Complexity of service value
networks: Conceptualization
and empirical investigation

This paper explores how service value is created in a network context and how the
structure and dynamics of the value network as well as customer expectations
influence the complexity of the services ecosystem. The paper then discusses what
transformative role information and communication technology (ICT) plays in
coordinating and delivering value and managing this complexity. A conceptual model
is developed for understanding and investigating the nature, delivery, and exchange of
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service value and assessing the complexity of a service value network. Three central
arguments are presented. First, value in the services economy is driven and

determined by the end consumer and delivered through a complex web of direct and
indirect relationships between value network actors. Second, the complexity of service
value networks not only depends on the number of actors but also on the conditional
probabilities that these actors are involved in delivering the service to the consumer.
Third, ICT plays a central role in reducing complexity for consumers by providing
greater levels of value network integration, information visibility, and means to

manage and anticipate change.

INTRODUCTION

The services sector is undeniably a key engine of
growth in today’s leading global economies. Ac-
counting for nearly 80 percent of the U.S. gross
domestic product (GDP), the sector comprises a
diverse mix of economic activities, ranging from
traditional services such as transportation, govern-
ment, hospitality, wholesale, and retail, to business
activities such as finance, consulting, logistics,
information technology (IT), telecommunications,
software, and health care.' The transition to a
services-based economy is further substantiated by
the newly created North American Industrial Clas-
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sification System (NAICS),2 in which 16 of 20
sectors are services related and 250 of the new 358
new industries produce services.’

There are many reasons for the growth of the
services sector: increasing competition in a global
economy, pressure to innovate, and changing
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customer demands and expectations have led
traditionally products-based companies and manu-
facturing leaders to focus on services in “defense
against commoditization of goods and a strategy for
productivity, growth and retention.”® Two fre-
quently cited examples are General Electric Com-
pany and IBM Corporation, whose services groups
have represented the strongest revenue businesses
over the past few years and are expected to continue
so in the future."” Given this growing importance of
services in the global economy, it is therefore no
surprise that both the academic and practitioner
communities are showing great interest in exploring
and developing the science, management, and
engineering of services. 3450

Despite the increasing interest in services, there
does not appear to be a common understanding of
what phenomena create and drive value and what
impact the structure and dynamics of services
ecosystems have on market complexity. It has been
argued that existing models, traditionally used for
describing the exchange of physical products, will
not apply in the services context, in which close
interactions between suppliers, service providers,
and customers exist, where knowledge is created
and exchanged, and experiences, capabilities, and
relationships are an integral part of the transac-
tion.">>*” New models and contexts must therefore
be developed.

The aim of this paper is to address this void by
exploring how service value is created in a network
context, how the structure and dynamics of the
value network as well as customer expectations
influence the complexity of the services ecosystem,
and what transformative role information and
communication technology (ICT) plays in coordi-
nating and delivering value and managing this
complexity.

A conceptual model is developed for understanding
and investigating the nature, delivery, and exchange
of service value and assessing the complexity of a
service value network. In doing so, we wish to
emphasize three points that we consider to be
lacking in present studies of services and value
networks. First, value in the services economy is
driven and determined by the end consumer and
delivered through a complex web of direct and
indirect relationships between value network actors.
Second, the complexity of service value networks
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not only depends on the number of actors but also
on the conditional probabilities that these actors are
involved in delivering the service to the consumer.
We found the concepts of information theory to be
particularly useful in assessing market complexity.
Thirdly, ICT reduces both consumer-perceived and
market complexity by providing a greater level of
value-network integration, information visibility,
and means to manage and anticipate change.

This paper is structured as follows. In the next
section we provide the theoretical background for
our paper. We then describe and introduce the
notion of a service value network, describe the
elements that drive and define it, and conceptualize
its complexity. Next, we illustrate our conceptual
model with examples from the aerospace, automo-
tive, retail, health-care, and telecom industries. We
then discuss the influence of ICT on the develop-
ment of service value networks. The last section
provides some concluding remarks and discusses
future research opportunities.

THEORETICAL BACKGROUND

The study of networks and network phenomena is
far from new. It has been a topic of interest in many
scientific fields. In the sciences, biologists have
examined networks of interactions between genes
and proteins to study the behavior of organisms, to
model diseases, or to explore food webs.s’g’10
Neuroscientists have used the network approach to
explore the workings of the brain."' Engineers and
computer scientists have studied information and
technological networks, such as the electric power
grid, telecommunications networks, and the Inter-
net.'”'*"* Networks have also been studied in the
social sciences. Sociologists have examined the
connection of people to understand the functioning
of human society.14 Economists have investigated
how innovations diffuse through a network of
individuals and organizations.15

The study of networks is also the subject of
increasing attention in the management and mar-
keting literature. It has been used to explore the
economic behavior and connectedness of business
and industrial networl<s,16’17’18 and to study the
concepts of resource allocation,19 collaborative
advantage,20 the role and importance of alliances,
joint ventures, and cooperative strategies,21 and
customer-relationship management (CRM) theory.22
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The concept that organizations exist in networks is
based on the premise that firms do not merely operate
in dyadic relationships, but are deeply embedded in
complex economic systems consisting of numerous
interorganizational relationships.23 It replaces the
traditional view of a value chain introduced by Porter,
which assumes a linear value flow and where
resources flow in dyadic relationships from raw
material providers to manufacturers to suppliers to
customers.>* Critics found that Porter’s approach did
not adequately describe the multidirectional nature
and complexities of the potential myriad of business-
to-business (B2B), business-to-consumer (B2C), and
emerging consumer-to-consumer (C2C) relationships
observed in business environments toda37.25’26’27
Indeed, products and services are now designed,
created, delivered, and provided to customers via
complex processes, exchanges, and relationships.28 It
is argued that value chains have evolved into value
grids,29 more commonly referred to as value net-
\;\zorks,zs’S()’SI’32 which are characterized by a com-
plex web of direct and indirect ties between various
participants, or actors, all delivering value either to
their immediate customer or the end consumer.

The value network approach assumes the organi-
zation to be part of a larger network of organizations
that together create (i.e., cocreate) value.””?"%
Some researchers have even argued that value nets
represent extended enterprises.34 The value network
approach thus views the activities of an organiza-
tion in a holistic, rather than a fragmented, manner.
Consequently, the network perspective shifts the
focus of a resource-based view of the firm to a
perspective in which examination of resource
dependency, transaction costs, and actor-network
relationships is critical.

Brandenburger and Nalebuff identify several types
of actors in a value network that affect the ability of
a firm to produce and deliver value to an interme-
diate or final customer or end consumer: suppliers,
other customers, competitors, and complemen-
tors.” (Business A is a complementor of business B
if customers value A’s products more when used in
conjunction with B’s products.) In addition to these
types of actors, studies have also emphasized that
value networks are shaped and influenced by
government agencies, research and development
institutions, educational institutions, and industry
associations.”>”'
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Using a value network approach, one must not only
understand who the actors are, but also have an
understanding of the types and extent of relation-
ships involved. Relationships may be formed with
any actors in a value network.”

Several characteristics and attributes have been
used to describe a network. Network size refers to
the number of actors in the network. Network
connectedness and density are commonly used
measures to denote the relative number of ties in the
network that link actors."” It is calculated as a ratio
of the number of relationships that exist in the
network, compared with the total number of
possible ties if each network actor were tied to every
other.’® Dense networks, therefore imply a higher
level of connectedness to value network firms.
Another important characteristic is the position of a
firm in the network. Using arguments from re-
source-dependency theory, the more dependent
organizations are on the focal firm, the more control
the focal firm has.’® The position in the network
thus often determines the level of influence on other
network actors.

SERVICE VALUE NETWORKS
There has been a long tradition in the literature to
distinguish how products and services are produced
37,38,39 . . .
and consumed. Services were differentiated
from products on the basis of four characteristics,
namely intangibility, heterogeneity, inseparability,
and perishability.39 However, as the study of
services has evolved and many of today’s offerings
are characterized by bundled solutions comprising
products and services, the differentiation between
products and services is increasingly blurring.40
Building on Levitt’s argument that “everything is a
s Al . .
service,”  we further argue that the examination of
services and service value should not be distin-
guished from that of products; instead, products
themselves should be merely seen as “vehicles for
. . ,,42 - .
service delivery.” ~ Based on this line of reasoning
and the aforementioned literature, we thus model
services ecosystems as value networks that include
both products and services.

The visualization of complex socioeconomic sys-
tems, such as service value networks, in a compre-
hensive and readable manner can be daunting task.”
While several different techniques have been used,44
a common method to visualize and describe net-
works is to use a node-and-arc representation.45 In
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A conceptual model of service-value networks
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this approach, nodes represent actors (e.g., people or
firms), while arcs represent relationships, or ties,
between actors in the network.*® This approach has
been shown to be a particularly effective means in
describing the structure and dynamics of socioeco-

. 43,44 . . .
nomic networks, and we adopt it to visualize our
ideas of service value networks.

Broadly speaking, a service value network contains
five types of actors: consumers, service providers,
tier 1 and 2 enablers, and auxiliary enablers
(Figure 1). We further argue that value in a service
value network is created through a complex set of
B2B, B2C, and C2C relationships, and influenced by
the social, technological, economic and political
context in which it is embedded.

Consumers
Implicit to the notion of a value network is the
proposition that all activities are initiated from the
point where value is “realized” or “con-

,,47,48,49 . .
sumed. As we elaborate on later, in a service
value network, this point is considered the end
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consumer; consumers purchase consumables, use
telecom services, drive automobiles, fly on air-
planes, and see doctors; the other actors in the value
network enable these services. Consumers thus
trigger all the activities in the service value network.

In the past, manufacturers and service providers
could dictate to a large extent what products and
services as well as features and functionalities were
brought to the market. Today, consumers play a
much more central role: they demand product and
service customization, speed, and high levels of
quality of service, all in a seamless fashion and
preferably from a single provider. In many instanc-
es, consumers will only use and continue using
products and services if their value preferences and
criteria are met or exceeded by the service provid-
er.”* As a result, service providers will only
receive any benefit when consumers are satisfied
and delighted enough. This supports Peter Drucker’s
fundamental idea that “the purpose of every
business is to create a customer.””
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Service providers

For end consumers to experience, use, and consume
the value they desire or expect, a service (or a
bundle of services) with that value must be provided
by one or more actors in the value network. The
primary contact point for a consumer is the service
provider. Service providers supply communications
services, airline services, health-care services, and
banking services, for example. In our conceptuali-
zation, the service provider is also the focal actor in
the service value network.

In some industries, the service provider is merely an
aggregator of multiple products and services and it
provides these in a bundled and integrated fashion to
the consumer. In other cases, it is an enabler to other
service providers. Service providers must ensure that
the products and services they provide delight and
satisfy their consumers. In order to do so, service
providers must therefore understand and, in many
cases, manage both B2B and B2C relationships,
anticipate consumer needs, and address environ-
mental changes and consumer demands.

Enablers

To provide a service to the consumer, a service
provider relies on numerous enablers that help
create, design, initiate, and deploy the service. In
general, enablers can be differentiated as tier 1, tier
2 and auxiliary enablers, as shown in Figure 1. Tier
1 enablers provide direct goods and services to the
service provider. These can be producers, manu-
facturers, or other service providers. Tier 2 enablers
provide goods and services to tier 1 enablers.
Examples include material suppliers and component
manufacturers. Auxiliary enablers are those that are
essential to the entire ecosystem and not specific to
one industry. They tend to have an influence on
some or all actors in the value network. Examples
include government agencies, financial institutions
(e.g., banks) and infrastructure providers (e.g.,
utility, facility, and transportation).

Contextual influences

Of course, all of the actors in the services ecosystem
act in the context of society, culture, the economy,
and politics. This argument builds on the idea of
“embeddedness” presented in Granovetter’s seminal
article.”’ Granovetter states that economic activities
can not be viewed in isolation from other institu-
tions or from the technological, political, and social
context in which organizations exist.”’
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The depression of 1929, the oil embargo of 1974,
and the terrorist attacks of 2001 had enormous
impacts on various segments of the economy. World
War II transformed the United States into a world
power. Much more subtle are people’s social and
cultural norms and expectations where, over time,
changes enable new businesses and approaches to
business. The extent and level of service expecta-
tions have undoubtedly been influenced by the
immediacy of instantaneous and constant connec-
tivity. The nature of work has changed, as 24-7
availability has become the norm in many types of
jobs. All these vignettes illustrate that contextual
influences can have a deep impact on economic
activities and must therefore be considered when
conceptualizing the structure and dynamics of
service value networks.

Value in value networks

The shift toward a network approach to the services
ecosystem also changes the concept of value
creation.”**** While early research focused on
value created at the relational level, value for
consumers is now created at the network level, in
which each actor contributes incremental value to
the overall offering.25 This view of value creation
emphasizes the focus on core competence and
competence complementarity. Instead of providing
the maximum value to customers on their own and
running the risk of being unprofitable in the long
run, actors contribute to the value creation process
by focusing on their core competence and cooper-
ating with other network actors, such as suppliers,
partners, allies, and customers, through various
value constellations.”**’ Product and service deliv-
ery is thus a complex value creation process enabled
by multiple actors.

In addition, it has been shown that consumers are
not only value receivers, but also coproducers, or
“prosumers,” of value.”>*® We take this idea one
step further and argue that consumers not only
contribute to the value creation process, but in fact
drive and determine all activities in the value
network. Indeed, if there were no consumers, no
product or service would be consumed, and the
existence and necessity of actors and value network
activities would likely be irrelevant. Of course, there
are many instances where products and services are
“pushed” to the market, but even in those cases
someone must consume them. Thus, it is critical for
consumers to value products and services and in
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turn, value network actors must provide this value
to consumers.

So what do consumers value? The literature suggests
that customers do not care about products or
services per se, but rather they value the benefits,
such as transportation, entertainment, communica-
tion, consumables, and health care, they receive
from consuming them.*”****% This suggests that
customer value is thus shaped by the consequences
of using a product or service. Consumers expect
these products and services to be delivered along a
least common denominator; i.e., as cost-effectively
and conveniently as possible and with a certain level
of quality, among many other factors.” ™

There are several product and service features and
attributes that address this least common denomi-
nator. Broadly, they can be categorized as tangible
and intangible attributes.>**? Tangible attributes
include price, quality, design functions, choices,
customization, and variety. Intangible attributes
include convenience, style, trust, security, efficien-
cy, and ease of use. It should be noted that quality
can be both tangible and intangible, depending on
what aspect of quality is intended; e.g., defects
versus aesthetics.

While there may be exceptions, value is not
synonymous with owning the rights to a product or
a service transaction. Value relates to the benefits of
these rights.sél’56 Products and services are, for the
most part, enablers rather than ends in themselves.

Consumer preferences and value perceptions for
products and services are further dependent on the
social context in which they are used and consumed;
i.e., the social value system and social network.”"”’
Consumers, for example, may be more inclined to
use a service if they hear about it through word of
mouth or if a large group is already using it.”®
Consequently, C2C interaction plays a critical role in
value preferences.

Actors in the value network must deliver this value.
Similarly to a traditional value chain, value in-
creases from tier 2 enablers to consumers, as
perceived by the consumer. Enablers add incre-
mental value to products and services as they
transition through the value network (e.g., add
components, software, functionality, and style).
When the consumer finally receives and consumes
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the service, it reaches the highest value point
(Figure 2).

A simple example illustrates this idea: revolutionary
composite materials may enable a highly fuel-
efficient airplane, but the success of the airplane
investment depends on passengers’ being willing to
fly on the airplane. The marketplace thus deter-
mines which inventions become innovations, and
which in turn provide sustainable value to con-
sumers.”

Today, B2B services represent a major portion of the
service economy.l’3 In supporting the products and
services of other businesses, these B2B service
providers enable B2C value. Placing this into the
network context, while businesses may be custom-
ers to other businesses, they essentially are one of
the many nodes that ultimately deliver value to the
consumer. Examples range from facility manage-
ment services, to customer-service call centers, to
strategy consulting for the executive team. There is a
wealth of ways that B2B providers enable down-
stream B2C value creation, via service endeavors
ranging from business process improvement to
enterprise transformation.”® Virtually anything
and everything can be outsourced.®' Consequently,
a company’s only asset may be its relationships with
its customers. In this case, it owns the B2C business
and employs B2B services for everything else.

The aforementioned discussion leads to the proposal
of our first fundamental proposition for service
value networks. We hasten to note that we are not,
at this time, presenting these propositions as formal
axioms.

Proposition 1: The nature and extent of B2C service
value determines B2B service value, as well as the
value of products and other value enablers.

Complexity of value networks

By representing value networks as formal network
models, we can compare different value networks.45
We would like to quantitatively compare networks.
Certainly, we could count nodes and arcs as a basis
for comparison. However, such counts do not
capture the richness of many networks." Further,
these metrics do not provide a strong means for
designing and managing value networks.

Networks can be viewed as systems whose state
10,13,62 .
evolves. Design and management both center
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on creating and controlling the structures whereby
system state evolves. This begs the question of the
state of a value network. We define the state of a
value network as the set of nodes that participate in
any given consumer transaction. We then define the
complexity C of a value network to be

T N
C= > pti Y —(pny|pts)log(pry|pty),
i=1 j=1
where T is the number of types of transactions in the
network, N is the number of nodes in the network,
pt, is the probability of a type i transaction, pn, | pt,is
the conditional probability that the jth node is
involved given the transaction is type i, and the
logarithm is to the base 2.

This measure originated with Shannon’s calculation
of entropy in information theory63 and has since
been applied in domains ranging from failure

. . 64 . 65,66 . 67
diagnosis  to manufacturing to sociology  as a
measure of the observational or computational
effort involved to assess the state of a system.
Indeed, all measures of complexity are based on the
characteristics of a representation of a systern,62

. . 45
with network representations the most common.
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The measure of complexity resulting from the above
equation is binary digits, or bits. Intuitively, it
represents the number of binary questions one
would have to ask and have answered to determine
the state of a value network. This measure is not
without subtlety. For example, if one claims, as we
do later in this paper, that the complexity of the
entire retail market is over 30 bits, there will
undoubtedly be many skeptical responses. Howev-
er, once one explains that this means that roughly
one billion binary questions would be needed to
determine the state of the system, people begin to
understand the implications of this measure of
complexity.

In applying this measure of complexity to five
different markets in the following section, we
distinguish between total market complexity and
consumer complexity; i.e., between B2C + B2B and
just B2C. As we later discuss, many market
innovations are associated with reduced B2C com-
plexity, often in parallel with increased B2B com-
plexity. More formally, this leads to our second
proposition.
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Proposition 2: The magnitude of B2C complexity,
relative to total market complexity, both expressed in
terms of information theoretic binary digits (bits),
reflects market maturity—this is often achieved by
increasing B2B complexity, and hence total market
complexity, in order to reduce B2C complexity.

In the following section, we illustrate our two
central propositions for five different markets and
value networks.

ILLUSTRATIVE EXAMPLES

At the outset, we should note that it would be quite
difficult to prove formally that the above equation
reflects the real complexity of value networks. For
example, Golay et al.’s often-cited paper64 relies on
empirical evidence to support their mathematical
arguments, including several studies that we per-
formed in our research into the complexity of fault
diagnosis.62 We adopt a similar approach by
employing empirical data to show how the proposed
measure of complexity provides interesting and
viable interpretations of well-known phenomena.

The empirical data of interest concerns the key
players in five markets—aerospace, automotive,
retail, health care, and telecom. We first organized
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our data collection by NAICS codes. This proved
untenable. For example, this source of data indicates
that there are 219 aircraft manufacturing companies
in the United States. We think that there are only
four relevant aircraft manufacturers for the value
network described below.

For this reason, we shifted from bottom-up data
collection to top-down, by focusing solely on the
Fortune 1000 to identify both industry segments and
numbers of companies in each segment. This
approach inevitably eliminates innovative small
companies from our analysis. However, we felt this
limitation was acceptable for the “proof of concept”
analysis reported in this paper.

Aerospace market

The aerospace value network involves the longest
life cycles of our five examples (Figure 3). Each
generation of airplanes requires many years from
concept to deployment—for military aircraft, it may
take two to three decades. It is not uncommon for
suppliers to aircraft manufacturers and airlines to
earn significantly better profit margins than the
major players. The customer for airline service is, in
general, most concerned about the price of flights,
with secondary concerns of convenience and com-
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fort. Consequently, manufacturers focus on afford-
ability, efficiency, and reliability.

The airline industry is, without doubt, the least
profitable of the five industries discussed in this
paper. Government subsidies and mail delivery
contracts spawned the industry. Defense invest-
ments enabled technology advances. In its century
of existence, this industry has a cumulative negative
net profit. Further, unlike the railroads, the gov-
ernment furnishes airports and air traffic control. Of
course, the public consciousness regarding airline
safety is a key driver.

Similarly to the automotive value network, the
complexity of the aerospace network decreased
substantially throughout the twentieth century.
Consolidation reduced hundreds of aircraft manu-
facturers to just a handful.®® Airlines are in the midst
of continued consolidation worldwide. The Internet
has further simplified air transportation, to the great
detriment of travel agents. In the context of
Proposition 2, we can see the continued reduction of
complexity, with the possible exceptions of the
security aspects of air travel.

Automobile market

The automotive industry, particularly in the United
States, is in a significant state of flux. A wide range
of factors influence how and what decisions are
made in the automotive world. Consumer prefer-
ences influence current styles, reliability, and
performance standards of vehicles. Government
trade, safety, and environmental regulations estab-
lish incentives and requirements for modernization
and change in design or production. Competitive
rivalries and corporate strategies provide impetus
for research, design innovations, and changes in the
manufacturing process. All automakers are con-
stantly under pressure to identify consumer prefer-
ences, national biases, and new market segments
where they can sell vehicles and gain market share.
Their ability to be flexible enough to quickly
respond to all these pressures will largely determine
the future of the industry.

This value network is somewhat more complex than
that for aerospace, particularly for consumers (see
Figure 4). This is due, in part, to the value of
automobiles being very multidimensional compared
to the retail offerings, e.g., laundry detergent. For
many owners of automobiles, the vehicle provides
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Figure 4
Value network of the automobile market

more value than simply transportation. Attributes
related to aesthetics and self image play a role, for
instance. Other complications are the after-market
for upgrades and service. Further, despite the
growing use of the Internet to buy cars, most states
require that the final purchase be made through
dealerships who have, thus far, successfully lobbied
state legislatures to prohibit direct Internet sales.

Note that the complexity of the automotive value
network is much less than it was 80 to 100 years
ago, when there were hundreds of automobile
companies and three dominant types of propulsion:
steam, electric, and, in third place, internal com-
bustion engines. Throughout the first two-thirds of
the twentieth century, dramatic consolidation re-
duced fragmentation, resulting in a much simpler
value network.® Based on Proposition 2, we can see
that the Internet has, of late, perhaps increased
complexity (but not dramatically).

Retail market

The retail market is immense. The five markets
discussed in this paper involve roughly one-half of
the Fortune 1000; retailers and their suppliers
involve one-half of these companies. Retail also
differs in the nature of transactions. When one buys
or uses an airplane or an automobile, one can
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reasonably expect that after the purchase one will
receive all the parts of the vehicle. In contrast, it
would be very unlikely to buy one of everything in a
retail store. Consequently, the value network
(Figure 5) has a more varied set of relationships
between suppliers and retailers.

As later results will indicate, the retail market is very
complex. However, the consumer does not have to
address this complexity. A very efficient user
interface has been created: stores, both brick-and-
mortar and online. Increasing B2B complexity has
resulted in decreasing B2C complexity. Increased
convenience and decreased prices have driven
consumer value (i.e., B2C value), enabled by B2B
value.

BASOLE AND ROUSE

Health-care market

The health-care value network is one of the most
complex of the five industries discussed in this
paper. This network can be described as a loose
federation of independent enterprises, all trying to
optimize the market from their perspective and for
their benefit (Figure 6). Unlike aerospace, no single
enterprise or type of enterprise dominates. Further,
enterprises from private and public sectors, as well
as academia and nonprofit organizations, are laced
throughout the value network.”””*”" This can result
in very confused customers, often receiving con-
flicting guidance from different players. However,
this situation will inevitably change, and the
Internet has enabled highly informed customers to
make well-informed choices. As more information
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on provider performance—and availability—
becomes accessible, consumers will have greatly
increased leverage. It can be expected that the
extreme fragmentation of the industry will not
persist, if only because the projected economics of
the industry as it is are not tenable.

In terms of Proposition 2, there are a large number
of providers of services with many dimensions.
Consequently, service is uneven, costs are high, and
consumers are confused and frustrated. The pro-
viders and enablers that can fix the B2C value
proposition, while also reducing B2C complexity,
are likely to reap enormous benefits. At the same
time, the push for “consumer directed” health care
may result in increased complexity for consumers,
which has not proved successful in the other four
markets. Innovations that increase B2B complexity
in order to reduce B2C complexity are more likely to
be successful.

Telecom market

As later results show, this market is moderately
complex, but the most complex for consumers
(Figure 7). They have too many alternatives and
need to know too much in order to both make
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purchase decisions and realize the value prom-
ised.”*” This is well characterized by consumer
questions to service providers that result in ques-
tions regarding one’s computer, operating system,
wireless card, router, etc. The long-heralded con-
vergence to “quad play”—home phone, mobile
phone, television, and Internet access in one
device—portends reduced B2C complexity, quite
likely enabled by increased B2B complexity. Put
simply, the winners in the convergence battles
will be those that can enhance B2C value, not just
reduce B2B costs.

Complexity assessments

Using publicly available data from the Fortune 1000,
we were able to identify the number of companies in
each node of Figures 3-7."* The probabilities
associated with each company being involved in any
given transaction were calculated in one of two
ways. The predominant way was simply to estimate
the probability as one divided by the number of
supplier or manufacturers. In a few cases, we
adjusted the probabilities to reflect the fact that a
Fortune 1000 supplier must be supplying at least one
Fortune 1000 manufacturer. The results are shown
in Figure 8.
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Several observations are important. First, highly
fragmented markets are much more complex than
highly consolidated markets. There are relatively
few aerospace and automotive providers compared
to retailers and consumer products companies.
While manufacturers of airplanes and automobiles
are likely to claim that their products are complex,
consumers do not have to address this complexity

~
12
=
o
~
>
5=
x
&
a
£
o
O

Health Care Telecom

Consumer Total

Aerospace Automotive Retail

Figure 8
Total complexity and consumer complexity in five markets
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and these industries benefit from this; i.e., more
people fly on airlines and drive automobiles.

Second, consumer complexity can be reduced either
by market consolidation, so there are fewer choices,
or by increased B2B efficiency that reduces B2C
complexity. The aerospace and automotive indus-
tries are examples of the former and the retail
industry is an example of the latter. Note that the
telecom industry is clearly employing both mecha-
nisms, while health care, via consumer-directed
health care, is moving away from both mechanisms.
This suggests that new intermediaries will emerge in
health care to manage complexity for consumers.

Summary

Table 1 provides a summary of these five industries
in terms of the two propositions advanced in this
article. In all five cases, customer value drives the
value network, e.g., if the customers hate the car,
the efficiency of the supply chain cannot compen-
sate for cars not being sold. The complexity of value
networks limits abilities to optimize allocations of
resources, in part because they cross enterprise
boundaries, often epitomized by the inefficiencies of
fragmentation. Health care is a good example of
extreme fragmentation and inefficiency.

THE ROLE OF ICT IN SERVICE VALUE NETWORKS

The concept of a service value network raises a
variety of issues for the development of information
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Table 1 Interpretation of propositions for each market

Health care

Telecom

they want with the right mix of price and
convenience. B2B value depends on getting B2C
value right.

Health outcomes and their costs must ultimately
drive the value network. Poor outcomes and
excessive costs will eventually precipitate new
value propositions.

Convergence, ease of use, and price will drive the
value proposition. Some B2C providers will
prevail, although one or more B2B providers may

Industry Proposition 1 (Value) Proposition 2 (Complexity)

Aerospace Customers’ willingness to pay for airline seats For almost all customers, the airplane is a means,
drives everything. The B2C value proposition not an end. Service performance dominates
completely determines B2B value because product performance, with service affordability
otherwise there is no business. being the central value issue.

Automotive The value proposition of the automobile drives The value attributes of the product are more
everything. If this B2C proposition does not work, complicated in terms of transportation, style, and
B2B effectiveness and efficiency do not matter. self-image, although the primary manufacturer

determines most of this value.
Retail Customers seek those retailers that provide what This value network is simple to the extent that

the value concerns commodity products and
services. Proprietary, niche offerings may involve
more complicated networks.

Complexity is driven by the fact that no one is
“in charge.” A loose confederation of independent
businesses must be coordinated, perhaps by a
new intermediary, to assure quality of service and
acceptable prices.

Service success depends on many players serving
particular roles and sharing information on
service processes and outcomes. Conflicting

transform themselves into the successful
providers.

incentives and rewards make this overall process
very complicated.

systems supporting customers and businesses and
the relationships they have among each other.>*®
ICT provides the ability to link and coordinate
activities between and across service providers,
customers, producers, and enablers. Broadly, there
are three spheres of service value network linkages

that ICT supports and enables (Figure 9).

Across all three spheres, ICT has had a profound
impact. Studies have shown that ICT has facilitated
the creation of interorganizational linkages.75 ICT
has provided means to share information more
efficiently and effectively, thus improving coordi-
nation and collaboration activities.”® Supply chain
management (SCM) and enterprise resource plan-
ning (ERP) applications, for example, provide B2B
actors an integrated and unified view to critical
operational information. This has led to increased
information visibility, and consequently greater
flexibility, agility, and responsiveness for all ac-
tors.”””®7”*" ICT has enabled businesses to lower
operating costs, increase productivity, and improve
work flow.*""** Web services, for example, provide
businesses the ability to integrate modular business
processes to deliver new products and service
offerings more rzipidl37.83’84
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ICT has also provided significant benefits to
consumers. The Internet, for example, has given
consumers the ability to access, view, and process
information previously not available to them, the
ability to perform searches to find products and
services that best meet their needs, and in essence
the power to make more informed decisions.
Consumer value preferences are also influenced
through online forums, chat rooms, and other C2C
communities. In fact, the social network effect
enabled through the C2C web can significantly
impact consumer preferences and purchasing be-
havior. Through C2C relationships, consumers
become more informed and receive “no nonsense”
feedback on the value, quality, and experience of
services they are interested in. All of this has led to
greater competition, as businesses must now pro-
vide ;?e “best value for better-informed consum-
ers.”

In order to so, businesses utilize sophisticated CRM
tools to manage the business-consumer interface,
identify potential consumers and new market
segments through business intelligence (BI) solu-
tions, and promote and customize their products
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Figure 9
Spheres of ICT-enabled value-network linkages

B2C Web

and service offerings. Consequently, “competing on
analytics” has become increasingly powerful.86

Given the aforementioned benefits that ICT has
provided in general, it is no surprise that it has also
had a deep impact on the five value networks we
discussed in the previous section. We briefly
highlight them here.

Aerospace

The aerospace industry has been an early adopter of
high-performance computing to design airplanes
and airplane parts. It also uses sophisticated
information systems to coordinate its activities with
designers in dispersed locations and suppliers across
the world. Airlines have used ICT in all aspects of
their operations, including optimization of schedul-
ing, gate assignments, inventory control, and
customer service. Sophisticated airline reservation
systems initially focused on travel agencies, but
more recently are accessible by consumers. Today,
consumers have a wide selection of online sites,
such as Travelocity** or Expedia**, and the airline
industry introduced several other ICT innovations,
such as e-tickets and the upcoming tracking of
baggage using RFID (radio frequency identification).
Finally, ICT also keeps the air traffic control flowing
smoothly by coordinating takeoffs and landings and
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in-air flight routing. Recent examples of network
and computer glitches have illustrated the depen-
dency of the airline industry on ICT.

Automotive

Large automobile manufacturers employ complex
networks to coordinate a great deal of supply and
demand. To this extent, specialized systems were
put into place, out of which systems such as EDI
(Electronic Data Interchange) and other exchanges
emerged. ICT has reduced the time and expense of
product development through integrated design
applications. ICT has also enabled actors in the
automotive value network to collaborate more
efficiently and improve organizational agility and
responsiveness by seamlessly linking suppliers,
partners, and dealers. The automotive industry also
utilizes ICT to design and simulate its products.
Today, a consumer can create and customize a
desired automobile with a few clicks and then the
order is sent to the manufacturer. While consumers
usually must still purchase their vehicles through a
dealer, which increases complexity, many dealers
now have an Internet presence that allows con-
sumers to interact directly with them. In fact,
consumers can even schedule service appointments
online, further enriching the customer-relationship
experience.
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Retail

ICT has enabled the transformation of the retail
industry. Systems supporting point-of-sale, supply
chain management, and CRM have enabled both
great efficiencies and the availability of a wider
variety of offerings, many from global sources. The
Internet has, of course, enabled online shopping, but
it also dovetails with traditional shopping by
providing information on availability and pricing.
As a result, revenues of the retail industry have
doubled in the last ten years, while one-half of the
publicly listed retail companies have disappeared.
This is certainly not solely attributable to ICT, but
these technologies have, without doubt, played a
major role.

Health care

The high level of fragmentation of the health-care
industry has resulted in myriad ICT offerings, as
well as many homegrown IT systems. This frag-
mentation has impeded the development of elec-
tronic patient record systems, although recently
there has been substantial progress in this area. The
Internet has enabled consumers to access a wide
variety of health-care information and, for a portion
of the population, resulted in much better informed
consumers. The emerging explosion of information
due to the genomics revolution promises to enable
personalized health-care delivery, but realization of
this promise depends on ICT. Telemedicine has also
been advancing in recent years.

Telecom

ICT has become central to telecom, at the same time
that telecom has become central to the other four
industries discussed in this paper. Digital networks
provide the backbone for delivery of almost all
services. Although there is widespread agreement
that Internet, television, home phones, and mobile
phones will converge into seamless offerings, at this
point consumers have to juggle the pieces of the
overall solution. We can reasonably expect that
these pieces will come together, perhaps enabled in
part by the consolidation of the industry. It is
reasonable to project that the successful players will
be those that decrease complexity for the consumer.

CONCLUSION

In this paper, we introduced the notion of service
value networks consisting of consumers, service
providers, multi-tier and auxiliary enablers. This
notion assumes that the value and delivery of
services is a complex set of relationships among
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these actors, where the consumer plays the central
role. In particular, we argued that the nature and
extent of B2C service value drives and determines
B2B service value as well as other enablers. We also
showed that the complexity of service value
networks not only depends on the number of actors
but also on the conditional probabilities that these
actors are involved in delivering the service to the
consumer. We then illustrated these ideas with
examples from the aerospace, automotive, retail,
health-care, and telecom industries. Finally, we
showed that ICT has played a significant role in
transforming the relationships among network
actors and the delivery of services.

The examination of service systems as value
networks presents a tremendous research opportu-
nity to the field of service science. Through a
multidisciplinary approach, we can gain further
insight into how services can be managed and
engineered. From an industrial engineering per-
spective, for example, we can advance our tradi-
tional service models to include the complexities of
consumer involvement. From an information and
knowledge perspective, we can examine how ICT
can facilitate the exchange of information among
network actors to deliver maximum value to the
consumer. An economic approach to service value
networks can contribute to our understanding of
what incentives drive service value creation, what
strategic roles networks play, and how relationships
should be designed. An equally important perspec-
tive includes examination of the social, behavioral,
and political forces that shape service value net-
works. We hope that this paper stimulates further
thinking in how services are delivered through
complex value networks and ultimately advances
the field of service science.

**Trademark, service mark, or registered trademark of
Travelocity.com, L.P., or Expedia, Inc., in the United States,
other countries, or both.

CITED REFERENCES
1. H. Chesbrough and J. Spohrer, “A Research Manifesto for
Services Science,” Communications of the ACM 49, No. 7,
35-40 (2006).
2. North American Industry Classification System (NAICS),
U.S. Census Bureau (2007), http://www.census.gov/
epcd/www /naics.html.

3. A.Rai and V. Sambamurthy, “The Growth of Interest in
Services Management: Opportunities for Information

BASOLE AND ROUSE

67



68

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Systems Scholars,” Information Systems Research 17, No.
4, 327-331 (20006).

U. Karmakar, “Will You Survive the Services Evolution?,”
Harvard Business Review 82, No. 6, 100-107 (2004).

P. Maglio, S. Srinivasan, J. Kreulen, and J. Spohrer,
“Service Systems, Service Scientists, SSME, and Innova-
tion,” Commaunications of the ACM 49, No. 7, 81-85
(2006).

R. Rust, “A Call for a Wider Range of Service Research,”
Journal of Service Research 6, No. 3, 211 (2004).

H. W. Chesbrough, Open Innovation: The New Imperative
for Creating and Profiting from Technology, Harvard
Business School Press, Boston (2003).

J. E. Cohen, F. Briand, and C. M. Newman, Community
Food Webs: Data and Theory, Springer-Verlag, Berlin
(1990).

S. A. Kauffman, “Metabolic Stability and Epigenesis in
Randomly Constructed Genetic Nets,” Journal of Theo-
retical Biology 22, No. 3, 437-467 (1969).

M. E. J. Newman, “The Structure and Function of
Complex Networks,” SIAM Review 45, No. 2, 167-256
(2003).

M. A. Arbib, The Handbook of Brain Theory and Neural
Networks, MIT Press, Cambridge, MA (1995).

A. Z. Broder, R. Kumar, F. Maghoul, P. Raghavan, S.
Rajagopalan, R. Stata, A. Tomkins, and J. L. Wiener,
“Graph Structure in the Web,” Computer Networks 33,
No. 1, 309-320 (2000).

S. H. Strogatz, “Exploring Complex Networks,” Nature
410, 268-276 (2001).

S. Wasserman and K. Faust, Social Network Analysis:
Methods and Applications, Cambridge University Press,
New York (1994).

T. W. Valente, Network Models of the Diffusion of
Innovations, Hampton Press, Cresskill, NJ (1995).

N. Nohria and R. C. Eccles, Editors, Networks and
Organizations: Structure, Form and Action, Harvard
Business School Press, Boston (1992).

J. C. Anderson, H. Hikansson, and J. Johanson, “Dyadic
Business Relationships within a Business Network
Context,” Journal of Marketing 58, No. 4, 1-15 (1994).

H. Hakansson and 1. Snehota, Developing Relationships in
Business Networks, Routledge, London (1995).

J. K. Frels, T. Shervani, and R. K. Srivastava, “The
Integrated Networks Model: Explaining Resource Allo-
cations in Network Markets,” Journal of Marketing 67,
No. 1, 29-45 (2003).

R. M. Kanter, “Collaborative Advantage: The Art of
Alliances,” Harvard Business Review 72, No. 4, 96-108
(1994).

R. Gulati, “Alliances and Networks,” Strategic Manage-
ment Journal 19, 293-317 (1998).

J. N. Sheth and A. Parvatiyar, Handbook of Relationship
Marketing, Sage Publications, Thousand Oaks, CA
(1995).

G. Easton, “Industrial Networks: A Review,” in
Industrial Networks: A New View of Reality, B. Axelsson
and G. Easton, Editors, Routledge, London, pp. 3-27
(1992).

M. E. Porter, Competitive Advantage: Creating and
Sustaining Superior Performance, The Free Press, New
York (1985).

BASOLE AND ROUSE

25.

206.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

D. Bovet and J. Martha, Value Nets: Breaking the Supply
Chain to Unlock Hidden Profits, John Wiley and Sons,
New York (2000).

R. Normann and R. Ramirez, “From Value Chain to Value
Constellation: Designing Interactive Strategy,” Harvard
Business Review 71, No. 4, 65-77 (1993).

C. B. Stabell and O. D. Fjeldstad, “Configuring Value for
Competitive Advantage: On Chains, Shops, and Net-
works,” Strategic Management Journal 19, No. 5,
413-437 (1998).

J. A. Fitzsimmons and M. J. Fitzsimmons, Service
Management: Operations, Strategy, Information Technol-
ogy, Third Edition, McGraw-Hill, New York (2001).

M. Holweg and F. K. Pil, “Evolving from Value Chain to
Value Grid,” MIT Sloan Management Review 47, No. 4,
72-80 (20006).

V. Allee, “Reconfiguring the Value Network,” Journal of
Business Strategy 21, No. 4, 36-41 (2000).

P. Kothandaraman and D. T. Wilson, “The Future of
Competition: Value-Creating Networks,” Industrial Mar-
keting Management 30, No. 4, 379-389 (2001).

C. Parolini, The Value Net: A Tool for Competitive
Strategy, John Wiley, Chichester (1999).

A. M. Brandenburger and B. J. Nalebuff, Co-opetition,
Doubleday, New York (1997).

J. H. Dyer, Collaborative Advantage: Winning through
Extended Enterprise Supplier Networks, Oxford University
Press, New York (2000).

T. Ritter, I. F. Wilkinson, and W. J. Johnston, “Managing
in Complex Business Networks,” Industrial Marketing
Management 33, No. 3, 175-183 (2004).

J. Pfeffer and G. R. Salancik, The External Control of
Organizations: A Resource Dependence Perspective,
Harper & Row, New York (1978).

R. P. Fisk, S. W. Brown, and M. J. Bittner, “Tracking the
Evolution of the Services Marketing Literature,” Journal
of Retailing 69, No. 1, 61-103 (1993).

G. L. Shostack, “Breaking Free from Product Marketing,”
Journal of Marketing 41, No. 2, 73-80 (1977).

V. A. Zeithaml, A. Parasuraman, and L. L. Berry,
“Problems and Strategies in Services Marketing,” Journal
of Marketing 49, No. 2, 33-46 (1985).

S. L. Vargo and R. F. Lusch, “The Four Service Marketing
Myths,” Journal of Service Research 6, No. 4, 324-335
(2004).

T. Levitt, “Production-Line Approach to Service,” Har-
vard Business Review 50, No. 5, 41-52 (1972).

L. Araujo and M. Spring, “Services, Products, and the
Institutional Structure of Production,” Industrial Market-
ing Management 35, No. 7, 797-805 (2006).

U. Brandes, J. Raab, and D. Wagner, “Exploratory
Network Visualization: Simultaneous Display of Actor
Status and Connections,” Journal of Social Structure 2,
No. 4, 1-28 (2001).

L. C. Freeman, “Visualizing Social Networks,” Journal of
Social Structure 1, No. 1, http://www.cmu.edu/joss/
content/articles/volumel/Freeman.html (2000).

J. L. Casti, “The Theory of Networks,” in Networks in
Action: Communications, Economics, and Human
Knowledge, D. Batten, J. Casti, and R. Thord, Editors,
Springer-Verlag: Berlin (1995), pp. 3-24.

IBM SYSTEMS JOURNAL, VOL 47, NO 1, 2008



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

J. Moody, D. McFarland, and S. Bender-deMoll, “Dy-
namic Network Visualization,” American Journal of
Sociology 110, No. 4, 1206-1241 (2005).

R. Bolton and K. N. Lemon, “A Dynamic Model of
Customers’ Usage of Services: Usage as an Antecedent
and Consequence of Satisfaction,” Journal of Marketing
Research 36, May, 171-186 (1999).

R. B. Chase, “Where Does the Customer Fit in a Service
Operation?,” Harvard Business Review 56, No. 6, 137-142
(1978).

V. A. Zeithaml, R. T. Rust, and K. N. Lemon, “The
Customer Pyramid: Creating and Serving Profitable
Customers,” California Management Review 43, No. 4,
118-142 (2001).

P. F. Drucker, The Essential Drucker, HarperCollins
Publishers Inc, New York (2001).

M. Granovetter, “Economic Action and Social Structure:
The Problem of Embeddedness,” American Journal of
Sociology 91, November, 481-510 (1985).

K. Moller and D. Wilson, Editors, Business Marketing: An
Interaction and Network Perspective, Kluwer Academic
Publishers, Norwell, MA (1995).

C. K. Prahalad and V. Ramaswamy, “Co-opting Customer
Competence.,” Harvard Business Review 78, No. 1, 79-87
(2000).

W. B. Rouse, Design for Success: A Human-Centered
Approach to Designing Successful Products and Systems,
John Wiley and Sons, New York (1991).

W. B. Rouse, Strategies for Innovation: Creating Success-
ful Products, Systems, and Organizations, John Wiley and
Sons, New York (1992).

W. B. Rouse, People and Organizations: Explorations of
Human Centered Design, John Wiley and Sons, New York
(2007).

D. lacobucci, Editor, Networks in Marketing, Sage
Publications: Thousand Oaks, CA (1996).

G. A. Moore, Crossing the Chasm, HarperCollins Pub-
lisher, New York (1999).

W. B. Rouse, “A Theory of Enterprise Transformation,”
Systems Engineering 8, No. 4, 279-295 (2005).

W. B. Rouse, Enterprise Transformation: Understanding
and Enabling Fundamental Change, John Wiley and
Sons, New York (2006).

T. Friedman, The World is Flat: A Brief History of the
Twenty-First Century, Farrar, Straus and Giroux, New
York (2005).

W. B. Rouse, “Complex Engineered, Organizational, and
Natural Systems,” Systems Engineering 10, No. 3, 260-
271 (2007).

C. Shannon, “A Mathematical Theory of Communica-
tion,” Bell Systems Technical Journal 27, 379-423 (1948).

M. W. Golay, P. H. Seong, and V. P. Manno, “A Measure
of the Difficulty of System Diagnosis and its Relationship
to Complexity,” International Journal of General Systems
16, No. 1, 1-23 (1989).

R. A. Kaimann, “Coefficient of Network Complexity,”
Management Science 21, No. 2, 172-177 (1974).

A. V. Deshmukh, J. J. Talvage, and M. M. Barash,
“Complexity in Manufacturing Systems, Part 1: Analysis
of Static Complexity,” IIE Transactions 30, No. 7, 645-
655 (1998).

IBM SYSTEMS JOURNAL, VOL 47, NO 1, 2008

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

C. T. Butts, “An Axiomatic Approach to Network
Complexity,” Journal of Mathematical Sociology 24, No.
4, 273-301 (2000).

W. B. Rouse, Start Where You Are: Matching Your
Strategy to Your Marketplace, Jossey-Bass, San Francisco
(1996).

L. Burns, The Health Care Value Chain: Producers,
Purchasers, and Providers, Jossey-Bass, San Francisco
(2002).

L. Burns, The Business of Healthcare Innovation, Cam-
bridge University Press, Boston (2005).

M. E. Porter and E. Olmsted Teisberg, Redefining Health
Care: Creating Value-Based Competition on Results,
Harvard Business School Press, Boston (2006).

F. Li and J. Whalley, “Deconstruction of the Telecom-
munications Industry: From Value Chains to Value
Networks,” Telecommunications Policy 26, No. 9-10,
451-472 (2002).

P. Olla and N. Patel, “A Value Chain Model for Mobile
Data Service Providers,” Telecommunications Policy 26,
No. 9-10, 551-571 (2002).

Fortune 500 Industries, CNNMoney.com (2007), http://
money.cnn.com/magazines/fortune/fortune500/2007/
industries/.

H. R. Johnston and M. A. Vitale, “Creating Competitive
Advantage With Interorganizational Information Sys-
tems,” MIS Quarterly 12, No. 2, 153-165 (1988).

A. Barua, P. Konana, A. B. Whinston, and F. Yin, “An
Empirical Investigation of Net-Enabled Business Value,”
MIS Quarterly 28, No. 4, 585-620 (2004).

A. Barlow and F. Li, “Online Value Network Linkages:
Integration, Information Sharing and Flexibility,” Elec-
tronic Commerce Research and Applications 4, No. 2,
100-112 (2005).

A. Rai, R. Patnayakuni, and N. Seth, “Firm Performance
Impacts of Digitally Enabled Supply Chain Integration
Capabilities,” MIS Quarterly 30, No. 2, 225-246 (2006).

W. B. Rouse, “Agile Information Systems for Agile
Decision Making,” in Agile Information Systems, K. C.
DeSouza, Editor, Elsevier, New York, pp. 16-30 (2007).

M. Subramani, “How do Suppliers Benefit from Infor-
mation Technology Use in Supply Chain Relationships?,”
MIS Quarterly 28, No. 1, 45-73 (2004).

R. C. Basole and R. A. DeMillo, “Enterprise IT and
Transformation,” in Enterprise Transformation: Under-
standing and Enabling Fundamental Change, W. B.
Rouse, Editor, John Wiley and Sons, New York, pp. 223-
251 (20006).

D. Straub, A. Rai, and R. Klein, “Measuring Firm
Performance at the Network Level: A Nomology of the
Business Impact of Digital Supply Networks,” Journal of
Management Information Systems 21, No. 1, 83-114
(2004).

L. Cherbakov, G. Galambos, R. Harishankar, S. Kalyana,
and G. Rackham, “Impact of Service Orientation at the
Business Level,” IBM Systems Journal 44, No. 4, 653-668
(2005).

C. H. Crawford, G. P. Bate, L. Cherbakov, K. L. Holley,
and C. Tsocanos, “Toward an On Demand Service-
Oriented Architecture,” IBM Systems Journal 44, No. 1,
81-107 (2005).

R. Rust and C. Miu, “What Academic Research Tells Us
About Service,” Communications of the ACM 49, No. 7,
49-54 (20006).

BASOLE AND ROUSE

69



70

86. T.H. Davenport and J. G. Harris, Competing on Analytics:
The New Science of Winning, Harvard Business School
Press, Boston (2007).

Accepted for publication July 20, 2007.
Published online January 19, 2008.

Rahul C. Basole

Tennenbaum Institute, Georgia Institute of Technology,

760 Spring Street NW, Atlanta, GA 30332
(rahul.basole@ti.gatech.edu). Dr. Basole is a Research
Scientist in the Tennenbaum Institute at the Georgia Institute
of Technology. His research focuses on IT strategy and
management, IT-enabled transformations, mobile business,
complex value networks, health-care informatics, and applied
decision analysis. He has received several best paper awards
and his work has been published in journals, conferences, and
books. In previous roles, he was the CEO, Founder, and VP
Research of a Silicon Valley-based wireless research and
consulting firm, the Director of Research and Development at
a software firm, and a Senior Analyst at a leading IT
management consulting firm. He is a member of the Decision
Sciences Institute, the Institute for Operations Research and
Management Sciences, and the Association for Information
Systems. He currently serves as a director or advisor for
several technology firms. He received a B.S. degree in
industrial and systems engineering from Virginia Tech, has
completed graduate studies in engineering-economic systems,
operations research, and management information systems at
Stanford University and the University of Michigan, and
received a Ph.D. degree in industrial and systems engineering
from the Georgia Institute of Technology, concentrating in IT
and operations management.

William B. Rouse

Tennenbaum Institute, Georgia Institute of Technology,

760 Spring Street NW, Atlanta, GA 30332

(bill. rouse@ti.gatech.edu). Dr. Rouse is the Executive Director
of the Tennenbaum Institute at the Georgia Institute of
Technology. He is also a professor in the College of Computing
and School of Industrial and Systems Engineering. He has
written hundreds of articles and book chapters, and has
authored many books, including most recently People and
Organizations: Explorations of Human-Centered Design
(Wiley, 2007), Essential Challenges of Strategic Management
(Wiley, 2001) and the award-winning Don’t Jump to Solutions
(Jossey-Bass, 1998). He is editor of Enterprise Transformation:
Understanding and Enabling Fundamental Change (Wiley,
2006), coeditor of Organizational Simulation: From
Modeling & Simulation to Games & Entertainment (Wiley,
2005), coeditor of the best-selling Handbook of Systems
Engineering and Management (Wiley, 1999), and editor of the
eight-volume series Human/Technology Interaction in
Complex Systems (Elsevier). Among many advisory roles, he
has served as Chair of the Committee on Human Factors of the
National Research Council, a member of the U.S. Air Force
Scientific Advisory Board, and a member of the DoD Senior
Advisory Group on Modeling and Simulation. He is a member
of the National Academy of Engineering, as well as a fellow of
four professional societies: the Institute of Electrical and
Electronics Engineers, the International Council on Systems
Engineering, the Institute for Operations Research and
Management Science, and the Human Factors and Ergonomics
Society. He received his B.S. degree from the University of
Rhode Island, and his S.M. and Ph.D. degrees from the
Massachusetts Institute of Technology. l

BASOLE AND ROUSE

IBM SYSTEMS JOURNAL, VOL 47, NO 1, 2008



