theory proposes a sequence of binary conditions that can be used to

connect generalized systems science to service science and S-D logic. The binary

conditions describe the outcomes and capabilities of abstracted entities (Vargo and

Lusch’s generic actors) when they interact. For example, the first condition is:

Does the entity still exist after the interaction? Table 2 summarizes the six condi-

tions that are necessary to achieve entities with value co-creation interaction

capabilities that can also design and improve markets.

5 Produce-Distribute-Consume Model

AEIOU Theory could also be called the create-transport-destroy model, or the

begin-change-end model, or the input-process-output model. As an example of a

more formal framework, Table 3 is one such formalization devised by Betancourt

and Gautschi (2001) for the analysis of service institutions based on three primitive

economic activities (production-distribution-consumption) that can occur jointly or

separately in time and space.

In their conceptual model, Betancourt and Gautschi (2001), they constructed the

table based on time and space. On each dimension, they identify five different

combinations of these three primitive economic activities (production, distribution,

Table 2 Six questions that AEIOU theory need to answer

Question Description

1. Does the entity still exist after the

interaction?

Some interactions do or do not preserve

(conserve) entities.

2. Does the interaction giver rise to new

entities?

Some interactions do or do not give rise to new

entities.

3. Does the interaction change the state of the

entities?

Some interactions do or do not change an

entity’s state.

4. Does the state change include a record of the

interaction?

Some entities can and some cannot record

interaction histories.

5. Does the state change include a process-of-

valuing the outcome?

Some entities can and some cannot estimate

value of outcomes.

6. Does the state change include the result of

simulating other entities?

Some entities can and some cannot simulate

other entities valuing.
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and consumption), depending on whether they are carried out jointly or separately

with one another in each dimension. The table includes two cases: joint-ness in

time and space of production, distribution, and consumption, and separation in

time and space of production, distribution, and consumption. They identify twenty

five configurations of the primitive economic activities. They define that all eco-

nomic agents (producers, distributors and consumers) have production functions.

The boundary between production and distribution is determined in any context by

the consumption. The output of a production is intended to fulfill a consumption of

customer; the output of a distribution activity is intended to permit such fulfillment.

The conceptual distinction of the primitives and the ordered connections between

them implies the imposition of certain relational constraints. These relational

constraints, for example, restrict how a commodity can be consumed and, conse-

quently, have the welfare enhancing effect of reducing uncertainty with respect to

the feasibility of alternative consumption procedures.

Interactions between these economic agents can be spread out across scale as well

as space and time – sort of up and down hierarchically more complex systems – like

people inside departments inside businesses inside nations, etc. – all different scale

entities. We propose the Abstract Entity-Interaction-Outcomes (AEIOU) theory to

discuss the science of service systems.

Recent research suggests that inseparability is not a universal distinguishing

characteristic of services and that the consumption of many services is or can be

separated from their production. The AEIOU theory defines service separation as

customers’ absence from service production, which denotes the spatial separation

between service production and consumption. We assume that service separa-

tion increases customers’ perceptions of not only access convenience and benefit

convenience but also performance risk and psychological risk. Furthermore, these

effects differ across services. Specifically, relative to experience services, for

credence services, the effects of separation on service convenience are mitigated,

and the effects on perceived risk are magnified. Subsequently, the convenience and

risk perceptions induced by service separation can influence customers’ purchase

decisions and post-experience evaluations. Customers prefer separation for experi-

ence services and when they have an established relationship with the service

provider.

In “Sciences of the Artificial,” Simon (1996) embarked on an inquiry not unlike

service science. As natural sciences explain the origin and evolution of natural things,

Table 3 A tableau of primitive economic activities (adapted from Betancourt and Gautschi

(2001))

Production, Distribution, Consumption:

Jointness {} and Separation |

Time

{P,D,C} D|{P,C} C|{P,D} P|{C,D} P|D|C

Space {P,D,C} 1 2 3 4 5

D|{P,C} 6 7 8 9 10

C|{P,D} 11 12 13 14 15

P|{C,D} 16 17 18 19 20

P|D|C 21 22 23 24 25
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so sciences of the artificial explain the origin and evolution of artificial things.

Artificial things are designed by humans to serve a human purpose. Value cocreation

is an example of a general human purpose. If interactions are costly but necessary,

and they are, then value cocreation is a logical purpose, which when achieved

can grow and sustain interactions. In this sense, value cocreation is autocatalytic

and self reinforcing (Bardhan et al. 2010). More simply, value cocreation is the type

of human purpose that can amplify itself. Service science is value cocreation

science, and studies service system entities and their interaction mechanisms,

both value-proposition-based and governance-mechanism-based according to the

AEIOU theory.

We claim the human purpose of science is to understand ultimately how things

change, and thereby better understand where we came from (satisfy curiosity) and

where we can go (create opportunity). Because we are aware of the world and our

lack of knowledge limits our ability to shape both own individual destiny as well as

the destiny of others, we humans have developed science as a tool with a purpose.

Therefore, we might propose that the purpose of science is for the human popula-

tion to gain and apply knowledge to benefit ourselves and others. Given this

proposed purpose of science, how can we better understand the type of science

that service science is seeking to become? For example, how are we to understand

abstract entities (service systems), interactions (value cocreation mechanisms)

and outcomes in the service ecology?

6 Concluding Remarks

Change happens for a reason. Mechanisms underlie all events, and all change.

Scientists work to identify and validate symbolic representations of mechanisms.

For example, “F¼MA” and “E¼MC2” are two well-known, beautifully concise,

symbolic representations that reflect underlying mechanisms of change in the

world. If change is predictable (by humans), it is because the mechanisms are

stable. From a service science perspective, the human-made world arose from the

physical-chemical-biological-social world when people began to trust and depend

on service (value cocreation) mechanisms (e.g., division of labor) the way they trust

and depend on natural mechanisms (e.g., this tree will bear fruit next season).

Of course, a tree bearing fruit does not require trust to operate, but division of labor

does. Nevertheless, our point is a simple one: service science seeks to be a science
based on reliable mechanisms, just as natural science is based on reliable mechan-

isms. From a human perspective, sometimes natural mechanisms (seemingly) fail to

act reliably. This may be because assumptions are invalid, or other mechanisms

are at work (e.g., a plane would fall from the sky, if not for Bernoulli’s principle).

The same is true of service (value cocreation) mechanisms. If assumptions are

invalid or other mechanisms are at work, then predictions may not be reliable.

For example, when a computer program does not operate as predicted, we know it is
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because of invalid assumptions or other mechanisms at work. Science works to

discover mechanisms, and to expose invalid assumptions and other mechanisms at

work.

In the human-made world of service system entities interacting, trust is an

important input to ensure mechanisms (value propositions) work as agreed. When

value propositions fail, trust begins to diminish. Restoring trust between entities

can be difficult. As outlined in AEIOU Theory, entities must have internal mechan-

isms that allow them to model other entities and evaluate value propositions

proposed by those other entities. Service system entities are a type of physical

symbol system, and that level of entity is required to model other entities, evaluate

value propositions, and factor in levels of trust (Spohrer and Maglio 2009).

For service science to graduate to the level of the natural sciences, new represen-

tation languages are needed to express valid symbolic representations of mechan-

isms. In general, the systems sciences that study complex systems and networks

struggle with this challenge. Much of economics and ecology still depend on

differential equations to model the quantitative interactions. The system sciences,

economics, ecology, and now service science must work to identify and validate

symbolic representations of mechanisms far more complex that can be adequately

captured even with a system of differential equations. Much fundamental work in

mathematical representations of systems and networks remains to be done to enable

the service science community to identify and validate symbolic representations of

mechanisms.

However, before those valid symbolic representations of mechanisms can be

identified, service science needs to establish a community of researchers who agree

on a common set of concept and a world view that allows them to ensure they

are talking about the same set of entities, interactions, and outcomes. This has

been one of the main contributions of the service science community to date. Vargo

and Lusch have provided a framework that allows all interactions to be seen as

service for service exchange (2007, 2008, 2008a, b, 2009). Gummesson has

provided a framework that allows very practical everyday experiences to be seen

as networks of interacting service system entities (Gummesson 2007). Bitner and

colleagues have developed Service Blueprinting as a framework for modeling

many of the service interactions people engage in everyday (Bitner 1995; Bitner

and Brown 2006). Maglio et al. (2009) have provided a framework for understand-

ing the possible outcomes when service system entities interact, both service and

non-service interactions. Rust and colleagues have provided frameworks for under-

standing the life-time value of customers, as well as interactions of investments in

productivity and quality over the life-time of provider entities in competitive

environments (Rust 2004; Rust et al. 2000). Ng and colleagues have provided a

framework for understanding and managing for outcomes. Spohrer and Maglio

(2008, 2009) have summarized the foundational concepts, as well as the four

fundamental types of resources, access rights, stakeholders, and measures asso-

ciated with service system entities interacting via value propositions and gover-

nance mechanisms. March (1991), Csı́kszentmihályi (1990), as well as Spohrer and

Maglio (2008, 2009) have provided frameworks for how organizations
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(Exploitation and Exploration), individuals (Flow, balancing Boredom and

Challenge), and service system entities (Run-Transform-Innovate Investments)

change over time. All of these and many more of the contributions of the service

science community to date are summarized in the Handbook of Service Science

(Maglio et al. 2010). In addition, Demirkan and his colleagues provided frameworks

to evaluate the impact of service orientation, as well as coordination mechanisms

for service oriented supply chain mechanisms, and defined research priorities for

the Science of Service (Demirkan and Goul 2008; Demirkan and Spohrer 2010;

Demirkan et al. 2010; Harmon and Demirkan 2011; Ostrom et al. 2010).

While the work in mathematics is probably the most fundamental work that

needs progress in order to accelerate advancements in service science, the ability to

model hierarchical networks of some ten billion service system entities with

computational tools (e.g., Computer-Aided Design or CAD tools) is also currently

lacking. Real progress in answering the second question “Where is the science in

service science?” will depend on progress in these two areas, mathematics and

computer modeling. However, we should not under value the decades of empirical

studies of the service research community, nor the pioneering works in these two

volumes by the growing service science community, gradually aligning around

common language and definition of terms. The foundations being put in place today

by the service science community are fundamental in nature. Though much work

remains ahead, and nothing is settled.
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