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Preface

Decision support systems comprise a core subject area of the information systems
(IS) discipline, being one of several major expansions that have occurred in the IS
field. The decision support system (DSS) area, as a subject of research and
practice, continues to grow along ever-widening horizons — often blending with
other major IS expansions such as organizational computing, electronic com-
merce/business, and pervasive computing. Diverse exemplars of DSS advances
are found in this Handbook on Decision Support Systems. They range from basic
advances that have shaped the DSS realm over the years to emergent advances
that are shaping tomorrow’s DSS conceptions and impacts.

The two-volume Handbook on Decision Support Systems serves as an
extensive and fundamental reference for anyone interested in the IS field in
general, or its DSS arena in particular. Its peer-reviewed chapters are written by an
international array of over 130 DSS researchers and practitioners spanning six
continents. They share their thoughts and experiences about the historical mile-
stones, current developments, and future trends of technologies and techniques for
helping people faced with the often difficult task of making decisions. The
seventy-one chapters address an array of issues and approach decision support
from a wide variety of perspectives. These range from classic foundations to
cutting-edge thought. They approach DSS topics from both informative and
provocative standpoints. They cover theoretical and practical angles, human and
technological dimensions, operational and strategic viewpoints. The chapters
include first-hand experiences, best practices, thoughtful recommendations, stimu-
lating insights, conceptual tools, and philosophical discussion.

The Handbook on Decision Support Systems serves as a “must-read/first-read”
reference point for any theoretical or practical project related to DSS investigation
or study. It contains essential material of long-term benefit for the library of every
DSS practitioner, researcher, and educator. The content is designed to be of
interest to, and at a level appropriate for, those not yet exposed to the DSS realm
of IS — while at the same time containing novel, insightful perspectives for DSS
experts. The authors have taken special care to make sure readers are supplied
with pointers to relevant reference materials in case they want to pursue their
exploration of selected DSS topics of interest in more depth.

Impetus and Roots

The Handbook on Decision Support Systems has grown out of a long-time
interest in the concept of decision support systems, in the creation of such
systems, in the interplay between DSSs and their users, and in the ability of a DSS
to add value to processes and outcomes of decisional episodes that occur in
varying situations. Recognizing that decision support systems, at a fundamental
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level, are concerned with representing and processing knowledge for the purpose
of improving decision making, this book is a companion to the two-volume
Handbook on Knowledge Management (Holsapple 2003a, 2003b) recently pub-
lished by Springer. The Handbook on Decision Support Systems has risen out of
decades of efforts by a multitude of researchers and practitioners who have made
the DSS realm what it is today — having created a substantial cumulative tradition
(Eom 2007). We are deeply indebted to them for furnishing the strong roots that
have brought this new Handbook to fruition.

It is worthwhile to pause to briefly ponder the place that DSSs occupies in the
information systems field. We contend that decision support systems stand in an
essential, integral position within the IS discipline. Decision support systems do
not occupy some narrow niche or specialty fringe of the IS field, but rather
contribute mightily to its very substance. Documenting this rich and ongoing
contribution is a major impetus for assembling the Handbook on Decision
Support Systems.

A recent study involving interviews of forty-five business school deans probed
their thoughts about the role of IS (if any) within the core content for MBA
programs (Dhar and Sundararajan 2006). Deans overseeing the ninety-four highest
ranked US MBA programs were invited to participate. The study finds that
a preponderance of participating deans (forty-three) agree that IS does deserve
aplace in the MBA. Each dean explained why he/she takes this stance. In
analyzing their rationales, Dhar and Sundararajan discover three main reasons that
IS is deemed to be significant in the training of managers. One of these three
reasons is especially salient to our contention that the DSS realm is a central facet
of the IS field: “Success as a business executive depends critically on innovation
and creativity in the use and application of data for decision making” (Dhar and
Sundararajan 2006). This critical IS theme is, of course, what decision support
systems are all about. This theme and its variations define the substance of these
two volumes.

Expansions in the Information Systems Field

Over the past fifty-plus years, the field of information systems has undergone
a progression of expansions that have come to define its subject matter. Each
expansion has built on its predecessors and enriched them in the process. Each
expansion has involved ongoing advances in IS ideas, research, and practice. From
its initial emphasis on transaction processing and record keeping (i.e., data
processing systems), what we now call the IS discipline expanded to encompass
management information systems (MIS) — which emphasize the retrieval of
records to produce various kinds of pre-specified reports containing information
believed to be useful for managers. In a major expansion beyond MIS, the
information systems field embraced systems designed to support the needs of
decision makers. These decision support systems are distinguished by such
capabilities as satisfying ad hoc knowledge needs, performing knowledge
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derivation or discovery, direct accessibility by their decision-making users, user-
specific customization of functionality and interfaces, and/or learning from prior
decisional experiences.

Another expansion of the IS world is organizational computing (OC) which is
concerned with computer-based systems that enable or facilitate activity involving
multiple participants. These multiparticipant organizations range from dyads to
groups to communities to complex enterprises. Examples of participants’ joint
activity include entertainment, education, commerce, design, research, and multi-
participant decision making. Within the OC expansion, we find such topics as
computer-mediated communication, computer-supported cooperative work, coor-
dination systems, groupware, enterprise systems, and interorganizational systems.
All of these contribute to and enrich the DSS subject by giving it a multi-
participant dimension (Holsapple and Whinston 1996).

With the advent of the Internet and the Web, the IS discipline expanded to
encompass what has come to be known as electronic commerce (and its electronic
business counterpart). Not only has this expansion enriched transaction processing
and organizational computing possibilities, it has added yet another dimension to
the DSS realm. Electronic commerce is not simply about the consummation of
transactions via the Internet, but also about supporting the decisions that underlie
those transactions — plus online support for decisions leading to offline trans-
actions (Holsapple and Singh 2000). Moreover, Internet-based support of collab-
orative, multiparticipant decision making is increasingly important for imple-
menting electronic business strategies and operations, such as those dealing with
supply chains and customer relationships (Holsapple and Jin 2007). Electronic
commerce is itself undergoing expansions in such directions as mobile commerce
and collaborative commerce, which even further intertwine with DSS theory and
applications.

The latest, and perhaps all-encompassing, major expansion of the IS field is in
the direction of pervasive computing. Emerging from a confluence of several
developments, the era of anytime-anywhere computing is upon us — a vast array of
computing capabilities embedded and connected within our surroundings. This
formative trend toward pervasive computing poses many opportunities and
challenges for IS researchers and practitioners: specifically, how to harness the
potentials of pervasive computing to achieve higher productivity, greater agility,
more innovation, enhanced reputation, and manageable risk — at individual,
organizational, interorganizational, and national levels. Part of this quest involves
the incorporation of pervasive decision support abilities into our surroundings.
After all, survival and success in this increasingly turbulent, complicated,
interdependent world demands astute decision making which, in turn, benefits
from the DSS ability to relax cognitive, temporal, and economic limits of decision
makers — amplifying decision makers’ capacities for processing knowledge which
is the lifeblood of decision making.

Figure 1 illustrates the foregoing expansions to the field of information
systems. Decision support systems lie at the core of IS — a major step beyond MIS.
Moreover, as the shading suggests, the DSS expansion involves substantial
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Figure 1. Decision support systems — indispensable elements at the core of the IS field

Strategi

melding into OC, electronic commerce, and pervasive computing. Like each of
the IS expansions, the study of DSSs can be approached from various angles
including the technical, behavioral, economic, analytic, and conceptual. The major
inter-related categories of IS issues apply just as much to decision support systems
as to other expansions of the IS field: creation/development of DSS, management
of DSS, and evaluation/impact of DSS. Moreover, all of the main reference
disciplines for IS impact, and are impacted by, DSS advances. Six of these — from
computer science to knowledge management — are shown in Figure 1. Modern
decision support is inherently multi-disciplinary and involves innovation and
creativity to integrate a range of skills and methods (Burstein and Widmeyer
2007).

Early detractors who did not appreciate the distinction between MIS and DSS
have long since been answered — not only in the scholarly literature (e. g., Blanning
1983; Watson and Hill 1983), but also in practice — where DSS deployment is so
widespread that it is nowadays taken for granted or not even noticed (Hall 2002).
The principal business of numerous companies, whose shares are publicly traded,
is the provision of decision support software and services. Every year brings forth
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an international conference devoted to decision support systems — sponsored by
either the International Federation for Information Processing (Decision Support
Systems Working Group 8.3) or International Society for Decision Support
Systems (AIS SIGDSS). Tracks devoted to various DSS topics routinely appear in
major conferences of the IS field (e. g., International Conference on Information
Systems, Americas Conference on Information Systems), as well as major
multidiscipline conferences such as the Annual Meeting of the Decision Sciences
Institute and the Hawaiian International Conference on Systems Sciences.
Benchmarking the publishing behaviors of tenured IS scholars at leading research
universities reveals that Decision Support Systems is one of the most important
journals in the entire information systems field (Holsapple 2008). While this
journal routinely publishes research dealing with all facets of the IS field illustrated
in Figure 1 (except, perhaps, for data processing and MIS), it has published more
DSS-oriented research over the years than any other journal in the IS field.

Yet, even today, we sometimes see DSS referred to as a specialty topic in the IS
field, while MIS is simultaneously treated as a dominant form of IS. The diversity
of DSS research included in this Handbook is symptomatic of the vitality,
significance, and scope of this major IS expansion. It is quite easy for someone
who does/reads very little research in one of the IS expansions, in one of the IS
issue categories, or along one of the IS approaches to overlook that IS facet —
maybe even dismissing that facet as relatively unimportant for the IS discipline.

The Growth of Decision Support Systems

As Figure 2 suggests, decision support systems have experienced a marked and
uninterrupted increase in scholarly attention and importance over a twenty-five
year period. According to Google Scholar (as of October 2007), the rate increases
from less than three publications per week in 1980 to over 20 new DSS
publications per day twenty-five years later. Citation levels for the most frequently
referenced (as of October 2007) DSS publications in each year are shown in
Figure 3. Of course, more recent publications have had less opportunity to be cited
than earlier publications. Since 1990, every one of these modal publications has
either been a book, a book chapter, or an article in Decision Support Systems,
Group Decision and Negotiation, or a medical journal (e.g., Journal of the
American Medical Association, British Medical Journal, Archives of Internal
Medicine). While Google Scholar is not exhaustive, its IS-related database is
much more complete than those of the ISI Web of Knowledge or ABI/INFORM.
An organization’s portfolio of decision support systems, plus its practices for
developing and managing these systems, affects both the processes and outcomes
of individual and joint decision making. The chapters contained in the pages that
follow reveal diverse perspectives on the nature of DSSs, depict various instances
of melding with other IS expansions (e.g., with organizational computing,
electronic commerce, pervasive computing), and demonstrate a pattern of
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continuing growth in DSS-related knowledge. They illustrate several of the
approaches shown at the top of Figure 1, ranging from conceptual to technical to
behavioral. They address all three of the major issues shown in Figure 1, from
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foundations for DSS development, to managing DSS usage, to impacts of (and on)
DSSs. The chapters not only describe and depict, they also stimulate and provoke.

This Handbook calls attention to the wide frontier of DSS research that
continues to expand — making the case that IS scholars and those who evaluate
them need to take into account both DSS research and leading forums for
publishing DSS research. Decision support systems are not some side show,
ancillary specialty topic, or moribund phenomenon. Rather, they comprise an
active, fundamental expansion within the IS discipline — welling up with fresh
insights that can contribute greatly to individual, organizational, and even national
performance.

Organization and Content

The Handbook on Decision Support Systems is organized into two volumes:
Basic Themes and Variations. Although these two volumes are complementary
and can be read straight through in a logical sequence, they can also be treated
separately and their contents consulted as needed for specific DSS topics. The first
volume presents basic themes that underlie and reveal the nature of decision
support systems — ranging from the rationale of DSSs through the substance of
DSSs to effects of DSSs. The second volume portrays many variations on these
DSS themes — occurring in special contexts, across different scopes, in the course
of development, for particular decisional applications, and along the horizons of
emerging DSS directions.

Volume 2: Variations

This volume is organized into five major parts. The first of these, Part VI, is
concerned with decision support systems constructed for operation in contexts that
impose various time or space demands. Its chapters begin with a consideration of
decision support in turbulent, high-velocity environments. We then examine the
support of decisions within real-time enterprises — with a particular focus on
autonomic supply chain systems. Next up, there is a chapter that analyzes the
important parts that DSSs can play in dealing with emergency situations. Because
geographic aspects of a decisional context can be essential elements of effective
decision support, we explore the nature and analysis of geographic information by
DSSs. Combining space and time attributes, the concluding chapters of Part VI
discuss decision support systems that address both physical mobility and real-time
issues — one involving financial applications and the other concerned with
transportation safety.

The possible scopes of decision support offered by DSSs can range widely —
from local/personal to an enterprise scope to a trans-organizational, or even
global, reach. Part VII treats these variations in scope. Following an examination
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of personal decision support systems, we consider DSSs that are known as
information dashboards. These systems keep executives informed about the
current status of key indicators of an enterprise’s current situation and health, as
a basis for helping them to be aware of opportunities and demands for decision
making. Expanding the scope of such support, brings us to DSSs known for
providing an enterprise’s managers with business intelligence — often utilizing
data warehouse and online analytical processing techniques — to find and solve
problems involved in making decisions on behalf of the enterprise. Reaching
beyond the enterprise boundary, we also scrutinize competitive intelligence
systems. These are DSSs that focus on helping decision makers better understand
the competitive landscapes in which their enterprises operate. Another chapter
looks at the process scope of DSSs. Part VII closes with a discussion of decision
support at the global scope, illustrated with the case of a global DSS for corporate
financial planning.

Part VIII considers variations in the development and management of decision
support systems. An organization’s portfolio of decision support systems, plus its
practices for developing and managing these systems, affects both the processes
and outcomes of individual and joint decision making. Opening with a chapter
about design features for DSSs, we then examine the activities of analysis and
design that are involved in developing these systems — elucidating the role of the
developer as a change agent. Once a DSS is in operation, it is important to
evaluate its effectiveness as a basis for managing its life cycle. Following
a chapter that covers DSS evaluation issues and methods, an enterprise perspective
is adopted to offer guidance on planning an organization’s portfolio of decision
support systems. Part VIII closes with a chapter that traces the maturation of
a DSS in terms of predicting, facilitating, and managing the evolution of know-
ledge with which it deals.

The enormous variation in decision support system applications is epitomized
by the examples in Part IX. We commence with chapters describing the use of
DSSs for supporting operations decisions, marketing decisions, and investment
decisions. Then two case studies of DSSs are presented. One is concerned with
a DSS that furnishes real-time business intelligence in the airline industry. The
other involves a DSS devised for supporting security decisions involving bio-
terror preparedness and response. Decisions support systems are extremely
important in the sectors of healthcare and natural-resource management. Ensuing
chapters discuss advances and opportunities in these two sectors. While there is
a tendency to think of DSSs being used in Europe, Austrasia, and North America,
they are used on a world-wide basis. Descriptions of DSS experiences in South
America and Africa illustrate this point. Part IX closes with a discussion of how
knowledge management initiatives have evolved into enterprise decision support
facilities at a major services firm.

While the DSS expansion of the IS field has attained a substantial critical mass
in terms of both research and practice, it is also marked by continuing growth, by
melding with other IS expansions, and by many heretofore unresolved questions
(Shim et al. 2002). Part X presents a series of chapters that illustrate the variety of
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research efforts along the ever-expanding frontier of decision support systems.
They are testimony to the vitality and continuing growth of DSS knowledge that
make the study and application of decision support systems so integral to the IS
field. The first three chapters investigate connections between organizational
characteristics and decision support. Decision support is seen as an instrumental
facet of compositional enterprise modeling. It is seen as significant for supporting
inquiring organizations. It is envisioned as playing a helpful role for organizations
(e. g., nations) that aspire to implement participatory democracy. Next we look at
a couple of technical developments that are affecting what is possible with DSSs.
One of these is concerned with the availability of massive volumes of real-time
data; the other involves the incorporation of information visualization features into
DSS interfaces. Two further chapters investigate the notion that systems can be
built that enhance the creativity of decision makers. One does so by clarifying the
concept of creative decision making, while the other reviews approaches and
features of creativity support systems that could be used by decision makers.
A final chapter introduces the notion strategic learning for DSSs and describes
mechanisms whereby this can be achieved.

Volume 1: Basic Themes

The chapters of Volume 1 are organized into five major parts. Part I examines
foundations on which a broad and deep understanding of decision support systems
can be built. The two primary dimensions of this foundation are decision making
and knowledge. These dimensions are intricately related to each other (Bonczek
etal. 1981; Holsapple 1995; Nicolas 2004; Zyngier et al. 2004). We begin with
a chapter that discusses the nature and importance of decisional processes in
today’s turbulent, complex environment. The essential role of knowledge in
decision making and sensemaking is highlighted. Knowledge is an antecedent of
the ability to make sense of situations and of sound decision making in the course
of dealing with those situations. Knowledge is the “stuff” of which decisions are
made. Moreover, knowledge is produced in the course of sensemaking and
decision making. Thus, knowledge occupies a central place in decision making.
Because of this, ensuring the quality of that knowledge is an essential foundation
for decision making. Against this background, we then address the key question of
why it is that a decision maker needs any computer-based support at all. The
answer to this question establishes the rationale for decision support, and we
subsequently examine the role of knowledge management in providing such
support. Part 1 closes by tracing the history of decision support systems as
a stream of research and practice, plus the identification of important reference
disciplines that impact and are influenced by DSS developments.

The eight chapters of Part II present decision support system fundamentals.
This commences with an overview provided by a general-purpose architecture for
understanding of DSS possibilities. These possibilities lead us to distinguish
among various types of DSSs, based on the knowledge management techniques
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that they adopt or emphasize. Several of the best known types of DSSs are
described in the ensuing chapters. The first is comprised of DSSs that stress the
use of document management, which involves the representation and processing
of knowledge in the guise of text/hypertext. Next, database-oriented decision
support systems are considered, including those implemented for data warehouses.
Our focus then turns to DSSs that manage knowledge represented in the guise of
models and solvers. Perhaps the most common of these DSSs are those that
perform online analytical processing (OLAP). Thus, a chapter is devoted to
decision support via OLAP. This is followed by a consideration of DSSs that
emphasize the spreadsheet technique for representing and processing knowledge —
such systems are very widely deployed in practice. Another type of DSS involves
those that concentrate on representing and helping to solve multi-criteria decision
analysis problems. Part II closes with an examination of Web-based decision
support systems. Expanding from the general-purpose DSS architecture and these
fundamental types of DSSs, the next two parts of Volume 1 look at multi-
participant decision support systems and artificially intelligent decision support
systems.

Part III organizes an examination of DSSs that are meant to support the joint
efforts of multiple participants engaged in collaborative decision making. We
open with coverage of collaborative technologies that can form a backbone for
multiparticipant decision support systems, followed by a discussion of motiv-
ational issues that need to be addressed if participants are indeed going to share
knowledge with each other. A major category of multiparticipant DSSs involves
those designed to support decisions made by a group of participants. In addition to
characterizing the nature of these group decision support systems (GDSSs), we
include a chapter identifying parameters that differentiate GDSSs from one
another and discussing potential benefits of GDSSs. Another major category of
multiparticipant DSSs is growing in importance. These are designed to support
decisions made by participants in an organization (or virtual organization). Called
an organizational decision support system (ODSS), such a facility is geared
toward participants arranged into an infrastructure involving specialized
knowledge-processing roles, linked by patterns of authority and communication
relationships, and governed by possibly complex regulations. In addition to
characterizing the nature of ODSSs, we include a chapter identifying parameters
that can serve to leverage ODSS value and discussing potential benefits of
ODSSs. Part III closes with an elucidation of systems that support negotiated
decisions among participants.

Intelligent decision support systems employ techniques from the field of
artificial intelligence to give DSSs behaviors that would be deemed as “intel-
ligent” if observed in humans. In Part IV, we investigate several classes of such
systems. One of these is comprised of systems that give advice to decision makers.
They use reasoning knowledge and inference capabilities to help decision makers
in much the same way as human experts/advisors can support decision making.
Another class involves software agents, also called softbots or knowbots, which
undertake autonomous behaviors. They have and process knowledge in ways that
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allow them to act as participants in decision making, or as assistants to decisional
participants. The next chapter describes how some DSSs make use of artificial
neural networks as means for knowledge representation, learning, and derivation.
Yet another useful approach rooted in artificial intelligence is data mining.
Incorporated into a DSS, a data mining capability discovers patterns (i. ., know-
ledge) embedded databases that may be of enormous size. In a kindred vein, we
also consider the use of text mining for decision support purposes — discovering
knowledge hidden in massive bodies of textual representations. Yet another
chapter discusses the mining of processes via event logs for decision support
purposes. Part IV closes with consideration of DSSs that can change their own
behaviors based on experience. One approach, illustrated with a production
planning application, entails DSS use of a genetic algorithm to adapt over time in
order to provide improved decision support. Another involves DSS learning
through the use of simulation and performance evaluation, and is illustrated via
manufacturing, supply chain, and multi-agent pedagogy applications.

In Part V, our study of basic DSS themes concludes by concentrating on the
effects of computer-based decision support systems. This includes an analysis of
DSS benefits that have been observed over the years, plus an exploration of users’
satisfaction with these automated decision aids. On the other hand, there is
a chapter discussing existence of DSS failures — an essential awareness for
avoiding repetition of negative effects in the future. A model of DSS critical
success factors is developed for enhancing the likelihood of positive DSS effects.
Aside from directly supporting a decision by furnishing needed knowledge to
a decision maker, an indirect effect of DSSs may reside in the learning that its
development and use foster on the part of individuals and organizations. Closing
chapters of Part V suggest that learning at the individual and organizational levels
can pay dividends in the future by enhancing users’ dynamic capabilities for
dealing with the circumstances that surround future decisional episodes.
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industry-sponsored research program focusing on critical infrastructure
management, e-business collaborative integration, and wireless mobility. Dr. El
Sawy holds a Ph.D. from the Stanford Business School, an MBA from the
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American University in Cairo, and a BSEE in Telecommunications from Cairo
University. He worked as an engineer and manager for twelve years, first at NCR
Corporation, and then as a manager of computer services at Stanford University.
Professor El Sawy’s interests include redesigning and managing IT-based value
chains and capabilities for dynamic environments, business models for digital
platforms, business process transformation, and designing vigilant information
systems for fast-response environments. He is the author of over 70 papers and
his writings have appeared in journals such as Decision Support Systems, Journal
of Management Information Systems, MIS Quarterly, Information Systems
Research, Information & Management, Communications of the ACM, Journal
of Organizational Computing and Electronic Commerce, Journal of Strategic
Information Systems, Strategic Management, and Journal of Knowledge Man-
agement. He is the author of the book Redesigning Enterprise Processes for
e-Business. He serves on six journal editorial boards, and is a five-time winner
of SIM’s Paper Awards Competition, most recently for the topic of designing
of real-time vigilant information systems.

Monica J. Garfield is Assistant Professor in Computer Information Systems
at Bentley College and previously was a faculty member of the IS/DS Department
at the University of South Florida. Her research focuses on the use of information
technology to enhance creativity, as well as the socio-technical issues that impact
telemedicine systems. Dr. Garfield’s articles have appeared in such journals
as Information Systems Research, MIS Quarterly, Communications of the ACM,
Journal of Management Information Systems and Journal of Strategic Information
Systems. She is Editor of ISWorld’s Database page. She holds a Ph.D. in MIS
from the University of Georgia, MBA and Masters of Science in MIS degrees
from Boston University, and bachelor’s degree in Cognitive Science from Vassar.
http://cis.bentley.edu/mgarfield/

Paul Gray is Professor Emeritus and Founding Chair of Information Science
at Claremont Graduate University. He specializes in DSS, knowledge manage-
ment, and business intelligence. Previously, Dr. Gray was a professor at Stanford,
Georgia Tech, University of Southern California, and Southern Methodist
University, and is currently a visiting professor at the University of California,
Irvine. He was founding Editor and Editor-in-chief of Communications of AIS.
He is the author of 13 books and over 130 articles. The articles have appeared
in Decision Support Systems, Group Decision and Negotiation, Journal of Organ-
izational Computing and Electronic Commerce, Communications of the ACM,
MIS Quarterly Executive, and Information Systems Management. He is a recipient
of the LEO Award from the Association for Information Systems, a Fellow of
both INFORMS and AIS, and past President of the Institute of Management
Sciences. He is the curator of the Paul Gray PC Museum at Claremont. Prior to
his academic career, he spent 16 years in R&D. His Ph.D. is in Operations
Research from Stanford University.
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Carlos Grima is a Professor at the University of Antonio de Nebrija (Madrid,
Spain) and has grants from the government of Spain and from the European
Science Foundation to complete a doctorate on electronic democracy in the
Department of Statistics and Operations Research at the Universidad Rey Juan
Carlos, Spain. His research investigates democratic virtual communities, e-gov-
ernment, distributed systems, web applications, and role-based games involving
political, social, military and scientific strategy.

Mike L. Hart, Professor of Information Systems at the University of Cape Town,
teaches primarily postgraduates and supervises research. He holds an M.Sc.
(Distinction) in Operations Research and a Ph.D. in Mathematical Statistics from
UCT, and did post-doctoral studies at the London School of Economics and
Stanford University. Dr. Hart has held planning, distribution, and IS management
positions in retailing, financial services, and manufacturing. His research and
consulting interests are mainly in business intelligence and analytics in organ-
izations. Professor Hart is an Editor for the Journal of Information Technology
Education, on the International Review Board of the Journal of IT Cases and
Applications, and on the Editorial Board of the Electronic Journal of Business
Research Methods.
http://www.commerce.uct.ac.za/InformationSystems/staff/personalpages/mhart/

Jeffrey A. Hoffer is Professor and Chair of MIS and Decision Sciences at the
University of Dayton, having earned his Ph.D. degree from Cornell University.
His current research and teaching interests include systems analysis and design
methodologies (comparison of structured and object-oriented methods), database
design and administration (re-engineering organizations via data modeling),
human-computer interaction (usability of tools and techniques for systems
analysis and design), and management of technology (adoption and diffusion,
business re-design through technology). Professor Hoffer’s books include Modern
Database Management (Fifth Edition) and Modern Systems Analysis and Design
(Second Edition). He has authored numerous research articles. These appear in
such journals as Decision Sciences, Sloan Management Review, Operations
Research, Communications of the ACM, Small Group Research, DATABASE for
Advances in Information Systems, Information Systems Management, and Inter-
national Journal of Human-Computer Studies. Dr. Hoffer is a founder of the
TIMS College on Information Systems, the International Conference on Infor-
mation Systems, and the Association for Information Systems.

Clyde W. Holsapple holds the Rosenthal Endowed Chair in Management
Information Systems and is Professor of Decision Science and Information Systems
in the Gatton College of Business and Economics at the University of Kentucky;
having previously held tenured faculty positions at the University of Illinois and
Purdue University. He has authored over 200 papers, more than half of which are
journal articles appearing in such diverse publications as Decision Support Systems,
Journal of Management Information Systems, Information & Management, Group
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Decision and Negotiation, Decision Sciences, Organization Science, Policy
Sciences, Operations Research, Journal of Operations Management, Commu-
nications of the ACM, IEEE Transactions on Systems Man and Cybernetics,
Journal of the American Society for Information Science and Technology, Human
Communications Research, The Information Society, Knowledge and Process
Management, Journal of Knowledge Management, Journal of Strategic Infor-
mation Systems, International Journal of Electronic Commerce, Journal of
Decision Systems, IEEE Intelligent Systems, Expert Systems with Applications, Al
Magazine, Datamation, and Computerworld. Dr. Holsapple has authored/edited
15 books including Foundations of Decision Support Systems, Business Expert
Systems, Decision Support Systems — A Knowledge-based Approach, and
Handbook on Knowledge Management. He serves as Editor-in-chief of the Journal
of Organizational Computing and Electronic Commerce, Area Editor of Decision
Support Systems, Associate Editor of Decision Sciences, and formerly Area Editor
of the INFORMS Journal on Computing and Associate Editor of Management
Science, as well as participating on many editorial boards. Dr. Holsapple also serves
as Chair of the Decision Science Institute’s Publications Committee and Advisor to
the Board of Directors of the 120,000-member Knowledge Management
Professional Society (Washington D.C.). He is inaugural recipient of the
Association for Information Systems SIGDSS BEST JOURNAL PAPER OF THE
YEAR AWARD selected by jury of peers as the “most significant article” published
in 2005 related to the topics of decision support, knowledge, and data management
systems, and is recipient of the Thomson Essential Science Indicators Top 1%
Designation, for a paper that has received more citations in this century than 99% of
all articles published in over 400 journals in its field. Published citation studies
recognize Dr. Holsapple as among the 5 most influential authors from U.S.
universities in the area of decision support systems and among the world’s 5 most
productive authors in the knowledge management field. He has received several
research and teaching awards including IACIS Computer Educator of the Year, the
UK Chancellor’s Award for Outstanding Teaching, the R&D Excellence Program
Award presented by the Governor of Kentucky, and the Gatton College’s inaugural
Robertson Faculty Research Leadership Award. Professor Holsapple has chaired
25 doctoral dissertation committees and is Director of Graduate Studies for
Decision Science and Information Systems at the University of Kentucky.

Chih-Hui Hsieh carned a degree in computer science from Purdue University,
and is presently a Research Associate at Purdue’s Homeland Security Institute.
She has extensive research experience with Synthetic Environment for Analysis
and Simulation (SEAS), epidemiological modeling, agent-based programming,
and simulation modeling in the areas of information systems, economics, business,
and Homeland Security. She manages a team tasked with creating various
business simulation models.

Patrick Humphreys is a Professor in, and the Director of, the Institute of Social
Psychology, and Director of the Organizational Research Group at the London
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Schools of Economics and Political Science. He has served as Co-Director of
the London Multimedia Lab for Audiovisual Composition and Communication, as
Managing Director for the EU TEMPUS project BEAMS (Business Economics
and Management Support), and has directed many projects on health networking,
on organisational decision support, on group and individual decision making with
multiple objectives, on techniques for probability, risk and utility assessment, on
the interactive modelling of complex decision problems, and on computer-based
methods for eliciting and organising expert assessment of human performance and
reliability. Dr. Humphreys is author of more than 80 published papers in the fields
of networking for health, health care delivery, organizational transformation and
development, decision making, and decision support systems. His authored/edited
books include Decision Support in Organisational Transformation, Implementing
Systems for Supporting Management Decisions, Effective Decision Support,
Analysing and Aiding Decision Processes, How Voters Decide, and Exploring
Human Decision Making. Professor Humphreys is a Fellow of the Royal Society
of Arts, Industry, and Commerce.

David Rios Insua is Professor of Informatics at Universidad Rey Juan Carlos,
Madrid, Spain and a member of Spain’s Royal Academy of Sciences. He is the
author of 10 books and 80 papers appearing in such journals as Theory and
Decision, Journal of Multi-Criteria Decision Analysis, Management Science,
Naval Research Logistics, Neural Computation, Journal of Statistical Planning
and Inference, Communications in Statistics, and Queueing Systems. Dr. Insua
is the Chairman of the e-democracy programs of both the European Science
Foundation and the government of Madrid, and has served as a board member
of the International Society for Bayesian Analysis.

Garrick Jones is Senior Research Fellow in the Institute of Social Psychology
at the London School of Economics and Senior Research Lecturer of Industrial
Design & Engineering at the Royal College of Art & Design. He is particularly
experienced in working with organisations on innovation strategies using col-
laborative learning and design. He has worked with teams to develop and launch
collaborative environments in Europe, Africa, the United States, and Asia. His
research focuses on large-scale group decision support systems, innovation and
creativity in organisations, culture, and education.

Sherif H. Kamel is Associate Professor of MIS and the Director of the
Management Center at the American University in Cairo. A graduate of London
School of Economics and Political Science (UK) and The American University
in Cairo (Egypt), Dr. Kamel has served as Director of the Regional IT Institute
(Egypt), managed the training department of the Egyptian Cabinet’s Information
and Decision Support Centre, and co-founded the Internet Society of Egypt.
Recently, he was awarded the Eisenhower Fellowship (USA), appointed to the
Board of Trustees of the Information Technology Institute (Egypt), appointed to
the Board of Trustees of the Sadat Academy for Management Sciences (Egypt).
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Dr. Kamal is on the Executive Council of the Information Resources Management
Association and is Associate Editor of the Journal of Cases on Information
Technology and the Journal of Information Technology for Development. He has
published many articles about IT transfer to developing countries, electronic
commerce, and decision support applications.

www.sherifkamel.org

Peter Keenan is Senior Lecturer in the Department of Management Information
Systems of the Business School at University College Dublin in Ireland. His
research interests include decision support systems, application of computational
intelligence to decision support, geographic information systems in business and
their application to decision support, especially in the context of transportation
problems. Dr. Keenan has published extensively in these areas, with his work
appearing in Decision Support Systems, Cybernetics and Control, Journal of
Intelligent Systems, and numerous books. He is a member of the EURO Working
Group on Decision Support Systems, the IFIP 8.3 Working Group on DSS, and
the AIS SIGDSS. He is an ISWorld volunteer, maintaining the ISWorld Ireland
page and the ISWorld Spatial Decision Support Systems page.

Julie E. Kendall is Professor of Management (ecommerce and information
technology) in the School of Business-Camden, Rutgers University. Dr. Kendall is
the immediate Past Chair of IFIP Working Group 8.2 and was both a Treasurer
and a Vice President of the Decision Sciences Institute. She was awarded the
Silver Core from IFIP. Professor Kendall has published in MIS Quarterly,
Decision Sciences, Information & Management, CAIS, Organization Studies and
many other journals. Additionally, Dr. Kendall has recently co-authored Systems
Analysis and Design, seventh edition. She is also a co-author of Project Planning
and Requirements Analysis for IT Systems Development and co-edited Human,
Organizational, and Social Dimensions of Information Systems Development.
Dr. Kendall is on the Senior Advisory Board for JITTA and is on the editorial
boards of the Journal of Database Management and IRMJ. She also serves on
the review board of the Decision Sciences Journal of Innovative Education.
Professor Kendall was a functional editor of MIS for Inferfaces and an associate
editor for MIS Quarterly. She recently served as a Rand Faculty Fellow for the
Senator Walter Rand Institute for Public Affairs and was named to the Circle
of Compadres of the Ph.D. Project, whose mission is to increase the diversity
of business school faculty. Dr. Kendall is researching policy formulation for ICTs
in developing countries, and agile methodologies for systems development. She
and her co-author (and spouse) Ken are currently examining the strategic uses
of Web presence and ecommerce for off-Broadway theatres and other nonprofit
organizations in the service sector. They have served as official nominators for the
Drama League Awards in New York City. Julie’s home page can be accessed
at www.thekendalls.org
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Kenneth E. Kendall is a Distinguished Professor of Management in the School
of Business-Camden, Rutgers University. He is one of the founders of the
International Conference on Information Systems (ICIS) and a Fellow of the
Decision Sciences Institute (DSI). He is currently the President of DSI and the
past Chair of IFIP Working Group 8.2. Dr. Kendall has been named as one of the
top 60 most productive MIS researchers in the world and was awarded the Silver
Core from IFIP. He recently co-authored Systems Analysis and Design, seventh
edition and Project Planning and Requirements Analysis for IT Systems
Development; edited Emerging Information Technologies: Improving Decisions,
Cooperation, and Infrastructure; and co-edited The Impact of Computer-
Supported Technologies on Information Systems Development. He is an Associate
Editor for International Journal of Intelligent Information Technologies, serves on
the Senior Advisory Board of JITTA; is a member of the editorial board for
Information Systems Journal and Information Technology for Development, and
serves on the review board of the Decision Sciences Journal of Innovative
Education. Dr. Kendall has served as an Associate Editor for Decision Sciences
and the Information Resources Management Journal, and has served as the
functional MIS editor for Interfaces. For his mentoring of minority doctoral
students in information systems, he was named to the Circle of Compadres of the
Ph.D. Project. Professor Kendall’s research focuses on studying push and pull
technologies, ecommerce strategies, and developing new tools for systems
analysis and design. Ken and his co-author and spouse, Julie, have served as
official nominators for the Drama League Awards in New York City. Ken’s home
page can be accessed at www.thekendalls.org

Gary J. Koehler has held academic positions at Northwestern University, Purdue
University, and at the University of Florida where he is the John B. Higdon
Eminent Scholar and Professor of Information Sciences and Operations Man-
agement in the Warrington School of Business. His research interests include
electronic commerce, genetic algorithm theory, machine learning, expert systems,
computer-aided decision systems, scheduling, large-scale optimization, and
Markov decision theory. Dr. Koehler has published in Decision Support Systems,
Management Science, Journal of Management Information Systems, INFORMS
Journal on Computing, Evolutionary Computation, Operations Research, Deci-
sion Sciences, and others. He is on the editorial boards of Decision Support Sys-
tems, Information Technology and Management, and several other journals.

Rajiv Kohli is Associate Professor of Management Information Systems at The
College of William & Mary. Prior to joining full time academia in 2001, he
served as a Project Leader in Decision Support Services at Trinity Health. Dr.
Kohli’s research interests include business value of information technology,
healthcare information systems, and decision support systems, and his research
appears in Decision Support Systems, MIS Quarterly, Management Science,
Information Systems Research, and Journal of Management Information Systems,
among other journals. He serves on the editorial boards of several journals and
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is an Associate Editor for MIS Quarterly.
http://mason.wm.edu/rajiv.kohli

Karl Reiner Lang is Associate Professor of Information Systems in the Zicklin
School of Business at Baruch College, City University of New York. His research
and teaching interests include decision technologies, management of digital
businesses, knowledge-based products and services, and issues related to the
newly arising informational society. His publications have appeared in major
journals including Decision Support Systems, Journal of Management Information
Systems, Communications of the ACM, Journal of Organizational Computing and
Electronic Commerce, Computational Economics, Journal of Design Sciences and
Technology, and Information Systems Management. He has professional
experience in the U.S.A., Germany, and Hong Kong.

Albert L. Lederer is the Philip Morris Endowed Professor of MIS at the Gatton
College of Business and Economics of the University of Kentucky. He earned
aPh.D. in industrial and systems engineering and M.S. in computer and in-
formation science from the Ohio State University, and holds a B.A. in psychology
from the University of Cincinnati. Prior to joining UK, Dr. Lederer was a faculty
member at the University of Pittsburgh and Oakland University, and spent over
ten years in industry in the MIS field consulting or working full-time developing
systems or managing others who did so for a variety of firms including Abbott
Labs, Rockwell International, Procter and Gamble, Dresser Industries, and Bank
One. His major research area is information systems planning, and his papers have
appeared in Decision Support Systems, Decision Sciences, Journal of Organi-
zational Computing and Electronic Commerce, MIS Quarterly, Communications
of the ACM, Journal of Management Information Systems, Information Systems
Research, Information & Management, Sloan Management Review, and else-
where. Professor Lederer has been recognized in published studies as among the
top-30, top-25, top-15, top-10, and top-5 best-published U.S. researchers based on
the volume of his research papers appearing in selected sets of various prominent
IS journals. He has served as Senior Editor of the Journal of Information
Technology Management, Associate Editor for Decision Sciences and for the
Journal of Database Administration, Chair of the ACM Special Interest Group for
Computer Personnel Research, and is on several editorial boards including those
of the Journal of Management Information Systems and Journal of Strategic
Information Systems.

Anita Lee-Post is Associate Professor of Decision Science and Information
Systems in the University of Kentucky’s Gatton College of Business and
Economics. Her research interests include E-learning, web mining, knowledge
management, decision support systems, expert systems and artificial intelligence,
flexible manufacturing systems, computer integrated manufacturing, group tech-
nology, and production scheduling. Dr. Lee-Post’s research appears in the Inter-
national Journal of Production Research, Journal of the Operational Research
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Society, Annals of Operations Research, Journal of Intelligent Manufacturing,
Computers and Industrial Engineering, Information & Management, Expert Sys-
tems with Applications, IEEE Intelligent Systems, Al Magazine, Expert Systems,
Decision Sciences Journal of Innovative Education, and other journals. She is the
author of Knowledge-based FMS Scheduling: An Artificial Intelligence Perspec-
tive. She serves on the editorial review boards of the International Journal of
Computational Intelligence and Organization, Journal of Managerial Issues, and
Journal of Database Management. Her Ph.D. degree is from the University of
Iowa.

Manfred J. Lexer is Associate Professor for Silviculture and Vegetation
Modelling in the Department of Forest and Soil Sciences at the University of
Natural Resources and Applied Life Sciences, Vienna (BOKU), where he is also
Head of the Institute of Silviculture. Dr. Lexer has led a team in developing
decision support systems for mountain forest management. Currently, he focuses
on decision support for adaptive forest resource management under a changing
climate and on the multi-criteria sustainability impact assessment of forestry wood
chains. Professor Lexer’s research appears in such journals as Forest Ecology
and Management, Journal of Environmental Management, European Journal of
Forest Research, Silva Fennica, Ecological Modelling, Climatic Change, Climate
Research, and Computers and Electronics in Agriculture.
http://www.wabo.boku.ac.at/lexer.html

Fabrizio Marodin is General Manager of Kybernetics Consultoria, a firm pro-
viding decision support solutions based on operations research models and
innovative information technologies. He has participated in the design and imple-
mentation of several enterprise systems (ERP, business intelligence, knowledge
management) and OR-based decision support systems projects in the forestry,
manufacturing, and services industries. His current research interests are on
decision models for IT governance, business intelligence and data-mining
applications based on open source software, and OR models for the strategic
planning of natural resources/manufacturing firms. Mr. Marodin holds an M.Sc.
degree in Management and a B.Sc. in Computer Science from the Universidade
Federal do Rio Grande do Sul, Porto Alegre, Brazil.

James R. Marsden is the Treibick Family Endowed Chair, Board of Trustees
Distinguished Professor, and Head of the Department of Operations and Infor-
mation Management at the University of Connecticut. He serves as Executive
Director of the Connecticut Information Technology Institute and as the
University’s Founding Director of edgelab, the GE-UConn research partnership
(www.edgelab.com). Dr. Marsden’s lengthy research record includes articles in
Management Science, Journal of Law and Economics, American Economic
Review, Journal of Economic Theory, Journal of Political Economy, IEEE
Transactions on Systems, Man, and Cybernetics, Statistical Science, Decision
Support Systems, and Journal of Management Information Systems. He received
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his A.B. from the University of Illinois and his M.S. and Ph.D. from Purdue
University. He holds a J.D. and has been admitted to both the Kentucky Bar and
Connecticut Bar. Professor Marsden has held visiting positions at the University
of York (UK), University of Arizona, Purdue University, and University of North
Carolina. He serves as Senior Editor of the Journal of Organizational Computing
and Electronic Commerce, Area Editor for Decision Support Systems, and is on
the editorial board of the Journal of Management Information Systems.

Angela Mellema has worked at the Purdue Homeland Security Institute, initially
as a Graduate Research Assistant and currently as a Research Associate. She has
been involved in the design of 3D visualizations for many of the agent-based
simulations developed at the Institute. She holds a graduate degree in Computer
Graphics Technology from Purdue University.

Solomon Negash specializes in business intelligence, knowledge management,
economically developing countries, and e-Learning. His work is published in /nfor-
mation & Management, Communication of the ACM, Psychology and Marketing,
Communication of AIS, and at conference proceedings in the US, Canada, Spain,
Ethiopia, and Malaysia. Professor Negash is Program Coordinator for the Bachelor
of Science in Information Systems program at Kennesaw State University. He is
the 2005 recipient of the Distinguished eLearning Award from his department, the
principal editor for a forthcoming book Distance Learning for Real-time and
Asynchronous Information Technology Education, and the special issues Editor for
the International Journal of ICT Education on e-Learning. With an engineering,
management, and information systems background, his more than 20 years of
industry experiences include consulting, entrepreneurship, management, and
systems analysis. Dr. Negash has worked as a business analyst at Cambridge
Technology Partners, managed his own consulting firm, and serves as a consultant
for the Minister of Capacity Building in Ethiopia focusing in the area of ICT.

Dina Neiger comes from a public sector management background, with extensive
experience in a variety of management and specialist roles. She holds a Ph.D.
in Business Systems from Monash University where she is presently on the faculty
of the Department of Accounting and Finance. Her research into the interface
between decision making and process modelling for effective decision support has
resulted in a number of publications in highly regarded industry forums. Dr.
Neiger’s practical industry experience, coupled with her research and teaching
track record, yield theoretically sound and pragmatic perspectives on decision
support systems.

Daniel E. O’Leary received his Ph.D. from Case Western Reserve University and
his MBA from the University of Michigan. He is a Professor in the Marshall
School of Business at the University of Southern California. Focusing on
information systems, including intelligent systems, enterprise resource planning
systems, and knowledge management systems, Dr. O’Leary has published over
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120 papers in a variety of journals such as Decision Sciences, Decision Support
Systems, Journal of Management Information Systems, Management Science,
Communications of the ACM, IEEE Computer, IEEE Intelligent Systems, Expert
Systems with Applications, and International Journal of Human-Computer
Studies. He has served as Editor of both IEEE Intelligent Systems and Wiley’s
International Journal of Intelligent Systems in Accounting, Finance and
Management. Professor O’Leary’s recent book, Enterprise Resource Planning
Systems, published by Cambridge University Press, has been translated into both
Chinese and Russian.

http://www-rcf.usc.edu/~oleary/

James L. Parrish, Jr. is a Ph.D. student in MIS at the University of Central Florida
and recipient of a Trustees Academic Fellowship. Formerly, he was the Systems
Manager for Application Development and Support for the Lake County Clerk of
Courts in Lake County, Florida. His research interests include decision support
systems, inquiring systems, knowledge management, and business intelligence. His
initial publication appears in the Information Systems Management journal.

Frank A. Piontek is a consultant in healthcare informatics for the Decision
Support Group in Trinity Information Services/Trinity Health. With over 25 years
of healthcare experience; including hospital senior management, federal/state
regulatory management, and related consulting work with state hospital asso-
ciations, cost containment councils, and certificate-of-need bodies, he is respon-
sible for the management of complex projects in clinical operations. Mr. Pinotek
has authored/co-authored several articles in medical and information journals,
received a National Science Foundation Supercomputer grant as principal investi-
gator, and presented dozens of abstracts to numerous medical conferences, typi-
cally dealing with outcomes and variation analysis.

Jean-Charles Pomerol is Professor of Computer Science and President of the
University Pierre and Marie Curie (UPMC) in Paris, France. For six years, he
headed UPMC’s Artificial Intelligence Laboratory and then for five years the
Office of Technology Transfer as a Vice-President of the University. Dr. Pomerol
was previously with the French National Center for Scientific Research as
a project manager for information science and technology. He has published
several books on expert systems, decision support systems, and multicriterion
decision making, plus numerous papers in international journals such as Decision
Support Systems, Journal of Management Information Systems, Theory and
Decision, Computer Supported Cooperative Work, International Journal on
Human-Computer Studies, Operations Research, and Journal of the Operational
Research Society. In 1992, J.-Ch. Pomerol launched the Journal of Decision
Systems. He served as the inaugural Editor-in-chief of this journal and is presently
the Editor-in-chief of the Revue Frangaise d’Intelligence Artificielle.
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H. R. Rao is a Professor in the University at Buffalo’s School of Management.
His interests are in the areas of management information systems, decision support
systems, e-business, emergency response management systems, and information
assurance. Dr. Rao has authored over 75 journal papers published in such outlets
as Decision Support Systems, MIS Quarterly, Journal of Management Information
Systems, Information Systems Research, Information & Management, Com-
munications of the ACM, Journal of Organizational Computing and Electronic
Commerce, Group Decision and Negotiation, and Knowledge and Process
Management. His work has received best paper and best paper runner-up awards
at AMCIS and ICIS. Dr. Rao has received funding for his research from the
National Science Foundation, Department of Defense and Canadian Embassy. He
serves as Co-editor-in-chief of Information Systems Frontiers and Associate
Editor of Decision Support Systems, Information Systems Research, and IEEFE
Transactions in Systems, Man and Cybernetics. Professor Rao has received his
University’s prestigious Teaching Fellowship and is also the recipient of the 2007
State University of New York Chancellor’s Award for Excellence in Scholarship
and Creative Activities.

Duncan Ray leads a research programme to develop decision support systems for
forestry, based in the Ecology Division, Forest Research, Roslin, Midlothian,
Scotland. He designed and developed the ESC decision support system, and was
involved in the development of ForestGALES. These are two decision support
systems widely used by forestry practitioners in Britain. His current work involves
the development of strategic planning and policy scenarios for the Forestry
Commission, including the assessment of climate change impact scenarios on
forests in Britain using ESC-GIS and MCDA techniques for developing forest
policy and implementation tools. He leads the HaRPPS project, a web-based
information retrieval system about the ecology of Habitats and Rare Priority and
Protected Species in Britain’s forests, and leads a project to develop strategic
plans for forest habitat networks in Scotland.

http://www.forestresearch.gov.uk

Keith M. Reynolds has been a research forester with the Pacific Northwest
Research Station (US Department of Agriculture, Forest Service) for twenty years.
He has been the team leader for development of the Ecosystem Management
Decision-Support (EMDS) system since 1995. In addition to leading EMDS
development, he has worked on a wide variety of applications of the system,
including applications for watershed analysis, ecosystem sustainability, landscape
integrity, biodiversity reserve design, forest planning, and forest fuels.
http://www.institute.redlands.edu/emds

Cheul Rhee is a doctoral candidate majoring in Management Science and
Systems in SUNY at Buffalo. His bachelor and master degrees are from Seoul
National University, and he has worked as a system analyst and designer. His
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interests are in the areas of database, e-learning, decision support systems,
e-business, geographical information systems, and knowledge management.

Jesus Rios is Postdoctoral Fellow at Interneg Research Centre in Canada. He
received a Ph.D. in computer science and mathematical modelling from the
University Rey Juan Carlos in Spain, completing his thesis research under the
European Science Foundation’s TED programme on e-democracy. Dr. Rios
currently participates in several research projects on participatory democracy in
Europe and Spain. He research investigates how to apply decision analysis to
support participatory decision processes in democracies, with a special focus
in the area of participatory budget decisions.

Jocelyn San Pedro is a quantitative analyst with the National Australia Bank,
working on modelling and validation of pricing and risk models and their
implementation in information systems within the bank. She draws her skills from
her prior research on decision support systems at Monash University and her
Ph.D. in Mathematics from the University of Melbourne. Prior to 2004, Dr. San
Pedro was an academic, having published papers in Decision Support Systems and
Multicriteria Decision Making.

Vicki L. Sauter is Professor of Information Systems at University of Missouri —
St. Louis. She holds B.Sc., M.Sc., and Ph.D. degrees in Systems from Northwes-
tern University. Her research has been in the area of decision support and systems
analysis and design. She currently investigates strategic uses of DSSs,
development methodologies and best practices of systems analysis, the design
issues for intranet-based decision support, and trends of women in computing. Dr.
Sauter is author of the book, Decision Support Systems: An Applied Managerial
Approach (Wiley), and many publications that have appeared in journals such as
Journal of Management Information Systems, Communications of the ACM,
Omega, DATABASE for Advances in Information Systems, and International
Journal of Information Technology and Decision Making.

Guofan Shao is Director of the Forest Informatics and Landscape Monitoring
Laboratory and Associate Professor in the Department of Forestry and Natural
Resources at Purdue University, where he also serves at the Laboratory for
Application of Remote Sensing. Dr. Shao received his Ph.D. in ecology from the
Chinese Academy of Sciences and post-doctorial education from the Department
of Environmental Sciences, University of Virginia. His overall research interest
is in digital forestry technologies (DFT), including remote sensing, geographic
information systems, forest modeling, and forestry decision-support systems. Dr.
Shao applies DFT in better understanding forest landscape changes and sustaining
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This chapter examines issues concerned with supporting managers and organizations with
information and communication technologies as they decide and act in turbulent and high-
velocity environments. In particular, the chapter identifies five key tensions in this context:
(i) the tension between the need for quick decisions and the need for analytical decision
processes; (ii) the tension involving managerial need for action and the need for the safest
execution of decisions that may be bold and risky; (iii) the tension around empowering
middle managers and management teams at various organizational levels in the midst of
powerful and impatient top executives; (iv) the tension between programmed, quick-action
learning loops and the increased requirement for emergence and improvisation; and (v) the
tension between expending effort to eliminate the digital divide with other organizations
versus finding expedient ways to communicate through heterogeneous digital infrastruc-
tures. Each of the tensions, and how it can be managed, is illustrated through a case ex-
ample. The chapter ends by suggesting that the management of these critical tensions needs
to be fused into the day-to-day fabric of management practices for decision support
processes.

Keywords: Decision support; High-velocity environments; Turbulent environments; Man-
aging tensions

1 Introduction

Organizations in turbulent and high-velocity business environments are facing
rapid and discontinuous change in demand, competitions, technology, and/or
regulations. Decision makers operating in such contexts must make high-quality
decisions rapidly. Developments in information and communication technologies
make it increasingly possible to support decision makers in such contexts better,
faster, and at a lower cost. This provides organizations with new opportunities for
near-real-time decision making, but also intensifies inherent tensions in decision-
making processes that are not as obvious in less-turbulent and slow-moving
environments. The aim of this chapter is to examine the issues around support-
ing managers and organizations in deciding and acting with the aid of information
and communication technologies when operating in turbulent and high-velocity
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environments. This is done by identifying and discussing tensions that organiza-
tions must manage in this environment.

2 Decision Making in Turbulent and High-Velocity
Environments

The external environment is a significant contingency for organizations (Daft and
Lengel 1986, Daft etal. 1988). Several organization studies have used the envir-
onment as a contingency variable. Here, we focus on studies of organizations in
turbulent and high-velocity environments, such as those of Eisenhardt and
Bourgeois (Bourgeois and Eisenhardt 1987, 1988, Eisenhardt and Bourgeois 1988,
1990, Eisenhardt 1989, 1990). Huber (2003) argues that an increasing number of
organizations will operate in turbulent and high-velocity environments. By high-
velocity environments, Bourgeois and Eisenhardt mean environments “...in which
rapid and discontinuous change occurs in demand, competition, technology, or
regulation in such a way that information is often inaccurate, unavailable, or
obsolete” and these environments “...involve continuous instability overlaid by
sharp spikes of discontinuous change” (Eisenhardt and Bourgeois 1990, p. 74).

While environmental conditions have probably increased in velocity and
turbulence since Bourgeouis and Eisenhardt conducted their studies, the under-
lying precariousness and tensions involved in decision making in such envir-
onments that they have uncovered remain — and are even more relevant today.
Most important, theirs was one of the first and most insightful set of studies that
showed how performance differences between organizations operating in high-
velocity environments were related to how people decide and act. This chapter
takes advantage of what they identified as key attributes of successful decision-
making processes in high-velocity environments. Their focus on groups and teams
of decision makers rather than on single decision makers makes their studies
especially useful. As organizations must sense and respond faster, teams and
groups are increasingly becoming key.

The literature on how organizations and managers operating in high-velocity
environments must make decisions is not consistent, and suggestions for how to
make decisions in such environments are sometimes even contradictory. For
example, some studies suggest that management teams should conduct formal
meetings and consider extensive evidence, while others suggest that too much
information searching can lead to the loss of valuable opportunities. Organizations
thus face conflicting demands to make decisions fast while evaluating extensive
information. These and other conflicting demands can be articulated into a set of
definable tensions.

Our reading of the literature suggests that organizations and decision makers in
turbulent and high-velocity environments are able to manage at least five tensions.
The literature also suggests that organizations and decision makers of less-
successful organizations are not able to manage these tensions. The tensions are:
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e The tension between the need for quick decisions and the need for
analytical decision processes

e The tension around empowering middle managers and management
teams at various organizational levels in the midst of powerful and
impatient top executives

e The tension around the managerial need for action and the need for the
safest execution of decisions that may be bold and risky

e The tension between programmed quick action learning loops and the
increased requirement for emergence and improvisation

e The tension around expending effort to eliminate the digital divide with
other organizations versus finding expedient ways to communicate
through heterogeneous digital infrastructures

We now explore each of these tensions.

3 Managing the Five Tensions

3.1 Tension Between the Need for Quick Decisions
and the Need for Analytical Decision Processes

The first tension is that successful organizations and decision makers in turbulent
and high-velocity environments use “highly rational and analytic decision-making
processes, but they execute those processes in a short time period’” (Eisenhardt
and Bourgeois 1990, p 75). Information for strategic decisions in high-velocity
environments is often incomplete, obsolete, and inaccurate. This means that, for
example, a strategic decision based on a traditional industry analysis (e. g., Porter
1980) where an organization gathers a lot of data, formulates comprehensive
alternatives, evaluates them, and then makes and implements (executes) a decision
is not possible because the required information and time do not exist. Eisenhardt
and Bourgeois found that successful firms’ strategic decision processes are highly
analytical and, in many cases, triggered by formal budgeting and control systems
(i.e., triggered by using internal information systems for identifying changes in
the external environment and in the organization’s interactions with the external
environment that require action). This is in line with findings that top managers
use formal control systems interactively in different strategic settings to focus
organizational attention and learning, and thereby shape the formation of new
strategies (Simons 1995, Carlsson 2002).
The literature suggests that successful organizations and decision makers:

e Review quantitative measures on a regular basis

e Use different forms of modeling and simulations to varying degrees in
order to run a business, especially quantitative analysis and simulations

e Analyze a relatively wide range of measures in an effort to establish
a multifaceted perspective.
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e Use more, not less, information, than lower-performing organizations
and decision makers

e Use both internal and external information sources

e Develop more, not fewer, alternatives

All of these practices followed by more-successful organizations and decision
makers suggest a highly analytical decision process. However, these appear to be
at odds with some of the practices that have been reported in the popular trade
press book “Blink: The Power of Thinking without Thinking” (Gladwell 2005).
Gladwell articulates the power and virtues of rapid cognition that happens in the
blink of an eye. He cites the example of how Cook County Hospital in Chicago
changed the way they diagnosed heart attacks in the emergency room. They
started to instruct doctors to gather less information on the patients, rather than
more, and encouraged them to focus on only a few pieces of critical information
related to patients’ chest pains [e. g., blood pressure and electrocardiogram (ECG)]
and to ignore all other information such as age, weight, and medical history. The
result has been that Cook County Hospital is now one of the best hospital
emergency rooms in the USA at quickly diagnosing chest pains.

The need for quick decision execution drives managers away from com-
prehensive analytics. The resultant tension needs to be managed effectively.
Relying solely on gut feel and experience can be very dangerous. Overdone
analytics can be paralyzing for rapid decisions. The key to managing this tension
is to spend time understanding the critical issues and indicators around a decision
context, and really focusing on the few ones that make most of the difference.
Monitoring real-time information concerned with these critical indicators through
electronic dashboards and scorecards, while not being tempted to monitor the less
important ones, can be an effective way to manage this tension.

3.2 Tension from Empowering Middle Managers
and Management Teams at Various
Organizational Levels in the Midst of Powerful
and Impatient Top Executives

The second tension is that successful organizations are led by decisive, powerful
chief executive officers (CEOs) and top-management teams, yet management
teams at different organizational levels may need to be equally empowered for
effective decision making. According to studies by Eisenhardt and Bourgeois
(1990), more-successful organizations have a balanced power structure. However,
there is a natural need for top managers to make quick decisions, have the power
to do so, and believe that their vantage point gives them a broader and wiser
perspective on the decision context at hand from their interpretation, whatever
a decision support system (DSS) model indicates. At the same time, top managers
do know that managers at other levels or in different parts of the organization may
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have closer and more-informative contact with changes in the environment, and
therefore need to be empowered to take action and provide input. This creates
another tension around DSSs in high-velocity and turbulent environments.
Knowledge sharing, as well as the coordination of various teams and groups, is
crucial for the implementation of a solution to this tension. Team meetings (actual
and virtual) for knowledge sharing and decision making are critical to easing this
tension. These meetings should be characterized by open discussions and reasons
for ideas should be discussed openly, but they need to be based on a common
understanding of the status quo that is as current and close to real time as
practically possible. One vehicle for enabling this is decision support via dash-
boards that are well integrated into the management practices of the organization.
A successful example for accomplishing this is illustrated by the case of Western
Digital Corporation, a manufacturer of disk drives, through its use of real-time
dashboards across its supply chain, which stretches from the USA to Asia, and
across various levels of management in the organization (Houghton etal. 2003).

Western Digital dashboards operate at three levels: the shop floor level
(focused on shop floor supervisors), the factory level (focused on production
managers with multiple product lines), and the corporate level (focused on senior
executives). Although not electronically connected, the factory and corporate
dashboard systems are connected through the data they share and the com-
munications and interactions of the managers who use them. The dashboards are
integrated into all managerial decision making and serve as the basis for coupling
senior executive decisions with managerial input from other levels. This accel-
erates decision processes for instances that span multiple processes and depart-
ments, and allow managers to be sufficiently empowered to provide inputs. One
purpose of providing key information via dashboards is to eliminate the separation
of people in space and time, thereby allowing managers to be virtually in the
room. This coordination is being accomplished at Western Digital by using
corporate dashboards as the focal points of meetings among managers from sales
and marketing, distribution, and the factory. This helps manage this second
tension.

3.3 Tension between Managerial Need for Action
and the Need for Safest Execution of Risky/Bold
Decisions

113

The third tension is that more-successful organizations “...make bold, risky
decisions that often challenged established industry norms, yet preserve safety by
postponing decision implementation as long as possible through the use of
carefully planned execution triggers” (Eisenhardt and Bourgeois 1990, p. 76). As
Pfeffer (1992) points out: a decision by itself changes nothing; implementation
(execution) often makes the difference. Successful organizations and managers act
rationally, but seek innovation and risk. They build in execution triggers, which
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means that once a decision has been made, subsequent decisions are laid out.
Coordinated plans are developed for implementation to be triggered by an event,
schedule, or milestone. This is related to one of the purposes of decisions:
mobilization (Brunsson 1989). A general problem in organizations is how to
achieve coordinated and collective actions. The key is to secure commitment from
actors, and hence link actors to action in advance. Decision making can be used as
a way of establishing and maintaining commitments.

Once a decision has been made, a team tries to keep execution options open as
long as possible. This requires good execution plans and the integration of
different decisions and plans. At the same time, a team also tries to have other
options — decisions and plans — available in case they have to make a different
decision.

Organizations are making bold and risky decisions. One of the most
problematic decision domains is merger and acquisition (M&A) decisions and the
implementation of such decisions. During the last decade, the act of acquisition
has become a prominent tool for corporate strategy worldwide (Sirower 2003). In
2005, the worldwide number of completed and pending M&As rose to 35,208.
The number of M&A represents an overall transaction value of € 2,500 billion,
asum that amounts to some 25% of the total gross domestic product for the
European Union or the US. Despite the popularity of M&As, history tells us that
the endeavor is a risky and complicated process. For example, on separate
surveys, KPMG and McKinsey report that 60% of M&As do not create share-
holder value for the participating companies, nor do they increase growth appre-
ciably (Bekier etal. 2001, KPMG 2001); and the business press states that
“acquisition research studies indicate that between 60 and 80 percent are financial
failures” (Norton 1998) and destroy shareholder wealth (Henry 2002). Hence,
reality tells us that M&A decisions are often both bold and risky. The reality also
tells us that the implementations of M&A decisions are far from safe.

The Mexican company, CEMEX (Cementos Mexicanos), has addressed the
tension between the managerial need for action and the need for safest execution
of decisions that may be bold and risky [the description of CEMEX is mainly
based on Ghemawat and Matthews (2004) and Chung and Paddack (2003)]. For
a sustained period, CEMEX achieved enviable growth results compared with its
main competitors, becoming the world’s leading producer of white cement.
CEMEX’s ambition to grow by acquisitions meant that it faced large challenges in
making the correct acquisition decisions and in how to incorporate acquired
companies into its existing operations (as many of the acquired companies were
underperforming). Since the early 1990s CEMEX has made several major
acquisitions, starting with acquisitions in Mexico and then internationally. Some
of the acquisitions were highly controversial and on several occasions analysts
questioned CEMEX’s decisions. Analysts were saying, for example, that CEMEX
overpaid and that CEMEX would not be able to manage companies in other
regions well. Hence, it is safe to say that CEMEX’s strategy required actions in
terms of M&A, that many of its M&A decisions were bold and risky, and that the
decisions required safe implementation. CEMEX managed this tension in several



Decision Support in Turbulent and High-Velocity Environments

9

Due diligence

Post-merger integration

Operation and

Compan Best practices
Global market N pany Yes P management
. P  assessment > process X
review . . . . at Cemex’s
and diagnosis implementation
standards

A

No

Consider for
future revisit

Organization
re-design

Figure 1. CEMEX’s systematic institutional core process for acquisition (Chung and
Paddack 2003, p. 23)

ways. Based on an early acquisition and as it moved to more-distant markets, the
firm found that its M&A decision and implementation process had to be
improved. Figure 1 depicts CEMEX’s core process for acquisitions.

Over time, various stages in the M&A process became more formalized and,
based on experiences, more attempts were made to standardize them. For example,
to continue to be able to make bold and risky acquisition decisions better than its
competitors were able to do, CEMEX used a larger number of dimensions and
components in the process than its competitors did. A due-diligence process lasted
for one to two weeks. For example, in the human resource component it looked at
a larger number of dimensions than its competitors did, including dimensions such
as age, education, labor union affiliations, training programs, years of employment
of the prospect’s employees, and government involvement. Such thoroughness
reduced the likelihood of unpleasant surprises later in the process. Hence,
CEMEX thought its due-diligence process was more systematic and specific than
those of its competitors. CEMEX in its M&A decision process was also managing
tension 1—the need for quick decisions and the need for analytical decision
processes—very well.

CEMEX not only tried to manage its bold and risky M&A decision process, but
also tried to manage the execution (implementation) of the acquisitions decisions.
In 2001, CEMEX initiated the CEMEX Way, which was a firm-wide information
and process standardization program. In this program, CEMEX created an
information technology (IT) infrastructure and ensured that 60% of its business
processes were managed in a Web-based environment. Identified best practices
were incorporated into standard platforms and could be executed throughout the
firm, as well as in acquired companies. One of the major benefits of the CEMEX
Way was that CEMEX benefited from better control of the implementation
process and, for example, could integrate an acquired company faster. Through
standardized platforms and standardized I1T-enabled processes, CEMEX was able
to implement this process in acquired firms quickly and safely. For example, in
just four months for a very large acquisition, as opposed to 18 months for its first
acquisition.
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Davenport and Harris (2007, p. 68) when describing the use of business
analytics in M&A processes, say that “CEMEX, the global cement company, uses
analytics to quantify expected benefits from increased market share and improved
profitability by enforcing its processes and systems on the takeover target.”

3.4 Tension Between Programmed Quick Action
Learning Loops and Increased Requirement
for Emergence and Improvisation

Organizations in high-velocity and turbulent environments are faced with planning
for programmed responses in a variety of contingency conditions, while leaving
enough flexibility for improvised responses as new conditions emerge. In the
context of DSSs, this creates a tension that needs to be wisely managed as part of
the larger sense-and-respond cycle of an organization. On the one hand, the DSS
has access to a set of existing models that can be queried in a what-if mode to help
make better decisions. On the other hand, new conditions may emerge that require
a course of action that is outside the scope of the programmed models, yet require
a quick and informed decision.

A way to deal with this tension is perhaps best explained by using the concept
of observe, orient, decide, act (OODA) loops and vigilant information systems
(Figure 2). The concept of OODA loops was originated by US Air Force colonel
John Boyd (Boyd 1986 quoted in Curtis and Campbell 2001) who wanted to
understand how fighter pilots won air combat engagements (dogfights) against
other pilots despite flying aircraft with inferior maneuverability. Boyd found that
winning pilots were able to compress the entire cycle of activities that happen in
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Figure 2. OODA loops and high-velocity DSSs
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a dogfight and complete them more quickly than their adversaries. Boyd’s OODA
loop of activities is comprised of: observation (seeing the situation and adversary),
orientation (sizing up vulnerabilities and opportunities), decision (deciding which
combat maneuver to take), and action (executing the maneuver).

The OODA loop concept was popularized in business by Stalk and Hout (1990)
and Haeckel and Nolan (1993):

Observation (seeing change signals)
Orientation (interpreting these signals)
Decision (formulating an appropriate response)
Action (executing the response selected).

The organization that can complete its OODA loops quickly when changes occur
in business processes and in the environment is in a much better position to
survive.

The class of systems that is appropriate for supporting fast OODA loops has
been called vigilant information systems. Vigilance means being alertly watchful
for any signals of change, detecting weak signals about emerging issues, and
initiating further probing based on such detection. Vigilant information systems
(Walls etal. 1992) allow information and business intelligence to be integrated
and distilled from various sources and systems, detect changes, have active alert
capabilities, aid issue diagnosis and analysis, and support communication for
quick action. Effective vigilant information systems support both the sense portion
of the OODA loop (observe, orient), as well as the respond portion of the OODA
loop (decide, act). Thus, they provide a suitable interface to (or extension to) DSSs
in high-velocity environments (Figure 2). However, OODA loops should not only
be executed quickly, they should also be flexible and responsive to changes in the
environment under unforeseen conditions.

The notions of improvisation in decision making, and how to use IT-enabled
decision support capabilities to enable it intelligently, first appeared 20 years ago
in the context of strategic decision making in developing economies where
turbulent conditions are most pronounced. The cabinet of Egypt (El Sherif and El
Sawy 1988) undertook a major effort to design and deliver decision support
systems to aid the strategic decision making of the prime minister and the cabinet.
The strategic issues and the decisions around them that the Egyptian cabinet had
to deal with were typically complex, ill-structured, and accompanied by an
overload of information of questionable reliability, with multiple and murky
interpretations. Not only did the environmental conditions change quickly, but the
decision makers discovered new aspects of the environment through the DSS that
they had previously ignored or thought were different. Furthermore, the archi-
tecture and features of the DSS were designed to aid this. For example, in the
design of a customs tariff policy formulation DSS in which decisions often had to
be made very quickly due to shortages in critical goods or due to unforeseen
crises, provisions were taken to quickly have the ability to surface the assumptions
in the DSS model. There was even an assumption function key (similar to a help
function key) that could be activated to show the assumptions and the reliability of
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the data around it explicitly, such that it could be easily challenged and changed if
the environment structurally shifted. Thus the observe and orient part of the
OODA loop was coupled to the decide and act portion in a way that enabled quick
changes to be made to the DSS model while still executing the decisions in
a systematic manner. The DSS thus helped manage this tension and permitted
improvisation in a more orderly manner.

Another angle on managing this tension requires the notions of emergence to be
taken into account (Majchrak etal. 2006). Majchrzak etal. identify several
methods by which organizations effectively deal with emergence. These include
building the ability continually to challenge information, assumptions, and inter-
pretations into the structure of work; embracing new knowledge and skill sets; and
the expectation of unpredictable inputs from the environment. Applying each of
these best practices in the context of OODA loops suggests ways for managing the
tensions between programmability and emergence in high-velocity DSSs. Thus,
DSSs for high-velocity environments need to incorporate rapid ways of surfacing
assumptions around decision models and be able to incorporate new parameters
that did not previously exist when needed. This means a constant reevaluation of
decision models when weak signals are sensed that may change them. Thus, DSSs
for high-velocity environments also need to be tightly coupled to vigilant
information systems. The lesson here is that the design of management dashboards
needs to take into account this assumption surfacing capability.

3.5 Tension Between Efforts to Eliminate Digital Divide
with Other Organizations Versus Finding Expedient
Ways to Communicate Through Heterogeneous
Digital Infrastructures

Organizations increasingly operate in environments in which the quality of their
decisions is based on operational information that is aggregated from a number of
partners and collaborating organizations. As it becomes more common to out-
source entire business processes, very often halfway around the world, many more
decisions are based on operational information and changes in conditions that are
communicated via the IT infrastructures of partners outside the enterprise. Some
of this information comes in the form of structured data from transactional
systems, while some of it is in the form of unstructured data from a variety of
heterogeneous digital infrastructures and people. The organization with the
greatest need for speedy decisions in the ecosystem tends to be the one that tries to
lead efforts to smooth out information delivery paths through better business
processes and more digital pathways. It is also often the case that this is the one
that has the most digitally intensive infrastructure for information transfer and
communications. This creates a set of tensions: should the speediest organization
try to get its partners to upgrade their digital infrastructure and digitize their data,
or should it try to make do and find expedient ways to communicate through
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heterogeneous digital infrastructures? How should it manage the digital divide in
the business ecosystem in which it operates so that the quality of the information
supplied to its DSS is not compromised?

There are generally two types of solutions to this problem. The first type, which
works best if the enterprise is a powerful player in the ecosystem (such as
Walmart, Cisco, or CEMEX), is to lead and impose the need to have digital
infrastructures in place for data and communication exchange with partners as
a condition of doing business, while often assisting in setting it up and funding
part of this effort. The second type of solution is to work with a patchwork of
channels that have different levels of digitization and structure, and incrementally
work to upgrade these over time, rather than trying to impose a total solution.
While the first solution is most attractive for rapid DSSs, it is usually quite
difficult to implement.

For example, IndyMac Bank and several other mortgage banks in the USA
considered implementing an all-electronic mortgage initiative, but found many
obstacles. IndyMac Bank discovered a digital divide between parts of the eco-
system, with some participants being highly electronic, while others were slow
and paper based. They were unable to persuade title companies to digitize all of
their data. Although digital title data is available in large metropolitan areas, the
only way to title search in rural areas is to search through paper records in the
courthouse. Furthermore, automating title searching may not be in the best
economic interests of some ecosystem partners because they make more money
from inefficient processes. Furthermore, they found industry reluctance to adopt
the extended markup language (XML) standard for the transmission of
transactional data between companies. This digital divide in the industry made it
unlikely that the mortgage market could be fully digitized in the near future. The
whole mortgage ecosystem must agree and act if the process is to be completely
paperless. The only thing that firms like IndyMac Bank could do at this point was
to work on the problem incrementally by automating additional portions of the
mortgage process in paper-based form [e. g., optical character recognition (OCR)
scanning of documents], eventually closing the digital divide. In the meantime, the
tension between such heterogeneous portions of the value chain continues to
contrast with the need for rapid DSSs.

4 Will Tensionitis Become a High-Velocity
DSS Affliction?

Decision support in organizations is an ongoing process, rather than consisting of
a single or few instances. Certainly, some decisions are more consequential than
others and the quality of their outcomes may have much larger impacts, but
decision processes are part of the fabric of organizations rather than isolated
instances. Thus, it is important to create a practice framework that is robust across
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a whole range of decision instances. This framework should also encompass the
links between decisions and actions horizontally across the entire organization and
its supply chain, and vertically between various levels of management. As the
Western Digital example above illustrates, when the environment speeds up and
near-real-time decisions are not uncommon, the distinction between operational
and strategic decisions becomes blurred. In these harsh conditions of high velocity
and turbulence, it becomes critical to have a practice framework that guides
decision support processes. The tension framework that we have presented is one
way of doing that.

We have identified five different tensions in decision support processes that
become more evident in the harsh environment of high velocity and turbulence.
This does not mean that each of these tensions is equally critical in each decision
instance, but that these tensions need to be considered. Their relative importance
will be determined by managerial judgment in each context. This also does not
mean that there are only five such tensions — there are probably more that we
invite others to uncover.

The tendon is the structure in the human body that connects muscles to bones.
There is a medical condition named tendonitis in which the tendon becomes
inflamed for various reasons, and the action of pulling a muscle and movement
becomes painful. Can we think of a similar situation in DSSs for high-velocity and
turbulent environments, which for want of a better name we call tensionitis, in
which the management of these tensions becomes dysfunctional and painful? How
can we avoid this happening as the environment continues to speed up and
increase in turbulence?

These are the tensions, contradictions, and paradoxes inherent to all organi-
zational arrangements, and decision support processes are no exception. There are
many ways of managing those tensions and contradictions in a spectrum that
ranges from one-by-one resolution to an integrated portfolio of approaches.
However, wherever on that spectrum an organization chooses to be, the critical
issue is that the management of these tensions should be fused into the fabric of
management practice and decision support. In high-velocity and turbulent
environments, this fusion into day-to-day practice is especially important, as it is
easy to lose sight of those tensions when the pace is frenzied, or conversely to
develop an acute case of tensionitis.
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CHAPTER 38

Supporting Decisions in Real-Time Enterprises:
Autonomic Supply Chain Systems’

Daniel E. O’Leary

University of Southern California

Supporting decisions in real time has been the subject of a number of research efforts. This
paper reviews the technology and architecture necessary to create an autonomic supply
chain for a real-time enterprise for supply chain systems. The technologies weaved together
include knowledge-based event managers, intelligent agents, radio frequency identification,
database and system integration, and enterprise resource planning systems.

Keywords: Real-time enterprises; Autonomic; Supply chain

1 Introduction

This chapter provides an overview of decision support applications for real-time
enterprises and then provides a detailed investigation into supporting real-time
supply chain decisions. The analysis of the real-time supply chain integrates
a number of technologies into an overall architecture that treats the supply chain
as an autonomic system — one designed with intelligence so that the system
can respond to events and stresses placed upon it. The paper also examines the
decision support system (DSS) roles of such autonomic systems, which ultima-
tely provide support, despite the substantial capabilities built into the system
architectures.

The chapter is structured as follows. Section 2 investigates the supply chain and
use of different technologies in the supply chain. Section 3 reviews some of the
previous research in supporting decisions in real-time enterprises in a variety of
industries. Section 4 summarizes some of the key technologies supporting supply
chain decisions in real-time enterprises. Section 5 drills down using some
examples of the use of the autonomic supply chain. Section 6 briefly summarizes
the paper, discusses some extensions, and reviews the paper’s contributions.

! The author would like to acknowledge the helpful comments of the referees in the

development of this paper.
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2 Supply Chains

This section presents some analysis of the importance of supply chains in busi-
ness and the role of technologies in existing supply chains. In addition, it presents
some empirical evidence that supply chains, in real-world settings, need addi-
tional technology.

2.1 The Importance of Supply Chains

Robert Rodin, former chief executive office (CEO) of Marshall Industries noted,
“Today business is about my supply chain, versus your supply chain.” Ac-
cordingly, the very survival of multiple related industries is concentrated in groups
of firms competing against other groups of firms. It is not just one firm against
another. This has been reiterated by others (e. g., SAP 2001). As a result, members
of supply chains need to be able to work together. Processes and technologies
need to be integrated within firms and across firms in the supply chain.
Furthermore, since it is a matter of survival, often the system must work in real
time, thus requiring integrated data and processes that facilitate and enable real-
time integration.

In addition, for the system to respond to a range of environmental events, the
whole system must respond. As a result, the system needs to be adaptive to events
that affect the system. Accordingly, knowledge about events and how to respond
to those events needs to be embedded in the supply chain system.

2.2 Supply Chains Need Technology

From a technology perspective, a first concern is: do existing supply chains see
aneed for technology to facilitate integration and support of real-time decisions
making? As seen in Table 1, the Aberdeen Group’s (2006) survey of over 150
companies found that only 10% of the firms surveyed felt that they had the right
technology in place for the supply chain.

Table 1. Extent to which supply chain technology meets needs

Technology meets our needs 10%
Our technology needs improvement 44%
We lack the technology we need 46%

Source: Aberdeen Group (2006)
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For example, we can see that 90% of the firms do not have the technology that
they need. Accordingly, one of the purposes of this paper is to identify the
appropriate technologies and outline an architecture that can facilitate a range of
technologies that meet supply chain needs.

Aberdeen’s survey was based on a sample of 16% consumer goods and
distribution, 15% high tech, 13% apparel, 10% aerospace and defense, and 10%
construction/engineering, and included firms from other industries including retail,
industrial manufacturing, and chemicals/pharmaceuticals. Roughly 30% of re-
spondents were from enterprises with annual revenues of $1 billion or greater,
48% from enterprises with revenues between $50 million and $999 million, while
22% of respondents were from businesses with annual revenues of less than $50
million.

2.3 Supply Chains as Real-Time Enterprises

In a real-time supply chain, the supply chain is automated end-to-end. Unfor-
tunately, few supply chains are automated to leverage real-time capabilities. For
example, the results of a survey by the Aberdeen Group (2006) regarding the
extent to which supply chains are automated and integrated are summarized in
Table 2. Currently only 6% of supply chains are highly automated. Virtually all
supply chains are fragmented and not integrated at some level. This means that
there is substantial opportunity to evolve those supply chains to include appro-
priate technologies so that they become real-time systems.

However, even if the supply chain is automated, what should that automation
look like, how would we expect it to be automated, and how might it be automated
in the future? Even if it is automated, how do we ensure that the system is
adaptive to the wide range of events that can occur in supply chains? How can
enterprises detect and get rid of fragmentation? The next section will examine
some of the previous research in real-time enterprises to see where opportunities
for supply chain technology applications might exist.

Table 2. Technology maturity in supply chains

Highly automated 6%

Some end-to-end and cross-functional process automation 19%
Department-level automation 20%
Fragmented information technology (IT) approach 29%
Mostly manual and spread sheet driven 26%

Source: Aberdeen Group (2006)
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3 Previous Research on Real-Time Enterprises

Previous research on supporting decisions in real-time enterprises has focused on
a range of industries and approaches. The industries provide the basis on which to
understand how technology can be leveraged to bring real-time decision making to
the enterprise. This section reviews and briefly summarizes some sample appli-
cations along with the key supporting technologies used in the applications. This
review is focused on those real-time applications and their use of technologies, in
contrast to, e.g., pricing algorithms, etc., where the dominant concern is econo-
mics. Our concern is with those applications where, at some level technology
plays a critical role in the real-time aspect of the enterprise.

3.1 Electric Power

Bergey etal. (2003) investigated a system for the electric power districting
problem, in order to balance the supply and demand for electricity in real time. As
a result, electricity must be scheduled and dispatched to all generators connected
to the network in real time. They proposed a solution that allowed visualization to
help decision makers. Alvarado (2005) investigated the use of a decision support
system to facilitate the control of power systems using real-time pricing for
electricity. By using real-time price changes, the plan was to influence real-time
electricity use.

3.2 Electronic Markets

Aron etal. (2006) discussed how the use of intelligent agent technologies
analyzing real-time data in order to help electronic markets evaluate buyers, and
customize products and prices in real time. Karacapilidis and Moraitis (2001)
developed an intelligent agent-based architecture where personal software agents
perform buyer and seller tasks in electronic markets and auctions.

3.3 Health Care

Duda and Heda (2000) investigated business processes in managed health care
businesses to attain a real-time response. They find that technology integration
across multiple databases and systems is a critical part of the design. Forgionne
and Kohli (2000) discussed a decision support system for health care, designed to
improve decision making through integration across multiple systems. They
developed a system with integrated databases and intelligent systems used to
facilitate decision making. Wu etal. (2005) examine the importance of tracking
individual items, ranging from equipment to drugs to people, using radio fre-
quence identification.
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3.4 Nuclear Power

Papamichical and French (2005) discussed a system designed to operate in real
time in the nuclear power industry, in case of radiation accidents, by decreasing
the number of alternatives to be considered to a reasonable number. Using
accident-based events, they developed a knowledge-based system based on multi-
attribute utility theory, to determine how to reduce the number of alternatives and
solution speed. Knowledge about events was generated along with corresponding
knowledge about alternatives to help manage these events.

3.5 Telemarketing

Ahn and Ezawa (1997) developed a system based on Bayesian learning to support
real-time telemarketing operations. The intelligent system was designed to support
decision making about different kinds of offers to make and whether or not to go
to the next customer or promote another product. That is, knowledge about one
event provided insight into a chain of reasoning about the customer. Again,
knowledge about events is captured and used to help manage the process.

3.6 Transportation

Balbo and Pinson (2005) developed a decision support system designed to monitor
transportation systems. If there was a disturbance on a public transportation line
then the system uses knowledge to follow the disturbance as it evolves. They also
proposed a multiple-intelligent-agent-based approach that facilitated disturbance
processing.

Beroggi and Wallace (1994) developed a prototype system aimed to facilitate
real-time control of the transportation of hazardous materials. Their system was
designed to support risk assessment and route guidance for safety and cost, using
a hypertext tool that allowed knowledge capture and reuse. They were concerned
with communication of location types of information using hypertext. Such an
approach facilitated visualization and management of knowledge about key events.

3.7 Supply Chain

Supply chain is a rapidly emerging and new application area for real-time systems.
Kimbrough etal. (2002) were among the first to use intelligent agents to model the
supply chain. Babaioff and Walsh (2005) examined the use of intelligent agents to
facilitate auction-based choices. Liu etal. (forthcoming 2007) modeled event
management for the supply chain. Yao etal. (2007) have examined key parameters
associated with supply chain process integration associated with issues such as
vendor-managed inventories.
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3.8 Summary of Selected Research

A summary of this research is provided in Table 3. As seen in these many
applications, a broad base of technologies has been analyzed in previous research,
from many industries, in an attempt to facilitate decision making in real-time
enterprises. At the heart of many of these applications are intelligent systems and
integration across multiple databases and systems. Furthermore, the notion of
knowledge-based event or disturbance processing is consistent with a system that
responds to a set of events that can influence or disrupt the supply chain. For all
intents and purposes, many of the systems contain knowledge-based event
managers that monitor and respond to events or sets of events, using knowledge
with which they have been provided. Those event managers have been referred to
as intelligent agents and event managers. Because their purpose is to manage
events we will continue to refer to them as event managers.

This summary illustrates some limitations of the existing literature. Firstly, in
earlier applications there was apparently limited need to gather data and control
individual objects. As we will see below, that is not the case in the supply chain,
where information about many different objects can be used to facilitate and
control the supply chain. As a result, object identification becomes an important
issue. Secondly, each of the applications was in a single industry, as a result there
was limited need for integration. Since these previous real-time applications
employ these technology approaches, the real-time enterprise supply chain
architecture discussed here also will employ many of these same technologies.
Thirdly, at least in the literature examined here, visualization has received at most
limited attention. However, technologies such as object identification and real-
time data facilitate visualization to aid people’s use of the overall systems.
Ultimately, this whole collection of technologies will be assembled for the
development of autonomic supply chains.

Table 3. Summary of selected research

Real- | Object System/
time | identi- | Visuali- process Intelligent Event
Industry data | fication | zation | integration agents managers

Electric power X X
Electronic markets | X X
Health care X X X X
Nuclear power X X
Telemarketing X
Transportation X X X
Supply chain X X X X
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4 Technology to Support Supply Chain Decisions:
Autonomic Supply Chains

As seen in the literature review a number of technologies have been employed in
developing real-time enterprises. Similarly, a broad range of information techno-
logies can be used to facilitate decision support in real-time enterprises for the
supply chain. Although the term autonomic supply chain has received attention
(e.g., Gill 2003 and Grosson 2004), there is limited research establishing what
constitutes the concept. For the supply chain to attain a level of autonomy to
provide a high level of support, data and processes across different partners in the
supply chain must be able to be integrated. Furthermore, to provide data about the
flow of individual objects through the supply chain, a technology such as radio
frequency identification (RFID) is needed. These technologies are summarized in
the following table. Ultimately, the basis for the choice of these technologies is
generated by the notion of autonomic computing in the supply chain (Table 4).

Table 4. Autonomic supply chain and technology components

Autonomic systems Technology
Real-time supply chain data Enterprise resource planning (ERP)
Real-time object identification Radio frequency identification (RFID)
Seeing the data and supply chain Visualization
in real time
Real-time integration of data Extensible markup language (XML)/electronic data
and processes interchange (EDI)
Real-time decision making Intelligent agents
Real-time event monitoring Event managers

4.1 Autonomic Systems

The overriding structure of the real-time enterprise supply chain architecture used
in this paper is autonomic computing. The term autonomic derives from the
body’s autonomic nervous systems, so systems can work by themselves, as the
nervous system does without conscious human intervention. The notion of
autonomic computing was originally proposed so that computers could be
more independent and intelligent, operating with minimal human interaction
(http://www .research.ibm.com/autonomic/). Initially, it appears that the focus of
such systems was on large mainframe systems, and then later networks. IBM,
Siemens, Cisco, and other firms have argued that computing systems need to be
more autonomic, so that systems can fend for themselves, rather than requiring
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substantial human direction. Substantial human intervention is too costly and too
slow.

The translation of notions of autonomic computing to autonomic supply chains
requires a number of elements in order to be executed in a supply chain envir-
onment, including the following abilities:

to obtain data in real time to facilitate decision making

to provide information on the objects being processed by the system

to allow humans to visualize the system to help them reduce complexity
to integrate across different systems so that systems can work together,
to operate intelligently, in the numerous simultaneous settings that occur
in supply chains

e to monitor its own operation and decide what to do if particular
prespecified events occur

We will examine each of these components as part of generating the overall
system architecture.

4.2 Real-Time Data Generation: Enterprise Resource
Planning (ERP) Systems

Real-time data for autonomic systems means real-time data throughout. Much
supply chain data is ultimately captured using an ERP system. Accordingly, ERP
systems are at the center of much of the real-time data generation for decision
making. For example, key data generated or maintained for the supply chain in the
ERP system are qualified vendor lists, orders, goods received given the orders,
transportation vendors, etc. Holsapple and Sena (2005) discussed some of the
relationships between ERP and decision support.

Ultimately, this data, updated in real time, is the basis of planning in both the
enterprise and the supply chain. Often there is sharing of ERP data to facilitate
data exchange. This often occurs by making the data available to others in the
supply chain through a data warehouse, accessible from the Internet. For example,
retailers can make sales data available to vendors so that the vendors can use it for
planning or management of the inventory. The need for data exchange leads to the
integration of data and processes among supply chain organizations.

However, real-time data from sources other than an ERP system may be
necessary. One of the primary sources of real-time data is individual object identi-
fication information, including RFID.

4.3 Real-Time Object Identification: RFID

RFID allows enterprises to uniquely identify and track supply chain objects at
different levels, including train cars, trucks, pallets, cases, or even individual
product items. RFID provides a unique identifier for whatever the tag is attached



Supporting Decisions in Real-Time Enterprises: Autonomic Supply Chain Systems 27

Table 5. Extent to which RFID is embedded in the supply chain by two large retailers

Company/date RFID-enabled RFID-enabled RFID-enabled
suppliers stores distribution centers
Wal-Mart* 300 500 5
(April 2006)
Metro® 33 13 9
(August 2005)
* Haskins (2006)

® Ton etal. (2005)

to or embedded within, in real time. Readers at garage doors determine when
atruck enters or leaves the garage. Readers at the rear of a truck can capture
movement of goods onto or off a truck, depending on the object of interest.

Two retail leaders in the use of RFID in the supply chain are Wal-Mart and
Metro. The extent to which they have embedded RFID into their supply chains is
summarized in Table 5. RFID participants include the suppliers, the stores, and the
stores distribution centers. As a result, the location and passage of RFID objects
can be traced throughout the entire supply chain. Some retailers, including Tesco
(Nielsen 2005), have had difficulties, often beyond their control, which have
limited their ability to implement RFID.

Accordingly, if they are present, RFID tags can be used to find whatever has
been labeled using the RFID tag at various points in the supply chain. This can
help to minimize misplaced inventory, and the corresponding lost sales, etc., that
accompany that inventory as it sits, lost, covered and unused in storage. RFID can
also be used to minimize the leakage of goods.

Most RFID tags are passive, having no power source, and limited range, but
a unique identifying code. However, because of their unique identifier, passive
RFID tags allow the objects that they represent to become responsive. The tagged
goods are not intelligent per se, however, when queried they can signal their
presence. Object responsiveness is critical for an autonomic supply chain.

In contrast to passive tags, active tags have their own power source, and while
operating over a longer range they are larger and more expensive. Rather than just
being responsive, active tags can facilitate intelligence, since each object can
interact with other objects. For example, tagged chemicals could respond to each
other, to note, for example, that they could spontaneously combust or that the
goods they carry have expired. Intelligent tags can also keep a history of events
faced by the object, for example, temperature changes, thus facilitating intel-
ligence at the object level. Even knowledge-based systems can be generated and
used at the object level.

In an autonomic supply chain responsive or intelligent objects meet the need
for objects in the system to provide information back to the system. In some
applications, more-intelligent objects can be more helpful than others (e. g., if they
could spontaneously combust). However, in most applications, responsiveness
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is likely to be sufficient. Although this section has focused on RFID, other
technologies, such as satellite communications, are also emerging for object
identification.

4.4 Seeing the Data and Supply Chain in Real Time:
Visualization

Individual object identification (e. g., RFID) can facilitate visualization, which can
be used to address the complexity that comes with multiple-agent systems. As
aresult of the ability to keep track of individual items, the visibility of goods is
strengthened. So much so that in one discussion, the CEO of a company noted
(Rhode 2004), “I can actually sit in my office and follow where all of the pallets
are going.” Whether or not the CEO should be concerned about specific pallets
is another issue, but we can see that RFID can definitely facilitate visibility.
Furthermore, this technology is consistent with previous research in real-time
systems that promotes the use of visualization maps of the flow of goods marked
with RFID to determine where bottlenecks are slowing processes down. In so
doing they can determine where bottlenecks are and work to mitigate them in real
time.

4.5 Real-Time Integration of Data and Processes:
Electronic Data Interchange (EDI) and Extensible
Markup Language (XML)

Supply chains cross many boundaries, both inter- and intra-firm. Accordingly,
information must cross those boundaries, systems must to talk to systems, and
processes must be integrated across those boundaries. Furthermore, for data flow
to occur in real time, these systems must be integrated.

Beyond allowing access of others to internal systems, such as data warehouses,
there are a number of technologies that can be used to facilitate system-to-system
integration. Historically, large firms have relied on EDI using value-added net-
works (VANSs), pricing smaller firms out of EDI integration. However, Hamblen
(2002) noted that recently Wal-Mart had adopted Internet-based EDI, with
software costing potential integration partners only $300 per year, making data
integration a cost-effective capability.

XML offers another technological capability to facilitate data integration. XML
does not require classic value-added networks that were used to support EDI.
Further, there is substantial flexibility in the definition of XML standards, since
XML does not specify the semantic content of the exchanged data. In addition,
although EDI is more batch focused, XML is more amenable to facilitating real-
time interactions, and companies can continually go back and forth with XML
conversations.



Supporting Decisions in Real-Time Enterprises: Autonomic Supply Chain Systems 29

However, the development of semantic standards that can be used across the
supply chain or industry is critical to XML use. Metadata management at the
enterprise, supply chain, and industry level is required. Common definitions must
be created so that XML-based exchanges result in real information exchanges.

However, data integration is only part of the story. In addition, pro-
cesses need to become integrated and managed. For example, RosettaNet
(http://www.rosettanet.org/Rosettanet/Public/PublicHomePage) provides a set of
standards designed to facilitate the exchange of process information along the
supply chain. For the semiconductor industry, RosettaNet defines about 1000
dictionary items defining different product types, ultimately laying out a semantic
map of the products so that users’ systems can talk the same language. RosettaNet
also defines partner interface processes (PIPs). PIPs are XML-based system-to-
system dialogs that define data exchange between partners. They have also
defined over 100 different PIPs, and have standardized or plan to standardize the
exchange of information between different members of the supply chain. PIPs do
not really care about processes leading up to the exchange, as long as that data
exchange continues. However, data exchange and process impact are laid out
along with the exchange. Although RosettaNet is specifically for the semi-
conductor industry and not appropriate for the other industries, the same
conceptual approach would be appropriate, providing standard information
exchanges across the supply chain.

In the retail supply chain, Procter and Gamble also uses XML and EDI to accept
invoices for payment (http://www.pgsupplier.com/AP_General Information.htm),
however, they prefer a change in the overall process of invoices. In particular, they
prefer to either pay off their invoices based on computing the amount of the
inventory they have used or the amount of inventory that they receive, speeding the
process even more. This illustrates that, in some situations, processes along with
technology can drive change. However, technology must accommodate the ex-
change of information and integration of processes.

4.6 Real-Time Decision Making: Intelligent Agents

One of the ways to make systems autonomic is to employ intelligent agents to
perform many of the system tasks. But an even more important factor leading to
the use of intelligent agents is simply the sheer number of activities happening at
any one time and the number of items in play in the supply chain. For example,
when Gillette announced that it was going to use RFID, they purchased
500,000,000 tags (Schwartz 2003). Humans cannot keep track of 500,000,000
different items, so necessarily, intelligent computer agents are required.

Using intelligent agents in the supply chain is not a far-fetched tale for the real
world. For example, as discussed in Thomas (2002), SAP, the large ERP software
vendor is pursuing the use of intelligent agents: “SAP announced the enhancement
of ... (its supply chain management software) through the use of new intelligent
agent technology.” SAP (2001) further notes that
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intelligent agents will automatically trigger a variety of problem
resolution techniques resulting in the optimization of the adaptive supply
network. Intelligent agents are the next stage of adaptive planning and
execution. ... The ultimate goal is to create a truly adaptive supply network
that can sense and respond to rapidly evolving conditions so that partners
can intelligently cooperate to keep demand and supply in close alignment
and efficiently coordinate the fulfillment process. We believe that intelligent
agents will be key to resolving the increasing challenges companies are
faced with in participating and managing global adaptive supply networks.

Intelligent agents can be used to provide a number of capabilities to the supply
chain. Cisco Systems was one of the first firms to adopt intelligent agents in
a number of supply chain activities (Cisco Systems, no date):

Configuration agents — verify configurations

Pricing agents — search for product prices

Lead-time agent — check lead times

Order status agent — monitor the status of orders

Invoice agent — view invoices, credit memos and debit memos

Orders extract agent — take order information at Cisco and download for
local use

Intelligent agents could also be employed in circumstances similar to those of
other real-time enterprise applications. For example, intelligent agents could be
used in bids to determine where goods might be manufactured. Further, intelligent
agents could be used to schedule production activity or transportation activity.

4.7 Real-Time Event Monitoring: Event Managers

As with applications in other real-time systems such as traffic or nuclear power
supply chain systems need to define events that can happen and how to manage
the supply chain if these events do happen. For example, if a supplier cannot
provide a particular shipment of raw materials, what should happen? In this case,
we might have an intelligent agent that is notified and takes responsibility for
choosing another supplier. As another example, if there is a weather event, and
a shipment is interrupted, what should happen? In this case, an intelligent agent
can be charged with finding another supplier or another approach to shipment, or
possibly contacting another intelligent agent that might try to rearrange the
production at a particular facility to accommodate the late shipment.

Using a knowledge base, event managers can be established not just for
independent events, but also chains of events. For example, if a weather event
occurs, interrupting a shipment, that then triggers a sequence of other events. The
event manager can be built to include knowledge about these chains and sets of
dependent events, not just independent events. Event managers are generally
intelligent agents designed to process streams of events.
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Event management allows for the development of a system that will be
adaptive to events happening in the world around it. However, it can only be as
adaptive as the event knowledge and contingencies that are captured and
maintained within it. Organizational and supply chain knowledge is captured and
used to understand what to do in the case of each of a set of contingent events. For
an autonomic system creating a knowledge base of events and the contingencies
associated with each of those events is a critical step that enables the system to
become autonomic.

Research is beginning to be focused on event management. For example, Lui
etal. (2007) propose using a Petri net approach to model a real-time event supply
chain.

4.8 Autonomic Supply Chain Architecture: Summary

These technologies are brought together under the label of autonomic supply
systems for real-time enterprises. ERP systems provide a central source of data for
the system. XML and PIPs (or equivalents) are used to integrate data flows across
the multiple actors. RFID is used to attach a unique identification to each object so
that it can be followed throughout its life in the supply chain. RFID can be
attached to virtually all objects of interest in the supply chain: trucks, pallets,

Event Manager
=

Intelligent Agents Intelligent Agents

Sales | Back

P&G Warehouse Floor |Room

Figure 1. Autonomic supply system architecture
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cases, and items. RFID can be used to facilitate visualization and responsiveness.
Intelligent agents gather and process information about the objects so the system
can be autonomous. Intelligent agents are linked to a knowledge-based event
manager that helps the system respond to changes and perturbations in the
environment. Event managers capture knowledge about contingent events and
event sets, and use that knowledge to help manage the system in real time in
response to events that occur. This architecture is summarized in Figure 1.

Although the focus of autonomic systems is on working autonomously, the
systems still need to provide the basis for supporting human-based supply chain
decisions. Visualization allows users to see product bottlenecks and other types of
problems. Intelligent agents inform users of problems and potential solutions, and
help the system respond to problems that are encountered. Event managers
provide information about discrete events and potential solutions, and inform
users about event disruptions that require intervention. However, the huge
magnitude of millions of objects interacting, and the requirement that the system
function in real time requires a certain extent of autonomy.

5 Supply Chain Monitoring and Management:
Examples

The purpose of this section is to illustrate the use of an autonomic supply chain
with some extrapolated example applications of support from such systems.

5.1 Example: The Case of Procter and Gamble

Procter and Gamble has generated a vision of what they think supply chain
systems that are designed to support decisions will look like. This section briefly
summarizes and extends that vision, as discussed in Anthes (2003).

The example starts in 2008, when Procter and Gamble has plans to shorten the
replenishment cycle for a box of detergent from four months to one day. Whether
or not that arget is reached is not the issue. Although such a radical change may
not occur by 2008, even reducing the cycle to a week or two would be a huge
change in the way they will do business, and the corresponding inventory in the
supply chain.

In 2008, Procter and Gamble will have a number of highly flexible production
facilities that have rapid turnaround capabilities. DSSs will support the decision of
where goods will be produced. In particular, intelligent software agents will help
determine what is produced in those facilities and help facilitate supply of those
facilities. Intelligent agents will bid for different jobs, based on each production
facility’s current and future commitments. Computer-based agent bidding should
speed the production allocation process.
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Event managers will monitor data on a wide range of different events. For
example, intelligent agents will monitor conditions so that, if supplies are delayed
due to weather or traffic or major strikes or other causes, the agents will be able to
create alternative delivery schedules to ensure that the production facilities get the
appropriate supplies in sufficient quantities. Event managers will monitor that
flow of event information and help determine what needs to be done in response to
those events. Humans will facilitate solutions to anomalies.

In the long run, Procter and Gamble anticipates that RFID technology will be
embedded on trucks, pallets, cases, and at the individual item level. Data will be
integrated along the entire supply chain, allowing true vendor-managed inventory.
Goods will become responsive and unique objects. Thus, it will be easy to
determine the location of particular goods in the supply chain. As a result, the
distribution chain through to stores will provide Procter and Gamble with
substantial real-time information about the movement and sales of goods sent to
them. For example, Procter and Gamble might track how long goods stay in the
back room or on the selling floor. When goods are sold, Procter and Gamble will
know about it in real time so that they will be able to track their sales over time.
Shelves will become intelligent and ultimately report their needs directly back to
Procter and Gamble. They will be able to monitor the goods on them and track
when the shelves need to be replenished. When the number of units becomes low
enough, the shelves can request replenishment to the back room, the warehouse, or
even Procter and Gamble. Procter and Gamble will know which retailers have the
lowest inventories and which need immediate inventory replenishment. Accor-
dingly, as goods are produced, Procter and Gamble will dispatch the shipments to
those customers where the inventories are low, and they will know how much to
produce. As a result, stores will increasingly become smart stores and the supply
chain will become autonomic.

Because a range of objects will be embedded with RFID technology, visual-
ization will be able to see where those objects are, and manage accordingly.
Accordingly, tagging and visualization will eliminate many information asym-
metries in the supply chain.

In such a vision, objects become responsive, shelves become intelligent, stores
become smart, and the entire supply chain together becomes responsive to the
environmental strains put upon it, in order to create an autonomic supply chain.

5.2 Example: Tainted Dog Food and Spinach

In late 2006 and early 2007 there were at least two incidents of problems with
products in the food supply chain. Apparently tainted ingredients in dog food
poisoned and killed a number of dogs, while tainted spinach apparently made
a number of people in the United States and Canada sick. How might an auto-
nomic supply chain support mitigating those problems?

The ERP system would provide order and shipment information relating to the
particular vendors that were responsible for the tainted goods. Given identification
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of a particular batch of tainted goods, RFID could help us to determine the
specific vendor or shipments that were affected. Furthermore, with RFID infor-
mation, any other shipments from identified vendors could be rapidly found and
examined. Data about vendors and shipments on a map would greatly facilitate
visualization of the flow of tainted goods, allowing us to trace them back to the
source or sources. Accordingly, integrated data would allow us to gather data
rapidly from multiple sources to facilitate the generation of data for visualization.
Event managers could lay out the steps necessary to respond to receiving tainted
goods. For example, they could indicate the need to contact the authorities, allow
the search for alternative sources of goods, and any other activities that need to be
pursued.

6 Summary and Extensions

This paper has summarized some of the applications that illustrate decision
support for real-time enterprises. In addition, it has also laid out an architecture for
an autonomic system approach to supply chains. To build a system that can act on
its own requires substantial ground work. In the architecture described herein, we
have discussed multiple integrated systems, with integration across organizational
lines to include processes. In addition, we have discussed intelligence built into
the system at a number of points. Using RFID, objects can be intelligent, and at
a minimum, responsive. Furthermore, intelligent agents acting autonomously can
perform specific duties assigned to them. Finally, event managers can coordinate
the overall system in response to particular events. Knowledge about a wide range
of events is built into the event manager, which is responsible for marshalling
resources to solve particular problems to help the system adapt to the requirements
placed on it. Visualization technologies that allow the location of different objects
to be traced can play a key role in assisting people to see where problems are
located to facilitate their resolution.

6.1 Extensions

How can the discussion in this paper be extended? First, the set of technologies
reviewed might be extended within categories. For example, object identification
could be extended from RFID to include satellite-based technologies that are more
widely accessible from longer distances. Second, additional categories of techno-
logies might be included beyond those of visualization, integration, real-time data,
intelligent agents, and event data and managers. For example, organizational
simulation models might be added to facilitate problem analysis and solution.
Third, the architecture presented here is more aimed at generating data and
running a supply chain on a day-to-day basis. In addition, there could be a focus
on simulating the supply chain to understand what could and what is most likely to
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happen. For example, so-called mirror worlds provide the opportunity to model
organizations and anticipate the future (Gelentner 1992 and O’Leary 20006).
Perhaps the supply chain could be a good domain for a mirror-world application.
Fourth, in order to have information all along the supply chain, there must be
information sharing. Unfortunately, there are more than just technical issues
associated with information sharing, such as trust, etc. (e. g., Li and Lin 2006).

6.2 Organizational Issues?

The scope of this paper has been to generate a technological architecture for an
autonomous supply chain to facilitate real-time enterprises. However, making
a supply chain work ultimately requires more than just a strong technological
structure. Over the years many frameworks have been provided to analyze the
successful use of the technologies have been generated. For example, Bradach
(1996) discusses the well-known seven Ss, development by Waterman etal.
(1980): strategy, structure, systems, style, skills, staff, and shared values need to
be aligned with any technology implementation. Ignoring any one of these can
lead to a solution that will not work. Again, systems are only one of the seven Ss.
Other models also could be used to elicit other factors, including that of Pfeffer
(1994).

Furthermore, as we expand this analysis to supply chain issues with multiple
interacting partners, other issues such as incentives and trust become important. If
supply chain partners do not trust each other then even the most basic integration
and real-time data flows become problematic. If partners have no incentives to
bring their technology into concert with others in the supply chain, the rest of the
supply chain will suffer.
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Emergency situations occur unpredictably and cause individuals and organizations to shift
their focus and attention immediately to deal with the situation. When disasters become
large scale, all the limitations resulting from a lack of integration and collaboration among
all the involved organizations begin to be exposed and further compound the negative
consequences of the event. Often in large-scale disasters the people who must work to-
gether have no history of doing so; they have not developed a trust or understanding of one
another’s abilities, and the totality of resources they each bring to bear have never before
been exercised. As a result, the challenges for individual or group decision support systems
(DSS) in emergency situations are diverse and immense. In this contribution, we present
recent advances in this area and highlight important challenges that remain.

Keywords: Emergency situations; Crisis management; Information systems; High reliabil-
ity; Decision support

1 Introduction

Emergency situations, small or large, can enter our daily lives instantly. A morning
routine at home all of a sudden turns into an emergency situation when our five-
year-old on her way to the school bus trips over a discarded toy, falls and hurts
herself. At work, the atmosphere in the office turns grim when the news breaks that
the company is not meeting its expected earnings for the second quarter in a row
and, this time, the chief executive officer (CEO) has announced that hundreds of
jobs are on the line. Emergency situations can be man-made, intentional, or acci-
dental. Especially hard to plan for is the rare and violent twist of nature, such as the
Sumatra-Andaman earthquake of December 26, 2004, with an undersea epicenter
off the west coast of Sumatra, Indonesia, triggering a series of devastating tsunamis
that spread throughout the Indian Ocean, killing approximately 230,000 people.

By definition, emergency situations are situations we are not familiar with — nor
likely to be familiar with — and by their mere happening create acute feelings of
stress, anxiety, and uncertainty. When confronted with emergency situations, one
must not only cope with these feelings, but also make sense of the situation amidst
conflicting or missing information during very intense time periods with very
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short-term deadlines. The threat-rigidity hypothesis, first developed by Staw, San-
delands, and Dutton (1981) and further discussed by Rice (1990), states that indi-
viduals undergoing stress, anxiety, and psychological arousal tend to increase their
reliance on internal hypotheses and focus on dominant cues to emit well-learnt
responses. In other words, the potential decision response to a crisis situation is to
go by the book, based on learned responses. However, if the response situation
does not fit the original training, the resulting decision may be ineffective, and may
even make the crisis situation worse (e. g., the 9/11 emergency operators telling
World Trade Center occupants to stay where they were, unless ordered to evacu-
ate). In order to counter this bias, crisis response teams must be encouraged and
trained to make flexible and creative decisions. The attitude of those responding to
the crisis and the cohesive nature of the teams involved is critical to the success of
the effort (King 2002). In an emergency the individuals responding must feel they
have all the relevant observations and information that is available in order to make
a decision that reflects the reality of the given situation. Once they know they have
whatever information they are going to get before the decision has to be made, they
can move to sense-making to extrapolate or infer what they need as a guide to the
strategic/planning decision, which allows them to create a response scenario,
which is a series of integrated actions to be taken. It has also been well-docu-
mented in the literature that the chance of defective group decision making, such as
groupthink (Janis 1982), is higher when the situation is very stressful and the group
is very cohesive and socially isolated. Those involved in the decision are cogni-
tively overloaded and the group fails to adequately determine its objectives and
alternatives, fails to explore all the options, and also fails to assess the risks associ-
ated with the group’s decision itself. Janis also introduced the concept of hyper-
vigilance, an excessive alertness to signs of threats. Hypervigilance causes people
to make “ill-considered decisions that are frequently followed by post-decisional
conflict and frustration” (Janis 1982). As a result, the challenges for individual or
group decision support systems (DSS) in emergency situations are diverse and
immense. In contrast, individuals performing in emergency command and control
roles who may have expertise in the roles they have undertaken, and who have
feelings of trust for others performing related and supporting roles (such as deliver-
ing up-to-date information), are likely to be able to go into a state of cognitive
absorption or flow that captures an individual’s subjective enjoyment of the inter-
action with the technology (Agarwal and Karahanna 2000), where they cope well
with states of information overload over long periods of time and make good deci-
sions, even with incomplete information. The knowledge that one is making deci-
sions that involve the saving of lives appears to be a powerful motivator.

2 A Model for Emergency Management Processes

Many events in organizations are emergencies but are sometimes not recognized as
such because they are considered normal problems: developing a new product, loss
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of a key employee, loss of a key customer, a possible recall on a product, the dis-
ruption of an outsourced supply chain, etc. Developing a new product is probably
influenced by a belief that, if it is not done now, some competitor will do it and that
will result in the obsolescence of the company’s current product. Because the time
delay in the effort for developing a new product is often much longer than what we
think of as an emergency, we tend not to view many of these occurrences as emer-
gency processes. This is unfortunate because it means that organizations, private or
public, have many opportunities to exercise emergency processes and tools as part
of their normal processes. One of the reoccurring problems in emergency prepar-
edness is that tools not used on a regular basis during normal operations will
probably not be used or not be used properly in a real emergency. The emergency
telephone system established for all the power utility command centers to coordi-
nate actions on preventing a wide-scale power failure was developed after the first
Northeast blackout in the U.S. It was not used until after the power grid completely
failed and resulted in the second failure almost a decade later, and then not until
11 hours after the start of the failure process. Employees had forgotten it existed.

Sometimes our view of the emergency management effort is too simplified and
farmed out in separate pieces to too many separate organizations or groups. In
emergency management, the major processes and sub-processes are:

e  Preparedness (analysis, planning, and evaluation)
— Analysis of the threats

— Analysis and evaluation of performance (and errors)
— Planning for mitigation

— Planning for detection and intelligence

— Planning for response

— Planning for recovery and/or normalization
Training

Mitigation

Detection

Response

Recovery/normalization

These segments of the process are cyclic, overlap, require integration, collabora-
tive participation, involvement of diverse expertise and organizational units, as
well as constant updating. These processes give us a structure for identifying and
categorizing the various information and decision needs DSS must provide for in
emergency situations.

Emergency situations typically evolve during an incubation period in which the
emergency (often unnoticed) builds up to ultimately lead to an acute crisis when
the last defenses fall or when the circumstances are just right. For organizations, it
is therefore crucial to focus on this phase and try to reduce the consequences or
prevent the emergency from developing at all. During the preparedness, mitiga-
tion, and detection phases, it is important to prepare for the eventuality of an
emergency by understanding the vulnerabilities of an organization, analyzing early
warning signals which may point at threats to which the organization may already
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be or become exposed, and by taking precautionary measures to mitigate the pos-
sible effects of the threats. Developing emergency plans is one of the key activities
in the preparedness phase. It should be clear that planning is critical and it is
something that must go on all the time, especially since the analysis and evalua-
tion processes must be a continuous processes in any organization that wants to be
able to manage the unexpected in a reliable and responsive manner. Mitigation
goes hand in hand in with defection, and what we do in mitigation is often influ-
enced by the ability to detect the event with some window of opportunity prior to
the event. The response phase is a very different phase during which the initial
reaction to the emergency is carried out and the necessary resources are mobilized,
requiring an intense effort from a small or large number of people dealing with
numerous simultaneous emergencies of different scope and urgency. During the
recovery phase, the pace of the action has slowed down from the hectic response
phase, and there may be a need for complex planning support to relocate thou-
sands of homeless families, to decide on loans for businesses to be rebuilt, or to
start with the most urgent repairs of damaged public infrastructure. However,
given a pandemic like the avian flu, the distinction between response and recovery
becomes somewhat meaningless. Clearly the scale of the disaster can produce
considerably complex and difficult situations for the recovery phases as evidenced
by both 9/11 and Katrina.

The remainder of this chapter is structured according to the DSS needs for the
various emergency management processes. In the following section, we introduce
high-reliability organizations, a remarkable type of organization that seems to be
well prepared and thrives well even though it deals with high-hazard or high-risk
situations routinely. Concluding from this strand of research that mindfulness and
resilience are key aspects of emergency preparedness, we discuss information secu-
rity threats and indicate how DSS may help organizations to become more mindful
and prepared. In section 4, we focus on DSS for emergency response, and present
a set of generic design premises for these DSS. As a case in point, we discuss a DSS
for nuclear emergency response implemented in a large number of European coun-
tries. In section 5, we focus on the recovery phase, and we highlight the role and
importance of humanitarian information and decision support systems. We describe
the example of Sahana, an open-source DSS developed since the 2004 tsunami dis-
aster in Sri Lanka. We conclude in section 6 by summarizing our main findings.

3 DSS for Emergency Preparedness
and Mitigation

3.1 Mitigation in High-Reliability Organizations

Some organizations seem to cope very well with errors. Moreover, they do so over
a very long time period. Researchers from the University of California in Berkeley



Decision Support for Emergency Situations 43

called this type of organization high-reliability organizations (HROs): “How often
could this organization have failed with dramatic consequences? If the answer to
the question is many thousands of times the organization is highly reliable” (Rob-
erts 1990). Examples of HROs are nuclear power plants, aircraft carriers, and air-
traffic control, all of which are organizations that continuously face risk because
the context in which they operate is high hazard. This is so because of the nature
of their undertaking, the characteristics of their technology, or the fear of the con-
sequences of an accident for their socio-economic environment. The signature
characteristic of an HRO, however, is not that it is error-free, but that errors do not
disable it (Bigley and Roberts 2001). For this reason, HROs are forced to examine
and learn from even the smallest errors they make.

Processes in HROs are distinctive because they focus on failure rather than
success: inertia as well as change, tactics rather than strategy, the present moment
rather than the future, and resilience as well as anticipation (Roberts 1990, Roberts
and Bea 2001). Effective HROs are known by their capability to contain and re-
cover from the errors they make and by their capability to have foresight into
errors they might make. HROs avoid accidents because they have a certain state of
mindfulness. Mindfulness is described as the capability for rich awareness of dis-
criminatory detail that facilitates the discovery and correction of potential acci-
dents (Weick 1987). Mindfulness is less about decision making and more about
inquiry and interpretation grounded in capabilities for action. Weick etal. (1999)
mention five qualities that HROs possess to reach their state of mindfulness, also
referred to as high-reliability theory (HRT) principles (Van Den Eede and Van de
Walle 2005), and shown in Figure 1. It is sometimes stated in a joking manner that
long term survival of firms is more a function of those firms that make the small-
est number of serious errors and not those that are good at optimization. Some of
the recent disasters for companies in the outsourcing of supply chains may be

Preoccupation

with Failure \

Reluctance to Mindful
Simplify anticipation \
Capability to Discover

/ Unexpected Events
Sensitivity to
Operations
Capability to Manage

c it ¢ Unexpected Events
ommitmen Mindful
to Resilience ﬁcontainment

Deference to /

Expertise

Mindfulness Reliability

Figure 1. A mindful infrastructure for high reliability (adapted from Weick etal. 1999)
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anew example of this folklore being more wisdom than it is currently believed.
The more efficient the supply chain (thereby providing no slack resources), the
more disaster prone it is (Markillie 2006).

As Figure 1 indicates, reliability derives from the organization’s capabilities to
discover as well as manage unexpected events. The discovery of unexpected
events requires a mindful anticipation, which is based in part on the organization’s
preoccupation with failure. As an illustrative case of a discipline that is very con-
cerned with the discovery of unexpected events and the risk of failure, we will
next discuss how information security focuses on mindfulness in the organization.

3.2 Mindfulness and Reliability in Information Security

Information security is a discipline that seeks to promote the proper and robust use
of information in all forms and in all media. The objective of information security
is to ensure an organization’s continuity and minimize damage by preventing and
minimizing the impact of security incidents (von Solms 1998, Ma and Pearson
2005). According to Parker, information security is the preservation of confidenti-
ality and possession, integrity and validity, and the availability and utility of in-
formation (Parker 1998). While no standard definition of information security
exists, one definition used is as follows: Information security is a set of controls to
minimize business damage by preventing and minimizing the impact of security
incidents. This definition is derived from the definition in the ISO 17799 standard
(ISO 17799 2005) and accepted by many information security experts. The ISO
17799 is defined as a comprehensive set of controls comprising best practices in
information security and its scope is to give recommendations for information
security management for use by those who are responsible for initiating, imple-
menting, or maintaining security in their organization. The ISO 17799 standard
has been adopted for use in many countries around the world including the U.K.,
Ireland, Germany, The Netherlands, Canada, Australia, New Zealand, India, Ja-
pan, Korea, Malaysia, Singapore, Taiwan, South Africa, and others.

Security baselines have many advantages in the implementation of information
security management in an organization, such as being simple to deploy and using
baseline controls, easy to establish policies, maintain security consistency, etc.
However, such a set of baseline controls addresses the full information systems
environment, from physical security to personnel and network security. As a set of
universal security baselines, one of the limitations is that it cannot take into ac-
count the local technological constraints or be present in a form that suits every
potential user in the organization. There is no guidance on how to choose the appli-
cable controls from the listed ones that will provide an acceptable level of security
for a specific organization, which can create insecurity when an organization de-
cides to ignore some controls that would actually have been crucial. Therefore, it is
necessary to develop a comprehensive framework to ensure that the message of
commitment to information security is pervasive and implemented in policies,
procedures and everyday behavior (Janczewski and Shi 2002) or, in other words,
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create organizational mindfulness. This framework should include an effective set
of security controls that should be identified, introduced, and maintained (Barnard
and von Solms 2000). Elements of those security controls are, respectively, a base-
lines assessment, risk analysis, policy development, measuring implementation,
and monitoring and reporting action.

One very good reason why emergency management has progressed very rap-
idly in the information field is that there is a continuous evolution of the threats
and the technologies of both defense and offense in this area, coupled with the
destruction of national boundaries for the applications that are the subject of the
threats. Today we have auditors who specialize in determining just how well pre-
pared a company is to protect its information systems against all manner of risks.
Even individuals face the problem that their identities can be stolen by experts
from another country, who then sell them to a marketer in yet another country,
who then offers them to individuals at a price in almost any country in the world.
In the general area of emergency management, maybe we need to all learn that it
is time to evolve recognized measures of the degree of emergency preparedness
for a total organization rather than just its information systems (Turoff et al. 2004).

3.3 Decision Support Systems for Information Security
Mindfulness

Group decision support systems (GDSS) have proven to efficiently facilitate prefer-
ence and intellective tasks via anonymous exchange of information supported by
electronic brainstorming and to reduce process losses in face-to-face meetings
(Nunamaker etal. 1991), as well as distributed meetings (Turoff and Hiltz 1984,
Hiltz etal. 2005). In a recent field study, a synchronous GDSS was used to support
the exchange of information among senior managers of a large financial organiza-
tion during a risk management workshop (Rutkowski etal. 2006). This workshop
was held to generate and identify an exhaustive set of risks related to information
security. From the large number of risks generated in this first phase, a smaller
number of risks was selected and assessed in terms of their expected utility (amount
of damage), calculated from their expected impact and probability of occurrence.
The most relevant risks were then discussed in the last phase of the workshop in
order to build business preparedness scenarios to be activated should one of the
identified risks actually materialize. The findings of this study indicated that the use
of the GDSS increased the overall level of mindfulness among the participants on
the importance of addressing risks in the organization. The anonymous input and
exchange of information while using the GDSS encouraged participants to freely
express their private opinion about very sensitive information in the organization.
Overall, it was found that the managers involved in this study obtained a higher
feeling of control and appropriation of the decision taken toward the business conti-
nuity scenarios to be built. Similarly, the fuzzy decision support system FURIA
(fuzzy relational incident analysis) allows individual group members to compare
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their individual assessment of a decision alternative or option (such as an informa-
tion security risk) to the assessments of the other group members so that diverging
risk assessments or threat remedies can be identified and discussed (Van de Walle
and Rutkowski 2006). At the core of FURIA is an interactive graphical display
visualizing group members’ relative preference positions, based on mathematical
preference and multi-criteria decision support models (Fodor and Roubens 1994).

4 DSS for Emergency Response

4.1 Design Principles for Dynamic Emergency
Response Systems

Implicit in crises of varying scopes and proportions are communication and in-
formation needs that can be addressed by today’s information and communication
technologies. What is required is organizing the premises and concepts that can be
mapped into a set of generic design principles, in turn providing a framework for
the sensible development of flexible and dynamic emergency response informa-
tion systems. Turoff and coworkers (Turoff etal. 2004) systematically develop
a set of general and supporting design principles and specifications for a dynamic
emergency response management information system (DERMIS) by identifying
design premises resulting from the use of the emergency management information
system and reference index (EMISARI), a highly structured group communication
process that followed basic concepts from the Delphi method (Linstone and Turoff
1973), and design concepts resulting from a comprehensive literature review. In
their paper, Turoff etal. (2004) present a framework for the system design and
development that addresses the communication and information needs of first
responders as well as the decision-making needs of command and control person-
nel. The framework also incorporates thinking about the value of insights and
information from communities of geographically dispersed experts and suggests
how that expertise can be brought to bear on crisis decision making. Historic ex-
perience is used to suggest nine design premises, listed in Table 1. These premises
are complemented by a series of five design concepts based upon the review of
pertinent and applicable research. The result is a set of general design principles
and supporting design considerations that are recommended to be woven into the
detailed specifications of a DERMIS. The resulting DERMIS design model
graphically indicates the heuristic taken by this paper and suggests that the result
will be an emergency response system flexible, robust, and dynamic enough to
support the communication and information needs of emergency and crisis per-
sonnel on all levels. In addition it permits the development of dynamic emergency
response information systems with tailored flexibility to support and be integrated
across different sizes and types of organizations.
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Table 1. DERMIS design premises (Turoff et al. 2004)

P1 System training and simulation. Turoff etal. argue that finding functions in the
emergency response system that can be used on a daily basis is actually much more effec-
tive than isolated training sessions. Indeed, if the system is used on a day-to-day basis,
this will partly eliminate the need for training and simulation, as those who must operate
the system gain extensive experience with the system just by using it.

P2 Information focus. During a crisis, those who are dealing with the emergency risk
are flooded with information. Therefore, the support system should carefully filter infor-
mation that is directed towards actors. However, they must still be able to access all (con-
textual) information related to the crisis as information elements that are filtered out by
the system may still be of vital importance under certain unpredictable circumstances.

P3 Crisis memory. The system must be able to log the chain of events during a crisis,
without imposing an extra workload on those involved in the crisis response. This infor-
mation can be used to improve the system for use in future crises, but it can also be used
to analyze the crisis itself.

P4 Exceptions as norms. Due to the uniqueness of most crises, usually a planned
response to the crisis cannot be followed in detail. Most actions are exceptions to the
carlier defined norms. This implies that the support system must be flexible enough to
allow reconfiguring and reallocation of resources during a crisis response.

PS Scope and nature of crisis. Depending on the scope and nature of the crisis, sev-
eral response teams may have to be assembled with members providing the necessary
knowledge and experience for the teams’ tasks. Special care should also be given to the
fact that teams may only operate for a limited amount of time and then transfer their tasks
to other teams or actors. The same goes for individual team members who may, for exam-
ple, become exhausted after many hours of effort, necessitating passing on the role to
trusted replacements.

P6 Role transferability. Individuals should be able to transfer their role to others
when they cannot continue to deal with the emergency. For the support system, this means
that clear descriptions of roles must be present and explicit in the software, as well as

a description of the tasks, responsibilities, and information needs of each role.

P7 Information validity and timeliness. As actions undertaken during crises are
always based on incomplete information, it is of paramount importance that the emer-
gency response system makes an effort to store all the available information in a central-
ized database which is open equally to all who are involved in reacting to the situation.
Thus, those involved in the crisis response can rely on a broad base of information, help-
ing them making decisions that are more effective and efficient in handling the crisis.
When they suddenly need unexpected information (something that neither the system nor
others predicted they would need) they need to be able to go after it and determine if it
exists or not, and who can or should be supplying it.

P8 Free exchange of information. During crisis response, it is important that a great
amount of information can be exchanged between stakeholders, so that they can delegate
authority and conduct oversight. This, however, induces a risk of information overload,
which in turn can be detrimental to the crisis response effort. The response system should
protect participants from information overload by assuming all the bookkeeping of com-
munications and all the organization that has occurred.
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Table 1. Continued

P9 Coordination. Due to the unpredictable nature of a crisis, the exact actions and
responsibilities of individuals and teams cannot be pre-determined. Therefore, the system
should be able to support the flow of authority directed towards where the action takes
place (usually on a low hierarchical level), but also the reverse flow of accountability and
status information upward and sideways through the organization.

4.2 Emergency Response for Industrial Disasters:
The Chernobyl Nuclear Disaster

Several large-scale industrial disasters causing considerable loss of human life and
damage to the environment have occurred in the recent past. On December 3,
1984, in Bhopal a Union Carbide chemical plant leaked 40 tons of toxic methyl
isocyanate gas, killing at least 15,000 people and injuring about 150,000 more.
A lesser known example but with an even larger impact occurred in Henan Prov-
ince in China, where the failing of the Banqiao and Shimantan reservoir dams
during typhoon Nina in 1975 killed 26,000 people while another 145,000 died
during subsequent epidemics and famine. In that disaster, about six million build-
ings collapsed and in total more than 10 million residents were affected. However,
of all industrial disasters in recent times, the 1986 Chernobyl nuclear disaster
probably brings to mind the most apocalyptic visions of worldwide devastation.

The world’s largest nuclear disaster occurred on April 26, 1986, at the Cherno-
byl nuclear power plant in Pripryat, Ukraine in the former Soviet Union. The
cause of the disaster is believed to be a reactor experiment that went wrong, lead-
ing to an explosion of the reactor. As there was no reactor containment building,
a radioactive plume was released into the atmosphere, contaminating large areas in
the former Soviet Union (especially Ukraine, Belarus and Russia), Eastern and
Western Europe, Scandinavia, and as far away as eastern North America, in the
days and weeks following the accident. In the days following the accident, the
evidence grew that a major release of nuclear material had occurred in the Soviet
Union, and measures were taken by governments in the various affected countries
to protect people and food stocks. In the Soviet Union, a huge operation was set
up to bring the accident under control and extinguish the burning reactor, and
about 135,000 people were evacuated from their homes. The number of confirmed
deaths as a direct consequence of the Chernobyl disaster is only 56, most of these
being fire and rescue workers who had worked at the burning power plant site, yet
thousands of premature deaths are predicted in the coming years.

Nuclear power plants have been put forth as examples of what an HRO should
be and yet we still see events like Chernobyl and Three-Mile Island. Some believe
the root cause of Chernobyl was the lack of local authority of the professional
operators of the plant to veto decisions by the higher ups that decided to take the
plant operation outside the limits of the original performance specifications for the
technology. Consider the comparison where a commercial airplane pilot in most



Decision Support for Emergency Situations 49

countries has the right to veto the flight of the plane if he or she feels something is
not right with respect to the readiness state of the aircraft. This was the case on
August 14, 2006, shortly after the foiled airline terrorism plot in the U.K., when
British Airways flight BA179 from Heathrow Airport to New York turned back
after an unattended and ringing cell phone was discovered on board. The pilot went
against the advice of British Airways’ own security team and decided “to err on the
side of caution” (U.K. Airport News 2006). This example contrasts the lack in the
Chernobyl power plant procedures of any clear process plan for the human roles in
the plant when there is any uncertainty about decisions to be made, the account-
ability for those decisions, and the need for oversight. In emergencies with well
laid out preparedness plans there is always the need for a command and control
structure where those role functions have to be very clear to all who are involved.

4.3 RODOS, the Real-Time Online Decision Support
System for Nuclear Emergencies

The different and often conflicting responses by the different European countries
following the Chernobyl disaster made it clear that a comprehensive response to
nuclear emergencies was needed in the European Union. Funded by the European
Commission through a number of three-year research programs (so-called frame-
work programs), a consortium of European and formerly Soviet Union based uni-
versities and research institutions worked together to develop a real-time online
decision support system (from which one can form with some creativity the acro-
nym RODOS) that “could provide consistent and comprehensive support for off-
site emergency management at local, regional and national levels at all times fol-
lowing a (nuclear) accident and that would be capable of finding broad application
across Europe unperturbed by national boundaries” (Raskob etal. 2005, French
etal. 2000, French and Niculae 2005, Ehrhardt and Weiss 2000). The objective
was that RODOS would (Niculae 2005):

e provide a common platform or framework for incorporating the best fea-
tures of existing DSS and future developments;

e provide greater transparency in the decision process as one input to im-
proving public understanding and acceptance of off-site emergency
measures;

e facilitate improved communication between countries of monitoring
data, predictions of consequences, etc., in the event of any future acci-
dent;

e promote, through the development and use of the system, a more coher-
ent, consistent and harmonized response to any future accident that may
affect Europe.

The overall RODOS DSS consists of three distinct subsystems, each containing
a variety of modules:
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e Analyzing subsystem (ASY) modules that process incoming data and
forecast the location and quantity of contamination including temporal
variation. These modules contain meteorological, atmospheric disper-
sion, hydrological dispersion, deposition and absorption, health effects,
and other models. The ASY modules predict the evolution of the situ-
ation according to the best scientific understanding of the processes
involved.

e Countermeasure subsystem (CSY) modules that suggest possible coun-
termeasures, check them for feasibility, and calculate the expected bene-
fit in terms of a number of criteria.

e Evaluation subsystem (ESY) modules that rank countermeasure strate-
gies according to their potential benefit and preference judgments pro-
vided by the decision makers.

The interconnection of all program modules, the input, transfer and exchange of
data, the display of the results and its modes of operation (interactive and automatic)
are controlled by the RODOS operating system (OSY), a layer built upon the UNIX
operating system of the host computer. Interaction with users and display of data
takes place via a graphical subsystem (GSY), which includes a purpose-built geo-
graphical information system (RoGIS). This would display demographic, topo-
graphic, economic and agricultural data along with contours of measured or pre-
dicted radiological data. These displays seek to ensure that the output can be used
and understood by a variety of users who may possess qualitatively different skills
and perspectives (Marsden and Hollnagel 1996). In the early phases of an accident,
local decisions are likely to be the responsibility of local plant management. How-
ever, regional emergency planning officers and senior officers in the emergency
services need to be immediately concerned with oversight, analyzing if there are
sufficient resources to meet the demand, seeking out re-supply when necessary, and
stepping into arrange maintenance and logistic support. In later phases, regional and
national politicians would be involved depending on how serious the accident is.

RODOS is a real-time, online system connected to meteorological and radio-
logical data networks; thus including several communication modules. Its database
formats are defining the basis for data exchange on a European scale. All data
required by the modules to process information are stored in databases, of which
there are three main categories in RODOS:

e a database storing program data that include input and output data re-
quired by or produced by different modules, intermediate and final re-
sults, temporary data, etc.;

e areal-time database containing information coming from regional or na-
tional radiological and meteorological networks and

e a geographical database containing geographical and statistical informa-
tion for the whole of Europe.

The system is designed to be flexible in order to work equally well under various
circumstances. Therefore, the content of the subsystems and the databases vary de-
pending on the specific application of the system, i. e., the nature and characteristics
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of any potential nuclear accident, different monitoring data, national regulations, etc.
The RODOS models and databases can be customized to different site and plant
characteristics as well as to the geographical, climatic, and environmental variations
across Europe. The current version of the RODOS system is installed in national
emergency centers for use in Germany, Finland, Spain, Portugal, Austria, the Nether-
lands, Poland, Hungary, Slovakia, Ukraine, Slovenia, and the Czech Republic. In-
stallation is under consideration in several other countries such as Romania, Bul-
garia, Russia, Greece, and Switzerland. As a consequence, RODOS today is the
virtually centralized resource for all relevant information that may be needed in any
potential nuclear plant crisis in the European Union. Clearly, RODOS would be very
useful in the event of a terrorist action to release a radioactive substance through
adirty bomb. However, there is no publicly stated mission of RODOS to provide this
aid to those that would be most concerned with that type of event. We hope this is not
an example of the lack of integration across governmental organizations responsible
for this other problem.

5 DSS for Emergency Recovery

5.1 Emergency Recovery

On August 28 2005, hurricane Katrina hit the Gulf Coast, wreaking havoc in the
states of Louisiana, Mississippi, and Alabama. Many areas of New Orleans were
flooded and winds of more than 100 mph (160 km/h) tore off parts of the roof of the
Superdome stadium where some 9,000 people who were unable or unwilling to
leave the city were taking refuge. Power lines were cut, trees felled, shops wrecked,
and cars hurled across streets strewn with shattered glass. In the following days, the
scale of the devastation caused by Hurricane Katrina and the subsequent flooding
became clearer. About 80% of the low-lying city was under water. Helicopters and
boats were picking up survivors stranded on rooftops across the area — many were
to spend several more days there. On September 1, with the lack of any local com-
mand and control facility, New Orleans appeared to descend into anarchy, with
reports of looting, shootings, carjacking, and rapes. The local police force, reduced
in number by 30%, was ordered to focus its efforts on tackling lawlessness. Anger
mounted over the delay in getting aid to people in New Orleans and what was seen
as an inadequate response from the federal government. In the following days, the
relief effort was stepped up. Evacuations continued as military convoys arrived
with supplies of food, medicine and water. Finally, on September 3, more than
10,000 people were removed from New Orleans — the Superdome stadium and the
city’s convention center were cleared. The U.S. appealed for international aid, re-
questing blankets, first aid kits, water trucks, and food. One year later, the scale and
costs of the recovery efforts were impressive. FEMA (the Federal Emergency Man-
agement Agency) has paid out more than $13.2 billion under the National Flood
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Insurance Policy to policyholders in Louisiana. The U.S. Small Business Admini-
stration (SBA) approved more than 13,000 disaster assistance loans to business
owners totaling $1.3 billion and 78,237 loans to renters and homeowners totaling
more than $5 billion. FEMA issued 1.6 million housing assistance checks totaling
more than $3.6 billion to Louisiana victims, in the form of rental assistance and
home repair or replacement grants (FEMA News Release, 2006).

On the other side of the planet, aid was badly needed for those countries af-
fected by the 2004 tsunami (mostly Indonesia, Sri Lanka, Thailand, and India)
which had inflicted widespread damage to the infrastructure, leading to a shortage
of water and food. Due to the high population density and the tropical climate of
the region, epidemics were a special concern and bringing in sanitation facilities
and fresh drinking water as soon as possible was an absolute priority. In the days
and weeks following the tsunami, governments all over the world committed to
more than $7 billion in aid for the affected countries, followed by donations from
large companies and many smaller local private initiatives.

No matter how impressive the scope of the final efforts, Katrina demonstrated
what happens when local command and control systems are lost and no realistic
and workable plans exist for integration between the city, state, federal, and pri-
vate sector response capabilities. The international response to the 2004 Indian
Ocean tsunami was nothing less than chaotic in the most crucial first days follow-
ing the disaster. When disasters become large in scale all the limitations resulting
from a lack of integration and collaboration among all the involved organizations
begin to expose themselves and further compound the negative consequences of
the event. Often in large-scale disasters the people who must work together have
no history of doing so, they have not developed a trust or understanding of one
another’s abilities, and the totality of resources they each bring to bear were never
before exercised. While a new organization is stumbling around trying to form
itself into something that will work, the disaster does not wait for them.

5.2 Emergency Recovery Following Major Disasters:
Humanitarian Information Systems

In times of major disasters such as hurricane Katrina or the 2004 tsunami, the need
for accurate and timely information is as crucial as is rapid and coherent coordina-
tion among the international humanitarian community (Bui and Sankaran 2001,
Currion 2006). Effective humanitarian information systems that provide timely
access to comprehensive, relevant, and reliable information are critical to humani-
tarian operations. The faster the humanitarian community is able to collect, ana-
lyze, disseminate and act on key information, the more effective the response will,
the better needs will be met, and the greater the benefit to affected populations. In
2005 ECHO, the European Commission Directorate-General for Humanitarian
Aid, announced its decision to approve a total amount of 4 million Euros to sup-
port and enhance humanitarian information systems essential to the coordination
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of humanitarian assistance (ECHO 2005). Specifically, it was decided to improve
information management systems and services of the United Nations Office for
the Coordination of Humanitarian Affairs (OCHA). OCHA was established in
1991 with a specific mandate to work with operational relief agencies to ensure
that there are no gaps in the response and that duplication of effort is avoided.
OCHA'’s information management extends from the gathering and collection of
information and data, to its integration, analysis, synthesis, and dissemination via
the Internet and other means.

To respond to information needs, OCHA has developed humanitarian informa-
tion systems which include ReliefWeb, the regional information networks (IRIN),
information management units (IMUs) and humanitarian information centers
(HICs). These services have established solid reputations in the provision of qual-
ity information and are recognized as essential in the coordination of emergency
response among partners in the humanitarian community. Common in the success
of these systems, or information services, is that the information provided is based
upon a solid information exchange network among all partners in the humanitarian
community. ReliefWeb (http://www.reliefweb.int) is the world’s leading online
gateway to information on humanitarian emergencies and disasters. Through Re-
liefWeb, OCHA provides practitioners with information on both complex emer-
gencies and natural disasters worldwide from over 1,000 sources, including UN,
governments, nongovernmental organizations (NGOs), the academic community,
and the media. ReliefWeb consolidates final reports, documents, and reports from
humanitarian partners, providing a global repository one-stop shop for emergency
response information. IRINs gather information from a range of humanitarian and
other sources, providing context and reporting on emergencies and at-risk coun-
tries. IMUs and HICs collect, manage, and disseminate operational data and infor-
mation at the field level, providing geographic information products and a range of
operations databases and related content to decision makers in the field as well as
headquarters. Other OCHA humanitarian information systems that provide com-
plementary information services to meet the full range of information needs as
described above include OCHA Online, the Financial Tracking System (FTS), and
the Global Disaster Alert System (GDAS).

In the U.S., the Humanitarian Information Unit (HIU) was created in 2002 by
Secretary of State Powell as “a U.S. Government interagency nucleus to identify,
collect, analyze and disseminate unclassified information critical to USG prepara-
tions for and responses to humanitarian emergencies worldwide.” In 2004, the task
“to promote best practices for humanitarian information management” was added to
the HIU’s mission statement. The role of the HIU is to provide critical and reliable
information quickly and efficiently to U.S. government organizations involved in
providing humanitarian assistance in response to disasters and emergencies over-
seas. The HIU has developed products for the Secretary of State, the administrator
of the U.S. Agency for International Development (USAID) and the National
Security Council. These products are almost always created to be unclassified, so
that they can be shared easily with other audiences within the international hu-
manitarian community: the UN, NGOs, the media, the public, etc. Another role of
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the HIU is to develop, test, and promote new technologies for better humanitarian
information management. The HIU has been in the forefront of using and promot-
ing geographic information systems (GISw) and satellite imagery, both for strate-
gic and operational uses and applications. In addition, the HIU has tested and
promoted the use of personal digital assistants (PDAs), global positioning systems
(GPSs), and digital cameras on humanitarian field assessments. The HIU has also
used collaboration tools and content management software to improve interagency
collaboration and information sharing. VISTA is an example of a new web-based
visualization tool that not only provides situational awareness, but facilitates hu-
manitarian situational analysis as well (King 2006).

5.3 The Sahana Open-Source Humanitarian Information
and Decision Support System

Sahana is a web-based collaboration tool that addresses the common coordination
problems during a disaster from finding missing people, managing aid, managing
volunteers, tracking relocation sites, etc., between government groups, the civil
society (NGOs), and the victims themselves. Sahana is an integrated set of plug-
gable, web-based disaster management applications that provide solutions to
large-scale humanitarian problems in the aftermath of a disaster. The main appli-
cations and problems they address are as follows:

e Missing person registry: helping to reduce trauma by effectively finding
missing persons;

e  Organization registry: coordinating and balancing the distribution of re-
lief organizations in the affected areas and connecting relief groups, al-
lowing them to operate as one;

e  Request management system: registering and tracking all incoming re-
quests for support and relief up to fulfillment and helping donors con-
nect to relief requirements;

o Camp registry: tracking the location and numbers of victims in the vari-
ous camps and temporary shelters set up all around the affected area.

The development of Sahana, a free and open-source disaster management system
distributed under terms of the GNU lesser general public license, was triggered by
the tsunami disaster in 2004 to help coordinate the relief effort in Sri Lanka (Sa-
hana 2006). It was initially built by a group of volunteers from the Sri Lankan
information technology (IT) industry and spearheaded by the Lanka Software
Foundation. An implementation of Sahana was authorized and deployed by CNO
(the main government body in Sri Lanka coordinating the relief effort) to help
coordinate all the data being captured. Development of Sahana continues today to
make the system applicable for global use and to be able to handle any large-scale
disaster. Sahana has been deployed successfully in the aftermath of several large
natural disasters, for instance following the large earthquake in Pakistan in 2005,
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and the mudslide disaster in the Philippines and the Yogjakarta earthquake, both
in 2006. The long term objectives of Sahana are to grow into a complete disaster
management system, including functionality for mitigation, preparation, relief, and
recovery. The current status, ongoing development, and future goals are inten-
sively discussed in two web-based communities, the Sahana wiki pages (Sahana
2006) and the Humanitarian-ICT Yahoo! group (Humanitarian-ICT 2006).

6 Conclusion

Using standard emergency management terminology, we have in this chapter
categorized DSS for emergency situations according to the different phases of
crisis preparedness, response and recovery. We have presented DSS that have
been developed or implemented in response to some of the worst emergency situa-
tions our society has been confronted with in recent times, such as the Chernobyl,
Indian Ocean tsunami, and hurricane Katrina disasters. Serving as a foundation for
this overview, we started by introducing high-reliability organizations, as these
seem to be dealing remarkably well with emergency situations on a daily basis. In
this conclusion, we stress once again the need for such organizations to support
and sustain efficient emergency response and recovery efforts, and summarize
some of the key aspects of DSS we believe are crucial for high-reliability emer-
gency management.

6.1 Role Multiplicity

In any emergency effort to allocate a particular resource, there are many specific
roles involved and it must be clear to everyone involved who is the person that is
performing a specific role at a specific time. These fundamental role functions are:

®  Requesting: individuals who are requesting the resource and are trusted
by the others to know that this request is a valid one.

e Observing or reporting: those trained to be able to make observations
about the situation and report information that will be useful to others in
carrying out their tasks.

e Allocating: The persons allocating the resource to meet the requests be-
ing made must make judgmental decisions on the priority of each re-
quest.

e Local oversight: persons in other areas who know something would in-
terfere with an allocation must make the others aware of the occurrence
of such interference (mudslides, traffic jams, flooded roads, etc.).

e Maintaining and servicing: making sure that a resource is adequately
maintained and re-supplied with associated items or people.
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e  Situation analysis and awareness: what is the overall consumption rate
of this resource and what more is occurring in the way of threats that
might increase demand?

e Global resupply: someone must be seeking other sources for increasing
the availability of the resources.

For any large-scale disaster, at least these seven roles need to be explicitly known
to everyone involved as the response takes place. In cases of explicit toxic and
biological substances an added role function of the expert in the hazard type needs
to be added. Since no one should work 24 hours a day, roles have to be backed up
but at any moment there must be a person performing in each of these roles or we
can easily go into situations of overload. The people involved have to be trained in
multiple roles and have to trust one another enough to be willing to hand over
their role to someone else when they are too exhausted to continue. They also
need to know that when they come back to reassume their role that what has oc-
curred and what they need to know at that moment will be waiting for them as
a part of the system tracking the events associated with each role. Automated
systems cannot work even for local oversight without very extensive sensor net-
works to input all possible local conditions while the disaster is in progress.

6.2 Planning and Analysis

The planning and analysis functions of emergency preparedness are core to any
overall emergency management operation. They need to directly involve those
who will actually execute the command and control functions as well as some of
the on-site operations. They must focus on the processes and roles involved and
should be tailorable with respect to the definitions of roles and events that are
triggered by or reacted to the various roles. This means any local group should be
able to tailor the content of the operational system they will be using. By assessing
the risks and designing roles and event structures necessary to counter those risks,
those who will use the system should be able to build templates that can be in-
serted into the command and control system to guide the actual response process.
Since we cannot take all those who should be involved and afford to make them
part of a single organization dedicated to this purpose of planning and analysis, the
challenge is to turn this function into an HRO-style operation. It must be one we
can have confidence in for large-scale disasters of any type, including those in
corporations as well as those faced by government at all levels. A basic flaw of
current emergence planning and response is the lack of a permanence in a core
disaster response organization that can engage continuously in being an HRO
organization, develop the plans, recommend the mitigation policies and actions,
oversee the training, be the coordination, command, and control core, and inte-
grate functions over all the organizations engaged in any large-scale response no
matter what the societal relationships are among the responding parties. Any
large-scale emergency is in effect a situation that demands complete control of the
situation by one unified team for the duration of the situation. That core does not



Decision Support for Emergency Situations 57

have to be large given today’s technology and even in 1960s it never exceeded
400 for the federal government.

Instead of forming committees that meet only once in a while and hand down
finished plans to others who must somehow execute them, we need in the future to
set up virtual organizations (Mowshowich 1997, 2002) of those that would be
involved in the command and control functions as well as the response functions.
They should operate as virtual teams no matter where they are, using the same
command and control system to create templates for roles and events based upon
scenarios of offense threats and defense plans. This system would allow them to
act out roles using the real system and in essence engage in training games that
they and others have designed (Turoff etal. 2006). Over a week one would expect
that they would spend four to eight hours individually, at a time of their choosing,
doing this, much as one might play a multi-player recreational game.

In order to be an HRO, an organization has to exist and operate on a continuous
basis. We cannot have emergency management teams for wide scale disasters that
only exist when the disaster occurs or they will never be able to work as effec-
tively as an HRO. Since we will always be faced with the limit that physical re-
sources for most disasters do not come together until the disaster occurs, our only
effective recourse is to set up a continuous ongoing virtual preparedness organiza-
tion that uses the same command and control software as its ongoing virtual op-
erational capability. This would appear to be the only feasible way to be able to
bring together the people from different organizations (or different units of a sin-
gle organization) and turn the emergency management function into a continuous
operation for those that need to be involved. It has the added benefit of the result-
ing command and control function becoming a virtual command and control cen-
ter. Given that we had lost the local command and control centers in both 9/11 and
hurricane Katrina for the initial 48 hours or longer, this becomes an obvious direc-
tion to take. The need to allow people in different dispersed locations to get to
know one another and work regularly together is another important element of
developing the trust necessary for those collaborating in an emergency response
environment (Hiltz etal. 2005).

6.3 Emergency Management

The endeavors of emergency management and business continuity need to become
recognized professions in both industry and government. Today we face threats of
great sophistication and wide-scale complexity that will demand a high quality of
societal performance and commitment for our civilization to survive. As our society
increasingly rests upon a foundation of information and communications systems,
the so-called hacking threat of the past has given way to information warfare and
international processes for identity theft and fraud. Where we once contended with
nature as the source of major disasters we are increasingly faced with man-made
disasters of both a short-term and long-term nature. The hundred-year disasters are
becoming much more frequent and Mother Nature seems to be reacting to some of
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the abuses we have practiced upon her. In the US the age of critical infrastructure
(roads, sewers, power grids, bridges, etc.) are now older than they have ever been in
recent history (since the late 1940s) and growing older still with the lack of ade-
quate replacement and maintenance budgets resulting from the short-term planning
horizons and the pressures for budget cutbacks that are easier to politically make in
the area of maintenance and replacement.

Instead of focusing on discovering our mistakes and correcting them, our cur-
rent pressures in both the public and private sector focus on concerns for liability
and political fallout, which tend to force the obfuscation of problems and mistakes
in all sectors of the society. We still find infighting for political control of the
emergency management function between different application areas (fire, police,
medical) and the resulting segmentation of the problem rather than the recognized
need for high-quality professionals in the field to be given control for integrated
approaches for preparedness and response. Our responses to major disasters still
seem to be short term spasms of response that are not integrated into long term
plans of mitigation and recovery that would smooth out the difficulties in the re-
covery process years after the event. The fact that the FEMA maps for who should
need flood insurance and who would not were thirty years out of date left large
numbers of people with no funds to rebuild their homes and massive numbers of
court cases now trying to determine if Katrina destroyed homes by wind or water!
This is hardly a situation that gives confidence to the public in the ability of
a government to protect them in future disasters.

In conclusion, we need a major commitment as a society to treat emergency
management as a process that involves integrated planning by all the segments of
the society so that mitigation and recovery, for example, are treated as two sides of
the same coin. The tools for decision support need to be encompassing in that
emergency management is a true multicriteria problem not easily reduced to
smaller problems like models of the impact of weather on clouds of toxic sub-
stances. We have many such models in the literature, and not one that allows ex-
amination of the life cycle of a disaster impacting on a given location or organiza-
tion that treats the balance between mitigation and recovery years before and years
after the event, and integrates the requirements for resources to treat the event for
the totality of the given location or the given organization.
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CHAPTER 40
Geographic Information and Analysis
for Decision Support

Peter B. Keenan

University College Dublin Business School, University College Dublin, Dublin, Ireland

Many types of decision making have a geographic (spatial) component. Geographic infor-
mation systems (GIS) facilitate the organization and display of spatial data and provide
a variety of distinctive spatial operations with that data. These functions allow decision
makers explore the spatial aspects of their decisions. Consequently, GIS can be seen as an
increasingly important technology for decision makers.

Keywords: Geographic information systems; Spatial database; Spatial decision support
system; Spatial decision making; Spatial information

1 Introduction

Many types of decision making have a geographic (spatial) component; the choice
of where is an important part of deciding Aow. Many important human activities
require the consideration of spatial issues, for example travel and agriculture have
required decision making from the earliest times. As people came to a better under-
standing of the world around them, a variety of representations of geographic data
have been introduced. The best known of these is the map, which shows geographic
objects and their spatial relationship. A sophisticated science of cartography has
developed, and in the pre-computer age maps were one of the most developed forms
of visualization used for decision making. This long tradition has meant that cartog-
raphy was seen as providing useful guidelines to the development of other forms of
visualization using information technology (IT) (DeSanctis 1984). Military and
transport planners found that appropriate maps were needed for their operations and
nautical charts were an important form of information for navigators. By 1800, map
making had evolved to a sophisticated level, and maps were used to plan the routes
of new canals and railways being built. In 1854 John Snow, an English doctor, used
a map to attempt to understand the mode of dissemination of cholera, which was
then widespread. He used a map of London to plot the locations of the homes of
cholera fatalities. He also marked the location of water pumps on the map (Fig-
ure 1). Using this representation, it became clear that those with cholera were clus-
tered around a particular pump and this supported Snow’s theory that cholera was
spread by polluted water. This is a striking example of how locations plotted on
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Figure 1. Cholera patients in London, 1854. The original map drawn by Dr. John Snow
(1813-1858), showing cases of cholera in London in 1854, clustered around the
locations of water pumps

amap could provide information that was not obvious from an analysis of the non-
spatial characteristics of the patients, e. g., their ages, diet, etc.

Because of the large amount of data required to represent geographic applica-
tions adequately, these were not among the very first applications of computer
technology. The development of spatial applications has awaited the availability
of more-powerful computers and has typically lagged a decade or more behind
business computing. Consequently, geographical applications have a significantly
different history from other types of information system (Coppock and Rhind
1991). Early developments in GIS exploited the computational ability of technol-
ogy (Nagy and Wagle 1979). Computers began to be used in the late 1950s in
North America for the automation of geographic calculations. The calculations
required in quantitative geography, such as the calculation of the area of a region
with irregular boundaries, were much more complex than in other forms of data
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processing. The Canadian Land Inventory (CLI) project in the mid 1960s was the
first large-scale geographic computing project; this became known as the Cana-
dian Geographic Information System (CGIS), which introduced the term GIS.
This project was a multilayer land-use/planning map that sought to perform a de-
tailed analysis to determine the areas in use or available for such activities as for-
estry, agriculture, or recreation. The large size of Canada meant that an area of
about one million square miles (2.6 million km?®) was involved. In such a large
project, the computational ability of the computer made an important contribution
to productivity, in a similar way to the use of data processing in other fields.

There were various projects later in the 1960s, notably in Britain, to use com-
puter technology for automated mapping. Initially the attraction of automated
mapping lay in the productivity improvements that IT made possible. Computers
assisted in the storage and editing of maps, just as word processing allows the
easier manipulation of text. When these basic functions had been computerized,
further gains became evident from the greater flexibility provided by IT. As tech-
nology improved, new types of complex maps could be represented on the com-
puter screen as well as through output devices such as plotters.

This period prior to 1970 saw the introduction of many of the basic concepts in
GIS, although their widespread implementation awaited further developments in
computer technology. The development of sophisticated GIS applications required
the introduction of computer systems that had the necessary speed and storage
capacity to process queries on the larger quantities of data involved. In the early
years of GIS application, the power required could only be provided by expensive
mainframe computers, which could not be easily used in a flexible way by end
users. While personal computers became useful for many applications in the
1980s, GIS only became feasible on this platform a decade later. Currently, a wide
range of relatively inexpensive GIS software that provides distinctive database and
interface components exists. Although of considerable potential value to decision
makers, this remains largely unexploited outside of the traditional areas of GIS
application.

2 GIS Software

Several categories of GIS software exist. Traditionally, at the top end of the GIS
software market, large powerful packages capable of dealing with large amounts of
data are used. The market leader for such software is the Environmental Systems
Research Institution (ESRI) ArcGIS software (ESRI 2007). This powerful software
is typically employed for building large datasets. This type of GIS traditionally
required specialized workstations and was not always easy to use for decision-
making purposes. Modern versions of this type of software are more flexible and
can be more easily integrated with other applications. Below this level there are
anumber of user-friendly desktop software applications, for instance ESRI Arc-
View (ESRI 2007) or MapInfo (Mapinfo 2007), which are more often associated
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with decision-making applications. As desktop machines increased in performance,
they acquired the capacity to deal with larger amounts of data. Consequently, each
new version of desktop GIS software introduced additional features and improved
interface design, making these applications accessible to a larger set of users. Map-
ping software, for example Microsoft MapPoint (http://www.mappoint.com), is less
sophisticated than desktop GIS software. However, this software provides increas-
ing functionality and may develop further to a level that makes it useful for deci-
sion-making applications.

Another technical development of interest is the extension of GIS techniques
to the Internet. Internet standards have some limitations for use in spatial applica-
tions, but new software applications and plug-ins continue to be developed. A va-
riety of current applications offer map displays, but frequently fall short of pro-
viding comprehensive GIS functionality. Nevertheless, services such as MapQuest
(http://www.mapquest.com) and Google Maps (http://maps.google.com) illustrate
how mapping can be delivered in a usable way over the Internet. Google Maps of-
fers an interface that allows developers to embed Google Maps in their own web
pages. Google Earth (http://earth.google.com) offers an Internet client that allows
convenient access to satellite imagery. There is growing interest in the concept of
online GIServices, which allow users to access data sets from remote geodata re-
positories (Tao 2001). As decision-making applications typically involve the use of
large data sets to produce a much smaller set of output, the GIService model may be
appropriate. Consequently, there is increasing interest in the use of the Internet for
spatial decision making (Rinner 2003). Jarupathirun and Zahedi (2005) suggest that
spatial decision support applications are moving towards a distributed Internet-
based model.

3 Spatial Databases

The distinct capability of these spatial software applications is the provision of
a spatial database, which provides the capability to reference data using a geo-
graphically referenced coordinate system. At a global scale we use the latitude and
longitude system, which takes into account the curvature of the Earth. In practice,
a local coordinate system is used for most maps; these simplify or ignore issues
arising from the curvature of the earth. A simple coordinate system will provide
a reasonably accurate relationship with reality over a limited area and commercial
software can translate between coordinate systems. General database systems have
been extended to cater for spatial data, for instance the Oracle Spatial database or
the spatial data-blades from Informix. These enhanced systems incorporate spatial
indexes and special spatial database operations that utilize these.

There are two distinct approaches to the representation of data in GIS. The
raster approach uses a bitmap representation, storing a representation of the map
where the entire area of the map is represented by pixels (dots) on a grid. This can
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be regarded as a form of digital photograph of the map whose quality is dependent
on the size of the pixels. Consequently, this representation can be very storage
intensive. A vector representation of a map builds a complex geometric represen-
tation from basic shapes, in a similar way to a computer-aided design (CAD)
drawing. This approach has the advantage of providing a map representation that
is not tied to one scale and is especially suited to the representation of relatively
sparse data and the representation of line features such as boundaries. While vec-
tor representation is more demanding on computer processing power, the in-
creased capabilities of IT mean that it is widely used.

Spatial databases generally store three basic vector objects: points, lines, and
areas (also known as polygons) (Guting 1994). Points are represented by a single
coordinate associated with attributes such as color or the type of symbol used to
represent the object at that location. Points are typically used to identify the exis-
tence of objects whose actual dimensions are not of interest in the map in ques-
tion, although a more-detailed map might show the object as an area. A single
point on a map of a country may represent a town; while on a detailed map a point
might be used to represent a postbox or traffic light. Lines are sequences of coor-
dinate locations used on vector maps to represent linear objects such as roads or
rivers. Each line is a pseudo-curve composed of a number of straight line seg-
ments defined in terms of the coordinate system of the map. In a vector map,
a sequence of boundary lines forms an enclosed shape representing an area or
polygon. Many natural features are represented in this way, including resources of
economic interest such as gas fields. Areas are also an important form of represen-
tation for administrative regions and other political structures. Collections of spa-
tial objects can share a common boundary. For instance, the ocean and the land are
distinct entities, but the coastline provides a common border. This type of bound-
ary can pose problems where data on each side is collected separately, for instance
the borders of two countries will often not quite line up when represented in GIS.
A network is a mathematical graph structure with points forming its nodes and
lines describing the arcs. This structure is important for representing transportation
(Thill 2000) and utility networks (Fritz and Skerfving 2005). Early GIS applica-
tions were usually more concerned with generating maps, rather than providing
a data structure for mathematical processing. However, modern GIS software
increasingly provides specialized data structures for networks and tools such as
shortest-path techniques that use those networks.

While many GIS applications are two dimensional in nature, there is also in-
creasing interest in three-dimensional (3D) applications (Zlatanova etal. 2002).
Elevation data is routinely included in GIS, allowing the calculation of slopes and
the representation of variations in the landscape. Many potential decision-making
applications use this data. For instance, telecommunications mast location requires
masts located at high points (Scheibe etal. 2006), while many applications are
concerned with lower-lying areas liable to flooding (Hossain and Davies 2004),
and 3D GIS can be used to model emergency situations arising from the collapse
of buildings, such as the destruction of the World Trade Center in New York in
2001 (Kwan and Lee 2005).
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4 Visualization

Computers have long been seen as particularly appropriate the displaying mapping
data (Ives 1982), and modern multicolor computer displays are a powerful tool for
representing maps and spatial data. More-recent developments in decision support
such as business intelligence also exploit visualization, including the use of maps
(Negash and Gray 2003). The rich display of spatial information is one of the
major contributions of GIS. However the GIS interface must meet many needs and
must achieve three main objectives. Like any software, GIS must provide an inter-
face for computer-related tasks such as opening files and printing, and GIS should
behave according to industry standards in this regard. GIS must not only provide
graphical output for spatial operations, but users should be offered the possibility
of specifying those operations visually using an interactive interface (Egenhofer
1994). For example, if the user wants to zoom to an area of interest, this operation
is more conveniently specified using the mouse than by entering commands. GIS
contains a visual interface for the display of this data in the form of maps, and this
interface can be used to initiate spatial database operations. Ideally any system
used by decision makers should support visualization of the decision and the soft-
ware should accommodate decision makers working within this problem represen-
tation. GIS provides the ability to specify operations graphically and to see the
results of those operations set against a background showing contextual geo-
graphic information (Blaser etal. 2000).

Consequently, the GIS interface serves as both a report generator and as a con-
duit for specifying user information requirements, both those relating to spatial
operations and operations such as saving files and printing, which relate to the
operating system of the computer. This dual role complicates the design of GIS
interfaces and makes these systems relatively complex to use. Consequently, GIS
applications can especially benefit from better-designed human-computer inter-
faces that meet their specific needs (Hearnshaw and Medyckyj-Scott 1993). Spa-
tial visualization is appealing to non-traditional users as it allows them to ap-
preciate spatial relationships (Hernandez 2005). However, spatial techniques are
necessarily complex and, despite improvements in GIS interface design, this com-
plexity is an obstacle to the wider use of GIS by decision makers in domains
where users do not receive training in the use of spatial techniques.

If we list the attributes of geographic entities in a table we cannot easily see
patterns in the relationships. However, when we plot this information on a map
these relationships become apparent, in a similar way to Snow’s original paper
map (Figure 1). A choropleth map (thematic map) displays attribute data associ-
ated with relevant spatial units, and this is a commonly used and readily accept-
able form of spatial visualization. If we plot data on gross domestic product per
capita for Europe on a choropleth map (Figure 2), we can easily see that western
Europe is generally more prosperous than eastern Europe, reflecting different
historical circumstances.
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Figure 2. Choropleth map of gross domestic product per capita (at purchasing power pari-
ties) of European countries

5 GIS Contribution to Decision Making

IT has a number of attributes that can contribute to decision making. Computers
were initially used, as their name suggests, to perform faster calculations and GIS
can assist in many complex spatial calculations that aid decision making. Goodchild
(2000) suggests that computing power in GIS can assist by allowing measurement
of geographic features, by identifying geographic features near to each other (adja-
cency), by allowing the enlargement or reduction in the size of geographic features
(buffering), by allowing the overlay of features from different maps, and by provid-
ing a convenient editing function for spatial data. These functions are more complex
than those used in the business data-processing applications that have been the
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reference point for information system (IS) innovations. Decision support systems
(DSSs) developed when IT had evolved to provide a database and a user-friendly
interface to complement its capacity for rapid calculation (Gorry and Scott-Morton
1971). DSSs remain an important area of IT application, taking advantage of new
technologies and research in the three decades since the concept was first intro-
duced (Shim et al. 2002)

GIS provides sophisticated spatial computations in addition to a distinctive spa-
tial database capability which greatly facilitates spatial decision making. Modern
GIS includes a sophisticated interface with both a cartographic representation of
the spatial problem and features that allow the decision maker to interact with the
calculation and database features of the software. When DSSs evolved in the
1970s, the volume of data involved with typical DSS applications was relatively
small compared to applications found in the geographic domain. As computer
systems became more powerful, some DSS-type applications evolved that used
basic map display or incorporated some spatial information. A good example is
the geodata analysis and display system (GADS) (Grace 1977), which was used
for routing applications. Nevertheless, the technology it used had very limited
graphics capability and inadequate processing power to exploit the full potential of
spatial applications. While these developments in DSSs were taking place in the
IS community in the 1970s, a largely separate trend of development took place in
GIS. Spatial applications had placed heavy demands on the technology, and this
slowed the progression from data processing to decision support applications.
Nevertheless, improving performance from inexpensive computers has influenced
spatial systems in a similar way to the development of other forms of computer
processing. This included interest in spatial what-if analysis and modeling applica-
tions. The idea of a spatial decision support system (SDSS) evolved in the mid
1980s (Armstrong etal. 1986), and by the end of the decade SDSSs were included
in an authoritative review of the GIS field (Densham 1991). This trend was evi-
dent in the launch of a research initiative on SDSS in 1990 by the U.S. National
Center for Geographic Information and Analysis (Goodchild and Densham 1993).

Consequently, by the early 1990s, SDSSs had achieved a recognized place in
the GIS community and were identified by Muller (1993) as a growth area in the
application of GIS technology. The delay in the recognition of the importance of
SDSSs compared to other DSS domains is a reflection of the greater demands of
spatial processing on IT. Initial references to SDSSs in the mainstream DSS field
began to appear in the mid 1990s (Wilson 1994). One of the first GIS-related
papers in an IS-related publication illustrated the effectiveness of SDSS technol-
ogy (Crossland etal. 1995). While there have been occasional papers in the IS
literature dealing with spatial systems, these have been relatively uncommon.
Nevertheless, a recent book provides a comprehensive review of the GIS field
from an IS and business perspective (Pick 2005). One chapter in this book reviews
the literature on GIS as a tool for business and gives an overview of the literature
on the use of GIS for decision making (Huerta 2005). Another chapter in the same
book reviews the main results of empirical studies on decision making using GIS
(Jarupathirun and Zahedi 2005). These studies suggest that the use of maps can
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improve spatial decision making and that GIS allows decision makers to perform
better than paper maps, especially if they are experienced GIS users.

6 GIS Analysis

GIS provides a variety of analysis tools (Table 1). Measurement is a fundamental
operation in GIS, and an accurate measurement of spatial features is an important
starting point for many types of decision. Measurement is made difficult by the
complex shapes of many geographic features and because real-world objects vary
in three dimensions, with varying height as well as irregular boundaries. GIS pro-
vides the capability to measure the area, length, volume, shape, and slope of geo-
graphic objects defined by the user.

A buffer in GIS is a band around the boundaries of a geographic object (Fig-
ure 3). GIS provides tools to identify a region within a certain distance from an
object on the map; this can be a point, line, or area. Buffers have many practical
applications and are widely used in spatial modeling and decision making. For
instance, buffers could be used to identify the regions close to a main road that
might be affected by noise; a similar technique could also be used to associate
delivery locations with routes passing along the roads.

Information processing can be seen at its most powerful when it allows differ-
ent sources of data to be synthesized. A major contribution of database manage-
ment systems, such as relational database software applications, is their ability to
combine information from different data sets. GIS incorporates spatial database
functionality and the ability to query external databases, allowing the combination
of different spatial data sets. This requires that different types of data be available
for the same geographic area and that they are stored in the GIS in a compatible
projection. This allows different types of geographic data to be treated as layers of
the same map.

Table 1. GIS operations

GIS operation

Data used

Example

Measurement Point to point Distance between two towns
Length of line Road distance
Area of polygon Size of lake
Slope Gradient of hill
Adjacency Point/line Nearest hospital to a railway line
Polygon/polygon  Neighboring regions
Buffering Point Region near a shop
Line Area within 500 m of a road
Overlay Point/polygon Town in region
Line/polygon River in region

Polygon/polygon

Overlap of two different types of region
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Figure 3. Buffers

Many forms of spatial decision making require information on the degree of over-
lap between geographic features stored in different layers. For example, one layer
might show physical features such as forests, another layer might show politi-
cal divisions such as administrative districts, counties, etc. We might be interested
in knowing which administrative regions contained forests. Just as traditional

Figure 4. Using overlay to identify Irish counties traversed by the N7 road
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databases allow the combination of different datasets, spatial databases provide
spatial join operations that allow the combination of different spatial layers. The
GIS operation known as overlay is one form of spatial join. Using overlay opera-
tions, GIS software can identify whether spatial features overlap with other spatial
objects. In addition to area overlay, we can identify where lines or points overlay
areas. For instance, we could identify the administrative regions along the path of
a river or road (Figure 4).

7 Applying GIS

GIS offers powerful spatial database features and a visual interface for querying
and reporting on that data, and this directly meets the needs of many decision mak-
ers, especially in sectors that traditionally use geographic information. However,
amuch wider range of potential users make use of spatial information as a com-
ponent in their decision making. This wider group are typically users, rather than
creators, of spatial data. As spatial applications have developed, a wide range of
spatial datasets have become available, facilitating a much wider range of applica-
tion for spatial techniques. The suitability of this data for decision making depends
not only on its cost, but also on the ease of access to that data. Accessibility is fa-
cilitated by the availability of well-integrated spatial databases and the indexation
of all relevant spatial data in a transparent and accessible way. In many countries,
accessibility is enhanced by national spatial data infrastructure (SDI) initiatives to
provide a set of policies, standards, and procedures to allow organizations and
technologies to use spatial data efficiently (Masser 2005). The wider use of spatial
techniques requires an effective market to transfer data between those who collect
it and those who would like to use it for decision making (Keenan 2006). An effec-
tive market for spatial data requires agreement on the technical standards used and
the economic arrangements governing the transaction. While there has been pro-
gress on data standardization, the market for spatial data needs further development
in relation to issues such a licensing and payment mechanisms.

This wider range of decision makers requires that GIS systems can be integrated
with other decision tools. Consequently, GIS vendors have recognized the impor-
tance of making their software flexible and customizable to the needs of this larger
set of potential customers. From the late 1980s vendors added customization facili-
ties to their products; initially these used proprietary standards, in the absence of
well-established standards at that time. As systems evolved, vendors began to em-
phasize the modularity of their products. A modular approach meant that different
parts of the system could be used as required by the different groups of potential
users. This has now led to the situation where many of the off-the-shelf products
are simply one of many possible configurations of the underlying tools with which
the software is built. To facilitate integration with other software, GIS vendors
provide access to the system functionality by creating and documenting a set of
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application programming interfaces (APIs). Where products are modular in nature,
the API can allow the system builder interact with the various parts of the system.

GIS vendors are moving their products towards commonly recognized standards.
For example ESRI, the largest GIS vendor, has discontinued its proprietary script-
ing language, Avenue, and has moved its products to a Visual Basic for Applica-
tions (VBA)-based scripting language. All vendors provide products that support
popular software interchange standards such as object linking and embedding
(OLE). Vendor software typically provides an API for integration with Java, C++,
and Microsoft .Net. Adherence to these industry standards has facilitated third-party
developers in producing a range of specialist add-ons for GIS products. For in-
stance, add-ons for ESRI products include tools for mapping crime, for managing
electricity grids, for planning new road developments, and for dispatching fire en-
gines. There is continued interest in GIS software that is not subject to restrictive
conditions on its use, and projects such as FreeGIS (http://www.freegis.org) and
Open Source GIS (http://opensourcegis.org) aim to extend the role of free and open-
source software in the GIS community. These systems have been used as a basis for
SDSS, including the open-source GRASS GIS (Ducheyne et al. 2006) and the inex-
pensive IDRISI GIS (Rinner 2003).

8 Conclusion

GIS provides sophisticated database and interface features that allow the represen-
tation of many types of spatial problem. The database operations and visual prob-
lem representations that GIS provides are of considerable potential benefit to the
decision maker. The usefulness of GIS can be greatly extended by integration with
other forms of IT and models drawn from other disciplines, and GIS software
increasingly makes this integration possible. However, the complex operations
provided by GIS, which make the technology so powerful, also make it difficult
for decision makers without training in spatial techniques to use. The development
of GIS as a decision-making tool has also been hindered by the limited availability
of some types of spatial data and by the expense and restrictive licensing required
to use this data. Nevertheless spatial techniques are becoming more accessible
every year and this will extend the use of GIS for decision making into many
sectors that have not previously used spatial approaches.
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Mobile users making real-time decisions based on current information need confidence that
their context has been taken into consideration in producing the system’s recommendations.
This chapter reviews current use of mobile technologies for context-aware real-time deci-
sion support. Specifically, it describes a framework for assessing the impact of mobility in
decision making. The framework uses dynamic context model of data quality to represent
uncertainties in the mobile decision-making environment. This framework can be used for
developing visual interactive displays for communicating to the user relevant changes in
data quality when working in mobile environments. As an illustration, this chapter proposes
a real-time decision support procedure for on-the-spot assistance to the mobile consumer
when choosing the best payment option to efficiently manage their budget. The proposed
procedure is based on multi-attribute decision analysis, scenario reasoning, and a quality of
data framework. The feasibility of the approach is demonstrated with a mobile decision-
support system prototype implementation.

Keywords: Mobile decision support; Real time decision making; Quality of data; Financial
decision making

1 Introduction

The use of mobile devices enriches today’s world of widespread e-services and
extends opportunities for decision support. Users can make real-time decisions
based on the most up-to-date data accessed via wireless devices, such as portable
computers, mobile phones, and personal digital assistants (PDAs). Business trans-
actions, such as online shopping and banking, can be completed in a secure mobile
computing environment. Travelers can optimize their trips and organize short-time
holidays if customized sightseeing and entertainment recommendations are avail-
able from their mobile device (Carlsson etal. 2006, Nielsen 2004). A movie-goer
can select from his/her PDA a movie that is currently showing in the nearest cin-
ema at her preferred time (Jayaputera etal. 2003). A stock trader can monitor
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his/her stock investment from a PDA that provides alerts about interestingly be-
having stocks (Kargupta etal. 2002). A TV fan can watch his/her favorite soap
opera via the mobile phone (Carlsson and Walden 2007).

Mobile technology is increasingly evolving in conjunction with wireless net-
working capabilities. Advances in wireless and mobile technology brought into
existence terms such as mobile era, mobile commerce, and mobile workers (Men-
necke and Strader 2002). Its successful use and implementation in several fields
has highlighted the need for growth in this area and its importance for decision
support. It created opportunities for meeting users’ information needs for real-time
and on-the-spot decision making. In addition, the availability of up-to-date infor-
mation, coupled with the potential for such tools to save time and increase produc-
tivity, are seen to highly motivate individuals to use such devices (Carlsson etal.
2005).

While decision support systems have typically been associated with desktop
systems and involve considerable processing, the development of new compact
and mobile technologies provides new opportunities (Aronson etal. 2005). Work
environments that are mobile in nature and that cannot benefit from desktop-based
decision support can now be accommodated through the use of mobile technolo-
gies. Such technology can also be adapted to current workplaces to address limita-
tions of current systems (Sharaf and Chrysanthis 2002). Since accessing real-time
information is essential for good decision making, the usefulness of mobile de-
vises for decision support, in our opinion, is hard to overestimate.

In today’s consumer-oriented society, “we are bombarded with advertising
showing us that we can have it all now” (Tarica 2001). Merchants are now target-
ing mobile consumers’ needs through intelligent advertising, in which the con-
sumer receives location-based advertisements via the short message service (SMS)
or multimedia messaging service (MMS) on his/her mobile phone, that are tailored
to his/her personal preferences (Panis etal. 2002). Financial institutions offer on-
line services that can be accessed by the mobile user via web enabled devices such
as the personal computer (PC), Palm Pilot, Web Phone and WebTV (Reis etal.
2003). For the individual consumer, these online transactions include account
balance enquiries, funds transfers, account applications, automated teller machine
(ATM) locators, and electronic bill payment. For companies, online banking ser-
vices include monitoring cash balances across a company’s accounts, checking
account balances, paying salaries, and checking transaction details (Rogers 2003).
Electronic payments with credit cards are also very common and part of the con-
sumer’s daily life (Hartman and Bretzke 1999). With the introduction of location-
based services, online banking and electronic payments, the consumer is left to
make hard decisions responding to targeted marketing and advertising, requiring
them to try and efficiently manage his/her budget with the real risk of acquiring
high levels of debts which are often difficult to control.

In this chapter we review opportunities and challenges of mobile decision sup-
port. Mobility introduces additional uncertainties into the decision environment.
Firstly, information held in a mobile device is likely to be incomplete or out-
dated, and may not reliably support the user’s needs in critical situations such as
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healthcare management, national defence, or weather forecasting. In another con-
text, the availability of e-services to support business transactions varies depend-
ing on the number of mobile users requesting services, changing locations of
users, or type and size of mobile devices. We proposed a framework for assess-
ing the impact of mobility in decision making based on a multi-attribute indica-
tor for measuring quality of data (QoD) (San Pedro etal. 2003, Burstein etal.
2004). QoD can provide the basis for a decision support system (DSS) for gener-
ating alerts about changes in problem and user context. In this chapter we de-
scribe the way such indicator can be calculated and used in a decision process in
a mobile environment.

As an illustration, we explore the factors that affect users’ ability to make fi-
nancial decisions in a mobile environment. We look at how to enhance the level of
decision support that the mobile user can receive from his/her mobile device when
making financial decisions. The aim is a real-time decision support procedure that
provides on-the-spot assistance to a mobile consumer who wishes to purchase
a product or pay for a service today, while still efficiently managing his/her budget
for the month.

In the following section, we consider the concept of mobile, real-time decision
support via a mobile device, including various technical architectures for such
implementation. Section 3 illustrates how this concept can be applied to assist in
financial decision making. Section 4 describes a mobile account management
problem, followed by a proposed multi-attribute model and prototype implementa-
tion for a DSS which dynamically monitors account information.

2 Mobile Decision Support

Mobile technology provides a number of advantages over stationary computing.
Two of the most notable are real-time information availability (Zhang etal. 2006)
and higher flexibility for user interface (Van der Heijden and Junglas 2006). In
conjunction with this are the electronic services that can be provided by mobile
devices. Mobile devices and instruments can interact with each other using inter-
net, wireless networks and protocols. In this sense the use of mobile technology
can increase the productivity and efficiency of mobile users.

Mobile technology has benefited various industries, both public and private. Its
wide range of applications and services include medical information services, and
tracking and monitoring emergency services (San Pedro etal. 2005, Bukheres
etal. 2003, Burstein etal. 2005). By providing cost-effective, pervasive access to
information, wireless networks and mobile devices are reducing errors and im-
proving access to information that was once central (Chatterjee 2003). By chang-
ing the way people work in today’s dynamic work environment, we have seen the
deployment of mobile technology in disciplines ranging from archaeology (Blunn
etal. 2007), airport management (Pestana etal. 2005), education (Cabrera etal.
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2005), healthcare (Michalowski etal. 2003, Cowie and Godley 2006, Padmanab-
han etal. 2006), and many more.

Carlsson etal. (2006) suggest that the value of mobile devices cannot be ap-
plied generically, but rather it is specific to the context it may be useful in. The
value of mobile devices can also be determined by applying the Braudel Rule
(Braudel 1992). The rule suggests that the value of innovative services is deter-
mined by whether they change the structure of everyday routines. So for example,
the widespread use of a mobile device implies it satisfied Brauden’s rule. Chur-
chill and Munro (2001) found that changes in technologies led to subsequent
changes in the nature of work practices, as a result, ““...many work practices that
have been traditionally seen as static in fact involve considerable amounts of local
mobility” (p. 3).

A high degree of mobility is desirable for most mobile decision-making envi-
ronments, where provision of current information is essential and access to desk-
top computers is not available. Mobile technology is rapidly developing and en-
compasses a considerable number of devices, from small PDAs, to laptops and
tablet PCs (Derballa and Pousttchi 2004). Mobile devices can be broadly divided
into the laptop computer, handheld devices (e. g., Palm), telephone, hybrid (e. g.,
smart phone PDA/telephone), wearable (e. g., jewellery, watches), vehicle-mount-
ed (in automobiles) and specialty, with enabling technologies such as global posi-
tioning system (GPS) and Bluetooth (Mennecke and Strader 2002). While all
such devices can provide decision support benefits and, in a general sense, be
considered mobile, PDAs and smart phones are of most relevance, and are be-
coming increasingly popular with general users (Burstein et al. 2004, Carlsson
etal. 2005). In this chapter, we illustrate the potential for mobile decision support
using a PDA style interface, as this is the device with which the authors have
most familiarity. However, the style of interface is felt to be applicable across
all devices.

2.1 Technical and Computational Architecture
for Mobile Decision Support

Mobile decision support can be implemented in a number of ways, depending on
user requirements, available technological resources, frequency of data access,
urgency of data retrieval, etc. As research into such technology is relatively new,
optimal architectures for various decision contexts, design configurations, and
potential future applications have yet to be investigated. In this section we con-
sider how fundamental component of DSSs, i.e., database (DB), user interface
(UD), and analytical model (AM) (Aronson etal. 2005, Sprague and Carlson 1982)
can be arranged in mobile decision support architectures. Figure 1 illustrates five
possible types of mobile DSS implementation architectures.
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Portable devices can act as computational platforms for task-specific applications,
collecting, storing, processing, and providing data. The use of device-specific re-
sources or server resources creates a distinction between possible types of mobile
DSSs that can be provided (Navarro etal. 2006). Mobile decision support can be
client-based, server-oriented, proxy-based or distributed across an ad hoc network
of similar peer devices (Bukhres etal. 2003). The type of architecture depends on
where information is stored and where computations are performed. These varying
implementations have their advantages and disadvantages. The usefulness of each
depends significantly on the application requirements and underlying technical
infrastructure. Systems focused on access to significant amounts of information are
more likely to use a server architecture given the limited processing and informa-
tion storage capabilities of small portable devices. Alternatively, decision support
that may suffice with preliminary processing of information could benefit from
coarse-granularity processing on a resource-constrained portable device. Independ-
ent decision support provides increased system fault tolerance and reduced support
requirements. Currently, the most popular is implementation (a), as depicted in
Figure 1, where functionality is distributed across the client-server environment
with the user interface (UI) located on the user’s portable device, data distributed
across both client and server, with user-sensitive data residing on the user device,
while massive amounts of data, including historical, are located on a server. In this
configuration, the analytical model (AM) is also distributed across client server
with the user device performing elementary computations and delegating more-
complex and resource-intensive computations to the server.

Thick client-thin server and vice versa represent more-extreme cases and there-
fore more-rare configurations (see Figure 1b). Given a high likelihood of discon-
nections in wireless environments, some systems may use the concept of a proxy
architecture where a proxy process is located on a server side representing a client
and, if connectivity is good, data and computations are simply channelled between
a server and a client (Figure 1d). However, if a client becomes disconnected (e. g.,
driving through a tunnel), then the proxy assumes full functionality of the client
and caches data and results until the client reconnects. With the proliferation of
peer-to-peer computing, it is now becoming possible to form ad hoc networks of
similar devices, discovered at a time of need, in order to consolidate resources and
apply the AM in a distributed computing environment in a resource-efficient man-
ner (see Figure le). These possible architectural implementations enable enough
flexibility and scalability for any possible DSS application or scenario.

2.2 Quality of Data Model

Users need support when facing critical situations and would welcome alerts about
the reliability of data in such situations, but may be dissatisfied with requests for
attention when they are relaxing at home. In recent papers (San Pedro etal. 2003,
Hodgkin etal. 2004), we proposed a framework for assessing quality of data
(QoD) indicator as a measure of the impact of mobility in decision making (San
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Pedro etal. 2003, Burstein etal. 2004, Hodgkin etal. 2004, Cowie and Burstein
2006). We identified some factors that may be considered in establishing a frame-
work for addressing the issue of data accuracy in mobile decision support. QoD is
based on multiple parameters, which measure user-specific, current technology-
related factors, and some factors which can be learned based on past experiences
with similar problem situations. By providing a QoD alerting service from the
mobile device, the mobile user is warned against making decisions when the QoD
falls below a predetermined threshold or when the QoD becomes critically low.
The assumption we make is that a decision maker should feel more confident with
the decision when the QoD is high, or be alerted when the QoD becomes lower
than acceptable.

The QoD model aims at assisting the mobile users in selection of the best option,
taking into consideration the reliability of the data such an option was based on.
Figure 2 represents a model of QoD comprising attributes that contribute to data
quality when supporting personal mobile decision making (Burstein et al. 2004).

Technology- related
context

User’s
Decision
Model

Figure 2. A sample multi-context representation of QoD, adapted from Burstein etal.
(2004)

Stability of scores ]

User-related context ]

Stability of weights]

[ Historical context

These QoD attributes include technology-related, user-related, and historical
contexts. These attributes are further broken down into some QoD metrics relat-
ing to energy, security, and connectivity for technology-related contexts, stabil-
ity of scores, and weights for the user’s decision model relating to user-related
contexts, and completeness, currency, and accuracy for historical contexts. Some
of these metrics can be calculated by comparing current data with standard data.
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The integrated QoD indicator can then be calculated as the weighted sum of tech-
nology-related, user context related and history-related attributes assessment ei-
ther derived automatically or provided by experts (Hodgkin et al. 2003, Cowie
and Burstein 2006). In mobile DSSs, QoD can be calculated incrementally at
every stages of decision making process as the mechanism for alerting the user
when more data and/or resources are needed before the best option can be se-
lected. For example, following Simon’s classical decision making principal phases
(Simon 1960), when describing decision situations, QoD can be used to judge how
accurate the set of data collected at the intelligence phase was; when designing
alternative actions, QoD can assist in making sure the user is satisfied with the
range of possibilities she is presented with for a choice; when a model is applied
for selecting the best alternative, the final output includes a full and explicit repre-
sentation of the QoD, which was derived as an aggregate of the ones used in the
previous stages (see Figure 3).

QoD 1 QoD 2 QoD 3
Assessing uncertainty Re-adjusting Integrated
of decision uncertainty uncertainty
making situation measure measure
4 4 4
1] 1 1
4 4 v
Conle):tn gﬂﬁgges in User & system Historical Multi-attribute
e constraints context preferences
[ 1 : :
Y ; ¥ v
Stage 1 Gstaye‘z Stage 3 Stage 4 Best action
Modelling decision % aﬁ:f;::;f Y  Building Iy Selecting best |—p and QoD
making situation actions scenarios scenario presented to
user

Figure 3. Decision process in mobile environments

In the next section, we illustrate how real-time decision support can be applied in
financial decision context.

3 Real-Time Financial Decision Support

The way financial decisions are made is influenced by many factors. Today, there
are many options available to consumers when most of financial transactions are
made electronically. The “new breed of online consumer who will expect faster
delivery, easier transactions, and more factual information” (Martin 1999) poses
a difficult challenge to accounts management. When purchasing an item, there are
anumber of issues that must be addressed in deciding upon the best payment
method.
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This situation presents a good example of when real-time decision support
could be beneficial (Hartmann and Bretzke 1999). For example, if someone wants
to purchase an expensive holiday or pay for car service today using cash from
his/her current account, will there still be sufficient funds to cover the direct debits
due out of the account next week? If not, are there sufficient funds in the savings
account to transfer cash into the current account to cover the direct debits? Would
such a transfer of cash incur charges? What if the consumer opts to pay for the
holiday on a credit card? Is the credit-card repayment date sufficiently far in the
future that by such a date there will be enough funds to pay it off? Would it be
a better option to pay off just the minimum amount due? How will this holiday
purchase or car-service payment influence the regular monthly repayments? More
importantly, could buying the holiday be done in a way that there is no need to cut
down an overall spending?

These are some issues that the mobile consumer might be considering when de-
ciding which payment option is best to minimise transaction fees, minimise credit
card debts, and maximise monthly savings. Currently, many such decisions are
based on intuition or past experience, and there are no analytical tools developed to
assist mobile decision-makers in these situations. There are a few products on the
market that provide different personal finance management solutions. Some of
these products are Microsoft Money, SmartMoney, My Money, Quicken, and Mind
Your Own Business (MYOB). These products support and manage operational
transactions and permit some analysis of historical data. MYOB, for example is
aimed specifically at Australian small-business users. MYOB replaces “the cash
register with a point-of-sale system that streamlines store operations and manage
sales, stock, goods and services tax (GST), staff and customers” (Tsang 2003).
Microsoft Money allows a consumer to view vital financial statistics at a glance,
set up regular bill payments as reminders, or have them taken from an account
automatically, plan and maintain budgets, and see projected cash flow so the user
knows how much to spend. However, most of these are not yet customised for
access from a mobile device. The only mobile application that comes close to
the decision problem described above is Microsoft Money for Pocket PC
(http://www.microsoft.com). This mobile version of Microsoft Money, however,
provides little decision support as it only allows the user to view the account bal-
ances (upon synchronisation with desktop Microsoft Money) and record any new
transactions.

The financial decision support process in a mobile environment is a dynamic
process that evolves with different context changes, is characterised by fluctuating
uncertainty, and depends on multi-attribute preferences of the individual mobile
decision maker. It should link past, current and future states of the mobile envi-
ronment and needs to be adaptable to user and system constraints (Bukhres etal.
2003). In addition, mobile decision support requires the underlying distributed
computing infrastructure with wireless and mobile networks as the main compo-
nents (Ahlund and Zaslavsky 2002), which determine a suitable architecture for
mobile decision support as described above.
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Following the staged process, Figure 3 depicts this staged process schema-
tically. Initially, the user must recognize the need for making a decision. In addi-
tion to addressing the problem at hand, the user must take into account context-
specific criteria in assessing whether it is appropriate to use the support system.
The next step in the process involves the generation of alternative actions. These
are calculated from the available information about transaction history and finan-
cial institutions’ charges. Again, consideration is paid to context-specific charac-
teristics of the environment as well as the user. The support system utilises histori-
cal data, user profiles, and expert knowledge to produce scenarios of possible
actions. Depending on how much access the system has to the up-to-date transac-
tions history and the mobile DSS architecture set up, the QoD for decision support
will vary and used as a mechanism to ensure enough data is available and the level
of its reliability is appropriate to make a acceptable decision. Finally, a multi-
attribute description of the problem situation is generated and user preferences
evaluated in order to decide upon the best course of action.

In the following sections, we describe the mobile accounts management problem
as an illustration of the dynamic multi-attribute decision making model. We then
proceed with a proposed solution procedure using scenario reasoning to assist the
consumer with a mobile decision support to foresee and analyse the consequences
of a choice. Suitable measures of completeness, currency, and accuracy of data are
also presented as QoD parameters that are related to historical context. Finally, we
describe a prototype tool, called iAccountsMgr, which demonstrates the feasibility
of the proposed procedure to support the mobile consumer in managing financial
accounts (Burstein et al. 2004).

4 Mobile Accounts Management

A mobile accounts management problem refers to a mobile user’s problem of
selecting the best possible immediate payment option in relation to the associated
future gains or losses. Payment options in an e-commerce context include payment
by electronic funds transfer at point of sale (EFTPOS), electronic wallets (Ander-
son 1994, Tygar and Yee 1995), electronic coupons or electronic cash, and of
course, more-traditional options (for example, paying by cash, lay-by, credit card,
or cheque). With so many options to choose from, the mobile user can enjoy the
convenience of paying for products or services electronically, and charging each
to one of multiple bank accounts (savings, credit, cheque accounts). Some online
financial services (such as online banking) allow the consumer to view the account
balances online, or to record transactions electronically to keep track of his/her
transactions and balances. A tool that helps the consumer save money and/or man-
age their accounts efficiently is regarded as highly attractive to the mobile user
(Carlsson etal. 2005).
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Our approach of supporting the mobile user with QoD indicator is also rele-
vant to the mobile accounts management problem. This indicator can be useful to
the mobile consumer when making real-time decisions about efficient accounts
management since, in particular, together with the recommendation on the best
option to realise future gains, they are informed of the QoD that was used to
calculate the choice, or be alerted when QoD level was not good enough to justify
the suggestion.

4.1 Pay by Cash, Credit or EFTPOS? A Dynamic
Multi-Attribute Decision-Making Problem

In this section, we represent the concept of mobile accounts management, as de-
scribed above, as a dynamic multi-attribute decision making model. A sample
user’s model is depicted in Figure 4. In the example, the alternative actions are to
pay by: (al) cash, (a2) credit card, (a3) EFTPOS, and (a4) EFTPOS and withdraw
cash. The available alternatives are determined from user’s profile. Thus, for
a mobile user, paying by cheque can be one of the payment options but perhaps
not the most attractive one. Internet-based transfer using a mobile device will do
the job faster and might be a more-appropriate option. We assume that for this
particular mobile accounts management problem, the mobile user’s goal is to
minimize transaction fees and credit and maximize savings by the end of the
month.

The alternatives will be evaluated against multiple attributes. In our example,
the multiple attributes are: (c1) cash at hand, (c2) savings1 balance, (c3) savings2
balance, (c4) credit balance, and (c5) overall transaction fees.

Note that there is some inherent uncertainty in the future state of the multiple
accounts if a purchase is made today. Context changes due to user mobility also
add some degree of uncertainty into the problem, because they can influence the
future evolution of events. Thus, to support the mobile user in handling such un-
certainty, we will derive scenarios based on one of: the user’s strategy, a learned
strategy, or an expert strategy.

A scenario is a sequence of sub-actions and events that may evolve in the future
once an action is initiated. We can support the mobile consumer in his/her choice
making, by allowing him/her to look ahead or to reason in terms of scenarios. For
the non-aided mobile decision maker, the scenario reasoning process can be very
complex and confusing due to all the possible consequences of a choice and asso-
ciated probabilities that need to be considered (Pomerol 1997). Due to many con-
straints in mobile decision making (e.g., limited energy, unstable network connec-
tion, limited user interface capability, user mobility), we propose to build only
scenarios that are based on the user’s predefined instructions, rules derived from
recorded transactions, or some expert’s strategy.
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Figure 4. A sample user’s model of accounts management problem

411 User’s Strategy

Initially, the mobile decision-maker may have a predefined set of rules that he/she
wants to impose when selecting the best payment options. The example rules can
be:

e If there will be insufficient funds for tomorrow’s direct debit payment,
then transfer the required amount from savings2 to savingsl before mid-
night.

e Do not use credit card a week before credit payment is due.

e Do not use EFTPOS after the second EFTPOS or ATM transaction.

Rules such as these can be stored in a relational database or rule-based system,
specific to the mobile user. Other user preferences, such as relative importance of
criteria, available payment options, types of transactions, must-buy items, must-
avoid items, target savings balance, etc., can be incorporated in the user profile by
user registration of preferences. Initially, the user will have to manually input
some minimal preferences through registration forms.

A sample set of scenarios for actions al—a3 is shown in Table 1. The problem
here is to determine the best payment option to pay for a car service worth $450, if
paid by cash, or $500 if paid by credit card or EFTPOS. In this example, based on
the user’s profile, our particular mobile user has given the instruction to withdraw
a minimum of $500 in alternative a4 when building scenarios. Thus, in Table 1, a4
is not a feasible option as there is only $800 available at hand. It is assumed that
decisions are set to be made between some critical dates, when balances need to
be updated, for example when credit card payment is due, regular credits are made
to the accounts, or loan interests and other regular payments are due.

Consider scenario 1. Based on the user’s predefined strategy for cash pay-
ment, $450 is deducted from cash at hand on day 17 (see column 4), and all other
scheduled payments (including fixed and estimated amounts) until day 24 will be
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processed. This sequence of events is initiated by the support system. On the 25
day, the system will initiate a transfer of funds from savings2 to savingsl to pay
the credit balance of savingsl, pay succeeding estimated expenses and maintain
a balance of $500 by the end of the month. Such transfer of funds will incur
a transaction fee of $2.50 on the 25™ day. In line with the user’s predefined strat-
egy, the expected balances at the end of the month will now be 0, 500, 5406, 220,
11.6 for cash, savings1, savings2, credit, and transaction fees, respectively.

Scenario 2 on the other hand, will incur an additional credit of $500, and conse-
quently, the user will reach the credit limit of $3000 before the credit payment due
date on day 25. In order to avoid paying interest on the credit, or a fee for exceed-
ing the credit limit in future payments, the user’s strategy is to transfer funds from
savings2 to the credit account. This transaction incurs a fee of $2.50. All other
transactions are processed based on estimated expected payments following the
user’s predefined strategy. Scenario 2 will yield the balances 186, 920, 4750, 220,
9.1 on cash, savings1, savings2, credit, and transaction fees, respectively.

Based on the user’s strategy for EFTPOS payment, scenario 3 will yield (186,
500, 5170, 220, 11.6). If the user has equal weights for the attributes, then taking
the weighted sum of the balances will give an optimum of 1135 corresponding to
alternative action al (see second to the last row, column 2). If the user, on the other
hand, has the following criteria weights (0, 0.6, 0.2, 0, 0.2) then the best payment
option will be by credit card with a weighted sum of 1500 (last row, column 3).

4.1.2 Learned Strategy

When the user chooses to overrule predefined strategy, scenarios can be identified
by implementing soft computing methodologies and intelligent technologies to
derive rules from the transaction history. User registration is sometimes not
appealing to the user, especially when lots of details need to be manually incorpo-
rated into the system. Soft computing and intelligent technologies such as rough
sets (Pawlak and Slowinski 1994), case-based reasoning and Bayesian networks
(Schiaffino and Amandi 2000), fuzzy logic (Nasraoui and Petenes 2003), neu-
ral networks (Chen and Chen 1993, Jennings and Higuchi 1992) and clustering
techniques (Kim and Chan 2003) may be used to learn about the user’s payment
strategy in the past. We refer to such strategy as learned strategy in Figure 4.

Consider for example the transaction history from the past year. Scheduled direct
debit/credit payments with fixed amounts (health insurance, car loan, salary, other
income), or variable amounts (e. g., grocery, petrol, gas and electricity bills, phone
bill) can be detected from the transaction history (see column 3 of Table 1). Note
that some rules may be deduced by simple sorting of transaction dates or by type of
transaction. Variable amounts can be estimated using simple statistical forecasting
techniques. Other implicit rules such as the user’s decision to not use the credit card
a week before credit payment is due; or the user’s weight preferences (e. g., maxi-
mizing savings2 is more important than minimizing transaction fees); or the user’s
rule-of-thumb when there are insufficient funds to pay an unscheduled, emergency
purchase, can be derived using more-complex intelligent technologies.
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What is interesting in learning about the user’s payment strategy based on
transaction history is that the system can reproduce how the user made decisions
in previous occurrences. Thus, the system can recommend solutions based on
the user’s context, memory and experience, and potentially can target the user’s
needs.

4.1.3 Expert Strategy

The expert strategy will correspond to a strategy based on expert’s advice without
considering the user’s context, but taking into consideration external factors such
as credit card interest rates, bank fees, foreign exchange rates, home loan rates,
market prices, government policies, end-of-season discount rates and special of-
fers, that directly or indirectly affect the future evolution of events. Such a strategy
can be provided by financial advisers and analysts, risk managers, and other ex-
perts in the mobile commerce, e-commerce, and financial services or acquired
dynamically from other external “expert” sources.

By embedding expert advice, the user can also learn if his/her payment strategy
is non-optimal or unsatisfactory and can be advised of better ways to achieve
his/her goals. By embedding an expert strategy in the system, we can raise the
level of decision support offered by mobile services by providing the user with
expert advice based on external factors, or generally based on context changes that
are beyond the user’s control. For more-complex online or mobile financial ser-
vices, such as portfolio selection (Parkes and Huberman 2001), building scenarios
based on expert strategy can be very useful in supporting the mobile user.

An expert strategy that might be suitable for the proposed mobile accounts
management problem is that of comparing a scenario that considers future gains if
a purchase is made today against scenarios where the purchase is made tomorrow,
or at the end of the season, or even at the end of financial year. Thus, if credit
interest rates are expected to increase by tomorrow, or if car service fees will be
lower next winter, or fees are at their lowest at the end of financial year, then the
mobile user potentially will be better informed of what might happen in the future,
and which scenario is likely to best address his/her needs.

4.2 Quality of Data Model for Mobile Account Manager

Due to the inherent uncertainty in using scenarios to select the best option today
to realise future gains, mobile decision support can be made more reliable if the
user is made aware of the QoD that supports the decision. The QoD indicator, as
described in section 2.2, is based on the assumption that the user will be aware
that the recommended solution is based on transaction history for a given period
(e.g., one year, six or three months) and he/she will be aware of how complete,
accurate and current the data is being used to support his/her choice.

The attributes for QoD metrics relating to energy, security, and connectivity
for technology-related contexts, stability of scores and weights for user’s decision
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model, and those derived based on user contexts, as well as completeness, cur-
rency, and accuracy of historical contexts, are well applicable in mobile financial
decision making. In the same way these metrics can be calculated by comparing
current data with standard or historical data. For example, completeness of histor-
ical data can be considered as a fraction of complete account data available at
some particular date when making particular decision. Currency can be calculated
based on current time and frequency of transaction updates. In this section we
focus on how using historical context attributes can assist mobile decision maker
in QoD assessment for better, more-accurate decision support.

4.21 Historical Context

Using this sample mobile accounts problem, we can come up with suitable meas-
ures for completeness, accuracy, and currency of data from transaction history.

e Completeness — part or fraction of the complete data. In our sample of
accounts management problem, completeness is a fraction of a complete
transaction statement for a given time frame. If a purchase is to be made
today, and it is the 17™ of the month, we can say that the transaction his-
tory we have available is 52% complete (because we had a transaction
history for 16 out of 31 days of the month). When purchase is to be
made on day 28, four days before the next transaction statement is is-
sued (i.e., 28/31 is approximately 0.90 in a 31-day month), then we can
say that the transaction history is about 90% complete. Thus for all the
scenarios from Table 1, the transaction history used to support the
choice is 52%.

e  Currency — determines how current today’s purchase is relative to the
nearest critical date. By critical date, in this case, as was defined above,
we mean a date when balances need to be updated, such as credit card
payment due date (as in scenario 1, Table 1), the date when a credit
limit will be reached (as in scenario 2), or a date when transfer of funds
is expected to incur a transaction fee (scenario 3). The data will be
more current if the purchase date is close to the nearest critical date.
Thus from Table 1, we can say that scenario 3 is most current, as pay-
ment by EFTPOS today will immediately incur a transaction fee. The
currency scores for three scenarios are calculated based on the follow-
ing formulae:

. 9 days t t critical dat
currency of data _Scenariol= (1 2 days fo nearest crifica’ da e] =0.40

15 days to end of month

. 2d t t critical dat
currency of data _Scenario2= (1 2 Cays fo nearest ciiical €4 e) =0.87

15 days to end of month

currency of data _Scenario3=| 1
15 days to end of month

_ lday to nearest critical date] - 0.93
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e  Accuracy — number of correct transaction values/total number of trans-
actions until the next update. For our example, in scenario 1 in Table 1,
we have four fixed payments out of nine expected transactions until the
nearest critical date (the remaining five transactions (in bold font) are
predicted values). Thus, if payment is by cash, then the data from trans-
action history is 100 * (4/9)%, approximately 44% accurate. For scenar-
ios 2 and 3, the data is 100% accurate.

Based on historical context, the QoD can be represented as a weighted sum of
completeness, currency, and accuracy. If we assume equal weights, then history-
related QoD measure is 0.45 (45%) for scenario 1, 0.80 (80%) for scenario 2 and
0.82 (82%) for scenario 3. Based on the proposed QoD framework, if equal
criteria weights are used and alternative al is recommended as the best option
(see Section 3.2) and QoD is only 45%, it is up to the mobile user to accept or
reject the recommended solution. A 45% QoD can indicate that the critical date
is too far in the future to accurately predict the likely balances at the end of the
month.

These measures are used as illustrations only and could be adjusted in other
contexts if necessary. In the same way the formulae for calculating the com-
pleteness, currency, and accuracy of data can vary depending on the user’s pre-
ferred definition. It is important that the user understands how such QoD indica-
tor is calculated to ensure its meaningful consideration in their decision making.
Thus by recommending to the user that the best option is to pay by credit card
and that the associated QoD is about 80%, he/she can interpret this as a high
quality recommended solution, relative to the transaction date.

4.2.2 User-Related and Technology-Related Contexts

If the mobile user can be supported online, the user can download a transaction
history that is complete, current, and accurate. In this case, prediction is likely to
be more accurate than when using outdated and incomplete data. However, there
is also a need to inform the user of technology-related QoD parameters or attrib-
utes such as network security, connectivity, and mobile device energy to guaran-
tee a secure and stable environment to perform online transaction. To date, net-
worked-wide infrastructures for supporting wireless connectivity (Zaslavsky
2002) and network security (Reis etal. 2003, Ghosh 1998) have been developed
and proposed to handle uncertainties due to unreliable communications and pos-
sible disconnections from the network. The approach considered in this chapter
is focussed more on modelling these uncertainties by providing technology-
related QoD parameters.

If the mobile user is offline, the completeness, accuracy and currency of the
data will be calculated by considering the last time transaction history was
downloaded from or synchronised with the user’s online banking server. In both
cases, when the user is relatively consistent with his/her purchases and payment
strategies, or when external factors indirectly influence the user’s choice, the
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scores of alternatives against criteria can be fairly static (Hodgkin etal. 2003) for
the rest of the month. If the user is inconsistent with his/her purchases, or if the
system has not learned enough from user’s profile and transaction history, the
evaluation scores can be fairly dynamic. Equivalently, if external factors can di-
rectly impact on future evolution of events, the evaluation scores can also be dy-
namic. Thus aside from completeness, accuracy, and recency of data, we can also
consider stability of data as a user-related QoD parameter. We can classify the
first three parameters as QoD attributes related to historical context; stability of
data as a user-related parameter; and security, connectivity and energy as technol-
ogy-related QoD parameters. The overall QoD measure can then be derived as the
weighted sum of user-related, history-related, and technology-related parameters
(Hodgkin etal. 2003, Cowie and Burstein 2006).

5 Mobile Accounts Manager

In this section we describe how the proposed approach to mobile accounts man-
agement can be implemented using mobile devices. We call our prototype mobile
decision support tool, iAccountsMgr. Sample user interface designs for PDA im-
plementation are shown in Figure 5.

In Figure Sa, the required user inputs are the type of transaction and purchase
amounts corresponding to alternative payment options. The user must also identify
the strategy (user, learned, or expert) to be used by the system for scenario build-
ing. A tap on the GO button will instruct the system to retrieve the multiple ac-
counts of the user based on user’s profile, present them as criteria, and prompt the
user to specify weights using a slide bar. A tap on the GO button in Figure 5b will
instruct the system to select the best payment option based on the user’s specified
weights and chosen strategy. Figure 5c presents the recommended payment option
and the expected balances at the end of the month.

The icon on the lower right of each of Figures Sa—c represents the overall QoD.
It indicates the quality of data that is available for the decision support procedure
in producing a recommendation to pay for the product/service today, using trans-
action history that is locally available in the system. The measure of QoD is visu-
ally represented here as a bar graph. One bar indicates a very low QoD while four
bars indicate a very high QoD.
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Figure 5. Sample user interface for iAccountsMgr

When QoD is critically low, the QoD bar is replaced by a QoD bell with sound
alert as shown in Figure 6a. The predicted QoD for selected days (e. g., day 24 or
31 in Figure 6¢) can also be visually represented as shown in Figure 6b.

Transaction Type of Amoum af Beenario Lﬂ
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Figure 6. QoD indicators and calendar in iAccountsMgr

This QoD graph gives an overall view of possible changes in QoD over time.
Selecting one of QoD bars will display a calendar indicating expected transac-
tions, expenses, and fees from the selected day until the end of the month. The
user may then bypass some predefined settings or rules as desired and new predic-
tions can be calculated.
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6 Conclusions

Decision support tools for real-time decision making are in high demand espe-
cially when users need to make informed decisions in time-critical situations
(O’Leary, 2007). In this chapter we reviewed the technologies available for pro-
viding mobile decision support in such situations. Due to the demands and oppor-
tunities of mobile computing, most context-aware computing applications are
relying on mobile information access which results in high uncertainty level. Real-
time access to information does not always sufficiently support decision-making
activities. In this perspective, we exploit the possibility of extending context-
aware computing to context-aware mobile decision support.

In this chapter we review the current approaches available for providing mobile
decision support. The challenges and limitations faced by developers of such sys-
tems are highlighted. In attempting to address today’s dynamic requirements to
mobile systems, we propose a framework by which information provided by
a mobile DSS can be evaluated and assessed in terms of its usefulness and rele-
vance for the decision being made.

The application area of mobile accounts management is described as a means
for illustrating how such a framework could be utilised. A prototype system,
iAccountsMgr is designed to provide mobile decision support for this area. The
proposed procedure aims at providing a mobile user with on-the-spot assistance
for decision making concerning the payment method for products and services
aiming at efficient management of the periodic (monthly) budget. Equipped with
the proposed system, the user will be able to assess the future consequences of
a choice, and alerted about the implications when buying an item on the move, or
before charging emergency purchases against her bank accounts. The main inno-
vation of the mobile DSS is that together with calculating possible scenarios the
system provides a measure of reliability — the QoD — to each scenario according
to the data used in calculating these scenarios. We feel that combining strategic
information related to the decision at hand with a measure of the quality of the
information (the QoD indicator) provides the decision maker with the ability to
make a better informed choice based on the most up-to-date, relevant information
available.

The realities of the changing way in which we make decisions and the advances
in mobile technology create multiple challengers for decision makers and com-
puter system developers alike. Making decisions on the move under uncertainty
requires decision support systems that can adequately provide up-to-date, context-
specific, complete information in a way that is understandable and useful to the
decision maker. We believe that by embracing the technologies that facilitate
mobile decision support and capitalizing on well-founded methodologies for rep-
resenting decision-maker’s context, whilst accommodating a measure of the qual-
ity of the data and information decisions on the move can be supported just as
effectively as those made behind the desk.
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CHAPTER 42

Context-Sensitive Decision Support Systems
in Road Safety

Patrick Brézillon and Juliette Breézillon

LIP6, University Paris 6, Paris, France

Enterprises often embed decision-making processes in procedures in order to address issues
in all cases. However, procedures often lead to sub-optimal solutions for any specific deci-
sion. As a consequence, each actor develops the practice of addressing decision making in
a specific context. Actors contextualize decision making when enterprises are obliged to
decontextualize decision making to limit the number of procedures and cover whole classes
of decision-making processes by generalization. Practice modeling is not easy because
there are as many practices as contexts of occurrence. This chapter proposes a way to deal
effectively with practices. Based on a conceptual framework for dealing with context, we
present a context-based representation formalism for modeling decision making and its
realization by actors. This formalism is called contextual graphs and is discussed using the
example of modeling car drivers’ behaviors.

Keywords: Context; Decision making; Contextual graphs; Knowledge management

1 Introduction

Decision makers face a very large number of heterogeneous contextual cues.
Some of these pieces of information are always relevant (time period, unpredicted
event, etc.) while others are only used in some cases (number of lines on the road,
position on the line, etc.). Thus, actors must deal with a set of heterogeneous and
incomplete information on the driving situation state to make their decisions. As
a consequence, a variety of strategies are observed for driving situation solving;
these differ from one actor to another, but also at different instants with the same
actor. Thus, it is not obvious how to obtain a comprehensive view of the mental
representations at work in the subject’s brain in many human tasks.

This situation is not new. In artificial intelligence, the lack of explicit represen-
tation of context is one of the reasons for the failures of many knowledge-based
systems (Brézillon and Pomerol 1997). In most real-world applications, a decision
maker faces ill-defined situations where the form of the argumentation rather than
the explicit decision proposal is crucial (Forslund 1995). As a consequence, it is
better to store advantages and disadvantages rather than complete decisions.
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Procedures are diagnosis/action plans elaborated according to technical con-
straints, security, and service rules. Each procedure explains how to treat a par-
ticular state of driving behavior. As the goal of the highway code is to cover
a large class of driving situations, procedures are poorly contextualized deliber-
ately. For example, the announcement of a crossroad is given by a unique road
sign whatever the real topology of the crossroad (a cross, an X, a T, a Y, or
a more-complex intersection). However, procedures are dependent on the opera-
tional environment, the type of people who operate them, the culture of the society
they live in, and the nature of the driving situation. Procedures are not inherent to,
or predicable by, any single entity. As a consequence, actors adapt procedures in
order to deal with the complexity of the situation. The actor establishes a strategy
that is based on procedures and a set of contextual cues depending on the actor’s
experience and the situation characteristics. Such a practice is a kind of compila-
tion (or contextualization) of a procedure in which knowledge pieces and contex-
tual cues are structured into comprehensive knowledge about actions [a chunk of
knowledge, as discussed by Schank (1982)]. In contrast to procedures, practices
are highly contextualized, and may introduce new sub-strategies not foreseen in
the corresponding procedure.

Actors in an enterprise plan their action in real time rather than relying on pro-
cedures for two main reasons. Firstly, the procedure is never perfectly adapted to
the situation at hand and can lead to improper actions or sub-optimal solving
strategies. Secondly, the actor may miss some important facts and notice them too
late to solve the problem adequately. Nevertheless, actors consider procedures
useful guidelines to be tailored for each particular focus. Thus, each actor trans-
forms the procedure into a practice to address a focus in a specific context, and
one observes almost as many practices as actors for a given procedure. This is
a general way to reach the efficiency that decision makers intended when design-
ing the task (Pomerol 2001). Such know-how is generally built up case by case
and is complemented by makeshift repairs (or unwritten rules, magic books, etc.)
that allow actors to achieved the required efficiency. This is a way of getting the
result irrespective of the path followed.

As a consequence, the process of decision making relies on practical reasoning
that depends on a number of pieces of contextual knowledge and information. Prac-
tical reasoning is not logical and theoretical reasoning, for which the action leads
to a conclusion. Practical reasoning is more similar to inductive probabilistic reason-
ing: the conclusion cannot be detached from the premises. Modeling actors’ reason-
ing is a difficult task because a number of contextual elements are used. These pieces
of knowledge, which are not necessarily expressed, result in more or less procedural-
ized actions that are compiled in comprehensive knowledge about actions.

Context plays an important role in domains where reasoning intervenes, such as
decision making, understanding, interpretation, diagnosis, etc. These activities rely
heavily on a background or experience that is generally not made explicit, but
gives an enriched contextual dimension to the reasoning and the knowledge used
in the reasoning. Context is always relative to a focus: the context of the reason-
ing, the context of an action, the context of an object, etc.
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In this chapter, we present contextual graphs, a context-based formalism for
representing reasoning. Contextual graphs are used in a large spectrum of domains
such as medicine, ergonomics, psychology, defense, information retrieval, com-
puter security, road safety, etc. A common factor is that enterprises establish pro-
cedures to guide such reasoning. Procedures are collections of secure action se-
quences developed to address a given focus in any case. These procedures are
decontextualized in order to cover a large class of similar focuses (generally dif-
fering by their contexts of occurrence), e. g., the procedure to follow when a driver
arrives at a crossroad, whatever the details of that crossroad are.

Hereafter, this chapter is organized in the following way. The next section in-
troduces the idea of context in the decision-making area. We firstly describe
a conceptual framework for modeling context, secondly we present the contextual-
graphs formalism implemented in this framework, thirdly an example in road
safety is described, and fourthly we present the building of the proceduralized
context that is key for decision-making processes in this approach. In the follow-
ing section, we discuss the consequences of the proceduralized context building
for learning. First, we show that contextual graphs lead to the creation of bases of
experiences for intelligent systems. Another important aspect concerns the possi-
bility to represent good as well as bad practices in a contextual graph. We finally
present the perspectives opened by a context-based approach to decision making.

2 Context in Decision Making
2.1 A Conceptual Framework for Modeling Context

We cannot speak of context out of its context. Context surrounds a focus (e. g., the
decision-making process or the task at hand) and gives meaning to items related to
that focus. Thus, on the one hand, context guides the focus of attention, i.e., the
subset of common ground that is pertinent to the current task. Indeed, context acts
more on the relationships between the items in the focus than on the items them-
selves, modifying their extension and surface. On the other hand, the focus allows
the identification of the relevant elements to consider in the context. It specifies
what must be contextual knowledge and external knowledge in the context at
a given step. For example, a focus on the driving task mobilizes contextual know-
ledge such as knowing the meaning of the traffic signs, knowing how to drive,
etc., i.e., knowledge that could eventually be used when the focus evolves.
Knowledge from a driver’s personal context could also be considered, such as
previous experience with the driving task. For example, this corresponds to the
choice of a specific method at a given step of a task. To solve a driving situation,
a driver has several solutions, e. g., several behaviors for crossing an intersection.
Indeed, some contextual elements are considered explicitly, say for the selection
of the behavior, and thus can be considered part of the way in which the problem
is solved at the considered step.
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The focus evolves along with the execution of a series of actions, resulting in
the decision-making process that is adopted. As a consequence, the context of the
focus also presents a dynamic system as external events may also modify the con-
text of the focus. Focus and context are therefore interlocked.

Contextual elements selected for the focus are more or less significant for the
focus at a current step. Thus, context has a granularity that depends on the distance
of contextual elements from the focus. Such a view allows an actor to address
local questions such as, “Must I brake now or not?” but also more-global ques-
tions such as “How far is the next service station?” Several paths are explored
(fisheye views, focus plus context, etc.). Brezillon etal. (2000) used the metaphor
of an onion with central eyes (the focus) and skins (layers of contextual elements).
Information surrounding the focus follows the rule that, the greater the distance of
the information from the focus, the less interesting it must be for it to be shown.
Thus, it is possible to view local details and global context simultaneously. More-
over, contextual elements generally intervene in several types of decision making
and thus provide a network between different types of decision making. Such
a domain ontology would be associated with the reasoning representation.

In reference to a focus, Brézillon and Pomerol (1999) consider context as
the sum of two types of knowledge. First, there is the part of the context that is
relevant at this step of decision making, and the part that is not relevant. The
latter is called external knowledge. External knowledge appears in different
sources, such as the knowledge known by the decision maker, but is implicit
with respect to the current focus, the knowledge unknown to the decision maker
(out of his competence), contextual knowledge of other actors in a team, etc. The
former part is called contextual knowledge, and obviously depends on the deci-
sion maker and the decision at hand. Here, the focus acts as a discriminating
factor between the external and contextual knowledge. However, the frontier
between external and contextual knowledge is porous and moves with the pro-
gress of the focus.

A sub-set of the contextual knowledge is proceduralized for addressing the cur-
rent focus specifically. We call this the proceduralized context. The procedural-
ized context is a sub-set of the contextual knowledge that is invoked, assembled,
organized, structured and situated according to the given focus and is common to
the various people involved in decision making. A proceduralized context is quite
similar in spirit to the chunk of knowledge discussed in SOAR (Schank 1982,
Laird etal. 1987), and, in its construction, to Clancey’s view (1992) on diagnosis
as the building of a situation-specific model. A proceduralized context is like
a local model that accounts for a precise goal in a specific situation (at a given
step). In an approach reminiscent of cognitive ergonomics (Leplat and Hoc 1983),
we could say that contextual knowledge is useful to identify the activity whereas
the proceduralized context is relevant to characterize the task at hand (i.e., it is
concerned with the activity).

Because a contextual element can itself become a temporary focus (thus, with
its context), we meet McCarthy’s observations (1993) on context: (1) A context is
always relative to another context, (2) contexts have an infinite dimension; (3)
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contexts cannot be described completely; and (4) when several contexts occur in
a discussion, there is a common context above all of them into which all terms and
predicates can be lifted. The main conclusion to retain for a decision support sys-
tem is that one must consider only the contextual knowledge in the system, the
external knowledge staying out of the system, and the system must have a mecha-
nism for the incremental acquisition of the missing knowledge from the decision
maker when the system fails (i. e., when the system does not possess the needed
knowledge). We will come back to these points later in the chapter.

Another important issue is the passage of elements from contextual knowledge
to a proceduralized context. This proceduralization process, which depends on the
focus on a task, is task oriented just like the know-how, and is often triggered by
an event or primed by the recognition of a pattern. This proceduralization process
provides a consistent explanatory framework to anticipate the results of a decision
or an action. This consistency is obtained by reasoning about causes and conse-
quences, and particularly their relationships in a given situation. Thus, we can
separate the reasoning between diagnosing the real context and anticipating the
follow up (Pomerol 1997). The second step requires conscious reasoning about
causes and consequences.

A second type of proceduralization is the instantiation of contextual elements
(see also Grimshaw etal. (1997) for a similar observation). This means that the
contextual knowledge or background knowledge needs further specifications to fit
the decision making at hand perfectly. The precision and specification applied to
the contextual knowledge is also part of the proceduralization process that leads
from the contextual knowledge to the proceduralized context. For each instantia-
tion of a contextual element, a particular action will be executed. There are as
many actions as different instantiations. However, once the corresponding action
is executed, the instantiation does not matter anymore, and the contextual element
leaves the proceduralized context and goes back to the contextual knowledge. For
example, arriving at a crossroad, a driver looks at the traffic light. If it is a green
signal then the driver will decide to cross. The instantiation of the contextual ele-
ment “traffic light” (green signal) has guided the decision-making process and
then the decision was made. The color of the traffic light does not matter after the
decision is made.

2.2 A Context-Based Representation of Decision Making
by Contextual Graphs

In previous work for incident management in a subway area (Pomerol etal. 2002,
Brézillon etal. 2003), we showed that context-based reasoning has two parts:
diagnosis and action. The diagnosis part analyzes the situation at hand and its
context to extract the essential facts for the actions. The actions are undertaken in
a foreseen order to realize the desired task. Sometimes, actions are undertaken
even if the situation is not totally or even partially analyzed, for example, when
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a driver puts their vehicle into gear before any action or situation analysis. Other
actions are carried out before the proceduralization of part of the contextual
knowledge. Thus, diagnosis and actions constitute a continuous interlocked pro-
cess, not two distinct and successive phases in context-based reasoning. Moreover,
actions introduce changes in the situation or in the knowledge about the situation,
and imply a revision of the diagnosis, and thus of the decision-making process
itself. Note that our view of context-based reasoning is at a finer granularity than
Gonzales and Ahlers’s view (1998), as shown in a comparison of the two context-
based formalism made elsewhere (Brézillon and Gonzales 2006).

Contextual graphs propose a representation of this combination of diagnosis
and action (a contextual graph represents a problem-solving situation). Diagnosis
is represented by contextual nodes. When a contextual node is encountered, an
element of the situation is analyzed (and the value of the contextual element, its
instantiation, is taken into account). Thus, contextual graphs allow a wide category
of diagnosis/action representations for a given problem-solving situation.

Contextual graphs are acyclic due to their time-directed representation and
guarantee algorithm termination. Each contextual graph (and any sub-graphs in it)
has exactly one root and one end node because the decision-making process starts
in a state of affairs and ends in another state of affairs (not necessarily with
a unique solution for all the paths), and the branches express only different con-
text-dependent ways to achieve this goal. This gives a general structure of a spin-
dle to contextual graphs. A path represents a practice developed by an actor, and
there are as many paths as practices known by the system.

The elements of a contextual graph are: actions, contextual elements, sub-
graphs, activities, and parallel action groupings (Brézillon 2005). An action is the
building block of contextual graphs. A contextual element is a pair of nodes:
a contextual node and a recombination node. A contextual node has one input and
N outputs (branches) corresponding to the N instantiations of the contextual ele-
ment. The recombination node is [V, 1] and represents the moment at which the
instantiation of the contextual element does not matter anymore and the paths of
all the branches starting at the contextual node are identical. Sub-graphs are them-
selves contextual graphs. They are mainly used for obtaining different displays of
the contextual graph by aggregation and expansion, like in Sowa’s conceptual
graphs (2000).

An activity is a particular sub-graph that is identified by actors because it ap-
peared in the same way in a different problem-solving situation. An activity is
defined in terms of an actor, situation, task, and a set of actions. More precisely, an
activity is a sequence of actions executed, in a given situation, to achieve
a particular task that is to be accomplished by a given actor. In the decision-making
area, an activity is identified by actors as a recurring structure in problem-solving
situations. This recurring sub-structure is a complex action in the spirit of the no-
tion of scheme given in cognitive ergonomics (Vergnaud 1985), where schemes are
intended for the completion of sub-goals. Each scheme organizes an activity
around an object and can call on other schemes to complete specific sub-goals.
A scheme can be specified by a name, a goal, and a contextual graph, representing
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a decision that allows the achievement of its goal in a context-sensitive way. Both
contextual graphs and schemes allow the representation of actors’ activity and all
their variants (procedures and practices), the integration of automatic learning and
adaptation in a system, a clear representation of the context in actors’ reasoning,
and the organization of the actors’ activity itself.

A parallel-action grouping expresses the fact (and reduces the complexity of the
representation) that several sub-graphs must be crossed before continuing, but the
order in which sub-graphs are crossed is not important; they may even be crossed
in parallel. The parallel-action grouping could be considered as a kind of complex
context. We will discuss this point later in the chapter.

2.3 Example of the Behaviors of a Car Driver
in Contextual Graphs

Brézillon etal. (2006) give the example of the situation at a crossroad to show the
expressiveness of contextual graphs (see Figure 1). The situation concerns two
cars; a black car going straight ahead and a white car at a give-way sign that plans
to turn right. The study is lead according to the viewpoint of the black car’s driver
(and not from the external viewpoint of an observer), and the paper discusses five
scenarios from this situation in a situation space and in a contextual graph. We
only consider here the second representation of the driver’s behavior in contextual
graphs, as given in Figure 2 and Table 1 (square boxes, Ai, represent actions, and
circles represent contextual elements with a contextual node, Ci, and a recombina-
tion node, Ri).

Each path represents a behavior of the driver of the black car in a given sce-
nario (digits are in circles). Note that a given behavior can appear in different
scenarios and several behaviors can appear in a given scenario.

Figure 1. A crossroad situation
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Figure 2. A contextual graph of the crossroad situation solving
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Table 1. Contextual elements and actions while dealing with a crossroad in Figure 2

Contextual element
Cl1 Car coming from the right?
C2 Does the other car have priority?
C3 Is the other car coming down my road?
C4 Can I avoid the other car?
C5 Is it sufficient to brake?
C6 Can I overtake the other car on the left?
Action Definition
Al Detect a crossroad
A2 Keep the same behavior
A3 Keep the same behavior and be careful
A4 Let the other car go ahead
A6 Announce my coming to the other car
A7 Brake to reduce speed
A8 Overtake the other car
A9 Brake strongly

2.4 The Interaction Between the Decision and its
Context: Proceduralized Context Building

When a contextual element moves in the proceduralized context, this element is
considered through one instantiation. The proceduralized context (PC) is contextual
knowledge that is explicitly used at the current focus. For example, action 47 in
Figure 2 is executed because the contextual element C5 is instantiated with the value
“Yes”, and thus explicitly intervened in the focus (i. e., the selection of action 47).
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In Figure 2, the fact that the white car coming from the right of the black car
has a give-way sign is a contextual element of the graph (the instances of the con-
textual elements C/ and C2 are “Yes” and “No”, respectively). Thus, the driver of
the black car has priority over the white car. With the identification of the contex-
tual elements concerned and their specific instantiations, the black car’s driver
solves the crossroad situation, say, for the upper path of Figure 2 by:

Al — CI(Yes) — C2 (No) — A3 — C3(Yes) — C4(Yes) — C5(Yes) — A7

with the situation solved through the sequence of actions A/ — 43 — A7, and the
proceduralized context leading to action A7 through the sequence of instantiated
contextual elements: CI(Yes) — C2 (No) — C3(Yes) — C4(Yes) — C5(Yes).

In a contextual graph, a proceduralized context is an ordered set of contextual
elements that fit into each other like a nest of dolls (Russian dolls). As a conse-
quence, the practice development first leaves the last contextual element entered.
For example, once the action 47 has been executed, the instantiation of the con-
textual element C5 does not matter anymore. Then, the instantiation of C4 does
matter, etc. Thus, what is important is not so much the collection of contextual
elements, but the way in which they are related and ordered in practice to allow
their execution. Note that this ordering of the contextual elements depends on the
practice development by an actor, and cannot be obtained from the domain ontol-
ogy. Thus, representations in contextual graphs are experience based.

Once used, a proceduralized context is not lost, but it goes into the body of con-
textual knowledge from which its elements come. This is not simply a chunk of
contextual knowledge that is stored, but is all the ways in which this procedural-
ized context has been built, the reasons behind the choices (the contextual ele-
ments considered and their instantiations), the alternatives abandoned (the instan-
tiations not retained in a practice and the corresponding abandoned actions), etc.
The proceduralized context is totally integrated into the body of contextual know-
ledge. This is a kind of learning that results in an accommodation process. The
proceduralized context could be recalled later either as a whole (as a part of a new
proceduralized context) or explained in terms of the way in which it has been built
and can be reused in the new proceduralized context. This is a type of learning
through the structuring of the contextual knowledge; the more experienced a per-
son is, the more they possess the available structured knowledge (i. e., chunks of
contextual knowledge).

3 Learning and Context-Based Decision Making

3.1 Experience Bases for Intelligent Systems

By the uniform representation of elements of reasoning and of contexts, contextual
graphs offer a mechanism through which to learn the way in which all these ele-
ments (reasoning and contexts) are assembled in practice. By using a context-based
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representation, an intelligent assistant system (IAS) will address the building of
experience more directly than simple knowledge building. This is why we call such
systems context-based intelligent assistant systems (CIASs), and this is now our
concern in the design process in road safety. Our objective is to develop a CIAS for
the support of continuous training of car drivers, essentially like apprentices but
also later, as their experience develops, by contextualization of the highway code
learned at car school. For such CIASs, contextual graphs allow the development of
experience-oriented knowledge bases.

The knowledge base of the CIAS is developed in two steps: (1) by a short elici-
tation of knowledge from operators and a use of reports, books, and related matter,
and (2) an incremental enrichment of contextual graphs by interaction with actors.
This approach has the advantage of rapidly providing a mockup that can be im-
proved progressively. This is a kind of incremental acquisition of new knowledge
pieces where knowledge is acquired as needed and in its context of use, as well as
learning new strategies when an actor’s reasoning relies on a new practice (i.e.,
a new path in the contextual graph). Such systems present a smart solution to one
of the main weaknesses of prior systems, namely the lack of the ability to evolve.

Anticipatory capability is enhanced in a representation by contextual graphs be-
cause a CIAS is able to develop a reasoning that is more directly related to the real
situation, not in a mechanical way like with a procedure. Thus, the support of an
actor concerns elements of reasoning and contexts and how all these elements are
assembled in practice. An anticipatory system uses knowledge about future states
to decide what action to take at the moment. It should be able to predict what will
probably happen, and alert the driver to the occurrence of a crucial or time-critical
event and its consequences. An anticipatory capability supposes a simulation com-
ponent in the system. Simulation is also a way for a system to provide explanation
by contextualizing its reasoning.

An efficient system supports actors by dealing with practices and not only pro-
cedures. This supposes that such systems can use a context-based representation of
the knowledge and of the reasoning for problem solving. As a side-effect, CIASs
are able to rationalize the solutions that they propose to the actors. They can ex-
plain at different levels of detail the rationale behind the solution, as operators are
generally interested in the contextual cues behind a fiven solution. Because con-
textual graphs organize knowledge at a high level, the intelligent assistant system
expresses its knowledge and reasoning in a form that is directly understandable by
the actors.

3.2 Learning

Contextual graphs offer a solution to Henninger’s claim (1992) that “you won’t
know what is really needed until you’re in the design process,” because contextual
graphs include a natural process for incrementally acquiring missing knowledge
and jointly learning new practices. Incremental knowledge acquisition and practice
learning intervene in contexts in which the system fails, i. e., where the contextual
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graph does not include the correct practice. Incremental knowledge acquisition
plays an important role in two situations:

e  When the knowledge is missing in the current context, and the user adds
new knowledge through explanations that enable the contextual know-
ledge to be proceduralized.

e A chunk of knowledge may be used incorrectly by the system because
alink to the current context is missing. Here, incremental knowledge
acquisition must focus on the refinement of the proceduralized context,
and explanation can support that refinement.

Gathering and using knowledge in the context of use greatly simplifies knowledge
acquisition because the knowledge provided by experts is always in a specific
context and is essentially a justification of the expert’s judgment in that context.

Several approaches have been proposed to acquire knowledge in context. We
give here two examples. Firstly, Compton and Jansen (1988) proposed to capture
the context by entering the expert’s new rule only when it is necessary to refine
a rule. More precisely, when a rule fails to identify a piece of expertise, the expert
is requested to give some additional knowledge or a new rule. The new rule is
directly related to the rule that failed and the expert is reminded of that failed rule
because it gives the context for writing the new one. Secondly, Gruber (1991)
considers justification-based knowledge acquisition. The machine provides the
computational medium, including the knowledge representation and the context of
use, such that everything acquired from the user can be assimilated into the com-
putational model. The dialogue is directed by the machine, which can thus provide
a frame to fill up, allowing some kind of syntactic checking and ensure that all
required parameters are given.

The main idea of these approaches is that experts provide their knowledge in
a specific context, and that knowledge can only be recorded with its context, that
is, the system acquires the new knowledge and the context in which this new
knowledge is required. Thus, knowledge is not generalized when it is acquired. It
is fundamental to record the context in which the knowledge is acquired and can
be used. In other terms, the expert provides a triplet {problem, context, solution},
when for early expert systems the knowledge engineer generalized by a pair
{problem, solution} in a more-general context that could be different from those
in an expert’s mind.

Sometimes, the building of a proceduralized context fails for a given focus and
new (external) knowledge is needed. This leads to: (1) an incremental acquisition
of new contextual elements and actions to execute in this instantiated context, and
(2) the learning of a new practice. Acquisition and learning occur in a specific
context that is acquired and learned jointly with the new knowledge. Indeed,
learned practice and acquired knowledge can be considered two aspects of a learn-
ing process that is an assimilation process, because this corresponds generally to
a process of refinement of contexts. Moreover, if the addition of a piece of exter-
nal knowledge in the proceduralized context correspond to knowledge acquisition,
it is nevertheless a learning process because the piece of external knowledge is not
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simply added to the proceduralized context, but assembled and connected to the
construction that already exists. Thus, it is later possible to explain and justify
each practice or item in the contextual graph.

This triple aspect — context growth by integration of external knowledge in the
proceduralized context building, by integration of a new chunk of knowledge in
the contextual knowledge, and context change by the movement between the body
of contextual knowledge and proceduralized contexts — are dynamic aspects of
context (Brézillon 1994). This dynamic component is generally not considered in
the literature and explains why making context explicit in an application is a diffi-
cult task, except if we restrict context to what can be obtained by sensors, as in
context-aware applications.

3.3 Learning Good and Bad Practices in Car Driving

Storing experience-based situations in contextual graphs leads to the development
of a set of corporate memories, with each corresponding to the collection of all
practices developed for the solving of a situation. The next step is the design and
development of an intelligent assistant system that would be able to use such
a structured knowledge base to provide the actor with experience-based support, in
contrast to early expert systems that used flat knowledge bases built from explicit
knowledge or heuristics.

By their mechanism of incremental knowledge acquisition and practice learn-
ing, contextual graphs allow the collection of all the ways of solving a problem.
This is the policy followed in various real-world applications, such as applications
for solving incidents on a subway system (Pomerol etal. 2002, Brézillon etal.
2003) or for the retrieval of information (Brézillon 2005). In our current applica-
tion for the training of car drivers, we explore a new use of contextual graphs by
considering the correct practices provided by the highway code (the behaviors of
good drivers), but also the bad practices executed by novices, bad drivers, or driv-
ers under the influence of drugs (Brézillon etal. 2006). Our interest in storing bad
practices in contextual graphs is to allow a CIAS to identify online the current
behavior of a driver and anticipate the consequences of the scenario chosen by the
driver. Rich data are available concerning road accidents in a number of situations
(for the modeling of bad practices). We are currently identifying the behaviors of
drivers based on previous work (GADGET 1999), data provided by INRETS (Bel-
let 2005, van Eslandre 2001), and a questionnaire. The next step will be to couple
the contextual graph of the behaviors of drivers (i. e., their decision-making proc-
ess) with the corresponding situation space to identify scenarios of good and bad
behaviors. For training, the system will propose a scenario with a critical driving
situation learnt from bad drivers, and interact with the driver-player to help him
make the right decision in the pre-critical situation where the driver still has the
option to achieve a normal resolution. In more-general terms, this leads to a game
in which the system knows the different ways that lead to a good decision as well
as those leading to a known bad decision. In the latter case, the CIAS will have the
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means to anticipate critical situations and explain the mistakes of the apprentice,
which are generally misinterpretations of contextual cues.

Other variants will be considered later. We study the representation of a given
situation solved by all the drivers in a unique contextual graph to focus on all the
practices developed by drivers, independent of their experience. Another approach
is to represent each driver’s view (and all the practices imagined by the driver in
the solving of a situation), according to his experience, familiarity with driving,
etc. Then, a contextual graph corresponds to the solving of a problem by an actor.
All these contextual graphs can then be classified according to the experience of
the driver, from the complete novice to the very experienced driver (we are cur-
rently testing this approach on the simple decision to buy a subway ticket, which
is solved by different people who are more or less knowledgeable about the Paris
subway system). The two approaches could lead to two views on a driver’s behav-
ior: a personal view on his personal evolution in his contextualization of the theo-
retical knowledge, and a collaborative view of the driver interacting with other
drivers.

4 Conclusion

We propose contextual graphs for the uniform representation of elements of rea-
soning and contextual elements at the same level. This is different from the views
of, for example, Campbell and Goodman (1988) and Hendrix (1975) for semantic
networks, that consider context as a way to partition a graph. Moreover, context in
our formalism intervenes more at the level of the links between elements of rea-
soning than the elements themselves. As contextual elements are organized in
contextual graphs in the spirit of a nest of dolls, there is no hierarchy of context,
because a given contextual element is itself contextualized and can appear encom-
passed in other contextual elements. Rather, a contextual element is a factor of
knowledge activation.

A contextual graph is a kind of micro-corporate memory that provides a know-
ledge base that is more experience than goal oriented. Contextual graphs are the
experience-based representation of the knowledge and reasoning needed by intel-
ligent systems. Relying on contextual knowledge and the possibility to acquire
automatically most of the contextual information, an intelligent system is able to:
(a) identify a user’s intention, (b) simulate (in accelerated time) the execution of
the user’s decision to anticipate consequences, (¢) compare theoretical and user
behaviors, and (d) alert the user either of a wrong decision (by lack of the right
context) or of a discrepancy in planned and effective outcomes of the decision.

There are several problems still open from both a theoretical and practical point
of view.

First, we note that the contextual elements considered in a contextual graph
constitute a heterogeneous population that is difficult to represent in a hierarchy
or ontology. A contextual element can concern the actor (e.g., I prefer a secure
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solution to a risky one) but does not belong directly to the domain of application.
The representation of a set of such (heterogeneous) contextual elements is a chal-
lenge.

Second, a contextual element may itself be a chunk of contextual knowledge,
where underlying, more-basic contextual elements intervene. For example, a contex-
tual element such as “Must I respect the traffic light yellow?”” may cover (sub-)con-
textual elements such as “I am in a hurry,” “T have room and time to cross,” etc. The
challenge here concerns modeling of a contextual element at a finer granularity and
perhaps by extension modeling of parallel action groups.

Third, the introduction of parallel action groupings (PAGs) simplifies the repre-
sentation of contextual graphs. A parallel action grouping generally represents (as
a simplification) a complex entanglement of contextual elements corresponding to
a low level of description of the problem solving modeled in the contextual graph.
In the popular example of coffee preparation given in UML manuals, it is said that
we must use the coffee and the filter in one order or the other (or in parallel).
However, depending on the type of coffee machine (e. g., one which requires that
we take it apart to fill the reservoir with water), the piece of the coffee machine
where the filter must be placed can be independent of the coffee machine, mobile
within the coffee machine, or fixed directly into the machine. Each situation
would be considered independently, but all situations will conclude with the
unique action of putting the coffee in the filter. Thus, instead of making a compli-
cated contextual graph to represent this (natural) complexity, which is at a lower
level of detail, we use parallel action groupings.

Fourth, an activity is a sub-graph identified by actors as a recurring structure
appearing in several contextual graphs. The introduction of activities relieves the
representation by contextual graphs by introducing a sub-contextual graph and
leading to a network of contextual graphs, i.e., of problem solving. However, the
most interesting observation here is the fact that the notion of activity allows sim-
plified interaction among actors, one actor giving the name of the activity and the
other actor developing the activity. For example, turning right is an activity that
a car driver translates into turning the indicator on right, looking behind to insure
that the following car is not too close, braking to reduce speed, looking at pedes-
trians crossing the other road, etc.

Fifth, a proceduralized context is perceived as a chunk of contextual knowledge
leading to the choice of an action to execute. However, the contextual elements
intervening in this proceduralized context, their instantiations, and their relation-
ships will remain available. This leads to the possibility of generating rich expla-
nations, and even of new types of explanations like the way in which a contextual
graph grows from the initial procedure to the last practice introduced.

Context plays a role in many types of reasoning, and notably in decision mak-
ing. Making context explicit in the representation of a decision-making process
allows the integration of incremental knowledge acquisition and practice learning
as part of the process of decision making. Moreover, contextual graphs offer the
possibility of representing good as well as bad practices, are a tool for learning all
the ways of solving a situation (both good and bad practices), a tool for identifying
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behavior, and a tool for proposing a rational way to improve our behavior. This
seems to us to be a first step towards an attempt to rationalize the decision-making
process.
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CHAPTER 43
Personal Decision Support Systems
David Arnott

Centre for Decision Support and Enterprise Systems Research, Monash University, Mel-
bourne, Australia

Personal decision support systems (PDSS) are small-scale information systems that are
normally developed for one manager, or a small number of managers, for an important
decision task. They were the original form of using information technology (IT) to support
management decision making. They remain the largest component of decision support
systems (DSS) research and are used by most managers in corporations today. This chapter
places PDSS in the history of decision support and identifies the unique nature of PDSS. It
then describes the evolutionary approach to developing PDSS and illustrates PDSS con-
cepts with two contemporary case studies. The chapter ends with comments on the current
environment of PDSS.

Keywords: Personal decision support systems; Evolutionary development; Case study

1 Introduction

Decision support systems (DSS) are computer-based information systems (ISs)
that are designed with the purpose of improving the process and outcome of
decision making. There are many approaches to using information technology
(IT) to support managers and executives. In practice the current emphasis is on
the large-scale systems of business intelligence (BI) and data warehouses (DWs).
The original approach to DSS was much smaller and therefore less complex.
This approach can be termed personal decision support systems (PDSS). PDSS
are relatively small-scale systems that are normally developed for one manager,
or a small number of managers, for an important decision task. Despite the domi-
nance of Bl and DWs in the management support component of IT budgets in
organizations, it may be the case that PDSS remains the most used form of deci-
sion support, particularly in the form of spreadsheet-based models.

This chapter addresses the nature of PDSS today. The chapter begins with
a reflection of the place of PDSS in the history of IT-based management support.
This is followed by a discussion on the general nature of PDSS with a focus on
the differences between PDSS and operational information systems. One of these
major differences, the use of evolutionary development, is then discussed in
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more detail. Next, two case studies are presented to illustrate the nature of con-
temporary PDSS. Finally, some concluding comments about the current en-
vironment of PDSS are offered.

2 The Place of Personal DSS in Decision Support
History

This section is taken from the discussion of the history of all types of DSS in
Arnott and Pervan (2005). There are a number of fundamentally different ap-
proaches to DSS and each has had a period of popularity in both research and
practice. Each of these DSS types represents a different philosophy in terms of
support, system scale, level of investment, and potential organizational impact.
They may use quite different technologies and support different managerial con-
stituencies. Figure 1, based on Arnott and Pervan (2005, Figure 1), traces the
evolution of the field from its radical beginnings to a complex disciplinary
structure of partially connected sub-fields. In the figure, the emphasis is on the
theoretical foundations of each DSS type. The decades indicated on the left-hand
side of the diagram refer only to the DSS types and not to the reference discip-
lines. Another dimension to the evolution of DSS not shown in the figure is

Computer-based

N Operations Research/
information systems

Management Science

Transaction Processing & Optimization &
Reporting Systems simulation models Behavioral Decision Theory
Social Psychology
1970s PERSONAL DECISION
SUPPORT SYSTEMS

Avrtificial Intelligence Group behavior & processes

Expert Systems Data Base Theory

GROUP SUPPORT SYSTEMS
1980s
OLAP

INTELLIGENT DECISION Negotiation
SUPPORT SYSTEMS Theory
EXECUTIVE INFORMATION
SYSTEMS
Knowledge Dimensional modeling
1990s Management/
Organizational NEGOTIATION SUPPORT
g SYSTEMS

DATA WAREHOUSING

KNOWLEDGE MANAGEMENT- BUSINESS INTELLIGENCE

2000s BASED DSS

Figure 1. The evolution of the decision support systems field
(source: Arnott and Pervan 2005, Figure 1)
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improvement in technology, as the emergence of each of the DSS types has
usually been associated with the deployment of new information technologies.

PDSS are the oldest form of decision support system and for around a decade
they were the only form of DSS in practice. They effectively replaced manage-
ment information systems (MISs) as the management support approach of choice
in the 1970s and 1980s. The world of MISs was that of the Cold War and the rise
of the multinational corporation. The focus of management in this environment
was total integration, efficiency, and central control, and the large, inflexible
MISs mirrored this organizational environment. The emergence of PDSS also
mirrored its social and organizational environment. The 1960s and 1970s saw
a radicalization of western society, especially in response to the Vietnam War.
The emphasis was on empowering individuals and a democratization of decision
making. PDSS followed this philosophy by supporting individual managers rather
than attempting to support the more-nebulous concept of the organization. An
important difference between MISs and PDSS was that PDSS were successful
systems (Alter 1980). The technology that enabled the development of PDSS was
the minicomputer (for example, Digital Equipment Corporation’s PDP series) and
relatively user-friendly software applications, especially financial modeling and
database software. In the mid 1980s the personal computer and spreadsheet soft-
ware further drove down the cost of technology and dispersed PDSS through all
levels of management.

Table 1 is reproduced from Arnott and Pervan (2005, Table 7). It shows all
types of DSS publishing from 1990 to 2003 in 14 major journals'. Details of the
method, protocol, and selection of journals and articles can be found in Arnott
and Pervan (2005). The table shows that PDSS research at 35.3% constitutes the
largest part of DSS research. Although its share is declining over time as new
decision movements emerge, in the most recent analysis period (2000-2003) it
remains the largest area of DSS research, with 30.1% of articles.

In conclusion, PDSS remain an important aspect of IT-based management
support in both academic research and contemporary organizations. Modern
PDSS can source data from data warehouses and deploy powerful modeling ap-
proaches from management science/operations research. The current industry
term for the latter class of PDSS is analytics (Morris etal. 2003).

" The journals in the sample are: Decision Sciences, Decision Support Systems, European

Journal of Information Systems, Group Decision & Negotiation, Information & Man-
agement, Information & Organization, Information Systems Journal, Information Sys-
tems Research, Journal of Information Technology, Journal of Management Information
Systems, Journal of Organizational Computing & Electronic Commerce, Journal of
Strategic Information Systems, Management Science, MIS Quarterly.
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Table 1. DSS publishing 1990-2003

DSS type 1990-1994 1995-1999 2000-2003 Total
Number % Number % Number % Number %
of of of of of of of of

articles | period | articles | Period | articles | Period | articles | Sample

Personal 144 38.1 150 355 66 30.1 360 353

DSS

Group 108 28.6 126 29.8 64 29.2 298 29.2

support

systems

Executive 27 7.1 32 7.6 15 6.8 74 7.3

information

systems

(EIS,

includes BI)

Data 0 0.0 2 0.5 11 5.0 13 1.3

warehouse

Intelligent 63 16.7 61 144 23 10.5 147 14.4

DSS

Knowledge |3 0.8 6 1.4 12 5.5 21 2.1

management-

based DSS

Negotiation |6 1.6 18 43 17 7.8 41 4.0

support

systems

Many 27 7.1 28 6.6 11 5.0 66 6.5

Total 378 100.0 423 100.0 219 100.0 1,020 100.0

3 The Nature of Personal DSS

In a sense PDSS are the purest form of IT-based management support. The classi-
cal view of PDSS is that in a project a systems analyst supports one manager for a
particular decision task. A more-contemporary view is to focus on a DSS engage-
ment, a project that involves a contract or relationship between manager/users and
developers to deliver decision support capabilities. A particular engagement may
focus on a major decision task but this could manifest in a number of smaller,
discrete but interrelated tasks. Each of these smaller tasks can be supported by one
or more IT applications. As a result, a modern PDSS engagement can have multi-
ple clients and multiple developers.
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What then is different about PDSS compared to operational ISs? Early in the
history of DSS, Keen (1980) defined the environment of PDSS development. His
characterization remains relevant today. Keen argued that for PDSS projects:

e Users do not know what they want and analysts do not understand what
users need,

e The analyst and user cannot provide functional specifications,

e Users’ concept of the task will be shaped by the DSS, and

e  Users have the autonomy to tackle the tasks in a variety of ways.

This is a radically different environment to that of operational ISs. It requires
different development approaches and different skills in the DSS analyst. The
preferred PDSS development approach is described in more detail in the next
section. However, what drives Keen’s DSS environment is the nature of the client
and user of a PDSS. PDSS users are normally senior or middle-level managers.
They may also be business analysts that support these managers. Managerial users
are discretionary and demanding clients. Unlike the users of operational systems,
and even modern BI/DW systems, they can choose to use, or not to use, the PDSS.
These users are organizationally powerful and can mobilize resources to support
their needs from alternative sources, both internal and external to their organiza-
tion. Typically, they see their decision support needs as urgent and are intolerant
of delays in the delivery of PDSS capabilities. They are typically bright and tal-
ented knowledge workers who learn quickly. Operational ISs do not operate in
such a dynamic environment. Finally, PDSS are difficult engagements for systems
analysts because of the fragmented and varied nature of managers’ working days
(Mintzberg 1973). An analyst may only have 15 minutes access to a senior man-
ager client at a time and these sessions may be fragmented over a working week.

4 The Evolutionary Development of Personal DSS

This section is based on part of Arnott (2004). The major contribution of PDSS to
IS theory is evolutionary systems development. The notion that a DSS evolves
through an iterative process of systems design and use has been central to the
theory of decision support systems since the inception of the field. Evolutionary
development in decision support was first hinted at by Meador and Ness (1974)
and Ness (1975) as part of their description of middle-out design. This was
aresponse to the top-down versus bottom-up methodology debate of the time
concerning the development of transaction processing systems. Courbon etal.
(1978) provided the first general statement of DSS evolutionary development. In
what they termed an evolutive approach, development processes are not imple-
mented in a linear or even in a parallel fashion, but in continuous action cycles
that involve significant user participation. As each evolutive cycle is completed



132 David Arnott

user
learning

middle-out
design

personalised facilitates
use implementation

SYSTEM - pressure for evolution =‘ANALYST

evolution of system function

Figure 2. Keen’s adaptive design framework

the system gets closer to its final or stabilized state. Keen (1980), building on
Courbon’s work, developed a framework or model for understanding the dynam-
ics of decision support systems evolution. The approach proposed by Keen,
shown in Figure 2, was termed adaptive design, although adaptive development is
a more-accurate term, as the approach comprises development processes other
than design. The importance of this work was to give the concept a larger audi-
ence; Keen (1980) remains the most cited and thereby the most influential de-
scription of the evolutionary approach to DSS development.

Sprague and Carlson (1982, Chapter 5), in an analysis of system adaptation
and evolution, identified four levels of DSS flexibility: the flexibility to solve
a problem in a personal way; the flexibility to modify a specific DSS to handle
different problems; the flexibility to adapt to major changes that require a new
specific DSS; and the flexibility to evolve with changes in technology. They
believed that these levels exist in a hierarchy with technology-based evolution at
the top. They argued that “DSS must evolve or grow to reach a ‘final’ design
because no one can predict or anticipate in advance what is required. The system
can never be final; it must change frequently to track changes in the problem,
user, and environment because these factors are inherently volatile” (p.132).
Sprague and Carlson’s ROMC (representations, operations, memory aids, and
control mechanisms) design method was designed to provide this flexibility in
DSS development. A number of cases have reported the use of the ROMC ap-
proach for PDSS evolutionary development (for example, Igbaria etal. 1996,
Antes etal. 1998). In addition to the seminal works on DSS evolution by Cour-
bon, Keen, and Sprague and Carlson, there have been numerous other contribu-
tions to the understanding of the evolution of DSS in general, some of which are
highlighted in Table 2.
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Table 2. Selected contributions to general DSS evolution theory

Article Contribution

Keen and Gambino (1983) DSS adaptation occurs at the sub-task rather than the task
level. This is a driver of system evolution.

Stabell (1983) DSS evolution should take place in a tension between the
descriptive and prescriptive views of the target decision.

Alavi (1984) DSS prototyping yields higher utilization of systems as
well as better designer and user attitudes towards the
design process.

Young (1989) Developed a three-stage DSS methodology whose final
stage is iterative use, refinement, and assessment.

Arinze (1991) DSS methodologies are a tool for reducing the unstruc-
turedness of managerial decision making

Sage (1991) Developed a seven-stage iterative DSS design methodol-
ogy. Information requirements determination exists in all
stages of the DSS development process and is likely to be
the driver of system evolution.

Shakun (1991) Used evolutionary development in group decision support
systems.

Silver (1991) Extended evolutionary theory by considering how DSS

restrict or limit decision-making processes and how DSS
can guide or direct a user’s approach to the operation of
the system.

Suvachittanont etal. (1994)

Extended Keen’s adaptive design model to executive
information systems.

O’Donnell etal. (2002)

Identified evolutionary development in commercial data
warehousing methodologies.

Arnott (2004)

Developed a framework for understanding DSS evolution
based on its etiology, lineage, and tempo.

5 Two Case Studies of Personal DSS

In order to understand the nature of PDSS, and in particular the nature of evolu-
tionary development of PDSS, this section presents two cases of PDSS that played
significant roles in supporting major decisions by senior executives. The cases
shared a common method, namely participant observation. The first case, relating
to strategic decision making about an organization’s new office building, is taken
from Arnott (2004). The second case concerns supporting a strategic decision
about the structure of a consulting company; it is taken from Arnott (2006).
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5.1 Research Method

Both case studies used a single case design (Yin 1994, Chapter 2). The unit of
analysis was the system development process. The selection of both cases was
opportunistic. The data collection technique in both cases was participant observa-
tion (Cole 1991, Atkinson and Hammersley 1994). The main benefit of participant
observation for these projects was gaining access to organizational processes (es-
pecially meetings and discussions) and people that would not have been possible
in non-participant observation (Cole 1991). Most of the interaction between the
projects’ clients and the DSS developers was observed. Observations were re-
corded in running diaries and some sessions were audio recorded. Where possible,
versions of the various IT-based systems were archived for later analysis. A condi-
tion of approval of the projects by the researcher’s university ethics committee
was anonymity for the organizations and subjects.

5.2 Case 1: Deciding on a New Office Building

Gamma, a large semi-government authority, was faced with a problem of housing
its administrative staff. The current office accommodation was severely over-
crowded and further staff were required to cope with a planned expansion of the
Gamma’s activities. Gamma had been housed in government-owned buildings and
was charged very little in rent. However, as part of a new business-oriented budg-
etary strategy, the government had announced that it would be forced to sell some
of Gamma’s buildings to help reduce state debt, and further it would be forced to
increase Gamma’s rent to commercial levels. Gamma would also need to rent
further commercial space at market rates for the planned staff expansion. Gam-
ma’s board and senior management felt that it should relocate all administrative
staff to one large building, rather than have them scattered across a number of
buildings. Gamma had two main options: rent an existing building or construct
a building on suburban land already owned by Gamma. After much discussion the
board (a very conservative body that liked Gamma to be in total control of its
assets) decided upon the construction option. Historically all capital funds had
been provided by the government, but in this case Gamma had been advised that,
subject to ministerial approval, it would have to raise external finance for the new
building.

A deputy director was given the task of submitting a proposal on the possible
financing of the building to a board meeting scheduled for two months time. The
deputy director, like other senior managers in Gamma, had been internally pro-
moted and had little experience in the competitive financing of large capital pro-
jects. A common practice for a manager in such a situation would be to hire
a financial consulting firm to analyze the situation and provide a recommendation
of the preferred strategy. The deputy director related that he was unhappy with
such an approach even though it may have been the easiest course in terms of his
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current workload. He felt that some expertise in such matters should be developed
by Gamma, as he was sure that commercial decisions relating to large projects
would be increasingly required in the new corporate-like public sector environ-
ment.

The deputy director contracted a DSS consultant to assist him in preparing the
proposal for the board. On the DSS consultant’s advice, two further authority staff
were assigned to the project: Gamma’s financial controller, who at 55 had been in
the public service all his working life, and a systems analyst from Gamma’s in-
formation systems department. The systems analyst was a recent graduate with
degrees in information systems and accounting. The DSS consultant came to the
building project with ten years of experience in developing information systems
for management. He saw his role as training authority staff in DSS development
and facilitating input from a number of experts.

The DSS consultant and the deputy director jointly decided that the first step
was to make a construction cost estimate for the new building. A computer model
was developed (after three major revisions) that would calculate the cost of con-
struction of an office building, given a variable number of floors, usage patterns,
car parking, and other factors. The data for this model turned out to be easily
available from both internal (square meters per staff member, number of staff) and
external sources (publications with various building costs, service area ratios).
Although the deputy director fully understood the model and co-developed it, he
was not completely confident of the validity of the cost estimates. The DSS con-
sultant suggested a test strategy whereby the specifications of a number of alterna-
tive buildings would be valued by the DSS. The same specifications were pro-
vided to a real-estate valuer experienced in estimating large building costs. The
estimates of the valuer and the DSS closely agreed. The Deputy Director then
went from a state of skepticism about the accuracy of the decision support system
to a state of considerable overconfidence.

The validation of the building cost model marked the end of the first stage of
the project. The team’s attention then focused on determining the size of the build-
ing that was required by Gamma. The systems analyst conducted questionnaire-
based surveys of Gamma’s departments to determine their accommodation re-
quirements. This data was stored in a personal computer database application.
Care was taken to point out to departments that their responses were the first stage
in a longer planning process and that the main reason for collecting the data was to
determine the feasibility of a new building and not to allocate the space that de-
partments would actually move into. The deputy director reviewed the responses
and changed them according to his view of Gamma’s future, increasing some,
decreasing others.

To assist in deciding upon the general nature of the new building, a computer
assisted drafting system was used. This part of the project was carried out at the
architecture department of a local university. With the help of an architect, the
deputy director was able to construct rough models of the required building. The
areas of different components of the building were automatically calculated by the
software. These figures were then input to the validated building cost model. The
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building cost model outputs, which included data required to evaluate running
costs and possible rental revenues from potential non-authority tenants, formed the
base data for the next stage of the project.

The third stage of the project involved developing a series of financing models
around a number of alternative strategies. As the deputy director and the financial
controller considered new financing concepts, the models were revised by the DSS
consultant and systems analyst. This in turn stimulated more changes to the mod-
els, including the building cost model. While the financial controller was a charted
accountant and was the team member with most financial experience, it was felt
that an external financing expert’s input was important. A finance consultant was
engaged on an ad hoc basis and was present at a number of model-building and
analysis sessions. The deputy director was pleased with the format of this expert
input, as he and the financial controller had clarified the financing problem before
the consultant was brought in and consequently felt in control of the process. The
deputy director commented that he was getting maximum return for the finance
consultant’s time and was therefore reducing the cost of such service.

After six weeks, the board prematurely requested a briefing paper on the new
building. Fortunately the deputy director had already developed some clear strate-
gies. Together with the managing director of Gamma, the deputy director was able
to present these strategies to the board using information generated by the DSS.
The deputy director’s ability to expertly brief the board at short notice was a major
visible payoff of the DSS approach. Had he adopted the approach of delegating
the task entirely to an external consultancy it is unlikely the he would have been
able to provide the briefing. In fact, he could have presented something to the
board after three weeks because of the evolutionary nature of the development.
Following the briefing the board approved a financing strategy for the new build-
ing. The recommended building was a large high-rise building with retail space on
the lower floors and office space on the upper floors. Some office floors would be
rented to external organizations in the medium term but would be used in the fu-
ture to house Gamma’s long-term expansion.

The DSS project was considered to be successful by all stakeholders. The dep-
uty director was not only satisfied with the outcome of the building project; he
was convinced that the decision support approach was appropriate to other strate-
gic decision tasks. The board and Gamma’s managing director also praised the
project in the board meeting’s minutes.

5.3 Case 2: Restructuring a Consulting Firm

This case used a systems development method that conceives DSS development as
the interaction of three cycles: initiation, analysis, and delivery. During initiation
cycles the general problem area or decision is defined, resources allocated, and
stakeholders engaged. Analysis cycles involve understanding the decision task and
diagnosing aspects of the task that can be supported by IT. The delivery cycles
involve iterations of designing, constructing and using the IT-based DSS.
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Delta Consulting is a business services firm whose services include strategic
consulting, project management, training, and IT development. These areas reflect
the interests of the founders, who mostly came from an academic environment,
except one, who came from a large multi-national consulting firm. Delta has five
office staff and 26 principal consultants. When required, external contractors are
employed for specific projects. The service and product portfolio of Delta was
under formal review by the board of directors. All areas of the company were
profitable, although the training area was barely breaking even. The board had
commissioned an external consultant (who was not considered a competitor) to
review Delta’s performance and prospects. His report recommended that Delta
maintain its core activities of strategic consulting and project management at the
current level. He recommended that the training area be closed and that a strategic
alliance with a specialist training provider be investigated. He argued that the time
and energy that Delta would save from this alliance could be devoted to the IT
development area, which he believed had a huge potential for revenue growth.
Delta’s training services involved 19 courses that ranged from half-day to three-
day programs. Most of Delta’s consultants were involved in training but the only
full-time employee in the area was the training manager. The board considered the
external consultant’s report and other briefing information and after fifteen min-
utes of discussion there was a general feeling that the closure of training services
was a desirable strategy, although no final decision was taken. The possible clo-
sure of the training area was flagged as an item for detailed discussion and deci-
sion at a board meeting in two months time. After the meeting the managing direc-
tor began to have reservations about the external consultant’s recommendation and
the prospect of Delta not having a training function. At this time the board meet-
ing to consider the training area closure was five weeks away.

5.3.1 First Initiation Cycle

Although the managing director had to formally recommend a course of action to
the board, he had the strong impression that the decision was largely his and that
the Board would probably adopt his recommendation, as it had on numerous other
occasions. However, with only five weeks available, he was unsure of the correct
strategy. To help his decision process he engaged a consultant systems analyst to
develop a DSS, triggering the first initiation cycle of the project. He had no firm
idea about what support he needed, just that he needed more information and more
options. There was no need for the analyst to explicitly address unfreezing the
decision-making process as the manager had effectively unfrozen himself when he
identified the need for specialist support. The decision problem can be classified
as a possible application error (Kahneman and Tversky 1982) in that the managing
director was a competent decision maker but was faced with a decision situa-
tion that he had not encountered before. The analyst and the managing director
discussed a development strategy that would challenge the managing director’s.
approach to decision making. This strategy has been termed active decision sup-
port (Keen 1987). The analyst began the first analysis cycle with a number of
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unstructured conservations with the managing director. He studied the financial
documentation that was presented to the board, as well as the external consultant’s
report.

5.3.2 First Analysis Cycle

The project then moved from working on planning and resourcing the DSS to the
diagnosis of problems with the decision task. The training closure decision was
modeled using functional decomposition (Avison and Fitzgerald 1995, p. 62) and
influence diagrams (Bodily 1988). During this analysis, it became clear that the
confirmation bias was likely to have a major negative impact on the decision, as
the information available to the board seemed to strongly support a closure strat-
egy. The confirmation bias acts against a fundamental principle of the scientific
method, which holds that information that refutes a hypothesis is more valuable
than information that supports it. However, under the confirmation bias, people
tend to search for information that confirms their hypotheses and gloss over, or
even actively ignore, disconfirming information (Evans 1989, Russo etal. 1996).
Following this, the analyst undertook a series of semi-structured interviews with
the managing director to elucidate the hypotheses or propositions that were ad-
dressed by the managing director and the board when the prima facie case to close
the training area was made. The information sources known to be used by the
managing director and the board were then attributed to the various propositions
and the information was classified as being confirming, disconfirming, or neutral.
As can be seen in Table 3, virtually all of the information was found to be con-
firming in nature.

Table 3. Information used by the board for the prima facie closure decision

Information Type Source Decision impact

Profit and loss statements Quantitative Office manager Confirming
(year-to-date and last two
years)

Report on the future of Delta | Qualitative Consultant’s report | Confirming
Consulting

Revenue and expenditure Quantitative | Consultant’s report | Confirming
forecasts

(Total company, next three
years)

Revenue and expenditure Quantitative | Consultant’s report | Confirming
forecasts

(By divisions, next three
years)

Course attendance history Quantitative | Training manager | Neutral
(last three years)
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During this diagnostic activity the analyst began to develop a vague idea of what
sort of DSS could help the managing director; it would probably have a data fo-
cus, rather than a model focus, but it would probably not be a standard database
application. This vague speculation about the information system marked the start
of design activities in the engagement. The next event in the project was deeply
symbolic. Rather than refer to the project as the training closure decision, through
a number of conversations, the analyst convinced the managing director to rename
the project the training area evaluation. This neutral reframing of the decision task
was noticed and commented on by a number of company staff. It was the first time
that they knew the training area closure was not a done deal, and that the manag-
ing director was considering other strategies. The analyst described the nature of
the confirmation bias to the managing director and briefed him on the results of
the information stream analysis. They mutually decided to develop a system that
would attempt to reduce the effect of over-confirmation in the target decision.
A search for possible disconfirming information was undertaken, led by the man-
aging director and assisted by Delta’s office manager. Much of this information
was of a qualitative nature and was included in documents such as office memos
and consultant performance reviews.

5.3.3 First Delivery Cycle

The first delivery cycle produced a DSS, which became known as the intelligence
system. The system was named by the managing director. It was constructed using
hyperlinked documents on a dedicated personal computer; in essence it was an
unpublished web site. The document navigation tree was based on the decision
influence diagram and a hierarchy chart of identified hypotheses. In this way, the
theory of confirmation bias was used to provide the physical structure of the in-
formation system. Financial statements and other board reports were pasted into
the relevant documents, as was relevant disconfirming information. The system
was then used by the managing director to explore the training area decision. All
other board members were given access to the system. While the document struc-
ture implied which information sources could be used to arrive at the decision, the
system did not force a set retrieval pattern on the user. The developer inserted as
many hyperlinks as possible into each document to allow users to follow hunches
that were triggered by system use. While using the system, the managing director
repeatedly asked for additional information to be added, as did another director
who briefly used the system. These minor delivery cycles significantly increased
the amount of information contained in the intelligence system but did not signifi-
cantly change the logic or structure of the system.

5.3.4 Second Initiation Cycle

While using the intelligence system, the managing director developed new ideas
about the role of the training area. He began to wonder if training was generating
business for the other areas of Delta or if it was important in retaining clients. The
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possible presence of a cross-subsidy was difficult to assess as the additional busi-
ness generated by the training activities could follow the initial work by a signifi-
cant period of time, or be from a seemingly unrelated client because a person
previously related to Delta through training could have changed employer. These
ideas triggered the second initiation cycle of the project. The managing director
called this second stage the subsidy system, because it emerged from his training
cross-subsidy hypothesis.

5.3.5 Second Analysis and Delivery Cycles

The subsidy system was not a discrete decision support application or set of appli-
cations in the sense of the intelligence system. Rather, it is best described as
a series of ephemera — ephemera in the sense that they existed sometimes for
hours, sometimes for days, and were then discarded. This phase of the overall
project was characterised by chaotic analysis and design cycles. Design cycles
were much more numerous and used more human resources than the analysis
cycles, although it was hard at times to tell when one cycle ended and another
began. The people involved with the intelligence system were also involved with
the subsidy system. The managing director was personally involved in virtually
every DSS application and devoted significant time to the system. He indicated
that the project was one of his highest priorities and asked to be interrupted if new
reports became available. The analyst and system developers worked full-time on
the project and at times their effort was augmented by a company IT consultant.

Table 4. Example applications from the subsidy system

Question IT-based Data sources Non-IT based
decision decision
support support

How many of our clients Databases Client files, Managing director
for strategic consulting training mailing contacts selected
were initially clients list clients

of the training area?

Is there a relationship Databases, Sales data, Managing director
between consultant Spreadsheets consultant staff has conversations
participation in training files, training with selected

and their consulting evaluations, project leaders and
performance? survey consultants,

formal survey of
all consultants

What are the Spreadsheets Generic building | Office manager
infrastructure cost data, consults with
and human human resources | office landlord
resource costs budget

of expanding

IT development?
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The office manager was more involved in this stage of the project than for the
intelligence system. Her main role was as data provider for models and databases
developed by the development team. The applications that made up the subsidy
system were organised around questions articulated by the managing director.
Once a question was defined, the analyst and programmers built an information
system as quickly as possible and populated it with data. Applications were devel-
oped using relational database and spreadsheet packages. Answering some of the
questions involved non-IT support or data gathering, for example, asking a long-
standing client about an issue at a business lunch to inform system development.
Table 4 illustrates how the managing director’s questions guided the development
of the subsidy system applications. All of these applications were ephemeral in
nature.

5.3.6 Recommendation to the Board

As a result of using the various applications that made up the subsidy system
phase of the project, the managing director decided to retain the training area of
Delta. He believed that consultants benefited significantly from the formalisation
of knowledge and experience that was required to conduct a training course. He
believed that this benefit manifested in increased consultant performance and in
increased sales. That is, he believed that a significant cross-subsidy existed be-
tween training and the core consulting areas. He also discovered that the consult-
ants enjoyed the training work and that this contributed to their decision to remain
with Delta. This was an important finding because maintaining a high-quality staff
establishment in the highly mobile consulting industry is very difficult. Using
material from the decision support applications, the managing director prepared
a paper for the board that recommended retaining the training function. As pre-
dicted, the board accepted the managing director’s recommendation and resolved
to investigate potential efficiencies in other areas.

5.4 Observations from the Case Studies

Both cases illustrate the DSS environment described in section 3 and the evolu-
tionary development approach discussed in section 4. In both cases the problem
areas were characterized by high levels of task equivocality (Daft etal. 1987).
Both clients reacted to high equivocality by pursuing an active DSS approach to
the engagements (Keen 1987). Both cases crossed a number of decision domains
and both required the input of professionals from a number of fields. The man-
agerial clients and users were very senior; they were intimately involved in the
development process and actively shaped the nature of the PDSS applications;
they directly used the applications and equated system success with their ongo-
ing use of the applications. Both the Delta and Gamma engagements involved
the development of a number of discrete but interrelated applications. These
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applications were constructed using a number of different technologies. In both
cases there was significant and rapid evolution of the logic and scope of applica-
tions. The trigger of major evolutionary events was executive users learning
about their decision tasks through the development and use of the PDSS. In both
cases the PDSS project resulted in major changes in the decision processes of the
users. Both projects had significant effects on the organizations.

The two cases discussed in this section are representative of modern PDSS. The
appendix adds to the understanding of PDSS by providing references to a large
number of academic papers published between 1990 and 2004 that involve the
development and use of PDSS. The list in the appendix is not exhaustive. How-
ever, it comprises research from high-quality general and specialist IS journals and
provides an reasonable sample of PDSS scholarship.

6 Concluding Comments

Personal DSS were the foundation of the DSS discipline. From this origin the field
has blossomed into a number of support approaches and technologies that are
institutionalized in modern organizations. However, PDSS remain an important
part of most managers’ working life The major intellectual contribution of PDSS
to the parent discipline of information systems has been evolutionary systems
development. PDSS are arguably the last home of bespoke development in com-
mercial ISs.

While PDSS have a 30-year history in practice, contemporary PDSS are in
many ways different to their forebears. These differences have been driven by
sustained improvements in IT, particularly in processing power, data storage, and
the Internet. However, while improvement in IT is fundamental in improvements
in PDSS, two other factors have changed the PDSS landscape. The first is that
senior executives are now sophisticated users of IT. In the 1970s and 80s the rela-
tively low computer literacy of managers was the major constraining factor in
what was possible with DSS. Many managers refused to use computers, seeing
keyboards as a secretarial technology. The second factor is the mathematical abil-
ity of managers. Over the history of PDSS, business schools have been emphasis-
ing quantitative skills and the early graduates of these schools are now ascending
to executive ranks. The executives can integrate complex analytical models into
their decision processes.

The increase in the sophistication of IT use and mathematical ability and im-
provements in IT means that PDSS developers face a demanding development
environment. They require more-sophisticated IT and IS knowledge, and skills
than the original DSS developers and also require more-detailed business domain
knowledge. The speed of the evolution of applications within an engagement is
also likely to be faster. While a demanding environment, the development of con-
temporary PDSS can be a rewarding experience for both managers and analysts.
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Over 50 years of research on how to support managers’ decision making, numerous
solutions have been proposed under a variety of banners, as discussed in the contributions
presented in this book. One of the recent terms to have been proposed is Business Intel-
igence (BI), which aims at leveraging new technologies for the gathering, presentation, and
analysis of up-to-date data about the firm’s operations to top management. BI is largely
distinguished from previous concepts by its reliance on new platforms and technologies (for
instance web technologies) to provide nimbler solutions, more responsive to managerial
needs than earlier types of systems. As part of BI, the concept of dashboards of information
or digital dashboards has been revisited, notably by software vendors. This chapter explains
in detail what dashboards of information are and how to develop them. It considers where
business data come from and how to use them to support decision making with
a dashboard. Using the concept of cognitive levels, it differentiates between different types
of aplications of the dashboard concept. Finally, the chapter aspects of its activities and
concludes presents an illustrative case study of a firm seeking to develop a nimble tool for
measuring and understanding the key that it is the content of the dashboard and the context
in which it is used that are the key elements in the process of developing a dashboard.

Keywords: Dashboards of information; Digital dashboards; Decision support systems

1 Introduction

Over the last 40 years of the evolution of Information Systems (IS) in business, IS
specialists and managers alike have been attracted by the much-hyped potential of
computer-based systems to provide answers to difficult managerial questions, as
evidenced by the seminal paper authored by Russel Ackoff in 1967 and its
provocative title “Management MIS-Information Systems.” During this period,
many waves of systems have been implemented in organizations that specifically
aimed at meeting the information needs of the highest levels of management.
Whilst some clear successes have been achieved under the name of Executive
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Information Systems (EIS) as reported in the yearly publication “the EIS Book”
(1989, 1990, 1991)—for instance the EISs developed at British Airways or at
Phillips 66—a great deal of skepticism has also been evident as many applications
developed for top managers fell into disuse after a short period or ended up being
used by lower level staff instead of top managers. Throughout that time, it has
remained evident that basic tools such as spreadsheets have formed the bulk of
computer-based decision support (Fahy and Murphy, 1996).

Lately, further advances in technology have brought renewed enthusiasm for
arejuvenated form of Business Intelligence (BI) tools: information cockpits or
dashboards of information (Dover, 2004; Gitlow, 2005; Paine, 2004). Whilst not
new (paper based dashboards have been in use in firms for decades, all the way
back to Singer’s chart room in the early part of the 20th century), the concept has
been given a new lease of life by the availability of new tools and technologies,
mostly web-based and reliant on relational databases or multi-dimensional mo-
deling tools (Business Tools, 2005; BPM Tools, 2005). However, there are signs
that the BI story is similar in many ways to previous installments of decision
support technologies with 40% of respondents to a recent study by the electronic
forum The Register saying that the language used by vendors can often be
ambiguous or confused, and a further 44% referring to vendors as creating an
unhelpful mire of marketing speak around BI (Vile, 2007).

Indeed, whilst the concept of BI is comparatively simple—a business man-
agement term that refers to applications and technologies used to gather, provide
access to, and analyze data and information about company operations (Wikipe-
dia, 2007a)—vendors have ensured that a substantial overhead of jargon has been
built into the BI debate. SAP® and Oracle™ are now pushing the concept of
embedded analytics and Vile (2007) describes how other vendors have rearranged
older concepts such as cockpit, dashboards, data marts, and scorecards as part of
the marketing efforts to promote their new portal technologies. According to Lock
(2007), the problem is heavily compounded by the fact that vendors are pounding
potential users (i.e., business managers) with their marketing efforts and make
disproportionately small efforts to keep IT professionals adequately informed
about their products creating a tension in many firms, especially small firms which
cannot easily sink much time into experimentation with new BI technologies.

After providing a rapid exploration of the concept and definition of a dashboard
of information, this chapter emphasizes the most important problems raised by
applications of the dashboard concept to the provision of information to support
the decision making of managers. To clarify these explanations, a case study of
dashboard development in an organization is provided.

2 Understanding the Concept of a Dashboard

The concept of a dashboard of information has been proposed by analogy with other
types of dashboards (e. g., a dashboard in a motorcar, the control room in a plant)
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to promote the development of very practical types of information systems that
have a direct impact on key managerial activities, for instance, decision making and
monitoring as well as group activities, such as collaboration. The analogy with the
dashboard in a car in particular, has been proposed to explain how a simple
collection of indicators provided to managers in a timely fashion can allow them to
“drive the business” by scrutinizing broad areas of activity of their firm at a glance.
Wikipedia (2007b) has proposed the following definition for the concept: 4 digital
dashboard, also known as an enterprise dashboard or executive dashboard, is
a business management tool used to visually ascertain the status (or “health”) of
a business enterprise via key business indicators. Digital dashboards use visual, at-
a-glance displays of data pulled from disparate business systems to provide
warnings, action notices, next steps, and summaries of business conditions.

Paine (2004) contends that rediscovery of the dashboard approach is linked to
aneed to cut through the ever-increasing volumes of data available in the
corporate information systems. Schmidt (2005) argues that the emergence of the
approach is a logical development of the use of balanced scorecard (BSC) acti-
vities, in a bid to make them more flexible to novel ways of measuring per-
formance and to automate the overly costly and time-consuming approach to data
preparation inherent in BSC. Nevertheless, dashboards of information are aimed at
the same objectives as BSC, namely to enable the use of a balanced set of per-
formance metrics to avoid overly narrow focus on financial and accounting
measures of organizational performance that has characterized past attempts at
capturing the essence of what makes organizations go well (Kaplan and Norton,
2000, 2004). Dashboards of information, however, provide a much more flexible
approach, better suited to organizations of various shapes and sizes than the
immutable four pillars of BSC—shareholders, customers, internal processes, and
innovation & learning.

By contrast, Gitlow (2005) sees dashboards as a prolongation of the quality
management philosophy (e.g., Deming’s theory of management) aimed at im-
proving both organizational results and organizational processes. Finally, Dover
(2004) has noted that dashboards are derived from EIS and, that, like EIS, they
were initially developed for individual managers, before gradually being extended
to lower levels of management as a way to communicate about performance and
improve the response of the organization to everyday problems (EIS was later re-
interpreted as Everybody’s Information System).

In reality, the concept of dashboards also owes much to the development of
their engineering equivalents—especially control rooms—that are used in plants
(e. g., power plants) to control complex production processes without the need for
thousands of highly specialized operators or in situations where human operators
could not survive an inspection as in the case of a nuclear power plant. The control
room is a key concept because it allows operators to fully control and actively
manage a dynamic process that they cannot see, touch, or hear directly. This
aspect of the dashboard concept makes it particularly interesting to managers of
business processes that span multiple functional areas and multiple sites, as in the
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case of multinational corporations, because of its inherent promise to allow them
to control and manage what they cannot see.

Notwithstanding the definition proposed above, there is not total consensus in
the literature when it comes to having a definitive definition of the concept of
a dashboard of information, and this can be expected in a domain that has been
traveled extensively by both academic researchers and software vendors for quite
a number of years. This is confirmed by Vile’s (2007) observations that there is
some confusion in firms regarding BI tools, within both business manager and IT
manager communities. Nevertheless, “bringing real-time operational performance
monitoring to executives’ desktops (...) compare(ing) an organisation’s actual
performance (...) to well defined measurable targets and communicate(ing) the
results to all levels of the enterprise” (Schmidt, 2005; p. 29), delivering “at-a-
glance summaries presented in highly visual and intuitive format so managers can
monitor progress towards goals” (Dover, 2005; p. 44), or providing “a tool used
by management to clarify and assign accountability for the critical few objectives,
key indicators and projects/tasks needed to steer an organisation toward its mis-
sion statement” (Gitlow, 2005; p. 345) encapsulate the well-identified character-
istics or trademarks of the dashboard approach.

Gitlow (2005) proposes some key intended benefits of the approach, including
a focus on the entire firm rather than a fragmented view (a system’s approach in
a certain way) and a type of management that promotes cooperation, not com-
petition because the trade-offs and relationships between the components of or-
ganizational success are better understood by all actors. Dover (2005) adds that
the dashboard approach also ensures that “all managers have access to the same
version of the truth” (p. 44). He goes so far as to contend that the dashboard
approach has the potential to change the culture of an organization by trans-
forming it into “a performance-accountable company” (p. 43). Arguably, it is
worth noting that some of these benefits cannot reasonably be exclusively asso-
ciated with a computer system and require much more than just a dashboard.
Rather, they require the implementation of substantial organizational change.
A well-managed dashboard project can then support these initiatives by providing
the tools managers need to manage performance and allocate resources optimally.

Software vendors, of course, have not been slow to realize the potential of this
concept and have devised and marketed products that can serve as toolkits for the
development of dashboards, including ready-made objects in the shape of gauges
dials, icons, traffic lights, and so forth. In the 1980s, Comshare®™’s famous product
Execu-View provided a very easy-to-use environment to exploit the most complex
of multi-dimensional models developed on the firm’s One-Up product and, in pre-
GUI days, popularized the concept of “point and click” manipulation of data sets
amongst top managers. Nowadays, Cognos®” and Hyperion®™, among others, offer
leading-edge products that also aim to simplify the architecture side of dashboards
by bringing together data from multiple sources seamlessly (Business Intelligence,
2005; BPM tools, 2005). These products are often-web based and the latest
Cognos offering is characterized by its ability to develop “portlets” or small
portals that provide alerts, metrics, graphs and so on in a way that is tailor-made
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for individual managers. Referring to this approach as “self service,” Cognos
claim that its product can substantially reduce IT department involvement
(Business Intelligence, 2005). This is evidence of the dangers highlighted by Lock
(2007) (see our introduction) regarding the gap that is created between the buoyant
discourse addressed to managers by BI products vendors and the paucity of
information provided to IT specialists. Self-service systems that go wrong or begin
providing incorrect information are not only a manager’s nightmare, they also
quickly become an IT specialist nightmare when they are called to come and fix
them without having had substantial input into their initial development or
extension. Vile (2007) has characterized this phenomenon as a case of too many
users “going it alone” with BI.

Thus, it remains true, now as much as ever, that the key element in a dashboard
is not only the design of the interface (as many tool kits are available from
software vendors to develop advanced dashboards with minimal programming
expertise), but the enlightened selection, and accurate capture in the organization’s
current data sources, of the critical indicators most useful to the business. Evi-
dently, this requires collaboration between managers/users and IT specialists. This
is an age-old problem as far as information systems are concerned, which has been
discussed in relation to decision support systems, executive information systems,
and generally any other types of system that have been proposed for managerial
support since the 1960s (Abualsamh etal., 1990; Ackoff, 1967; Ballantine and
Brignall, 1994; Cats-Baril and Huber, 1987; Gulden and Ewers, 1989; Keen and
Scott Morton, 1978; Kleinmutz, 1985; Mintzberg, many dates; Paller and Laska,
1990; Rockart and Delong, 1988; Scott Morton, 1986; Wallenius, 1975; Watson
etal., 1993; Wetherbe, 1993).

Despite years of research on how the work of managers can be supported by IT,
developing computer systems that are ultimately adopted by top management has
remained a complex and uncertain task. New technologies and new types of
applications have come and gone, but information systems for executives raise
specific problems, which have primarily to do with the nature of managerial work
itself (Mintzberg, 1973), as they are intended to tackle the needs of users whose
most important role is “to create a vision of the future of the company and to lead
the company towards it” (King, 1985; xi), and with our failure to properly specify
what problems we are trying to solve. Lest these observations be dismissed as
outdated, they are in fact as accurate today as they were when they were printed.
Evidently, computer-based systems can help with decision making and infor-
mation dissemination, but managers also spend considerable effort in their role of
“go-between,” allocating work to subordinates and networking with internal and
external peers (Mintzberg, 1973; Kotter, 1984). How computer systems can be
used for these activities is largely unknown apart from the use of computer-
mediated communication media—for instance email, which has a long history of
successfully supporting managers (Crawford, 1982), sometimes with unintended
consequences (Lee, 1994).

Whether in a push or a pull scenario, whether dashboard developers provide
indicators they have identified, or managers request some specific information,



156 Frédéric Adam and Jean-Charles Pomerol

failure to discover the indicators that truly capture the essence of business
activities will result in a dashboard falling into disuse no matter how advanced and
useable the interface. The issue for researchers is therefore to work on providing
methodologies that managers and developers can use to organize and structure
their discussions towards an immediately useful system that can also evolve over
time toward increasingly broad coverage of relevant topics for managers.
Interestingly, Paine (2005) warns practitioners that picking the tools only comes in
step 5 of her methodology, once all the analysis work has been completed. She
adds that no design is final, however, as “making continuous improvements” is an
imperative for a successful dashboard approach. Because of this clear need to
develop improved expertise and methods for properly analyzing the problems that
the dashboard approach is intended to solve, this chapter does not review
mainstream literature on dashboards or empirically examine issues in their design.
Rather, reflecting our concerns with the difficult tasks involved in developing
actual systems that are used by managers at various levels in a firm, we consider
where data come from and what they are then used for, and present an illustrative
case study constructed specifically to explore how the concept of dashboards may
be applied to the solution of a variety of organizational problems.

3 Where Data Come from ... and What They
Are Used for

Data warchouses have been proposed as one method to provide unlimited data
from a multitude of sources to a dashboard of information. Figure 1 illustrates how
data warehouses can be developed as corporate repositories of data covering all, or
a number of (in the case of a data mart), required areas. This diagram is very
useful to grasp the practical complexities involved in trying to provide managers
with broadly based decision support systems.

The left-hand side of the diagram illustrates where the data come from and the
need to integrate data from as many sources as applicable. One problem of note
that is not captured by this diagram must however be pointed out: even though
with the latest advances in technology, data warehouses are able to obtain data
from most systems (often at the cost of some labor-intensive tasks of coding and
cleaning), there can still be a problem of latency when it comes to providing
timely feedback on operational measures. Carton and Adam (2007) found that
even for seemingly trivial data such as shipments and completed sales orders,
large systems such as ERP systems begin to grind to a halt at the close of ac-
counting periods when quarter-end figures must be known in real time with great
certainty because stock markets around the world or at least shareholders may be
expecting a timely announcement of profit figures (failing this, share prices may
plummet) and managers are trying to meet the target figures set for them. In one
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firm, the headlong rush to meet targets was such that operators began working off
the system on the last day of the period and a 32nd day had to be invented to allow
them to catch up with the data entry corresponding to these transactions (without
pushing them into the following accounting period, in which case they could no
longer be counted as turnover in the period that had ended). As absurd as it may
seem, it is the only way managers and IT specialists have found to solve the basic
number-crunching problem they face which lengthened response times beyond
what operators could cope with. In such situations, Transaction Processing
Systems (TPS) cannot cope and fall behind; needless to say, data warehouses are
even further behind as they are dependant on regular scheduled data uploads. So,
although ERP and data warehouses are often put forward as the most robust basis
for providing real-time data to managers, they raise further technical problems.

Thus, providing data access to managers is going to rely on data warehouses as
described in Figure 1, but must also rely on more immediate access to data and
even sometimes on paper-based documents and back-of-the-envelope calculations.
Technical solutions exist to alleviate these problems—the mythical “on-line data
warehouse” for instance, but they can be very costly over time and push or-
ganizations even further away from the nimble IS solutions they really need
(Business Intelligence, 2005). These very “nuts and bolts” issues must be con-
sidered if managers are going to be given access to a “single version of the truth”
(Dover, 2005, p. 44) that really is the truth!

The right-hand side of the diagram in Figure 1 shows what the data can be used
for—that is, the three types of inquiry that can be conducted based on the data
provided by a dashboard:



158 Frédéric Adam and Jean-Charles Pomerol

e reporting, when questions and answers are known and answers are
monitored over time with the use of tightly restricted models that
embody previous decisions and ways to resolve them,

e scrutinizing, where questions are known in broad terms, but are still
difficult to ask precisely using incomplete models, and

e discovering, where questions are not even known at a specific level, in
a complete absence of a model, or indeed even of a specific problem to
solve.

The three decision support activities: reporting, scrutinizing, and discovering,
presented in Figure 1 are practical from a developer’s viewpoint because they
correspond to levels of knowledge that an analyst can gain a priori about an
informational need they are about to tackle. These three types of support must be
matched against the level of understanding that managers have of the problems
they face. Humphreys and Berkeley (1985) have usefully characterized this level
of comprehension with their concept of representation levels. These five re-
presentation levels are a theoretical characterization of the evolution of managers’
thinking as they make decisions. They are characterized by: (1) the degree of
abstraction in the representation managers have about the problems to be tackled,
and (2) the degree of formalization in the representations of proposed solutions
and models to be built into the systems. The five representation levels are
illustrated with Humphreys and Berkeley’s (1985) description of the problem
handling process:

1. At the highest level, representations are mainly cultural and psycho-
logical; managers are more or less aware of what a problem involves,
but its expression is mostly beyond language. It is at this level that the
problem is shaped; this is beyond the reach of any decision support
system. Indeed, it is beyond any modeling endeavor.

2. At this level, the representations become explicit and the problem can be
broken down into a number of sub-problems, some of which can be
formalized. The structuration of the problems is still partial rather than
detailed and managers refer to ‘the marketing function’ or ‘the mar-
keting process’ without being able to formalize processes in greater
detail. Data mining may be used at this level as a way to help formalize
ideas to a greater extent and to test hypotheses. Some pre-models may
be developed in broad terms by managers, but it is still difficult for them
to discuss these with analysts.

3. At this level, decision makers are able to define the structure of the
problems they must solve. They are able to put forward models that can
be used for the investigation of the alternatives they will pursue and
discuss these with analysts; these discussions can then be used to
develop small applications leveraging OLAP tools or multidimensional
tools.
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4. At this level, the decision makers perform sensitivity analysis with the
models they have defined in the previous stage so as to determine which
input values are the most suitable; saved searches and saved views
created using scrutinizing tools can become increasingly formalized
over time and proceed from level 3 to level 4.

5. Finally, at the lowest level, managers decide on the most suitable values
and the representation of the problem they must solve is stable and fully
operational. At that stage, report templates can be created, based on
which regular or ad hoc reports will be made available to managers with
minimum effort or time required.

The process described by Humphreys (1989) is a top-down process whereby the
structuration of the concepts investigated is refined from one level to the next over
time. As noted by Lévine and Pomerol (1995), levels 1 and 2 are generally
considered as strategic levels of reflection handled by top executives (problem
defining), whereas the remaining three levels correspond to more operational and
tactical levels (problem solving). Although, all levels of management span the five
levels, it is clear that lower levels of management are more likely to be given
problems already well formulated to work on such that their thinking is mostly
geared towards levels 3 to 5.

Although it is beyond the scope of dashboard development, level 1 is par-
ticularly important in that, at this early stage, the decision maker has total freedom
to decide on a direction to follow. The only factors limiting the horizon of the
decision maker are either psychological (unconscious) or cultural (e. g., his or her
educational background, experience, values). In the literature on human decision
making, this initial step appears under the name “setting the agenda” (Simon
1997) or “problem setting” (Checkland 1981). This stage is also important because
it conditions the outcome of the decision-making process as avenues not
considered at this stage are less likely to ever be considered. Simon (1997) reports
an experiment proving that accountants set as an accounting problem the same
problem that sales supervisors would set as a sales problem, and so on ... In
addition, the natural progression across the levels of the framework is one that
goes from 1 to 5, and rarely back to a previous stage unless a strong stimulus
forces a change of mind about the situation.

This representation of managers’ information needs is a simplification in that it
separates what is essentially a continuous process into separate ones. However,
from the point of view of the designer of management decision support systems,
this framework has the great merit of clarifying what design avenues can be
pursued to support managers in situations that are more akin to stage 1, stage 2, or
any other stage. Discussions between designers and managers can be aligned with
the degree of understanding of managers, moving away from a situation where
analysts complain that managers do not know enough and managers complain that
analysts are trying to tie them to simplistic solutions.

Figure 2 illustrates how the cognitive level framework maps onto the model
presented in Figure 1.
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Figure 2. Matching dashboard content to managerial needs

Figure 2 shows that, if managers can name specific performance indicators and
know how these must be represented, the situation corresponding to the fifth
representation level in the Humphreys and Berkeley framework (especially if they
are also able to calibrate performance level based on their own knowledge). This
is essentially a reporting scenario where specific answers are given to specific
questions. When, however, it is not exactly known how to measure or represent an
indicator, this corresponds to levels 3 and 4 in the framework. This is more of
a scrutinizing situation where managers know they are on to something, but they
are not sure how to formally monitor it. Finally, when managers are not sure what
indicator should be monitored to measure emergent changes in the activities of
their organizations, or changes to market responses, this is more akin to a level 2
situation, or a level 1 situation if managers are still at the problem-finding stage
(Pounds, 1969). The discussion between designers and managers is on-going, as
different methods are experimented with to study how different indicators, cal-
culated in different ways based on different data sources, respond. The develop-
ment of the dashboard thus becomes an iterative process where problems and their
representations improve over time and where discovery turns into scrutiny and
scrutiny turns into reporting over time. This is illustrated in the cumulative case
study constructed in the following section under the name Good Food Limited
(not the firm’s real name).
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4 A Case in Point—Good Food Limited

In January 2001, the first indications were given that the Irish-based subsidiary of
a large multinational food firm in Dublin, Ireland was going to be closed down.
Few believed these unconfirmed reports, least of all those who were employed in
the Dublin facility, which was believed to be a very profitable and inventive site
of the corporation. Indeed, Dublin-based staff had participated in the development
of the most innovative products of the firm using improved recipes that increased
the shelf life and resistance of the products. By March of that year, however, it
was confirmed that the 300 jobs involved in the manufacture and sales of products
were to be moved to other locations abroad. The parent company, an excellent
employer and good corporate citizen, gave every employee in the Dublin site the
opportunity to transfer with their jobs. A significant number of employees chose
not to transfer. In search for an interim solution, the parent company set up a core
group of approximately 80 people to operate a production facility in Dublin for
one year from 1st July 2001, up to and including 30th June 2002. The parent
company did this for three reasons (i) to give employees and the community time
to adjust to the fact that the firm was leaving the area, (ii) to give employees time
to look for jobs elsewhere and (iii) to give all involved including the local
community, and the national development authority (the IDA or Industrial
Development Authority) the opportunity to secure a new owner and employer for
the facility.

It was during this one-year period that local management, in particular the local
managing director, who had decided to stay, approached existing and potential
local customers and those in the local community with responsibility to encourage
the creation of new jobs in indigenous industry start-ups. This led to local
management incorporating a milk processing and food preparation company in
July 2002 under the name Good Food limited. Crucially, the parent company
allowed the new firm to keep producing under this new name all the products that
had been produced in Ireland initially before the site was acquired (the Irish site
had been a very small independent food producer over 20 years previously) and all
the new variants that had been developed in the Irish site since the take over. This
supportive decision made the whole adventure viable and meant that staff
members were happy to stay.

One of the key elements in the creation of this new venture was making the
transition between the management of a subsidiary of a large MNC and the
management of the small firm, with typical associated problems such as cash flow.
As part of this, a complete Key Performance Indicator (KPI) set was developed to
allow the now small managerial group to keep a close eye on the critical factors in
the business. This KPI set was then used as a basis for development of a computer-
based dashboard delivering, in timely fashion to managers and workers, the key
information they needed to steer the new firm towards profitability in the critical
initial period and beyond. A small multidisciplinary team made up of management
accountants, sales managers, production and quality control specialists and local IT
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personnel was assembled and put in charge of developing the architecture, content,
and interface of this ambitious computerized dashboard. At the problem-setting
stage, the team quickly identified that some areas of investigation were better
charted than others. Some areas of sales and some areas of manufacturing were
very well known and reporting facilities could be developed that very quickly
would give a good coverage of managerial concerns. In other areas, by contrast, the
data could be identified, but it was uncertain how to best display them, other than
supporting managerial scrutiny. Finally, there were areas where no definitive
avenues for creating a dashboard were identified leading to more abstract
discussions on how to best allow the early discovery of problems. The development
team worked its way through these different elements.

4.1 Reporting—Level 5 Understanding of the Problems

As the new firm had been a subsidiary of a large MNC for many years, staff had
been used to working within the context of a reasonably rigid and all-
encompassing budget which was put together on a yearly basis and was used
systematically for the purpose of reporting and debriefing. Such was the expertise
of key staff in predicting and budgeting that it was felt continuing with a similar
system was desirable. The core of the KPI set was therefore developed around
a system of variances calculated as the difference between budget and actuals. For
instance, the sales plan was a 52-week rolling plan, forecasting the sales of each
product in each territory, including forecasted discounts, and all other costs, direct
and indirect so a weekly profit and loss account could theoretically be computed.
In practice, however, there was no need to compute all actual figures on a weekly
basis, though some needed a daily or hourly update cycle. Thus, the actual
indicators were computed more or less frequently depending upon their usage. For
instance, production information and raw materials usage were computed on an
hourly basis, as was quality control information, whereas salaries and wages
variances were only computed on a monthly basis.

Of particular interest were the areas of “sales” and the “cost of raw materials”
which represented a substantial proportion of total costs, and “productivity” and
“raw material usage.” To properly evaluate the latter indicator, the firm could rely
on very detailed and accurate costed budget recipes against which actual
consumption and labor usage could be compared. This made the development
considerably easier.

Commentary:

The managerial principles hereby presented evidence the high degree of
understanding of the problems by management. This is a mature site with very
specific ideas on how it should run itself. The budgetary system in place, with
all its intricacies in terms of production costing, production and productivity
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standards, cost of raw materials (negotiated with suppliers for the 12 months
ahead) are all the result of years of accumulated experience and provide
inherent structure to the solution of the problems anticipated by management.
The focus on specific areas, in particular, sales volumes and cost of raw
material, shows the knowledge of the local management group in terms of
CSFs for profitability.

In theoretical terms, the tight framework for measuring profitability and
performance is the end product of the process of deciding how the firm should
be managed. Discussions clearly take place at level 5 of the Humphreys’
framework where managers can readily tell developers what they require, how
often, how to compute it, and what benchmarks to use. However, one must
realize that such a level of certainty brings with it a restriction of the outlook
of managers and ultimately means that other questions and other ways to
consider what happens in the life of the firm are de facto excluded. This is
well illustrated in the choice of the three key indicators for the business in the
following section.

To operationalize these management principles towards the creation of the
dashboard, the measure of the firm’s performance was built around three key
indicators:

e Volumes of sales—the value of sales as they occur, where they occur.

e Respect of formula—the extent to which consumptions of raw material
followed expected standards.

e Price of components and services—the cost of actually producing the
products and the full cost of distribution, including discount, transpor-
tation, and so on.

These three were selected because they could be mathematically constructed into
a complete measurement system which did not require the capture of new data
where it is the most costly—in live activities such as sales or production. Also, this
scheme allows managers to properly assess the origin of each variance—the volume
variance measured the impact of the lower than expected level of sales on the
bottom line, the price variance shows the impact of not having negotiated the price
of inputs with suppliers at the expected level, and the formula variance shows the
impact of having over or under-consumed inputs (including labor). This is a critical
point in dashboard development because it is far less useful to measure the firm’s
internal performance in a way that is not tied to specific managerial responsibilities.

Commentary:

Although the calculation of these variances can always be performed at the
overall level from accounting figures in the general ledger, it is more difficult
to collect some of the actuals data (the budget is fully specified in advanced
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and stored in a database), especially when it comes to actual labor hours for
each workstation, as staff may have been sent to work in a different place for
a short period of time. Some approximation or indeed, some surrogate mea-
sures may be used to guesstimate a specific variance. Often, for managerial
purposes, knowing the direction of the variance with a good degree of
certainty is an excellent starting point as it can give an early warning signal.
The accurate measurement of variances can come later. This is one of the
signs that managerial understanding is still at level 4 and not at level 5 in the
Humphreys’ framework.

These three variances can conveniently be displayed on a weekly basis as a pie
chart with the relative proportion of each variance in the total variance,
although following the evolution of each variance and the total on a line graph
is more informative as it allows for the monitoring of the impact of corrective
actions that may have been taken. This could be of use for top management as
a complete real time debriefing of the execution of the yearly plan. This may
be of some interest for other levels of management, but it is mostly within
each of the indicators that great decision-making value can be derived from
the model, because it allows for drill-down into the components of the
variances down to a level where specific action can be taken. Thus, the price
variance can be broken down into the variance for each of the raw materials,
although an ABC approach based on the proportion in the cost of production
is probably more interesting. For instance, the top ten most costly components
(labor, for instance) could be listed on a separate table so as to provide
a measure of their relative importance. Typically, one or two components may
be responsible for 80% of the variance and this may trigger immediate
action—search for an alternative supplier or for an alternative raw material.
The same principle can be applied to the formula variance and may lead to an
investigation of why the consumption for a certain raw material is varying
from the expected standard. The volume variance can be broken down per
product and per region or per sales representative, which gives great flexibility
in terms of analyzing the reasons why sales volumes deviate from budget.
Regional explanations can be found such as entry of a new competitor, closure
of a large customer, and so forth.

The case study illustrates the difference between reporting and scrutinizing on
the one hand, and discovering on the other hand. Whilst the scheme hereby
described can yield answers to questions that are not explicitly asked by
managers and definitely adds up to a comprehensive set of KPIs, it still does
not constitute discovery, insofar as it is fully determined by the rules that have
been used to devise it. It delivers some degree of scrutiny, but will not present
managers with problems that they did not anticipate or did not understand.
Furthermore, it is quite biased in terms of the identification of the causes of
bad performance. For instance, it is geared toward measuring products sales
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and analyzing variances against budget, but the scheme does not suggest
collecting data about weather patterns to explain how temperature may induce
changes in consumer behavior, neither does it analyze potential changes in
consumer life style which may lead to more sophisticated understanding of the
performance of products in the market.

4.2 Scrutinizing—Level 4 Understanding of the Problems

In addition to this scheme, managers put in place other ideas to cover specific
areas where they knew they could expect potential trouble. For instance, because
downtime had been a problem at times, due to the age of some of the machines, an
analysis of the maintenance activity (which may be used to explain why
production could not keep up and therefore why sales are down—downtime
having affected certain machines) was added to the dashboard as illustrated by the
sample screen in Figure 3. There was a cost to this investigation in that main-
tenance operators had to fill in additional forms to describe their interventions, but
this seemed a reasonable price to pay. There was however, considerable resistance
to this scheme for reasons that were hard to anticipate: in addition to providing
feedback on the way the machines were performing, it also revealed, by accident,
the efficiency of individual crew members in the maintenance team. Even though
management never thought of using these data for such a purpose, as it was simply
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not part of the underlying model used to develop the indicator, maintenance staff
complained they were being investigated because great differences in the
intervention times of different members of the crew surfaced. Evidently, this was
a consequence of the nature of the problems they were called in to address, so
arating for task difficulty was added to calm fears. The later introduction of
mobile tracking devices reduced the cost of data collection and served to establish
this part of the dashboard at the center of the administration of the plant, as it was
made available to everyone and even became a feature of a large display panel in
the factory which read: “number of hours of downtime this week: XX.”

Commentary:

The screen in Figure 3 shows a geographical representation of the location
where production time is lost through machine downtime. Over time, this
indicates which machines should be replaced and may lead to a preventive
maintenance plan. Color coding is used to show the areas where the greatest
time is lost. In a large plant, where information about problems may not
always be known to the production director, such a dashboard can reveal many
hidden problems, week after week. The interface allows for the identification
of problem areas at a glance, whereas a complete list of maintenance
interventions or accidents would only confuse managers (there may be a signi-
ficant difference between the number of interventions in one area and the total
time spent in restarting production).

Interestingly, the selected indicator gives rise to the possibility of measuring
the performance of individuals. In the site where this was implemented, the
co-signature of the forms by maintenance crews and foremen had to be
implemented to discourage false reporting, as both sides had an inherent
interest to minimize (maintenance crew) or maximize (foremen) the time of
interventions. Co-signatures meant accurate reporting was guaranteed.

This indicator amounts to a scrutiny type activity, insofar as the cause and
effect relationships analyzed are well understood, even if the occurrence of
problems is hidden from view. A few iterations may be required until the
exact nature of how the indicator can be used for maximum effect is known,
but it is well understood why the indicator should be used in the first place.
This is a hybrid situation where managers sense that problems can occur, but
without a specific model to describe in specific terms what cause-and-effect
relationship they want to investigate. Over time, as the indicator begins to vary
and send warning signals, managers will come to define a stronger model to
describe the cause-and-effect relationships, which means saving or losing
money with downtime and maintenance. The introduction of an industry-wide
benchmark for expected downtime may also lead to a more complete model
for analyzing the maintenance activity.
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This learning may lead to the ultimate step in maintenance within manufac-
turing environments: preventive maintenance, where production is halted at
scheduled intervals to carry out scheduled maintenance in a bid to prevent any
incident before it occurs. This is much cheaper (if it works) because scheduled
interventions have a lesser impact on production. In certain industries, preven-
tive maintenance is a requirement—e. g, air travel—because accidents cannot
be left to happen.

4.3 Scrutinizing—Level 3 Understanding of the Problems

The area of product returns and product defects was one that caught managers’
attention after a while. Now that the profit or loss of the firm was essentially
a matter of survival, managers became far more sensitive to the volume of sales
return (not actual returns, because in the food area, food products that are
damaged are destroyed rather than returned—an added complexity for investi-
gating the validity of claims). Whereas in the past, they would have been happy to
consider gross sales, it became apparent that focusing on net sales, discounting
returns was more meaningful. Sales returns could actually account for quite
a substantial proportion of sales at times and for certain customers and this
became a worry. Good Food did not sell to consumers directly and would typically
ship large consignments to supermarket chain depot centers.

This issue was a thorny one because Good Food did not have the custody of its
products once they left the factory as they used independent haulers to deliver to
their customers. Thus, many problems could occur away from its scrutiny. Visible
damage to products was easy to blame on haulers when packaging had been
damaged, but it was more difficult to ascertain when temperature had been the
problem and products did not make it to the end of their shelf life. The dashboard
that was developed to solve this problem was not computerized! It consisted of
keeping sample products for each batch in three confined areas: one at 4 degrees
centigrade (the recommended temperature), one at 8 degrees (the theoretical
tolerance threshold of the product), and one at 12 degrees (a temperature that is
likely to damage the product within its shelf life). On the basis of the observation
of the samples, one could then make comparisons with descriptions made by
customers. This allowed a more informed decision to be made regarding the
issuing of credit notes. It also allowed the rapid identification of contaminations
that may compromise the product.

In time, it was felt that this approach could be computerized when the patterns
of sales returns would be better understood. The plan was to create a reputation
system that would mine previous data for each customer and the returns they made
for each category of product and to rate their reliability against the benchmarks
obtained in the experimentation in the fridges. Thus, over time, this problem
would come to be better understood to the point where it could be automated and
decisions on credit notes could be taken at the touch of a button.
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Commentary:

The above problem is an illustration of the search for surrogate measures to
solve a particular problem. Obviously, managers cannot follow products
wherever they go, through the vagaries of delivery and shelving. The proposed
measurement is therefore a surrogate, but it does provide an accurate picture
of the only parameter that is really of importance to managers—how resistant
their products really are. That is, is it their fault when products go bad on the
shelves? On the basis of the observation of the evolution of samples in the
confined areas, they must then use judgment to recall products in case of
visible bacterial development within the shelf life and to judge the merit of
customer complaints.

This example is interesting because it shows that a dashboard can be of a non-
computer nature and that direct observation may be required in some cases,
rather than reliance on an informational intermediary. However, the fact that
this indicator is different from the previous examples does not mean that it
takes us into the discovery domain because managers know very well what
answers they seek in creating a “walk-in” dashboard.

The prospect of computerizing this area into a reputation system gives a view
on the evolution of managers’ understanding from level 3 up to levels 4 and 5.

4.4 Discovering—Level 2 Understanding of the Problems

After a year of relative success, and with the company in a sound condition
financially, managers at Good Food had to face up to the fact that survival was no
longer a sufficient business goal: a more ambitious long-term growth target was
required. The current portfolio of products, because it had been stripped of some
of the parent company’s product a year earlier was not sufficient to support the
growth of the company in the future. In particular, it was a worry for top
management that too many of these products may be near the end of their life
cycle. That a new range of products was needed was beyond doubt, but what these
products should be was less certain. The possibility of whole new families of
products had to be contemplated.

In the food sector, producers are at a disadvantage because they have little
direct contact with consumers, especially when they are SMEs because of the
costs involved in market research. Typically, managers in supermarket chains
know more about consumer behavior than any of their suppliers do because they
have access to direct information through their loyalty card systems. Discovering
patterns and correlation in such a volume of raw data is commonplace, as
illustrated by Kelly (1996) who describes how Walmart managed to identify the
correlation between purchases of beer and nappies in their data. Managers at Good
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Food were aware of this problem and sought to generate their own primary data
for the purpose of discovering who their final customers were and what they
would have liked. They enlisted the services of a marketing firm that recom-
mended the creation of a panel of customers. The panel was a group of existing
and would-be customers, selected after a careful investigation by the marketing
firm, who met on a regular basis to sample existing products and share their
thoughts and experiences with the product. To avoid going around in circles over
time, new members were added and others were eliminated on a regular basis.
Over time, they came to represent a group of expert consumers for such products
(they were also made to sample competitor products) and all proposals for new
products were submitted to them first. This provided direction for future develop-
ments in Good Food.

In parallel, web surveys were implemented because they were much cheaper to
administer and the regular results from these were posted on to a dashboard in the
shape of a forum of contributions. Even though managers liked browsing these
contributions, they were not sure what to do with them or how to classify them to
derive abstracted information about potential market opportunities.

Commentary:

This example shows the level of understanding that managers have at the
second level of Humphreys’ framework. They are aware of the problem and
can make a general statement about it, but they are uncertain how to progress
and will rely on external information with a very open mind. This is an
example of the discovery mode of managerial thinking.

Data mining has been proposed as an obvious ground for discovery whereby
computer programs dedicated to the search for unexpected correlations and
patterns are let loose on vast volumes of raw data. However, this is only
available in situations where a dense base of data is available—such as a retail
business or insurance business. Other firms can only rely on judgment or
inspiration when it comes to either tolerating high levels of uncertainty or
collecting totally new data.

The above example is a clear illustration of what discovery can look like in
a domain where no raw data is available. In this case, the dashboard takes the
shape of an on-going focus group providing feedback from the market about
the firm’s products. Computer systems can offer support in terms of on-line
surveys or as a dissemination tool for the data collected. They could be used to
create a virtual (and therefore much cheaper) version of the panel of
customers. However, the fact that consumers are brought together in a location
to discuss their ideas is probably a must in this scenario.
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5 Conclusion

In this chapter, we have explained how dashboards of information constitute
another stage in the development of information systems for top managers initially
and, by extension, for all other levels of the firm. We have illustrated, with the
help of a case study, that the difficulty in developing such dashboards of infor-
mation no longer resides in the application of complex technologies or toolkits, as
many excellent platforms are now broadly available in a rich software market, but
in sourcing and computing data, and designing models and interfaces that fit the
level of understanding of the managers who need them. Instead of getting bogged
down in discussions about the lack of specific data or the difficulty in specifying
upfront requirements for problems to be tackled, the communication between
a business manager and a developer of decision support systems can be structured
to ensure that the needs of managers are served in terms of reporting, scrutinizing,
or discovering depending on how much managers know and understand. Thus,
a dashboard becomes, over time, more than just a collection of a few well-charted
indicators: in the hands of the right managers and with the help of the right
developers, it becomes a very flexible learning tool, which can also be used for
training purposes.

The two important factors that must always be understood are the content of the
dashboard (i. e., what it really shows) and the context in which it is used (i. e., why
it is important to show such data and what will managers do with it). Designers
and programmers of dashboards must first strive to generate good, reliable
information—and this can be very costly. Managers must strive to understand
what the indicators mean and how they evolve over time so they can learn what
action to take in response to variations of the indicators. Thus, the cost of
developing a dashboard only makes sense if the implementation of an indicator in
a dashboard increases, facilitates, accelerates, or makes more reliable, the delivery
and presentation of information to decision makers. This value-adding dimension
of a dashboard is the justification for developing it, such that it can become a solid
distribution medium for knowledge that can support decision making at the level
of the individual, the functional area, and the firm.
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Business intelligence (BI) is a data-driven DSS that combines data gathering, data storage,
and knowledge management with analysis to provide input to the decision process. The
term originated in 1989; prior to that many of its characteristics were part of executive
information systems. Business intelligence emphasizes analysis of large volumes of data
about the firm and its operations. It includes competitive intelligence (monitoring com-
petitors) as a subset.

In computer-based environments, business intelligence uses a large database, typically
stored in a data warchouse or data mart, as its source of information and as the basis for
sophisticated analysis. Analyses ranges from simple reporting to slice-and-dice, drill down,
answering ad hoc queries, real-time analysis, and forecasting. A large number of vendors
provide analysis tools. Perhaps the most useful of these is the dashboard.

Recent developments in BI include business performance measurement (BPM), business
activity monitoring (BAM), and the expansion of BI from being a staff tool to being used
by people throughout the organization (BI for the masses). In the long-term, BI techniques
and findings will be imbedded into business processes.

Keywords: Business intelligence; Data warehouses; Data mart; Analytics; BI software; Re-
cent BI developments; BI people issues; Bl improvements; Real-time BI; BAM; BAP;
Dashboards; BI cases

1 Introduction

This chapter examines business intelligence. Some argue that the combination of
business and intelligence is an oxymoron. In this chapter we explain why the term
is not an oxymoron and describe the state of the art.
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1.1 Definition

We define business intelligence (BI) as systems that combine:

e Data gathering
e Data storage
e Knowledge management

with analysis to evaluate complex corporate and competitive information for
presentation to planners and decision maker, with the objective of improving the
timeliness and the quality of the input to the decision process.

This definition looks much like the way decision support systems (DSSs) are
defined. Indeed, a good way to think of business intelligence systems is that they
are, in Dan Power’s framework (Power 2002), data-driven DSSs. That is, they
emphasize analysis of large volumes of structured (and to some extent semi-
structured) data.

Implicit to this definition is that business intelligence systems provide action-
able information and knowledge at the right time, in the right location, and in the
right form.

1.2 History

The term business intelligence was first used in 1989 by Howard Dressner, then
aresearch fellow at Gartner Group, as an umbrella term to describe concepts and
methods to improve business decision making by using fact-based support. The
term resonated with decision support professionals, with vendors, and with general
managers. It was widely adopted and replaced terms like executive information
systems. Nonetheless, it is an evolutionary term that can be expected to be re-
placed by other nomenclature as fashions change.

1.3 Business Intelligence and Competitive Intelligence

The term competitive intelligence (CI) refers to monitoring the competitive
environment. As defined by the Society for Competitive Intelligence, it is a sys-
tematic and ethical program for gathering, analyzing, and managing external
information. CI is a subset of BI and is discussed seperately in the next chapter.

1.4 What Is New?

Business intelligence is the result of a series of innovations over the years. Its
antecedents are the early decision support systems described, for example, in Alter
(1980), fourth-generation financial planning languages such as IFPS (Gray 1983),
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Figure 1. The components of business intelligence

executive information systems (Watson etal. 1992), the data warehouse (Inmon
1992), online analytical processing (OLAP, Codd 1993), and data mining (Fayyad
etal. 1996). Each iteration was more sophisticated than the one before it.

Today, software brings all of these components together in a single system
(Figure 1).

2 The Role of the Data Warehouse

Business intelligence relies on business data that can be analyzed for decision
making. As shown in Figure 2, data is usually made available in a data warehouse
for use in analysis. In this section, we describe the data warehousing environment.
The analysis environment is discussed in Section 4. Note that, although data from
any source can be used for BI, most firms use a data warehouse as the primary
source for business intelligence information. Wayne Eckerson (2003) of the Data
Warehousing Institute argues that the data warehouse is a data refinery. Just as an
oil refinery creates multiple products from raw material, the data warehouse
converts data into information. In terms of the conventional knowledge hierarchy,
the data warehouse converts data into information, which in turn is converted into
knowledge by analytic tools (Section 3). The knowledge is used in rules and
models for planning and eventually combined with experience to create action.
Wisdom comes from continual review, measurement, and further refinement.
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Figure 2. Relation between the data warechouse and the analytic environment

2.1 Origins of the Data Warehouse

The data warehouse is the result of two software solutions needing and finding
one another. Database firms developed data warehouses, which they saw as a new
market, and needed applications. DSS developers and vendors, who had con-
centrated on the model base and the interface (Sprague and Carlson 1982), needed

to deal with the ever-increasing databases required for their systems.

2.2 Definition of the Data Warehouse

A data warehouse is a large database. It is defined as a subject oriented, integrated,
time variant, non-volatile, collection of data in support of management decision
processes (Table 1).

Table 1. Characteristics of the data warehouse

Subject oriented

Data organized by how users refer to it

Integrated Inconsistencies and conflicting information are removed to create
a clean, single version of the truth
Nonvolatile Read only. Data do not change over time

Time series

Data include history as well as current status

Summarized

Pre-defined summaries used to aid analysis

Larger

Time series imply much more data is stored

Non-normalized

Data can be redundant

Metadata

Contains data about the data

Input

Comes from un-integrated operational legacy systems
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2.3 Data Marts

Data warehouses can be quite large. For large organizations, they can quickly
grow to many terabytes. Fortunately, not all the information in a data warehouse is
used for BI. To speed response, a small data warchouse, called a data mart, is
created for use by analysts. The data mart contains a subset of the data warehouse
that contains most of the information used routinely for business intelligence. If
information beyond what is stored in the BI data mart is needed, analysts can
query the firm’s data warehouse. For simplicity, in the rest of this chapter we use
the term data warehouse to refer to both the data warehouse and the data mart.

2.4 The Technical Team

The technical team, which consists of data specialists, spends 60—80% of its time
creating the single truth (that is, the single, coherent view of the business) needed
by analysts. It is a tough job because data is rarely clean, consistent, or easy to
integrate. The technical team needs to understand the data, the business, and the
needs of the analysts.

3 Analytics

As was shown in Figure 1, BI uses the data warehouse as the input to its analytic
environment. Being a data driven DSS, BI involves many of the analytic tech-
niques of DSSs, including statistics, data and text mining, forecasting, econo-
metrics, and optimization. Most of these techniques are discussed throughout this
handbook. In this section we first discuss the importance and role of analytics in
BI and then briefly describe five of the methods used for BI analytics: (1) reports,
(2) slice-and-dice and drill down, (3) ad hoc queries, (4) real-time analysis,
(5) forecasting and (6) scenarios. These methods of analysis, some quite simple,
are used in addition to the many techniques of statistics and operations research.

3.1 Role of Analytics

Firms gather business intelligence information to help increase the firm’s
competitiveness. But information by itself is not enough to fulfill this mission. The
information needs to be interpreted in terms of the strategic and tactical objectives
of the firm. As Davenport and Harris (2007), in their important book Competing
on Analytics: The New Science of Winning point out, the role of analytics is to
drive managerial decisions and actions. Analytics are the input to human and
automated decision making.
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The simpler forms of analytics (standard and ad hoc reports, query and drill
down, and alerts) answer questions such as: What happened? When and how
much? Where does the problem occur? What requires action? These questions
usually require answers at the operational level. The more complex forms
(statistical analysis, forecasting and extrapolation, predictive modeling, and opti-
mization) get at issues such as: Why is something happening? What if the trend
continues? What is going to happen?, What is the best we can do in anticipating
the future?

Analytic capability requires both people and organizational infrastructure.
Good information management, usually supported by a data warehouse, is funda-
mental. BI professionals, who are skilled, computer-savvy professionals with ad-
vanced degrees in such fields as operations research, statistics, logistics, and
marketing, work as staff people who create the models and methods that apply in
the firm and who run specific studies. As discussed in Sections 6.3 and 7.1, to be
effective, the ability to use analytic outputs should be widespread. Perhaps the
most important group of people and organizational issue is senior management
and its commitment to analytics (Davenport and Harris 2007), for without it,
nothing happens.

3.2 Reports

Routine reports, produced on a heartbeat schedule such as weekly or monthly, are
mostly created automatically by the data warchouse and distributed on a firm’s
intranet. Most users view automated reports statically as is. Analysts, however,
also create and examine reports filtered by criteria (e.g., type of business,
location, size of purchase), exception reports (e. g., high or low demand), requests
for specific information from managers who use BI output, and customized data
combinations (called cubes) for special projects. Eckerson (2003) estimates that
75% of users of historical data principally use routine reports that describe what
happened.

3.3 Slice-and-Dice and Drill Down

The next level of usage beyond reporting is for analysis: to find out why
something happened. Here spreadsheets, online analytic processing (OLAP,
discussed in detail in Chapter 13), planning, and forecasting (Section 3.6) are
involved. Much of this work involves slice-and-dice and drill down on reported
data. In slice-and-dice, analysts can view data from many perspectives. For
example, the revenue from, say, cereal, can be examined by brand, region, (e.g.,
New York, Washington, Sydney), time (last week versus this week), and combina-
tions of parameters.

Drill down is used both to deal with exceptions and to find the components of
a particular number or result. In drill down, the user navigates through the data to
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obtain more detail that helps explain why results are what they are. For example, if
cereal in aggregate is selling well in Washington, which brands are doing better
and which are doing poorly? It is also possible to drill up (e. g., consolidate data)
and drill across (examine data at the same level for other products, such as milk or
cookies).

As an example, consider a financial analyst who wants to determine the
monthly changes in the balance sheet to assess trends and directions of growth or
decline. The analyst also wants to determine the potential effects of changes (i.e.,
what-if) in the business environment (e. g., or in interest rate). Changes in pay-
ables (e. g., to whom and how much is owed) and receivables (including the length
of the receivable cycle) indicate the health of both individual units and the firm as
a whole. For the income statement, the analysis revolves around changes in the
origins of revenue and operating expenses. The objective is to know which parts
of the enterprise are producing financial resources and which are consuming them,
and the variances between actuals and budgets. If anomalies (better or worse than
expected values) occur, the analyst drills down to see which specific unit or
product is the source of the anomaly.

3.4 Ad Hoc Queries

The most sophisticated analysis of warehouse data is used for predicting what
will happen. Here techniques such as regression, optimization, data mining
(Chapter 27), and simulation are used. These future-oriented BI studies usually
result from ad hoc questions posed by users and analysts. The analyst uses a query
language, such as structured query language (SQL) or MySQL to ask for the
needed data from the data warehouse. In a typical situation, the analyst uses the
metadata about the variables in the data warehouse to obtain the data needed for
the study. The metadata shields the analyst from complexity in working with the
warchouse. Analysts are given tools so they can work with the data directly.
Prebuilt solutions are becoming available that address specific areas such as
procurement.

3.5 Real-Time Analytics

With the ever-faster pace of business, BI is moving to real-time analytics. Real
time does not necessarily mean zero latency; it does mean that data and analyses
must be completed and available in time so that decisions can make a difference.
As a result, a number of analysis aids are used, including dashboards to monitor
the current situation, alerts to assemble the team needed to respond, and decision
engines that give accurate answers quickly.

The Western Digital case, described in Section 5.3, is an example of real-time
analytics.
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3.6 Forecasting

Whereas real-time analysis is concerned with what is going on currently,
forecasting is analysis concerned principally with the future. The term predictive
analytics is widely used, but this term is often interpreted as forecasting based on
data mining. Although one technique is to apply mining to existing data, other
approaches can also be used.

Predictive analytics starts with what is in the data warehouse and applies
algorithms, ranging from univariate and multivariate statistics to neural networks,
decision trees, and optimization to the data. The results are used to identify
patterns and trends and to forecast the broad directions in which the future is likely
to move. As the art of forecasting improves, analytics are being applied to more
and more situations (e.g., product demand, probability of customer defection,
donations to a university). Accuracy of the forecasts depends on the complexity of
the situation. As the number of variables increases, the forecast accuracy
decreases. For example, the techniques are not yet good enough to forecast long-
term changes in either individual stocks or the market as a whole. However, the
techniques are sufficiently robust to be used by the Richmond, VA police to
deploy task forces to counter specific crimes.

Although predictive analytics still requires intense use of analysts, it is likely to
be imbedded in software in future years (Section 8).

3.7 Scenarios

Even though analysis techniques present large amounts of information and
knowledge about a business, they are rarely in a form that the results can be
communicated easily to managers. A standard BI technique to overcome the
analysis communication gap is to use multiple scenarios to illustrate alternative
outcomes (Ringland 2006). Scenarios are defined in the dictionary as an outline or
a synopsis. In BI they are used as a way of telling alternative stories to decision
makers because stories are usually much easier to comprehend than columns of
figures or graphs.

In business, a scenario is a description of trends and events that describe
a situation that might evolve. Scenarios include issues to be resolved, time
relations, interactions, and logical consequences. A scenario is not a prediction of
what will occur. Rather, it is based on detailed analysis. A scenario must satisfy
three criteria:

e Possible: it could happen and does not violate a physical law such as
traveling backward in time.

e Plausible: the listener must agree that the event could happen. For ex-
ample, isolating all computers in a firm from the Internet is not plausible.
Isolating computers from the Internet for privacy is usually not plausible.

e Internally consistent: for example, you cannot say at one point that the
trend is up and at another that it is down.
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3.7.1  Scenario Space

Multiple scenarios are used to bracket alternative futures. Typically you pick one
or more values of specific parameters. For example, high growth or low growth of
gross national product (GNP) and high growth or low growth of population would
define four cases. The parameters population growth and GNP growth define
a scenario space. If we add medium GNP and population growth, the cases
increase to nine. In Table 2, five of the nine combinations are selected.

Table 2. Example scenario space

Population growth
GNP growth High Medium Low
High X X
Medium X
Low X X

x = scenario selected for analysis

Since the number of cases grow combinatorially, it is necessary to select a subset
of the options available. In Table 2, nine scenarios could be created in the scenario
space. The x’s indicate that only five scenarios were selected for analysis.

3.7.2 Development Process

The steps in developing and using scenarios for analysis are:

Select the parameters of interest in the scenario space

Create socioeconomic possibilities

Determine the system values associated with each scenario
Develop the scenarios

Analyze the results and develop policies to cope with the outcome

3.7.3 Communicating the Scenarios

Once the scenarios are completed, they need to be communicated to decision
makers. As indicated, scenarios, being stories, are invariably easier to communicate
than reams of graphs and statistics. However, two limitations must be considered.

First, managers often confuse a scenario and an outcome. Scenarios are
possibilities, not forecasts. It is often difficult for decision makers to recognize
that the analysis is bounding the future, not specifying it. Second, by using
a scenario space, all elements in a specific scenario follow the same theme. Yet,
for example, even though GNP is growing as a whole, some parts of the economy
will be better off and some worse. As a result the scenarios can be simplifications
of future situations. Nonetheless, scenarios are a powerful communication tool
that frames the discussions about the firm’s future actions.
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4 Software Implementations

Despite ongoing consolidation in the BI software market, a large number of
companies offer services. These companies fall into two categories: specialized
software companies that focus on BI (such as Business Objects, Cognos, Hyperion
Solutions, Information Builders, and MicroStrategy) and more broadly based
firms (such as Microsoft, Oracle, SAP, and SAS Institute). Most provide complete
enterprise BI suites and BI platforms. In selecting BI software, its compatibility
with the firm’s data warehouse and other portions of the infrastructure needs to be
considered.

The 2006 size of the worldwide BI market was estimated by Gartner to be $2.5
billion (Information Week 2006). The traditional custom design, build, and
integrate model for BI systems is lengthy (at least six months) and costly ($2-3
million) and that does not account for ongoing licensing, personnel, space and
maintenance costs. To reduce costs and to speed startup time, some firms are
moving to web services where the software is located at a provider and
calculations are performed on demand.

4.1 Dashboards

Like dashboards on an automobile or an airplane, digital dashboards provide

information on the current and past status of a firm’s key performance indicators

(KPI). A typical dashboard uses simple visuals (gauges, charts, and tables)

through a web browser interface to speed communication of BI results.
Dashboards are appealing because they:

e Present many different metrics in a single consolidated view on-screen

e Roll up details into high-level summaries

e Present intuitive indicators that are quickly understandable. For example,
red indicates problem, yellow potential difficulty, and green everything
is according to plan.

They tell the user what is going on but not why. However, dashboards can provide
drill-down capabilities to put current data into historic context.
Because user’s needs differ, dashboards can be customized to individual needs.

5 Case examples

This section presents four BI case examples. They range from a parking garage
chain, to an airline, to a disk manufacturer, to a software house.
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5.1 Parkway

Parkway Corporation runs 30,000 parking spots in 100 garages and parking lots in
Philadelphia and along the East Coast of the US (Lindorff 2003). Basically
a family owned real-estate development company with little technical skill, they
faced new threats including a recession, consolidation in the industry, managing
growth, price wars, soaring liability insurance, and a need to cut costs. Their
clients were not only the drivers who park but also the owners of the garages
whose lots they manage. They did not know which lots worked best, which garage
designs or which type of customers were most profitable, which employees
created damage claims, the sources of their overtime costs, the magnitude and
location of employee theft, and even simple things like different names for the
same lot by a garage owner and by Parkway.

With a new manager, they installed a data warehouse and a large BI software
package. They obtained improvements in each of their problem areas. For
example, the data on damage claims by location, employee, and garage design, led
them to change signs in the garage and the mix of employees on duty. Revenue
was increased 35% as they changed the mixes of pricing (short-term, long-term,
monthly, and valet parking) and garage spacing. To reduce rampant theft, they
automated systems, introduced digital payment systems (credit cards and smart
cards), and wound up, as a side benefit, needing fewer people and reducing
compensation claims. They eliminated spikes in overtime that resulted from bad
managers at a garage and from new business openings generating demand. They
gained a better basis for acquiring and disposing of specific lots. They found their
most profitable customers. However, they still had to cope with cultural resistance
to change and some garage owners who could not deal with the Web.

5.2 Continental Airlines

Continental Airlines, the seventh largest airline in the world, is a business that
requires real-time, online BI to function (Anderson-Lehman etal. 2003). With
2300 daily flights to over 200 destinations, decisions must be made about each
take-off and landing, each passenger’s fare, ground operations, detecting fraud,
security, and customer relations. The airline was long rated at the bottom of major
US airlines by almost all measures. In 1998 they implemented a real-time data
warehouse and began their climb to being a top airline. For example, they
integrated customer information, finance, flight information, seat inventory, and
security to improve revenue. The warehouse data also allowed them to spot travel
agent fraud.

They moved forward from there to real-time applications. For example, they
began using optimization techniques to design fares based on current demand;
they gave their gate agents and flight attendants details on customer experiences
on previous flight segments and flights; if a connecting flight was late, they used
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dashboard displays so their high-value customers would be helped in making
connections for themselves and for their baggage.

To make all this work, Continental built an 8 terabyte real-time data warehouse
(called an operational data store or ODS) that coordinated 25 internal and two
external operational systems. These systems include both Web and desktop BI.

The Continental Airlines case is discussed in detail in Chapter 57.

5.3 Western Digital

Western Digital manufactures over 100,000 digital personal computer (PC)
memory drives per day in factories in Malaysia and Thailand. If the production
goes down, huge losses can result. Their challenges included changing customer
requirements, competitive price pressures, short product cycles, rapid obso-
lescence, and maintaining high product quality and reliability. In addition, they
need to avoid business disruption when a factory production line goes down or
a large amount of rework is required. Western Digital used both conventional and
real-time BI to cope with these problems (Houghton etal. 2004).

At headquarters in California, they operated a large-scale BI system to create
a series of dashboards that assisted in demand planning, distribution, and sales
information. They also looked at billings, sell-through, weeks of inventory, and
more.

For their overseas operations their dashboards monitored such quantities as
yields, quality, and production output. The data had to be in real time because it
warned them of impending production line failures. They showed key per-
formance indicators (KPI), displayed quality metrics, allowed drill down to find
sources of a problem, and issued alerts automatically so a team would be formed
to deal with a problem. The real-time dashboards served as the nerve center for
managing the firm’s operations.

5.4 Comshare

Comshare (since bought by Exensity) of Ann Arbor, Michigan competed in the
fourth-generation computer language market. Its chief executive, Richard
Crandall, used a service that monitored all newspaper references to its com-
petitors. One day in 1991, the service sent him a story from the Austin-American
Statesman, the daily newspaper in Austin Texas, reporting an interview with
Anderson, the CEO of Execucom, one of Comshare’s major competitors. In the
interview, Anderson complained bitterly about MPSI Systems, a Tulsa firm in the
oil and mineral exploration services business, that had bought Execucom a few
years earlier. Anderson felt that MPSI did not understand what they had in
Execucom and vice versa. Crandall understood that, given the situation,
Execucom could be bought at a reasonable price and did so.
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6 Recent Developments

Business performance measurement (BPM) and its subset, business activity
monitoring (BAM) came to the forefront in the 2000s. The basic idea is to find out
how well (or poorly) a business is doing by using a combination of software,
business processes, and measures of business success. BPM (Section 6.1) takes the
long view whereas BAM (section 6.2) looks at the real-time component of
business processes. Another important development is the expansion in who gains
access to business intelligence outputs. This development (Section 6.3) is called
BI for the masses.

6.1 Business Performance Measurement

In BPM, the firm is trying to understand its business performance, act on what it
finds out, and influence change so it performs better. BPM was driven by the
Sarbanes-Oxley Act passed by the US Congress in 2002 as a result of the Enron
scandal (McLean and FElkind 2003) and by new measures of corporate per-
formance that look beyond the conventional accounting ratios.

Sarbanes-Oxley put pressure on companies not only to improve the quality of
the data they report but also made them report the data more quickly. The act
requires the chief executive officer (CEO) personally to certify, at the end of each
quarter, that the firm’s published financial statements are correct. There is no
waiting.

In addition, more firms were accepting and institutionalizing measures included
in the balanced scorecard (which was linked to the firm’s strategy) (Kaplan and
Norton 1996) and key performance indicators (Eckerson 2006) as a way of
determining how well they were doing. They were accumulating vast amounts of
data from enterprise resource planning (ERP), customer relationship management
(CRM), and supply chain management (SCM), and were tying these disparate data
sources together. As a result, it was possible to build BPM on existing tech-
nologies (Table 3) and store them in a data mart. Note that only a few of the
measures in BPM are real time.

In looking at BPM, recognize that it is the outcome of combining a series of
developments over time. It started off with conventional business intelligence and
its use of OLAP and other analysis techniques. It used collaborative software such
as portals to help people communicate and to gain access to the data. It added
metrics to put the numbers in context that led to action where and when needed.

Table 3. BPM data sources

Key performance indicators Scorecards Dashboards

Online analytic processing Planning Consolidation

Extract, transfer and load (ETL) Report and query tools
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BPM vendors typically sell suites of software, although some companies start with
one application and then grow to a full-fledged suite. For example, Winn-Dixie
stores started with budgeting because contributors did not know what happened to
their input in the final budget. Lockheed Martin started in finance to reduce costs,
adopted a single accounting system, and used BPM for continual benchmarking
against its competitors. It also developed new capital metrics around its assets,
liabilities, and operations.

The bottom line comes from being performance oriented rather than process
oriented and from greater awareness of the marketplace consequences of actions.

6.2 Business Activity Monitoring (BAM)

BAM is particularly useful to firms involved in high-volume production. It is
oriented to determining business activity outputs and key performance indicators
in close to real time so that corrective action can be taken when needed (see the
Western Digital example, Section 5.3). As such it serves as a form of process
control. For example, BAM is used to:

e Alert managers when performance is moving outside allowed quality
bounds.

e  Warn banks about money laundering.

e  Warn hospitals when emergency room cases exceed preset levels.

e Compare available inventory and shipping time for available orders and
uses operations research rules to reorder items when they go below
preset levels.

To make BAM work, a typical firm will revise its business processes, use
observation—orientation—decision—action (OODA) loops (see Figure 3) to sense
and respond, create dashboards, and alert people that there is a problem.

The concept of observation—orientation—decision—action (OODA) loops was
originated by US Air Force Colonel John Boyd (Boyd, 1986 quoted in Curtis
& Campbell, 2001) who wanted to understand how fighter pilots won air
combat engagements (dog fights) against other pilots despite aircraft with
inferior maneuverability. Boyd found that winning pilots were able to
compress the whole cycle of activities that happens in a dog fight and
complete them quicker than their adversaries. Boyd’s OODA loop of activities
included:

Observation (seeing situation and adversary)
Orientation (sizing up vulnerabilities and opportunities)
Decision (deciding which combat maneuver to take)
Action (executing the maneuver)
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Act Orient

Decide /

Until recently, business intelligence tools and outputs were made available only to
BI specialists and BI outputs to senior managers and planners. That is changing.
BI tools are moving to the mass of knowledge workers, not just the specialists.
The gap between analysis and operations is being closed as BI moves to multiple
levels in the organization. Where previously, typical use was for one-off analyst
studies responding to specific queries, BI is seeing vast deployments such as
access for 70,000 people at French Telecom and 50,000 at US military health
systems. Systems with over 20,000 users are becoming more common.

Figure 3. OODA loop

6.3 Bl for the Masses

7 People

Business intelligence is centralized in some firms and decentralized (e.g., in
strategic business units) in others. Irrespective of which of these organizational
forms is used, four types of skills are needed (Humphrey 2003): user, business
systems analyst, data administrator, and developer.

7.1 Types of Personnel

The users are the people in the business who work with the BI outputs, do the
analyses, sometimes validate the data, and generate new requirements. Their level
of involvement can vary from occasional user to power user. The business systems
analyst, usually a member of the information technology staff, manages the
interface between the users and the data warechouse. The analyst needs to
understand what data is available, the metadata, the predefined reports, and the
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analysis techniques being applied. The administrator manages the day-to-day
operations of the data mart or data warehouse used for BI, making sure that the
appropriate data is current and available. The developer creates or obtains new
software as requirements change.

7.2 User Characteristics

Although power users want feature-packed BI tools beyond slice-and-dice and
will learn complex interactions with the warehouse, ordinary (BI for the masses)
users want simple interactions and are not interested in manipulating additional
features (Sherman 2003a).

Users are familiar with spreadsheets, rely on them, and like them, although
spreadsheets are inherently error prone (Panko 2006). Thus, by working with
clean data from the data warehouse and paying careful attention to avoiding
errors, spreadsheets become a useful tool for communicating BI results (Sherman
2003b).

Dashboards (Section 4.1), like spreadsheets, improve communication of BI
results. Some dashboards provide real-time information but others do not. Except
for users involved in real-time operations (e. g., Section 6.2 on BAM), dashboard
users need only periodic snapshots. BI designs should be adaptable to both types
of user needs.

8 What Still Needs to Be Done

Like all technologies, business intelligence is a work in progress. Much still
remains to be done: improvement of current systems (Section 8.1) as well as long-
term developments in the field (Section 8.2).

8.1 Improving Current Systems

With the fusion of better analysis with the data warehouse, business intelligence
can do much more than in the past. Real-time business intelligence is now routine
for many firms. Nonetheless, research and development are still needed in several
directions, including:

e Managing semistructured and unstructured data. While databases are
quiet good for dealing with structured, numerical data, they are less able
to handle semistructured and unstructured data. Yet, in decision making,
it is often the semistructured and unstructured data — the pieces of
information that lead to knowledge — that are the key elements of major
decisions.
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e Bringing documents into business intelligence. In many parts of an
organization, such as research and development, legal, consulting,
government relations and more, much of the available information is in
documents. Documents, of course, contain semistructured and unstruc-
tured data and are rarely in the same databases as structured data.

e Training knowledge workers to use BI. As business intelligence moves
to being BI for the masses, knowledge workers need to be trained to
retrieve and apply BI as part of the routine of their work.

Other areas include scalability as the volume of BI outputs increase, maintaining
security as ever more people become involved, and advancing the state of the art
of BPM and BAM.

8.2 Long-Term Improvements

In the long term, BI needs to bring its many analytic and operational applications
together (Eckerson 2006). Composite applications would bring together process-
driven BI, business activity and business process monitoring, operational dash-
boards, open source BI, and more. New development techniques would embed
analytics into business processes and would make BI applications as simple as
drag-and-drop. By embedding analytics, users would no longer be conscious of
which BI tools they use.

Embedding not only would bring BI closer to operations and the processes that
drive the ongoing business, but would also make BI easier to use and pervasive.
The long-term goals of BI are ease of use and pervasiveness.

9 Conclusions

Business intelligence grew from being primarily a static, highly graphical pre-
sentation of simple aggregations and analyses of existing data to being a fully
fledged analytic tool to support decisions about the future. It is the embodiment of
the data-driven DSS.

The transformation is the result of advances in both the model base and the
database components of DSSs (Sprague and Carlson 1982). In particular, the
database component of DSSs, which had long been neglected in favor of the
model base, was revived by the creation and use of data warehouses and data
marts with their single view of the truth. In terms of analysis, the ongoing growth
and adoption of methods for dealing with data, such as data mining, improved the
model base component. Business intelligence also made use of the advances in
human-computer interaction that improved the interface, although those im-
provements were mostly at the margin.

Business intelligence moved to real-time analysis, including the use of dash-
boards, while also expanding the time horizon through predictive analytics. New
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directions for support came with the introduction of business performance
measurement (BPM) and business analysis monitoring (BAM). The technology is
now available on the desktop, and companies are providing business intelligence
to ever increasing numbers of their employees.

Some problems still need to be resolved. Systems need improvement in dealing
with semi-structured and unstructured data. Documents contain large amounts of
information that is not now incorporated into business intelligence. Improved
training is required as more and more people become involved. These are short to
medium-term problems. In the long term, business intelligence clearly promises to
become imbedded in business processes so that knowledge workers will not even
be aware that they are using it.

In summary, business intelligence is an important approach to decision support.
It is not an oxymoron.
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CHAPTER 46
Competitive Intelligence Systems
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Competitive intelligence systems help decision makers identify opportunities to improve
the company or organization’s strategic position among competitors, customers, and sup-
pliers. Such systems rely upon heavily qualitative information and the intuition of decision
makers. This chapter discusses some strategies for adapting conventional DSS technology
and web technologies to provide that support. A specific example developed for a tertiary
hospital is used to illustrate the process.

Keywords: Strategic decision making; Business intelligence; Environmental scanning;
Qualitative analyses

1 Introduction

Competitive intelligence (CI) produces knowledge about the external environment
in which a firm works. It is a subset of business intelligence, discussed in the pre-
vious chapter, that is concerned with external pressures and influences. Thus CI is
the process of monitoring the environment to help decision makers identify either
problems to address or opportunities to exploit to improve their position. Specifi-
cally, it includes:

e the process of monitoring the competition and other environmental fac-
tors

e capturing essential measures of activity

e organizing the measures

e presenting that information to help decision makers detect and respond
to changes in the environment quickly

Today’s environment has a rapidly changing landscape where new competitors,
suppliers, or customers are entering the marketplace, and where current competi-
tors are offering new products. The need to be proactive is vital, and that requires
monitoring of changes both within and outside the firm. Such monitoring can
provide answers to questions such as: Which companies are going out of business?
Which new products or services are being introduced? What products or ser-
vices might be substitutes? What are customers or suppliers doing? The focus of
ClI is to obtain this kind of information so that decision makers can examine how



196 Vicki L. Sauter

the organization can exploit shifts in the environment to improve its own position
(Fuld 2006, Imhoff 2003, Nordstrom and Pinkerton 1999).

2 The Cl Industry

The CI industry is growing rapidly, now representing trillions of dollars world wide
(Carr etal. 2003). Strategic planners, such as Porter (1998, 2002), say that good CI
is more important now than ever. This growth is due, to some extent, to the in-
creased size, complexity, and multinational operations of most firms. Said differ-
ently, increasingly large amounts of information need to be processed today than in
the past. Also, with the use of electronic sources on the Internet, data is spreading
quickly and managers must act on information more quickly than in the past.

The increased need for CI is also being fueled by the increasing mobility of the
workforce. In the past, when managers began work as apprentices, and worked in
the same (or similar) organizations with the same (or similar) products for their
entire lifetimes, they gained experience, developed sources of information, and
learned how to evaluate information. They developed ways of acquiring, evaluat-
ing, and processing information about their environment efficiently for their situa-
tion. Their decision making, based on a much greater historical perspective, gen-
erally was more open-ended, involving more speculation about unstated
possibilities. In other words, they became more intuitive in their approach to un-
derstanding their environment, and thus less in need of CI support. Clearly in
today’s mobile workplace, the competitive intelligence system (CIS) needs not
only to provide the data, but also the perspective on how to use this information
effectively (Sauter 1999).

3 Collecting Cl Input and the CIS

At the most basic level, collecting competitive intelligence data includes reading
trade journals and newspapers, viewing advertising (including job advertising),
and generally tracking other organizations’ actions. It also includes monitoring
web pages, blogs, news feeds, web listings, speech transcripts, government docu-
ments, news services, professional meetings, webcasts, and the like. Not only are
the raw data about competitors, suppliers, customers and others from these sources
important, but so is the processed information from these sources about what the
raw indicators may mean. For example, Fuld (2006) notes that sometimes the
information that is not presented tells decision makers the most about other or-
ganizations. The absence of information about a particular product might tell deci-
sion makers that competitors are developing plans for it; the appropriate response
might be to take pre-emptive action (Salmela etal. 2000, Samamurthy etal. 1994,
Sheng etal. 2005).
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The goal of the CIS is to provide a balanced picture of the environment to the
decision makers. The CIS supports strategic decision making, and that requires
a reasonable assessment of the direction of the future and guidance from that as-
sessment to outperform competitors. Such a reasonable assessment can only be
obtained when the CIS casts a wide net for information. Limiting the set of
sources, the time period, or the people involved is likely to skew the data available
and thus the interpretation of likely events and conditions in the environment.
Needless to say, this is undesirable. Fuld (2006) reminds us that it is the job of al/
employees to gather information for the CIS. Their wide range of sources and
perspectives helps minimize bias in the estimation of the environment. In addition,
as we will discuss later, constant electronic scanning of Internet sources also helps
to provide the necessary perspective. In complex and dynamic markets, decision
makers also need quick access to insights obtained from the data. (Nguyen etal.
2005). The information must be organized and digested systematically to deter-
mine not only what trends are present, but what responsive actions are suggested
by those trends.

Many studies report the importance of CI in the organization (Fehringer etal.
2006, Holsapple and Jones 2004, Trim 2004), especially, as noted by Vedder etal.
(1999) and Fuld (2006), to the chief executive officers (CEOs). CI without an
accompanying support system runs the risk of providing information that is bi-
ased, incomplete, or poorly constructed. Even when the information may be pre-
sented to suggest actions, it often is not conducive to stimulating creative re-
sponses. Montgomery etal. (2005) and earlier studies (e. g., Reibstein and Chussil
1997, Urbany and Montgomery 1998) note that decision makers, when relying on
their own informal processes and intuition, do not evaluate the impact of environ-
mental factors well. Instead, management needs systematic support regarding
information external to the organization as the basis for decision making, even
when such data are qualitative in nature.

The number of factors that need scanning should not be limited by the industry,
market, or organization’s strategic plan. Although in the past it was not necessary
to scan corporations that were not competitors, today’s marketplace, with mergers
and changing abilities, requires broader scanning. A company irrelevant today
may, in fact, be tomorrow’s supplier of raw or semi-processed materials and/or
customers. The problem is complicated further by the kind of information needed
to support such competitive decisions. Consider the nature of the information on
which these decision makers need to act. Environmental information, by its nature,
is information from outside the organization, and so may be difficult to accumu-
late. Clearly, some of the information is in the form of earnings, costs, market
share and other facts that are easily processed for decision makers. However, other
information is difficult to measure and represent. One category might be called
rumors. Rumors include data about such factors as new products, mergers, prob-
lems, and expansion. While the rumors can, especially when they are from multi-
ple sources, provide the first indicators of changes in the environment, they are not
generally collected and processed in any systematic way. Another category might
be called speculation. Speculation is a step removed from rumors in that it is based
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on someone having digested trends and information available to determine the
patterns that exist in the environment.

Rumors and speculation only become useful in supporting decisions when they
are broadly representative of the environment. So, the CIS must be developed to
maximize the number of useful information channels. The more diverse the chan-
nels of information considered, the better the competitive intelligence that is de-
rived (Chiasson and Loyato 2001, Fuld 2006, Fehringer 2006, Dean and Sharfman
1996). A good CIS will weave together information from diverse sources to help
decision makers recognize the importance of the information to the decision and to
the organization’s goals (Nutt 1998, Trim 2004).

4 The Role of Competitive Intelligence Systems

Competitive intelligence systems, then, focus on the environment. By their nature,
they provide information about entities other than the organization to provide
support for decisions that have strategic implications. They should include the
following:

e A mechanism to provide an early warning of threats and opportunities:
what are competitors, customers, and suppliers doing? How will it help
or hurt business?

e Support for the strategy development process: what are the current
trends in the marketplace? What strategies will help the decision makers
to capitalize on those trends?

e Assistance with instilling a sense of urgency and motivation toward ac-
tion: What does the sales force know that the headquarter’s decision
makers do not know? How would this exchange of pertinent information
affect business decision making?

e Support for strategic and operational decision making: What should the
company do to compete effectively during the next five years? What
changes would help us run the business better today?

Since the development of systems to handle well-structured factual information in
decision support systems is well documented in this book, the remainder of this
chapter focuses on other aspects of CIS support. In particular, this chapter focuses
on how to collect and process both human sources and electronic sources of quali-
tative information to support strategic decisions.

5 AQualitative Data and CISs

Qualitative-based analyses to support decision making are more complicated be-
cause they do not fit in the black box associated with conventional models. In
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particular, qualitative-based analyses are characterized by the feature that relevant
criteria cannot be quantified in a common measure. The evaluation of each piece
of information for relevance and insight is unique. Further, since the process of
evaluating the information lacks common units of consideration, inter-comparison
of the meaningfulness of information often cannot be completed in a lexicographic
manner, as is done with conventional decision support tools (Brugha 1998a,
Brugha 2005). As such, it is impossible to provide even ordinal ranking of the
relative importance of the information without subjecting it to the particular in-
formation processing routines of decision makers (often described as judgment,
Brugha 2000). Said differently, qualitative decisions rely upon the wisdom, ex-
perience, and information-processing capabilities of the decision maker. Any
analysis of the data outside of that processing system is not meaningful.

5.1 Collecting Data

That these distinctions cannot be made quantitatively, however, should not mean
that decision makers should be left with nothing but fuzzy impressions. Brugha
(1998a, 1998b) and Brugha and Bowen (2005) challenge us to incorporate a scien-
tific approach to using and evaluating these qualitative data. Brugha’s general
approach is based on the philosophical premises of Hegel and what he calls deci-
sion research. In particular, he describes a need for labeling phenomena in terms
of individual-oriented issues, context-oriented issues, and situation-oriented is-
sues, to discover patterns and create directions for activity.

What the foregoing means is that CIS designers must think creatively about
how to collect and share useful information with decision makers as well as shield
them from the noise. To achieve this goal, let us think back to how the information
itself might impact a decision maker. Sometimes decision makers are greatly in-
fluenced by information because of the source of the information (Sauter 1997).
To paraphrase the old commercial, if a particular economic analyst speaks, the
CEO listens. Hence, when that particular economic analyst makes a statement or
prediction of relevance to the organization and/or its market, then the CIS should
make that information available immediately. Some upper-level managers want to
know when information comes in about a particular topic because they are already
considering some action to respond to it. Other managers may want to know when
lots of information on a topic or competitor (or customer or supplier) becomes
available. Therefore, the output of a CIS should be customized to the decision
maker and his/her specific needs.

5.2 Early Warning Signals

The system can also be used to generate early warning signals of a problem or
opportunity. In particular, the system can generate regular reports summarizing
entries made in the system during the previous week, month, six-month period, or
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July 1: Physician Report

Dr. Schremp
PRIVATE RELATED
DATE DISCOVERER SouRCE PUBLIC COMMENT RECORD STATUS  RECORD RECORD
AVAILABLE
1-May Mathilda Moser Medical Records Doctor Schremp referred 5% of the no Verified 987
patients in this specialty during the last
fiscal year.
15-May Representative Schmidt Nurse Saluda Doctor is nervous about recent mergers yes Noted 1002
and affiliations and what they will mean
to his practice.
30-May Representative Schmidt Doctor Schremp Doctor noted in conversation that he is no Verified 1010 1002
attempting to sell and/or affiliate practice.
10-Jun Representative Schmidt Doctor Schremp Doctor is negotiating with Quick Care no Noted 1020 1002
Managed Care
30-Jun Representative Schmidt Good Health Doctor has just begun talking with Good yes Disproved 1028 1020
I, Health Managed Care, and has noted
interest.
Hospital-Linked Records
Nelson’s Hospital is in negotiations to
Vice President sell to Quick Care Managed Care.
-Jul Gowdy Doctor Armenta Note: Dr. Schremp sends many of his yes Noted 1057
less dramatic cases to Nelson's Hospital.
Region-Linked Records
Department Quick Care Managed Care (QCMC) is
1-Jul manager increasing its presence in the region. This no Verified 1072
Hearris hospital does not have a contract with
Qcmc.

Figure 1. Sample report for a CIS’

year. Of course, a decision maker does not want to view all entries during any of
those intervals, only those that suggest action and relate to their (or the organiza-
tion’s) goals. The system should be set up to generate reports about those custom-
ers, competitors, suppliers, or others in the environment for which there are sev-
eral entries in a given time interval. A default for the number of entries necessary
to generate such reports should be set, but decision makers must be given the
ability to override that limit if he or she finds a need for detailed information, or
information over shorter or longer periods.

For example, the report shown in Figure 1 illustrates a CIS designed to help
a hospital manage its operations in light of changing medical plans, affiliations,
and regulations which, in turn, impacted the profitability of the hospital (Sauter
and Free 2005). In this context, the hospital is concerned about affiliations of
physicians with the hospital (since they feed the pipeline of the hospital) and the
insurance plans with which those physicians are affiliated (since insurance also
affects the profitability of the hospital). When physicians decide to share services,
drop insurance plans, or move offices, the hospital (and its profitability) is im-
pacted. Hence, hospital administrators need to track such changes and, where
appropriate, respond by providing additional services, changing medical plan
affiliations, or offering incentives to physicians to keep them supporting the hos-
pital. In light of that interest, the hospital views physician behavior as important,
and hence decision makers track that information for strategic changes. Figure 1

adapted from Sauter, V.L. and D. L. Free, “Competitive Intelligence Systems: Qualita-
tive DSS for Strategic Decision Making,” The Database for Advances in Information
Systems, 36(2), 2005, 43-57.
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shows a typical regular report that is sorted by physician, and shows all entries
regarding a particular physician that have been entered during the previous
month.

The five entries relating to Dr. Schremp in the database over a six-week period
are not the only information relevant in the system. Note there are two additional
entries printed in this report, one for the hospital with which Dr. Schremp has his
primary affiliation, and one for the region in which Dr. Schremp operates. These
entries about Dr. Schremp are linked automatically not only to this report, but also
to all physician reports for which the affiliation is the Nelson Hospital and that fall
in the particular region. Similarly, if Dr. Schremp were affiliated with a managed
care plan, or located in a state for which an entry was relevant, information about
the managed care plan would also be printed on Dr. Schremp’s report. In this way,
the decision maker receives the benefit of the broader information source without
needing to remember to check other reports.

Individually, none of the statements in Figure 1 provide any reason for action.
However, when viewed as a group, they clearly note a need for action since they
suggest that the hospital is in jeopardy of losing a certain percentage of its refer-
rals in that particular specialty within a short time. It does not present the complete
picture, because the summary only provides information for one doctor. The deci-
sion maker could run reports for the Nelson Hospital, and could link to affiliated
physicians and print records for which there is an entry during the relevant period,
or the decision maker could run reports for all physicians in a particular specialty
to gain insight into what the impact might be.

The CIS does not provide a solution, but allows the decision maker to view all
of the facts in toto, and from different perspectives, to come to his or her own
conclusion. Without the system, however, the hospital administrator would likely
not have access to all of this information simultaneously. Even if the information
were available as rumors, the hospital administrator would need to accumulate
them, link them together, and verify them. Considering the large number of physi-
cians involved in the hospital, the odds are against the administrator knowing
about, much less linking together, the relevant information about any particular
physician in a timely fashion. In addition, deriving patterns from an internal sys-
tem at the hospital provides decision makers with what has been referred to in the
literature as the social desirability of appearing proactive, and not simply being
reactive to external events.

In the hospital application, the summarization of data from many sources
helped to legitimize the qualitative data in the decision makers’ views. Many deci-
sion makers viewed the original anecdotal data as no more than rumors, and there-
fore not worthy of their attention, and not legitimate decision support. They had
a different view of the system-generated report, and summary statistics associated
with the report, which were viewed as useful. Once the data were entered into the
system, and provided from the computer, it metamorphosed rumors into qualita-
tive data, which were considered legitimate support for decision making (Sauter
and Free 2005).



202 Vicki L. Sauter

5.3 The Database and Data Entry Options

In order to achieve the advantages of CI, the system must:

e transform the qualitative information into an intelligence report, and
e provide some data summary that will help the decision maker know how
to use the information.

Further, the CIS must:

e make the process easy

e get information to the people who can use it at the time of the earliest
warning signals

e do it as cost effectively as possible.

To provide the necessary summary and analysis options, the CIS should be de-
signed to store and transform the individual scraps of information, which we call
anecdotes, into a pattern of information that identifies possible problems or oppor-
tunities on which a decision maker should act. To achieve that transformation, the
CIS should categorize information to allow for effective search and summary
later.

Categorizing requires that each entry be coded with the date and the source.
Source information allows for later follow-up, as well as for auditing of the entries
to determine the overall credibility of the source. In addition to the person entering
the data, the entry needs to be coded for where the information originated. The
source might, for example, be a newspaper, stock report, another client, or an
employee of a client or supplier. It is critical that the categorization be customized
to the organization and its view of the environment. For example, a hospital might
have categories such as the person about whom the report is filed, another health
care professional, a non-health-care professional, media, and other sources. On the
other hand, an international manufacturing organization may need finer categories
that include the country of origin of the source, as well as a variety of electronic
sources, such as web pages, web summaries, blogs or newsgroups. In data entry
terms, some form of closed-response, such as a drop-down box or radio buttons, is
necessary to ensure uniformity of the responses to facilitate later analyses.

The anecdotes should also be coded for the topic for easy summarization. These
topics should be customized for the industry or corporation being served. The
topics might be as simple as customer, potential customer, competitor, potential
competitor, supplier, potential supplier, and regulations. They might also include
sub-topics such as location, mergers and acquisitions, spinoff plans, and executive
changes. When developing such a system at a national level for security purposes,
for example, categories would include economic, developmental, political, mili-
tary, and aid. Here too, the subject of the anecdote should be close-ended and
meaningful to decision makers to allow easy analysis.

Another important functionality is to code the anecdote by its status. For ex-
ample, anecdotes might be coded as noted, verified, or disproved. As information
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is entered for the first time, the user can mark it as noted to show that the infor-
mation was obtained, but that he or she has no knowledge of its accuracy. Later if
evidence is provided by this source or another individual, the statement can be
noted as verified to increase its credibility among decision makers. Such labeling
also allows the decision makers to track the period of the evolution of the infor-
mation from just rumors to facts. Finally, if the statement is shown to be false, it
can be noted as disproved, again allowing users to understand the credibility level
and track the time horizon during which it was thought to be true. While there
may be reasons to drop the anecdote from the database once the information is
identified as false, more often keeping the information in the system is appropri-
ate; even disproved information may suggest a phenomenon that needs attention
by decision makers. Further, it allows decision makers to evaluate the historical
reliability of sources to help determine how much influence the source should
have in the future.

Although the categorization of the anecdote is structured, the CIS must allow
free-form entry of the anecdote itself. Fields in this section are free-form memo
fields, encouraging the user to write about the information in any convenient man-
ner, and with as much detail as the user feels is necessary.

5.4 Automatic Scanning and Populating the Database

In the past, the bulk of the population of the database behind a CIS would be
entered by hand. As employees learned of something new, they would need to
invoke the system and add the anecdote. This approach requires all the employees
to be connected, and all the users to be trained. More importantly, since most of
the users would not have a reason to care about such data, management would
need to provide incentives to encourage employees to participate (e. g., Sauter and
Free 2005).

An enormous amount of information is now available on the web. Most news-
papers and magazines have at least some component that is available online. Web-
sites, blogs, and newsgroups are sources for external business information. This
information is now a component of CI to be exploited (Buono etal. 2002). Tools,
such as bots, are available to extract information and populate the CI database
automatically, thus freeing humans to analyze and respond to the anecdotes.
Automation substantially streamlines the CI process since data collection is esti-
mated to account for about 30% of the total time spent in CI (Prescott 1989).

Electronic bots can visit sites regularly and record changes to the information,
or even bring the changed webpage to the attention of a human for evaluation
(Hodges 2005). They can be set to search for particular words, particular kinds
of changes, and/or new opportunities. Webcrawlers can be programmed to find
new mentions of products, companies, patents, people, or other information. In
fact, webcrawlers such as INSYDER can be programmed to find new CI infor-
mation intelligently by learning relationships among items in the domain know-
ledge defined by decision makers (Reiterer etal. 2000). CI Spider finds relevant
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information in real time that focuses on precision and relatedness of documents
to known items of interest (Chen etal. 2002). Similarly, other tools not only find
the information, but intelligently display the information to help decision makers
understand relationships (Buono etal. 2002, Porter 2001).

Automatically culled information can also be added to the CI database without
human intervention. Intelligent systems can be developed to find key words for
classification of the documents in a manner similar to that used by humans. Of
course, since there can be any number of ways that web-based sources can harbor
planted and/or unreliable data, CISs also need to provide validity information
[such as the actual uniform resource locator (URL), updated date and source] and
perhaps be trained to differentiate good from bad information. At the very least,
automatically generated items need to be highlighted in the CIS to encourage
decision makers to require validation of this information before using it.

5.5 Data-Mining Tools

Sometimes, especially in the light of automatic population of the database, CISs
can provide so much information that users become lost in the enormity of possi-
bilities and miss the proverbial forest for the trees. Data-mining tools facilitate
analyses because users can define criteria for examining those data. Users can
employ filters based upon specific qualifying criteria, such as changes in suppliers
or customers. Or, users can define percentile and rank filtering. Using this option,
decision makers could identify the source of the top 10% of their raw input, for
example, and see what intelligence has been collected specific companies. Hence,
users can specify information to be found regarding a particular company and
compare that to other companies or to the industry as a whole. Sometimes scan-
ning all relevant data can help the decision maker extract similarities among
events, and hence pose hypotheses.

Data-mining tools are often combined with artificial intelligence techniques.
These techniques can not only identify relevant data, but also relevant patterns in
the data. In fact, if they work well, data-mining tools should suggest associations
to spur intuition or to confirm or disconfirm intuition-based hypotheses. Data-
mining tools find patterns in the data, infer rules from them, and then refine those
rules based upon the examination of additional data. These patterns and rules
might provide guidelines for decision making or identify the issues upon which
the decision maker should focus during the choice process.

5.6 Specialized and Private Cl Components

Even as decision makers gain experience with phenomena in the environment,
they may need to record their reflections about the data, and be given a mecha-
nism for organizing their notes. This process may include results from applying
rules of thumb about sources, subjects, or processes. They may need to record
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decisions they make from the information, and the results of those decisions. They
may also have data that they have collected privately that they want to incorporate
into the CIS analyses. Sometimes, they simply need to keep notes of political
processes in the organization and how they might influence, or be influenced by,
a particular decision.

If a CIS is really going to provide this kind of support for industry decisions,
then it must facilitate the development and maintenance of these private databases.
That is, the systems will need to help the decision maker generate and populate
these databases, as well as provide easy access to the data and a wide range of
retrieval mechanisms. If the system resides in a distributed environment, it is pos-
sible to maintain private CI data only if sufficient security ensures that only the
decision maker can access the information.

5.7 CIS Reports and Queries

Regardless of how the information is obtained, the CIS needs to be flexible in how
it provides information to the decision makers. One approach is consistent report-
ing, discussed earlier. Having the system supply regular reports helps decision
makers learn to rely more upon the system. For example, in the hospital-based
application described earlier, although the system was easy to use, decision mak-
ers tended not to think of obtaining information from the system as their first op-
tion. Hence, rather than relying upon decision makers to query the system regu-
larly, designers created a reporting mechanism that would bring ideas to the
attention of the decision makers quickly and automatically. Reporting encouraged
early adoption, because the information was chauffeured to the decision maker at
the outset to help them experience the value of the information, and hence the
system, before they learned the specifics of running the system (for themselves).
Reports provided the extra value to encourage the decision makers to incorporate
the system into their regular choice processes (Sauter and Free 2005).

Another approach is to allow users to query the system regarding particular top-
ics of interest to them. For example, if the decision maker knew from regular news
sources that a customer was changing some aspect of their operation, he or she
could query the system. By accessing the comments available in the system, he or
she can form a more-thorough picture of what is really happening regarding the
customer, and so decide what impact this change is likely to have on their own
business.

6 Additional Support

The chapter began with a view that decision makers needed CISs because of the
increased complexity of most business decisions today and the increased mobility
of the workforce. The chapter discussed employees entering data and having
electronic surveillance of relevant online sites. This approach helps provide the
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decision maker with an unbiased and multifaceted perspective of the environ-
ment. That helps them make better decisions.

The CIS must do more though. Decision makers need information that illustrates
trends in the environment, not simply a frozen view at some point in time. Therefore
the system should be able to track the data by date and illustrate the results to deci-
sion makers. These data allow decision makers to see how factors have changed
over time and how circumstances affect the issues considered. This, in turn, helps
decision makers experience more aspects of the environment (Sauter 1999).

Decision makers need some assistance to help them understand what they do
not yet understand about the environment. This help can be obtained by preparing
summaries in the form of prepared analyses available for use by the decision
maker (Sauter 1999). Or, it may include context-specific intelligent support tools
that can help decision makers evaluate missing or biased information or changes
in the patterns that are being observed. These techniques help decision makers
develop intuition and thereby improve overall responsiveness to the CIS.

7 Ethics and the CIS

The formalization of CI activities and the creation of CISs do not give licence to
organizations to conduct corporate espionage through dumpster diving or other
covert actions in an attempt to steal trade secrets from their competitors. Sound
business ethics prohibit companies from obtaining information through misrepre-
sentation, coercion, or invasion of property. States in the U.S. differ in how they
interpret industrial spying and inappropriate data collection activities that involve
stealing corporate secrets. Within the U.S., these differences have been addressed
by the passage of the Economic Espionage Act in 1996. Clearly there are also
differences among nations.

Since the laws vary and are, in some cases, vague or unregulated, corporations
can rely on corporate ethics and the desired corporate image to guide the decision
of what activities are appropriate for CI. Experts in the field suggest the sniff test:
if decision makers think it will look bad to see the data collection activities sum-
marized on the front page of the morning paper, then those activities should be
avoided (Burns 2002). There is plenty of (often overlooked) information available
through overt methods that can paint a picture of competitors’ activities when
integrated and summarized. Ethical collection and careful analysis will serve the
organization better in the long term.

8 Conclusion

At the beginning of this chapter, we defined competitive intelligence as the process
of monitoring the environment to help decision makers identify either problems to
address or opportunities to exploit to improve their position. To do so requires
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identifying situations and responses quickly and reliably. Competitive intelligence
systems, then, are decision support systems that facilitate this process. They are
different from conventional DSSs and from conventional business intelligence
because they focus outside of the organization, and because they rely on qualitative
data. The CIS should be designed to allow both human and electronic entries, data
summaries, evaluation of sources, and broad functionality to help decision makers
improve their intuition about the environment and its data. This chapter provided
an overview of how conventional DSS technology can be adapted to provide this
support.
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Business decision- and process-modeling methodologies have developed largely independ-
ently. The existing lack of cross-discipline integration in the area of business modeling is
not only counterproductive for future methodological advances, but also imposes unneces-
sary limits on the ability of the existing business modeling tools to reflect the complex
integrated nature of a business enterprise adequately. Process models underlying integrated
business systems are powerful tools addressing organizational efficiency objectives. The
ability of a process to meet organizational objectives is a measure of organizational effec-
tiveness. In order to meet both efficiency and effectiveness objectives of the business, it is
essential to understand how functional, process, and overall organizational objectives inter-
act. This chapter discusses the relationship between business decision-modeling and pro-
cess-modeling methodologies and describes how decision support models can be used to
enhance enterprise capacity to meet its overall objectives via more-effective business pro-
cesses.

Keywords: Process; Decision support; Event-driven process chain (EPC); Modeling

1 Introduction

Business modeling, defined as “the use of models and methods to understand and
change business operations together with information systems in organizations” by
Nilsson etal. (1999, p. 1), has been the focus of extensive research effort within
a variety of related disciplines, such as process and information modeling, decision
analysis, business dynamics, and quantitative modeling. There is general agree-
ment that business modeling must address both efficiency and effectiveness con-
cerns of the business, but the strengths and weaknesses of each discipline dictate
that models mainly focus on either efficiency or effectiveness. The objective of this
chapter is to demonstrate how these efficiency and effectiveness concerns can be
combined as a result of integration of decision models within the process engineer-
ing context.

A large number of techniques and tools have been developed to represent busi-
ness processes. Hommes and Reijswoud (2000) identified in excess of 350 business
process-modeling tools available in 2000. Some of these tools (e. g., Aguilar-Saven
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2004, Bosilj-Vuksic, Giaglis and Hlupic 2000, Katzenstein and Lerch 2000, Powell
etal. 2001, Rolland 1998, Scheer 1999, Yu 1999) were developed for a specific
modeling purpose, while others are more generic, aimed at integrating a whole
range of modeling tools under one roof. Generic tools such as the ARIS (Scheer
1999) environment are designed with the aim of providing a complete modeling
environment for an organization, and are therefore a natural choice for a process-
modeling environment that would benefit from integration with decision support
tools.

In integrating process and decision models, care should be taken to understand
different conations of the terms decision and decision support within different
contexts. These differences are explored in section 2 of this chapter in order to
explain the motivation for development of the decision-enabled extended event-
driven process chain (de-EPC). Having explored the differences, the complemen-
tary nature of decision-modeling and business process-modeling tools is discussed
in section 3, leading to a proposal for an integrated model in section 4. The bene-
fits of the integrated model are discussed in section 5. The chapter is concluded
with a brief summary.

2 Decision Versus Decision

To illustrate differences in terminology, consider advertising activity in a recruit-
ment process. The decomposition of this activity is illustrated in Figure 1 with the
help of the event-driven process chain (EPC) model. The EPC and extended EPC
(e-EPC) are graphical representations or models of business processes in the ARIS
House of Business Engineering (Scheer 1999, 2000).

Within an EPC model, business activities are represented as movements be-
tween states, with each activity originating from and resulting in a change in the
state of a business as described by the event (Aalst 1999, p. 4). Each event pro-
vides a qualitative description of a change to one state variable that is important to
the control flow of the process. Functions and events can be connected by logical
rules (i.e., AND, OR, XOR) to represent different workflow patterns. To enable
representation of other business flows and objects, ARIS House extends the EPC
to include related business objects (e. g., information, objectives, organizational
units, etc.) as illustrated in the e-EPC insert of Figure 1.

The EPC model provides a comprehensive description of the steps involved in
the process and, as such, it is claimed to provide some decision support in so far as
allowing the decision maker to identify the sequence of events and functions within
a process, the functional inputs and outputs, and the stakeholders involved with the
decision-making process (Davis 2001, Loos and Allweyer 1998, Scheer 1999,
2000). This may be sufficient for supporting straightforward decisions. For exam-
ple, Figure 1 illustrates decomposition of the receive job applications functions,
and provides a step-by-step process to decide whether to return a late application.
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Within process engineering texts, the discussion of decisions is limited to these
types of decisions (e.g., Davis 2001, pp. 120-127). For example, the OR-con-
nector in Figure 1 is referred to as multi-choice (Aalst etal. 2003); in other words,
at the time of process execution a choice must be made as to which process flow
path should be followed next. These decisions are referred to as structured within
the DSS literature (e. g., Sage 1991), as they can be easily decomposed into a se-
quence of steps.

Many business decisions do not fall into this category, as they require more-
sophisticated structures and solution algorithms than are available within the op-
erations research and management sciences (OR/MS) disciplines. For example,
consider the shortlist-applicants function in Figure 1. Within the ARIS environ-
ment, the description of this function can be extended to include all relevant busi-
ness objects and flows. For example, the personnel section is nominated as the
organizational unit responsible for the execution of the shortlist-applicants func-
tion, the output of the function is the applications-assessment shortlist, and the
choice of the selection panel for the interview (human output). The software used
to perform the function is a spreadsheet package run on computer hardware (a PC)
and uses environmental data contained in the applications file. While this informa-
tion clearly helps with making this decision, it does not explain how to go about
selecting the best n out of N available applicants according to a specified set of
selection criteria in compliance with a multicriteria methodology. Unlike the case
of a highly structured decision, it is neither practical nor beneficial to describe the
multicriteria model as a process decomposition within the ARIS environment,
especially since there are specialized tools available within the OR/MS discipline
that have been developed to deal with this particular decision problem.

To differentiate between these very different types of decisions, Gorry and Scott
Morton in 1971 (in Gorry and Scott Morton 1989) defined the continuum of un-
structured, semistructured, and structured decisions. The exact position of a short-
listing decision on an unstructured-structured continuum is debatable. At the initial
stages, this decision is likely to be a highly unstructured decision. However as
various elements of the problem become resolved, the decision becomes increas-
ingly structured until finally it is solved and, therefore, can in principle be de-
scribed as a sequence of steps leading to the solution.

Therefore, to structure the decision, an underlying decision model has to be de-
fined. A generic decision model is described in Table 1.

As can be seen, a generic model consists of a set of elements including alterna-
tives, constraints, states of the world, consequences or outcomes, optimality crite-
ria, and a choice of modeling routine (Clemen and Reilly 2001, Mallach 2000,
Winston 1994). Whilst not every element is required for each decision model
(e.g., optimality criteria or states of the world may not be applicable for some
decisions), the process-based decision-modeling tool must have the capability to
support all elements if required, as different decision models may be called upon
in different parts of the business process.
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Table 1. Decision situation components

Component

Description

Alternatives

Generally speaking, a set of possible actions or choices defines the
decision variable space. To construct a decision model, decision
variables should be selected to adequately quantify a set of possible
actions. The decision variables could be discrete or continuous, and
could take on positive, negative or integer values depending on

a specific decision situation.

Constraints

Functional constraints on the decision variables define a feasible set
of possible actions. Constraint functions could be quite complex
including linear, nonlinear, and probabilistic functions.

States of the world

Depending on the decision situation, there may be one or more
states of the world describing circumstances that affect the conse-
quences of the decision and are completely outside of the decision
maker’s control. Some decision-making situations, such as a team
assignment problem, require the decision maker to choose an opti-
mal combination of staff to achieve a pre-specified mix of skills and
levels within a team. Such situations are fully deterministic and,
therefore, do not explicitly specify the state of the world. In a deci-
sion model, states of the world are usually described by a set of
environmental variables.

Consequences or
outcomes

One of the essential elements of a decision situation is the conse-
quence or outcome of the decision. In a decision made under uncer-
tainty, the outcome would depend on the states of the world as well
as the action chosen. In some cases, uncertainty could be associated
with outcomes as well as states of the world. In a decision model,
utilities are used to quantitatively describe the outcome of the action
via utility functions that model the objectives of the decision.

Optimality criteria

Most decision-making situations and models include optimality
criteria that specify utility preference such as maximum profit or
minimum costs. However, there are some models, such as feasibility
or constraint satisfaction models that do not require optimality
criteria to be specified.

Given the dynamic nature of decision making, the classification of a decision is
time dependent as the process of identifying (applicable) decision model elements
moves decisions along the unstructured-structured continuum — the more we know
about a decision the closer it is to a structured decision. At a point in time, the
term structured decision is used in this paper to describe decisions for which the
relevant decision model components described in Table 1 are easily identified by
a decision maker. The term unstructured decision refers to decisions for which
none of the decision model components are readily apparent, with the term semi-
structured decision being used for decisions where some (but not all) of the com-
ponents are clearly defined.
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This classification deviates from some definitions of decision structures (e. g.,
Eom 2000, p. 124) in that it allows problems with conflicting objectives, uncer-
tainty, and complex variable structure to be classified as structured, provided
a well-defined decision routine exists that can provide a solution to the problem.
This is consistent with the decision classification based on “whether the decision
making process can be explicitly described prior to the time when it is necessary
to make a decision” (Sage 1991, p. 2) as the availability of a well-defined decision
routine (along with other decision model elements) guarantees that the decision
process can be explicitly described (although it would not necessarily be the most
effective way of making a decision in the business context).

2.1 Decision Support Systems

Having clarified what is meant by the term decision, it is now possible to explain
different types of decision support systems in the context of addressing the effi-
ciency and effectiveness concerns of the business.

Similarly to business models, business information systems are also developed
to assist businesses to do the right thing (effectiveness) and/or to do things right
(efficiency) (Daellenbach 1994, p. 15). Systems that are primarily aimed at sup-
porting business effectiveness are developed in order to: (1) facilitate identifica-
tion, communication and structuring of business objectives; (2) gather and report
information to enable measurement of how well objectives are achieved; and/or
(3) facilitate decision making that leads to the achievement of objectives. A sys-
tem may have a narrow scope to enable it to support just one of these goals fully
(or even a subset of a goal). For example, certain decision-modeling programs find
solutions to well-defined business problems such as selection or product mix prob-
lems, or may be more generic, providing support for multiple goals, for example,
a database can be used to both gather and process information and to provide
measurements (e.g., management information reports) that facilitate decisions
with respect to the achievement of certain business objectives. Mallach (2000,
Chap. 1) refers to systems that facilitate decision making within an organization
as having decision support capabilities. Systems that are developed to improve
decision-making effectiveness are referred to as decision support systems (Mal-
lach 2000, p. 8, Figures 1-3). According to Mallach (2000, p. 8, Figures 1-3)
these systems generally have a low emphasis on processing efficiency.

The OR/MS discipline provides the tools for decision making within this con-
text. Within this paradigm, information is considered primarily as an input of or an
output from the model, rather than as part of the information flow interacting with
other functions of the business. As a result, it has long been recognized (e. g.,
Rosenhead 1989, p. 10) that systems within this category often fail to model the
interactions between the decisions and other business processes required for a ho-
listic solution.

Systems that are aimed at assisting a business to do things right are developed
in order to: (1) facilitate identification and structuring of business processes; (2)
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automate business transactions; and (3) facilitate execution of business processes
to minimize costs while maximizing returns. Similarly to systems that are aimed at
doing the right things, systems that are aimed at doing things right can be special-
ized or generic. For example, an optical character-recognition system is aimed
solely at automating data entry, while a university enrolment system will have
components of automation (e.g., generating acceptance letters) and workflow
control (e.g., the system will not allocate a student number until the enrolment
fees are paid). These systems are limited in that there is no guarantee that the
process execution is in accordance with business objectives and constraints even
when they aim at improving decision processes and outcomes and, therefore, pro-
vide some level of decision support (Briggs and Arnott 2002). For example, we do
not know whether the process modeled in Figure 1 will result in the selection of
the best applicant, and that it will be conducted within legislative constraints such
as equal-opportunity employment.

While it can be argued that most systems include elements that cater towards
increasing efficiency and effectiveness, the degree of decision support usually
decreases as the focus on efficiency increases and vice versa (Mallach 2000, p. 8,
Figures 1-3). For example, most transaction systems include some sort of man-
agement information that can be used for decision making, and decision support
systems automate certain tasks such as calculations.

To illustrate the trend, consider human-resource (HR) management systems.
The focus of the HR information systems architecture and associated tools is on
operational processes and functions such as administration of payroll and benefits,
recruitment, and personnel management (e. g., Oracle-PeopleSoft 2005). On the
other hand, decision support tools focus mainly on decisions narrowly defined to
fit within the specific techniques such as Markov chains (manpower planning),
linear and integer programming (scheduling), multicriteria decision analysis (se-
lection), etc. (e. g., Winston 1994). The implementation paths of the two method-
ologies rarely cross due to the differences in paradigms and terminology used by
the respective disciplines.

An integrated decision- and process-modeling framework overcomes this limi-
tation. Within this framework, the overall business context can be integrated with
the decision model that assists with structuring a decision problem and/or delivery
of the solution for a decision model that has already been structured. Furthermore,
decisions become an integral part of the business process, reducing the risk of
conflicting or inappropriate (from the overall business perspective) decisions.

3 Relationship Between Business Decision-
Modeling and Business Process-Modeling Tools

The complementary nature of the decision-modeling and business process-
modeling tools is highlighted when one considers that they are both aimed at
achieving an efficient business outcome, and are often concerned with the same
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business functions (e. g., Aalst etal. 2003, Clemen and Reilly 2001, French 1989,
Muehlen 2004, Santosetal. 2001, Sterman 2000, Winston 1994). Furthermore,
decision models require enterprise-wide information available within integrated
business information systems, while process models of an information systems
nature require decision-making capabilities of the OR/MS type for efficient infor-
mation management purposes.

The shortlist-applicants function is used to illustrate the relationship between
the tools supporting process and decision modeling. As business objectives model-
ing is fundamental to both approaches, the relationship between objectives is dis-
cussed first.

3.1 Objectives

It is interesting to note that business objectives at the strategic level are essentially
the same irrespective of whether a process- or decision-modeling approach is
used. To continue with the HR management (HRM) example, business objectives
such maximizing the value of HR services and maximizing the well-being of em-
ployees are fundamental to both decision- and process-modeling methods, and it is
not possible to determine which method has been used to model the functions
simply by examining these objectives.

As the objectives hierarchies are built to separate various levels of objectives,
the differences between methods begin to emerge. To illustrate this point, consider
the shortlist-applicants function in the context of the recruitment process. At the
higher level of the recruitment process, strategic objectives may include maximum
efficiency and the effectiveness of the recruitment process, whilst at the lower
level of the shortlist-applicants function, the specific functional goal is to meet
shortlisting criteria (Figure 1). This functional goal reflects the process approach
as it focuses on the process outcomes and outputs. A decision objective for the
same function would be expressed as criteria (e. g., relevant employment experi-
ence, relevant academic qualifications) subject to the constraints (e.g., equal-
opportunity legislation, affirmative action practices, etc.), or as an optimization
function (e. g., choose the candidate with the highest relevance value) reflecting
differences in the process- and decision-modeling methodologies.

Superficially, it appears that the two methods are addressing separate and inde-
pendent goals and objectives. However, on a closer examination, it becomes clear
that the decision objectives are a subset of functional goals with decision objec-
tives of relevant employment experience and of relevant academic qualifications,
explaining what is meant by the criteria in the functional goal of meeting shortlist-
ing criteria. This type of relationship is common for functions that include deci-
sions (e. g., Agrell and Steuer 2000).

Process objectives can also be used as constraints for decision objectives. For
example, the process objective of minimizing response time would limit the
amount of time that can be spend on arriving at a choice of applicants in the re-
cruitment example and, therefore, affecting the choice of a decision-modeling
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method to be used. A similar situation is illustrated by Gardiner and Armstrong-
Wright (2000).

Linking the functional goals, decision objectives, and strategic objectives en-
riches one’s understanding of both the process and the decision, and ensures that
the strategic objectives are met. Furthermore, identifying the dependencies be-
tween objectives allows for dynamic and efficient updating of both models to
reflect changes in circumstances. For example, by identifying the dependency
between the decision objectives of the shortlist-applicants function and the objec-
tives of the recruitment process, it can be ensured that changes in the recruitment
requirements are immediately reflected in the shortlisting decision objectives, thus
avoiding time delays and misalignment between the two sets of objectives. This
approach facilitates the development of a more-holistic business model that can be
dynamically updated to remain relevant and contemporary.

Once the strategic objectives are defined, both modeling methods focus on the
functions aimed at achieving these objectives. The relationships between the deci-
sion and process views of the function will be considered next.

3.2 Functions

Some functions (such as filing an application) include only a trivial decision com-
ponent, and while they are included in the process model, they are of no further
interest for the purposes of this discussion. Functions that do have a nontrivial
decision component (such as shortlisting applicants) have two dimensions — the
process and the decision dimension.

A process model is concerned primarily with the how component of the busi-
ness operations, in other words, the order of functions required to achieve specific
process objectives. The process view is a bird’s-eye view of the function and func-
tional flows. This view provides a description of the function, its inputs, outputs,
and resources in the context of the rest of the process. In a process model, the
shortlist-applicants function will be one of a number of other functions linked
together to form an event-driven process chain describing the sequence of steps in
the recruitment process.

As discussed in the previous section, there is no shortage of HRM process mod-
els. In Figure 1, a process model using an EPC (Scheer 1999) is provided for a re-
cruitment process. When complemented by the data, organization, and output views
(as illustrated for the shortlist-applicants function), this model can be expanded into
an e-EPC to provide an integrated business process model (Sheer 1999).

A decision model, on the other hand, is concerned with the what component of
business operations. In other words, what choice to make among available alterna-
tives in order to achieve the desired objective. This view of the function provides
an internal or X-ray view of the function. A decision model for the shortlist-
applicants function would be a prescriptive model, such as, for example, a multi-
criteria decision analysis model aimed at supporting the specific decision of short-
listing applicants by defining selection criteria, decision constraints, and the
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mathematical technique to be used to satisfy these criteria subject to the con-
straints (Bouyssouetal. 2000; Gardiner and Armstrong-Wright 2000, Moshkovich
etal. 1998, Olson 1996). Examples of other decision-modeling techniques within
the HRM context include, in particular, multi-knapsack and network flow methods
used for team composition and assignment, multi-criteria decision analysis used
for staff selection, and Markov chains and dynamic programming used for HR
planning (e.g., Bartholomew etal. 1991, Gardiner and Armstrong-Wright 2000,
Gass 1991, Khoong 1996, Winston 1994, Zeffane and Mayo 1994).

By looking at the external and internal views in isolation (as is normally the
case due to disciplinary and conceptual boundaries between the process- and deci-
sion-modeling methodologies), the fact that both views support the same objec-
tives in a different but complementary way is easily overlooked, resulting in an
incomplete model of the business. Ironically, information that provides the link
between the two modeling methods is essential for the effective operation of the
business.

3.3 Information

Differences in modeling methodologies lead to differences in the role information
plays in the corresponding models. Transparency of information flows is one of
the objectives of an extended process model of an e-EPC type, however, the links
between information inputs and outputs are not apparent from process models.
A decision model, on the other hand, is primarily concerned with the transforma-
tion of existing information into new information with little reference as to where
the existing information is coming from or how the new information is going to be
used. The information requirements of decision models are usually well defined
and specific, however, there is no guarantee that this information is available as
required unless these requirements are incorporated into the process model. Simi-
larly, the decision model needs to be an integrated part of the process, to generate
the information required by the process to fulfill its objectives. Gaps in the infor-
mation or extraneous information resulting from the lack of communication be-
tween the models may cause process delays and costs to the business.

4 Integration Model

The conceptual model for a process-based view of a decision model in Figure 2
retains the ability of the process model to deliver a holistic business model
through providing an external view of the business function. At the same time,
the model is decision-enabled as it includes an internal view of the function with
the focus on the decision objective. Information is included in both external and
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Figure 2. Integration model

internal views of the model, as it is essential for successful integration (Acker-
mann etal. 1999).

The contribution of the model towards further integration of the two methods
is in the links between the two views of the function. By establishing the links, the
dependencies between modeling approaches have been made transparent, thus
enabling an optimal outcome. Existing methods (discussed in the previous sec-
tions) that can be used to model dependencies and interactions between the ele-
ments are shown on each of the links. Each structural element of the model is num-
bered for easier reference. The structural links are referred to by the start and end
elements of the link. For instance, the link between elements 1 and 2 is referred to
as link 1-2. The shortlist-applicants function in the context of the recruitment
process is used to illustrate the conceptual model presented in Figure 2.

4.1 Process View

The shortlist-applicants function (element 1) is one of the functions in the recruit-
ment process (Figure 1). The goals of this function are contained (link 1-4) within
the overall recruitment process objectives (element 4). Recruitment process objec-
tives interact with each other and can be modeled with business dynamic tools
(Sterman 2000) once they are quantified (link 4—5) using the available information
(element 5). The flow of information between process functions (link 1-5) is mod-
eled by the e-EPC (Scheer 1999).
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4.2 Decision View

In this view, the functional goals are sub-divided (link 1-2) into the specific deci-
sion objectives (element 2), such as selecting applicants with relevant employment
experience and relevant educational qualifications. Decision variables (e. g., num-
ber of years in relevant employment, educational relevance scale, etc.) are popu-
lated by the decision information (element 3) and are used by mathematical mod-
els (link 2-3) to provide solutions to decision objectives (Williams 1993, Winston
1994). Decision analysis tools (link 1-3) such as influence diagrams (Clemen and
Reilly 2001) can be used to identify the inputs and outputs of the decision.

4.3 Links Between Process and Decision Views:
Objectives (Link 2—-4)

This relationship between process and objectives modeling, established in the
previous chapters, enables the link between decision and process objectives to be
made via the objective hierarchy (Clemen and Reilly 2001). For example, the
process objective of equitable recruitment could be expressed as a decision objec-
tive for the shortlist-applicants function.

A decision-enabled e-EPC (de-EPC) is proposed as a tool that facilitates inte-
gration of existing business modeling tools by using quantitative decision models
to complement the descriptive power of the e-EPC.
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The de-EPC is formed by identifying decision objectives as a subset of functional
goals and adding a decision dimension or decision view (as illustrated in Figure 3)
to the e-EPC. As a result, the de-EPC enables appropriate decision-modeling tech-
niques to be applied to provide the decision maker with an optimal decision for
a particular function within a wider business context.
Keller and Teufel (1998, Chapter 4.3) provided a declarative description of the
syntax of EPC models describing elements of the EPC graph and characteristics
of a correct model (Keller and Teufel 1998, p. 158) using a generic 7-tuple
g/ld = <Id,,v,,l(,,r,,rf,a,,a,"> defined as follows:

e ¢is type of the model being described by the tuple (e. g., e is used for an

EPC).
* [, is a unique identifier of a model type ¢.

* vy, is the non-empty, finite set of nodes of a model type .
* [k, is the link relationship, which describes the connections between the
various types of nodes, x is defined as x C VXV .

e 7,7/ are representations that assign a type to every node or link.

e ¢, 0 are representations that assign attributes to every node or link
type.

This formalism is extended here to include a decision view into the environment
by defining the necessary elements of a decision model such as alternatives, con-
straints, states of the world, consequences or outcomes, optimality criteria, and
decision-modeling routine as follows using the 7-tuple:

e The t-subscript of the tuple takes the values of d (for a decision model);
and

e 7,7" representations are defined as follows:

alternative, decision module, state of the world,}

T,V —
d-Vd . S
constraint, consequence, objective

)

7, : k; — {assignment link }

Definitions in (1) reflect a generic decision-making situation that can be typically
characterised by a set of actions, constraints, states of the world, outcomes, opti-
mality criteria, and objectives. Depending on a particular situation, some of these
elements may be absent; however, sets of actions, constraints, outcomes, and ob-
jectives must be non-empty. A rational model typically used for decision support
is aimed at modeling a choice from possible actions or alternatives to satisfy one
or several decision objectives within the context of a decision situation (Clemen
and Reilly 2001, Winston 1994).

Mathematical techniques and programming routines that are used to solve deci-
sion models constitute the subject of extensive operations research literature. For
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Table 2. Recruitment process KPIs based on Fitz-enz and Davison (2002)

Recruit- KPIs corresponding to components of the efficient and effective recruitment
ment process
activities Maximum Minimum Minimum Minimum Maximum hit
quality of hire | cost per hire | response time time to fill rate
Decide on Source costs, | Response time,
advertising e.g., manag- |e.g., number of
method ers costs days from re-
quest
Advertise Source costs, | Response time, Hit rate, e. g.,
e.g., manag- |e.g., number of 40% referrals
ers costs + ad | days from when hired
fees + miscel- | the decision
laneous costs | regarding the
advertising
method is made
Contact Source costs, | Response time, Hit rate, e. g.,
recruitment e.g., agency |e.g., number of 75% referrals
agencies costs days from re- hired
quest to shortlist
of applicants
Schedule Interview Responsetime, | Time to fill,
interviews costs, €. g., e.g.,numberof |e.g., elapsed
travel + misc. | daysto complete |time scheduled
the schedule for interviews
Interview Quality of hire, | Cost per hire, Time to fill, Hit rate, e. g.,
e.g., percentage |e.g., panel e.g., number 95% of
of recommenda- | costs + admin of days from recommended
tions promoted | costs the last applicants
within the first interview to hired
12 months final decision
Refer Quality of hire, | Cost per hire, Time to fill,
e.g., percentage |e.g., admin. e. g., number of
of hired and manage- days before
applicants ment costs clients receive
promoted documentation
within the first
12 months
Make offer Cost per Hit rate, e. g.,
hire, e. g., number of
relocation rejections
cost + agency
fees + misc.
costs
Notify Cost per hire,
rejections e.g., admin

costs
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the purpose of this chapter, it is assumed that once the decision model is formu-
lated, it can be solved using one of the existing mathematical and/or programming
routines. Due to the complex technical nature of these models, they are often pre-
scriptive, addressing simplified decision problems with narrow decision objectives.
More-user-friendly decision models dealing with the structure of and interactions
between the decisions (e. g., decision analysis and system dynamics tools) provide
a more-holistic view of the decision situation at the expense of their ability to sup-
port specific decisions (Clemen and Reilly 2001, French 1989, Sterman 2000).

Assignment links connect decision objectives with other elements of the deci-
sion model. Neiger and Churilov (Neiger and Churilov 2004) showed that decision
objectives are connected to functional objectives via objectives decomposition
links. This enables the rest of the elements of the decision module to be linked to
the individual functions responsible for the achievement of these objectives. Fur-
thermore, information objects and flows that are used by the function also become
accessible to the decision model.

Having designed the process in accordance with business goals, the goal-
oriented business pattern can be used to link the key performance indicators
(KPIs) to business activities, enabling ongoing evaluation of business processes
thus facilitating the steering of business process instances towards their goals.
Components decomposition of the higher level objectives determines the relevant
KPIs for each function. For example, the overall objective of the recruitment pro-
cess can be expressed as an efficient and effective recruitment process, and may
be decomposed into five components in accordance with Fitz-enz and Davison
(2002): maximum quality of hire, minimum cost per hire, minimum response time,
minimum time to fill, and maximum hit rate. Table 2 is populated by KPIs for each
function that contributes to one of these components.

Note that some KPIs are cumulative, e.g., costs of each function and time
taken by each function contribute to the overall costs and duration of the process,
while the relationship of other functional KPIs to the corresponding process KPI
may be more complex. For example, the hit-rate KPI of the recruitment process
(i. e., the proportion hired) may be calculated as the total number of applicants
to the total number hired, or the total number interviewed to the total number
hired, or as a function of both. Irrespective of the method, by defining KPIs at
the function level in accordance with the components of the process objectives,
the information required to assemble the process KPIs is made available to the
process.

4.4 Links Between Process and Decision Views:
Information (Link 3-5)

As discussed in the previous section, information inputs and outputs of a specific
function are dependent on the information flows in the rest of the process and vice
versa. In some cases a simple list of decision variables side-by-side with functional
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inputs and outputs sourced from the e-EPC will be sufficient to identify informa-
tion gaps and unnecessary information. For more-complex interactions, a system-
dynamics model (such as a causal loop or stock and flow diagram) can be used to
identify information dependencies (Sterman 2000). A combination of these tools
will allow interactions between decision and process information to be identified
and taken into account by the modeler. For example, consider a causal-loop dia-
gram for the recruitment decision illustrated in Figure 4.

The causal diagram shows causal links between variables that are relevant to
the recruitment decision irrespective of the process. For example, a positive arrow
from work program to budget indicates that as the work program increases so does
the budget. Even though these quantities are outside of the recruitment process,
they have a direct influence on the requirements and outcomes of the recruitment
process as these increases will result in the increased number of vacant positions
and resources available for recruitment, as well as the costs and time constraints of
the recruitment process. As illustrated in the diagram, the greater the number of
vacancies, the larger the recruitment effort, which in turn would cause high costs
of recruitment and lower budget. On the other hand, the larger the recruitment
effort, the more applications are likely to be received. The number of applications

work cost
program
rec rultm ent
budget

<\

unemploy ment rate

+ vacant recrultment size of the labour force
ositions effort
re;;u:ﬁ;m ppllc tions
\\ suitable J

applicants

+ number -
recruited k complexity of
—+ selection criteria
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1}\

staff employment rate legal workprogram
turnover job vacancies requirements requirements

Figure 4. Recruitment causal loop
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would also be larger as the labor force and/or unemployment rate increases, al-
though the labor force would have to increase substantially for it to be reflected in
the number of applications. More applications is likely to result in more suitable
applicants, however the number of applicants would reduce as the complexity of
the selection requirements increases and the recruitment time lag increases (as
good applicants accept other job offers). This relationship highlights the need for
the timeliness in the recruitment process, a factor that has not been made evident
elsewhere.

The information link is enriched by this diagram, as causal links in the diagram
demonstrate that the selection criteria are dictated by work program and legal
requirements. Therefore, these data must flow into the advertise function to ensure
that job advertisements meet the requirements of the client areas.

The integration model presented in this section provides the framework for the
integration of the process- and decision-modeling approaches with the resulting
modeling tools having the capability to:

¢ include functions and their descriptions;

e provide a static view of the functions including functional goals, re-
sources that are used by the function to achieve these goals, and func-
tional output;

e provide a dynamic view of the functions presenting a coherent process
that brings the functions together and ensures transparency across func-
tional and information flows;

¢ include decision objects such as decision objectives, mathematical mod-
els used to analyze the information, and decision variables including de-
cision constraints; and ideally

e include reinforcement mechanisms for all the links.

To illustrate, let’s assume that the functional goal of the shortlist-applicants func-
tion is to select the 10 best applicants for the interview. In order to satisfy the
strategic objectives of the recruitment process, however, the functional goal
should include decision objectives that can be expressed as: selecting 10 appli-
cants according to a set of criteria (relevant employment, relevant education, etc),
subject to a set of constraints (time, equity, etc.). This decision objective is spe-
cific to the decision module in charge of its realization [typically, one or more
suitable OR/MS models with corresponding objective(s)] and is formulated by
utilizing information about functional goals and process objectives.

The specific decision problem with respect to the shortlisting of applicants can
be resolved using multi-criteria decision-analysis tools. The variables required for
this decision are already available as part of the environmental data of the function
(Figures 3 and 4). By introducing a decision module/object (Figure 5) that in-
cludes the decision model and the decision objective, it is possible to link the
mathematical-programming-based model to the function creating a de-EPC.

The functional goals in the de-EPC include decision objectives. These decision
objectives, together with the decision variables that form part of the de-EPC in-
formation flows, provide inputs into a decision model. The output of the decision
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Figure 5. de-EPC of the shortlist-applicants function

model provides the decision maker with an optimal path to satisfy the decision
objective and, if required, contributes to the functional outputs which become
available to the rest of the process.

In general, the power and flexibility of this integrated modeling tool is that it
allows us to utilize the abundance of existing generic quantitative OR/MS models
as objects within the comprehensive process-modeling framework. According to
the object-oriented methodology (Loos and Allweyer 1998, Scheer 1999), this
means that we are not confined to dealing with technical aspects of solving the
quantitative models, but rather can treat them as black boxes with known sets of
properties. This approach enhances the decision capabilities of process modeling
by linking the library of OR/MS models to the process-oriented view of the enter-
prise, hence creating a more-comprehensive and flexible model of a business en-
terprise.

5 Benefits of Process-Based Decision Support

Since the benefits of process modeling and decision modeling and support have
been well documented within the relevant disciplines (Davis 2001, Keen 1981,
Mallach 2000, Sterman 1991), the purpose of this section is to explore how the
combination of the two approaches could benefit a business. This is illustrated in
Figure 6.

Process modeling allows “the documentation, analysis and design of the struc-
ture of business processes, their relationships with the resources needed to imple-
ment them and the environment in which they will be used” (Davis 2001, p. 2).
This has many advantages for a business, including improved documentation and
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Figure 6. Benefits of decision-enabled processes ('Mallach (2000, p. 22), Daellenbach
(1994, p. 13); *Davis (2001, p. 4), Scheer (2000, p. 7); *Mallach (2000, p. 22),
Sterman (1991))

rigor, integration of processes, systems, and information, and increased capability
for validation and testing (Davis 2001, p. 4).

While there is no universally accepted method for summarizing the benefits of
these complex and varied modeling paradigms, the framework provided by Mal-
lach (2000, p. 22) is concise, complete, and can be applied across the disciplines.
This framework is used in Figure 6 to summarize the benefits of process and deci-
sion modeling and support, and benefits resulting from their integration into
a decision-enabled process model. As noted by Mallach (2000, p. 23), the catego-
ries in Figure 6 are not independent, as changes in one necessarily affect the others.

A perfect process model would meet resource, process, and market efficiency
demands (Scheer 2000, p. 7) but, as mentioned earlier, it does not guarantee that
the demand for rational or effective decision making, as required for business
goals, is going to be met. For example, a selection process model would describe
the steps used in the selection process but would not guarantee that the choice of
applicants was optimal given the objectives of the selection process. This latter
demand can only be met through the use of a process model for decisions where
there are a few well-defined and easily eliminated alternatives or trivial decisions
that can be evaluated explicitly at the level of the human decision maker without
the assistance of decision-modeling aids. Other types of decisions require the use
of models to ensure that “logical consequences of the modeler’s assumptions”
(Sterman 1991, p. 4) are computed. With the use of decision modeling and support
tools the efficiency and quality of rational decision-making within business pro-
cesses is improved (Mallach 2000, pp. 18-23).
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As example of this; multicriteria decision analysis and support have been dem-
onstrated to improve selection processes (e.g., Gardiner and Armstrong-Wright
2000); the use of Markovian models and supporting software is often necessary to
solve planning problems; data envelopment analysis enables better assessment of
performance management (Tsai and Mar Molinero 2002); and efficiency of shift
assignment and scheduling is substantially improved with the use of optimization
techniques (e. g., Winston 1994), etc.

Both process modeling and decision support tools improve communication by
providing a common basis for business processes (Davis 2001, p.4) and decision
making (Mallach 2000, p.21), respectively. By linking process and decision
stakeholders and requirements, a decision-enabled process will facilitate more-
effective communication by articulating what problems need to be solved, when,
and what information and methods are available to solve these problems in order
to achieve overall organizational objectives.

The promotion of learning and training is a benefit of some decision support
systems (Mallach 2000, p.22) and is an accepted advantage of both analytical
modeling (Savage 1998, p. 3) and process modeling (Davis 2001, p. 4). For exam-
ple, evaluating what-if scenarios within a business process model facilitates learn-
ing about critical time lines, resources, information, and data requirements. Learn-
ing from such evaluation is substantially enhanced if the impact of these changes
on decisions such as shift assignments and future forecasts is simultaneously
evaluated with simulation models and fed back using system dynamics models
into the appropriate processes, such as budget and resource allocation (Sterman
1991).

Another important benefit of process modeling (Davis 2001, p.4), decision
modeling (Sterman 1991, p.4), and decision support (Mallach 2000, p.22) is in-
creased organizational control through enforcement of common standards result-
ing in consistency. However, as businesses are not separated along decision and
process lines, the organizational control requires common standards to be applied
across process and decision-making activities (as well as within them). The use of
an integrated modeling tool will minimize occurrences of disparate requirements,
incompatibilities, and contradictory instructions.

Process-modeling tools have the potential to incorporate functionality from
many different systems, such as workflow, decision modeling, artificial intelli-
gence, and others. Becker etal. (1999) developed a framework for the evaluation
of the workflow modeling potential of a business process. This framework is
adapted to the decision-modeling context to facilitate the identification of the
decision-enabling potential of a business process.

Consistent with Becker et al (1999), the decision-enabling potential of a busi-
ness process is measured by the benefit the organization is expected to derive from
the decision support provided by a decision-enabled process. While not all bene-
fits discussed in this section would be realized for each decision-enabled process
and there may be other benefits that have not be included, Figure 6 provides the
basis for an initial set of operational criteria for evaluation of the decision-
enabling potential of a process (Sandoe etal. 2001, Chapter 3). The specific opera-
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tional criteria would vary from business to business, reflecting individual business
requirements, resources, and time constraints. It is expected that some criteria
could be easily measured (e. g., cost savings from an improved staff roster) and,
therefore, be used in a cost-benefit analysis, while others would be more intangi-
ble (e.g., transparency of decisions in a selection process) and would require
analysis of value rather than cost (e. g., Keen 1981).

The capability of the process to support a decision model from a technical per-
spective is discussed by Neiger and Churilov (2004). The availability of resources,
cost, and timing associated with the implementation of software functionality
necessary for the integration of two methodologies and corresponding systems are
the key factors in assessing the decision-enabling potential of the business process.

People issues are one of the significant obstacles towards successful implemen-
tation of integrated systems (Sandoe etal. 2001, Chap. 3). The criteria relating to
people issues presented by Becker et al (1999) within the workflow context as
organizational criteria are transferable to the decision-modeling context. A con-
ceptual framework presented in Figure 7 as an entity relationship diagram com-
bines operational, technical, and organizational criteria to determine the decision-
enabling potential of a process.

The framework is based on the workflow potential of the business process
framework proposed by Becker etal. (1999) in order to:

e enable emphasis of the discussion to be on the decision-enabling context
rather than technical aspects of the framework; and

o facilitate cost-benefit comparison of add-on functionalities for process-
modeling tools by ensuring consistency between conceptual frame-
works.

The framework includes the following elements: the decision module using the
data, provided by the business process enables decision support (through a deci-
sion model) for the business process goals that in turn support organizational
objectives. The degree of support is dependent on the decision-enabling potential
of the process. The decision-enabling potential of the process is the result of the
match between the business process and a given set of criteria that can be
weighted to enable evaluation of the overall decision-enabling potential of the
process. The weights may vary, depending on the process goals associated with
the business process being modeled. The criteria relate to the decision capability
of the business process supported by the decision model. The decision model also
supports information and operational capability of the business process through
quantitative output and operational directives, respectively.

The decision-enabled process model combines the descriptive power of inte-
grated enterprise architecture tools with the quantitative power of decision-
modeling tools by linking external (process) and internal (decision) views of busi-
ness activities. Within this framework the library of OR/MS models is linked to
functions within business processes to ensure that specific decision objectives can
be met effectively and efficiently within broader organizational constraints, and
that the information requirements of both models are met.
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The evaluation framework introduced in this section is crucial to understand
why integration of process and decision modeling is beneficial to an organization
and when these benefits are likely to outweigh the complexities and costs associ-
ated with the integration of information systems. As the benefits and costs vary
between organizations, it is not possible to provide a universal answer to these
questions. Rather, the framework described in this section provides the tools to
assist organizations to recognize benefits of integrating process and decision mod-
eling and to evaluate the decision-enabling potential of a business process as
a guide towards understanding the trade-offs between the benefits and costs of
implementing a decision-enabled process model.

Figure 7. Framework for identification of decision-enabling potential of a business process

6 Summary

The need for integration of process- and decision-modeling approaches has been
well-recognised in the respective research communities (Ackermann etal. 1999,
Brans etal. 1998, Khoong 1996, Mehrotra 1999, Nilssonetal. 1999, Parker and
Caine 1996, Rosemann 2003, Sandoe etal. 2001, Zeffane and Mayo 1994), but
due to the differences in basic concepts, terminology, development history, and
methodologies of these areas, integration has been limited to date.
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The contribution of this chapter has been twofold:

e to reflect upon the issues of similarities and differences between busi-
ness process- and decision-modeling methodologies and potential bene-
fits of their integration; and

e to suggest practical and formal ways for such integration by introducing
a notion of a decision-enabled e-EPC (de-EPC) that provides process
context to decision models.

The discussion of the relationship between the two types of business modeling
tools has highlighted the duality currently existing in the field of business model-
ing. This duality can be formulated as follows: the more descriptive and contextual
the business model, the less decision enabled it is. Integration of the two paradigms
results in a more-complete picture of the whole business and a more-powerful
business model. This allows logical progression from the representation of the
mental picture of the business to precise and quantifiable knowledge, enabling the
best local decisions to be made in the context of the strategic objectives of the
business. Although considerable future research effort (especially in the areas of
reinforcement of links and application of the methodology to real life processes) is
required to provide full integration of process and decision-oriented modeling
paradigms and corresponding modeling tools, it is believed that the concept of the
de-EPC, introduced in this chapter, provides the solid basis for this effort.
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A Framework for Supporting Decisions

in a Global Context — The Case of a Global DSS
for Financial Planning

Mohan Tanniru

School of Business Administration, Oakland University, USA

Internet technologies are enabling firms to become distributed across the globe and
compete in international markets. Decision makers, hence, have to deal with differences in
national policies and social cultures, as well as various international management strategies
(global, multinational, and transnational). While advanced technologies such as intelligent
agents, search engines, and collaborative technologies can provide support for global teams
making decisions, it is critical that the nature and intensity of information shared is well
understood before developing such support. This paper develops a framework to charac-
terize decisions under different strategies and presents a global decision support system
(g-DSS) architecture to support these decisions. The case of a corporate financial planning
model is used to illustrate this architecture.

Keywords: Equivocality; Financial planning; Global decision support systems; Internatio-
nal corporations; Uncertainty

1 Introduction

Anthony (1965) classified the decision-making process at various levels of
granularity: strategic planning, management control, and operational control,
implying that as one moves up the organizational hierarchy, the decision-making
process complexity increases. In the late 1970s and early 1980s, much of the focus
was in developing models that captured the essential features of a decision-making
process, and evaluating alternatives using various management science techniques.
Often classified as semistructured, depending on the degree of programmability
(Keen and Scott Morton 1978), these decisions are supported by a decision
support system (DSS) architecture that separated data from models, and used an
interactive dialog component to support human-computer interaction (Sprague and
Carlson 1982). The DSS architecture components are intended to flexibly address
increased uncertainty in the intelligence, design, and choice phases of the de-
cision-making process (Simon 1960). Various models were developed to support
decisions at a functional level (Keen and Scott Morton 1978) and at the corporate
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level (Moormann and Holtgreven 1993, Pinston etal. 1997) using optimization or
simulation models.

As organizations became larger in size and distributed across many geo-
graphical regions in the late 1980s and 1990s, intraorganizational support through
computer-mediated communication took on greater importance. Group decision
support and knowledge-based technologies have started to provide asynchronous
and synchronous communication, algorithmic and heuristic model integration, and
assumption surfacing for conflict resolution. With Internet technologies enabling
firms in the 21 century to become highly distributed across the globe and compete
in international markets, the decision processes have to deal with differences in
national policies and social cultures, as well as the various international man-
agement strategies (Carlsson and Turban 2002). For example, an international firm
may feature centralized management planning and control strategy (called global),
decentralized management and operations control strategy (called multinational),
or a hybrid strategy (called transnational, Bartlett and Ghoshal 1989). These varied
organizational strategies in a distributed environment can add complexity to the
decision process. Couple this with the complexity of managing global teams and
we have a major challenge. While advanced technologies such as intelligent
agents, search engines, and collaborative technologies have started to provide
opportunities for global teams to share information and interact to make decisions,
it is critical that the nature and intensity of information that is to be shared is well
understood before developing effective decision support.

This chapter develops a framework that characterizes decisions in the inter-
national arena and then presents ways in which advanced information technology
(IT) can help support decisions. The next section discusses the DSS framework
using a financial planning example. The research on international business and its
characterization of decision making is discussed in section three. The fourth
section extends the DSS framework to support financial planning decisions in an
international context. The last section provides some discussion and makes some
concluding remarks.

2 Evolution of DSSs to Support Financial Planning

If we formally represent decision processes (normative or descriptive) as models
that transform decision inputs to outputs so they may influence management
action, then the lack of structure or complexity in these processes contribute to by
both uncertainty and equivocality (Choo 1991). More information is viewed as
critical to reduce uncertainty and a richer set of information is considered ne-
cessary to reduce equivocality. Within the context of decision models, equi-
vocality is said to occur if the environment or decision variables (model inputs)
that can influence management action are not known in advance, thus impeding
our ability to construct a model. However, uncertainty is said to exist if we know
the variables (model inputs) that influence our decision and can construct a model,
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Balance Sheet Accounts

A Assets; CA: Current Assets; FA: Fixed Assets
LE: Liabilities & Equities; CL: Current Liabilities; LD:
Long term Debt, E: Equity

Transactions

T1: Investment in the firm by owners

T2 Purchase of fixed assets by cash

T3: Borrowing funds using long term debt
T4: Borrowing funds using short term debt

Figure 1. Relationship of financial states and transactions

but cannot estimate the values of these input variables (Chang and Tien 2006).
While uncertainty in decision making can be reduced with more information,
equivocality often calls for not more, but a richer set of information from multiple
sources (Daft and Lengl 1986). Equivocality in decision making increases as the
decision scope changes from operational control to strategic planning. Similarly,
equivocality increases when many individuals are involved in decision making in
a distributed environment, often dealing with different levels of environmental
complexity (customers, suppliers, labor, etc.). With the aid of a financial planning
example, the rest of this section illustrates the decision complexity attributed to
increasing equivocality.

Within the context of corporate planning, specifically financial planning and
budgeting, early decision support system research focused on integrating decisions
made by the functional units, either explicitly through the integration of models
developed by functional units or implicitly through decision parameters estimated
by these units (Blin etal. 1979). In Figure 1, several financial transactions (T) are
related to nodes or states in a financial statement (B). The pro-forma financial
statement and financial ratios can be calculated from estimated financial trans-
action values. The accounting identities and credit/debit conventions (S) are used
to project a new financial state from the current financial state (see Figure 2) using
financial transactions, and these financial transactions are related to decisions made
at the functional unit level (see Figure 3). For example, cash sales and cost of
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Figure 2. Corporate financial Model (CFM) using state transition matrix (refer to Figure 1)

goods sold (T1-T2) can be estimated based on unit sales projections, prices, and
standard cost. Similarly, accounting or administrative policies such as payable
schedule and tax policies can impact transactions (T4-T6). A firm can estimate the
transaction values based on functional decisions (e. g., sales forecasts, production
and financial plans) and use these estimates to project financial statements/ratios
for goal setting. Alternately, a firm can first establish certain financial goals (e. g.,
return on sales or assets) and allow the functional units to use these as targets as
they plan their decisions (e. g., cash and credit sales, and earnings after taxes).

The complexity of decision support in financial planning varies depending on
the degree of dependency among functional decisions: pooled, sequentially
interdependent, or reciprocally interdependent (Thompson 1967). For example, in
sequential interdependency, sales decisions can impact production and they can
both, in turn, impact administration and finance. In reciprocal interdependency,
sales projections can impact production and financial costs, and these costs can
together influence the calculation of the standard cost of each product sold, which
in turn impacts the sales projections. Reciprocal interdependency is the most
complex situation and calls for iterative decision making between corporate and
functional models (Blin etal. 1979) and sensitivity analysis of these models for
varying inputs calls for complex data base management (Stohr and Tanniru 1980).
Independent of the nature of dependency, the general assumption in all these
planning decisions is that models can be developed and integrated, and input
variables for these models can be estimated and tested to reduce uncertainty.
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Figure 3. Functional area models (FAM) used to estimate transaction values

Increasingly, group decision support systems (GDSSs) and knowledge-based
technologies have started to play an important role in support of both model
integration and model validation in distributed environments (Tanniru and Jain
1989). At the functional level, artificial intelligence/knowledge-based technolo-
gies have allowed decision makers to model qualitative decisions using heuristic
models, and also select models from repositories and integrate them intelligently
to solve a problem (Bonczek etal. 1981). In some cases, GDSS technologies have
supported a synthesis of qualitative and quantitative decision making, while
implicitly addressing some conflicts in interpretation and communication, i.e.,
reduce equivocality (Agarwal etal. 1995, Bonczek etal. 1981, Lee and Lee 1987).
Many of these group systems assume that the models used to arrive at individual
decisions are local to that functional unit only, and GDSS technology should focus
primarily on communication among groups. So, GDSS research has focused on
group communication for conflict resolution, anonymous assumption surfacing,
and the rank ordering of ideas (DeSanctis and Gallupe 1987, Malone and
Crowston 1994, Walther and Bargoon 1992), all to address a certain degree of
equivocality that surfaces when people with varying perspectives are involved in
the decision-making process.

Referring back to the case of financial planning, interdependency in a distri-
buted environment requires functional groups to communicate decision outcomes
and transactions in order to assess their impacts on the financial performance of
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a firm. This is done in two ways. An explicit approach may use knowledge-based
technology to validate accounting identities (e. g., assets = current assets + fixed
assets) and the input/output interdependencies of a functional model, by com-
paring them against repositories during model integration. This allows functional
units to uncover any missing information as well as correct the use of any
organizational parameters (e. g., tax rates, interest rates, Tanniru and Jain 1989).
An implicit approach calls for the use of a decision guidance system that makes
model repositories available to functional units during their model construction.
Such unobtrusive validation by the system lets a decision maker compare his/her
model against a library of similar models and identify gaps for additional analysis
(Agarwal etal. 1995).

The Internet revolution enabled firms to operate across the globe and distribute
decisions even further, spanning multiple countries (Shim etal. 2002, Warketin
etal. 1997). Advanced DSS tools (e.g., data warehouse, online analytical pro-
cessing, data mining) and Web-based tools are being used to reduce technological
barriers. For example, data mining tools are helping analyze customer data,
advanced operations research modeling (e.g., tabu-search, genetic algorithms,
neural networks) is supporting analysis, and intelligent agents are helping inte-
grate information from distributed decision makers in a global setting (Pinston
etal. 1997). However, decision-making processes have to cross regional and
national boundaries and bridge cultural, social, and political differences (Mitroff
and Linstone 1993). The systems have to synthesize organizational, personal, and
technical perspectives associated with differing mental models and varying ethical
and aesthetic factors. In other words, the decision-making process has become
even more equivocal, and DSS research calls for the use of many rich artificial
intelligence (Al)-based, Internet-enabled, collaborative technologies to support
global decision making (Carlsson and Turban 2002). However, it provides no
specific guidance on how they may be applied. To address this gap, the next
section defines a set of decision-making characteristics unique in the international
arena, and the fourth section develops DSS features that are most applicable to
support these characteristics.

3 Characterizing the Decision Process
within an International Context

Within an international context, the first and foremost issue that surfaces is the
complexity of data and knowledge that have to be transferred across networks to
connect subsidiaries with the corporate headquarters and support the regulatory,
technological, and country-oriented policies and procedures (Lai and Chung
2002). Such transfer, of course, depends on the nature of interaction needed to
support operational as well as decision-making needs of both the subsidiaries and
corporate headquarters. This, in turn, depends on the type of responsiveness the
firm would like to maintain downstream (at the subsidiary level to meet customer
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needs) and the degree of standardization the firm desires upstream (at the cor-
porate level to maintain efficiencies). This is a part of the organization’s dif-
ferentiation strategy to compete in an international arena (Bartlett 1986).

Strategy: A firm may choose global cost leadership as a differentiation strategy
(i. e., standardize its products or a line of products and use brand dominance for
differentiation). This strategy is used to develop and exploit innovations worldwide
and seek global efficiency using high economies of scale. Under this scenario, the
managers locally have limited local autonomy to make decisions and primarily
implement the strategy of the global firm (or domestic-extension) through in-
creased operations control.

A multinational (or multidomestic) firm, on the other hand, uses a strategy that
recognizes national differences and differentiates its products to meet customer
preferences. Under this scenario, local managers have considerable autonomy in
decision making and are self-sufficient in the way they apply resources to im-
plement the strategic plan of the firm.

Transnational firms focus on a strategy that is a mix of global efficiency and
local responsiveness, leveraging the learning potential from different national
operations through centralization, decentralization, and ex-centralization (concen-
tration of activities in other than the home country) using a strong web of
interdependencies (Bartlett and Ghoshal 1989). From a decision-making pers-
pective, there is tighter integration at the middle-management level across the
network of subsidiaries to support learning and sharing, while allowing each
subsidiary to control its operations to address local responsiveness and using
strategic planning to address resource planning and global efficiency.

Planning: If the strategies that international firms follow are viewed in terms of
two dimensions (forces for global integration and forces for national differen-
tiation), global firm subsidiaries operate in a high integration-low responsiveness
quadrant (receptive subsidiary). On the other hand, low integration and high
responsiveness (autonomous subsidiary) represents a multinational organization,
and a transnational firm emphasizes high integration and high responsiveness
(active subsidiary, Bartlett 1986, Chang and Pangarkar 2000).

These strategic differences influence coordination of strategies for decision
integration, national responsiveness, and administrative coordination (Doz 1980,
Prahlad 1976) at each subsidiary. The global firms call for worldwide decision
integration with significant managerial interdependence, with decisions flowing
mostly from corporate to subsidiary units. Multinational firms call for high
national responsiveness with support for managerial diversity and independence,
and the only decisions that flow from the corporate level to subsidiaries are
strategic in nature. The transnational firm calls for administrative coordination es-
pecially at the middle-management level. This group has the responsibility for
resolving conflicts and supporting knowledge sharing, while making resource
allocation decisions at the strategic level and administrative adjustments at the
operational level (Taggert 1998).

Control: While the performance of a subsidiary is controlled using output
controls, these controls can be explicit (data extracted to ensure targets are met) or
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implicit (place people in management positions who understand corporate values
and goals). Two such management controls are behavior and socialization.
Behavior controls help specify and monitor actions and are implemented by
having a parent company manager assigned to key management positions of the
subsidiary. This is often suitable for a multinational firm that has to operate with
relative autonomy. On the other hand, socialization controls allow for alignment
of the subsidiary manager’s values with those of the parent company, thus
reducing the need for evaluating management performance frequently. This is
often appropriate for a transnational firm.

These differences in control have an impact on the nature of data that has to
flow from the subsidiary to the corporate level. Within a global firm, there is
significant operational data flow from the subsidiary to the corporation to ensure
operational-level integration and greater knowledge inflow from the corporate to
the subsidiary to ensure decision and policy consistency. Within a multinational
corporation, the relative autonomy means minimal operational data transfer. The
financial controls can ensure the alignment of the subsidiary with the corporation,
and these financial flows move from the subsidiary to the corporate. The
transnational firm may see a greater amount of knowledge flow into and out of the
subsidiary in support of both managerial coordination and shared learning.

Knowledge flow: Subsidiary performance and competence development of an
international corporation can be influenced by a subsidiary’s network (Andersson
etal. 2002). Such a network can help move a firm from an arms-length
relationship to relationships that are built on adaptation and trust (Larson 1992).
Such a relationship can be a strategic resource, helping a firm in its future
capability and expected performance. The relationships embedded in a network
can be business focused or technology focused. Business-focused relationships are
captured by people who have known each other for a long time and transacted
sufficiently enough to adapt their business conduct to market information.
Technology-focused relationships emphasize information exchange that occurs
among constituencies in the network. Prior research shows that technology-
focused relationships are needed for forming business-focused relationships, and
the more technically embedded a subsidiary is within its network of relationships,
the greater its ability to contribute to the corporation’s competence (Dess etal.
1995, Hawzing 2000). While the relationships established by a firm with its
customers, suppliers, and competitors can help extract fine-grained information
about the local markets and environment, such information typically has local
context embedded with it and may not be transportable. However, any negative
impact associated with such a context can be reduced or eliminated by successful
management of knowledge that flows from the subsidiaries to corporate
headquarters or other subsidiaries (Gulati 1998).

Both transnational and multinational firms develop relationships to become
responsive to local needs, but significant management intervention is needed to
abstract knowledge from these relationships for corporate level use, even though
this is more of a necessity for a transnational firm. There can be a knowledge flow
from the corporation to the subsidiary for all firms, especially for global firms, to
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ensure consistency in management operations. Global firms on the other hand
extract much of the knowledge about markets at the subsidiary level through data
analysis.

Table 1 summarizes some of these observations. A transnational firm calls for
a greater level of integration of middle-level management decisions and contri-
butes most to, or benefits from, knowledge flows among the subsidiaries. Multi-
national firms need greater integration at the strategic planning level for goal
setting, while global firms need significant knowledge inflow (from the cor-
poration to the subsidiary units to support operational implementation) and
significant data outflow (from subsidiary to corporate for performance control).
Given the diversity of nationality and cultures involved, better understanding of
data and knowledge that are moving across the network is essential. The
complexity of information exchanged is high due to the support needed for higher-
level management decisions, and the diversity of cultures is high due to the
differences in cultures (east vs. west, or economic development: developed vs.
developing). Both of these contribute to increased equivocality.

In summary, as we move from the departmental to the interorganizational to the
international arena, or as decisions move from operational to strategic, there is

Table 1. Decision characteristics

International Global Multidomestic OR Transnational
firm type multinational
Strategy
Responsiveness | Cost advantage Product Mix of standardization
and and low differentiation and for efficiency and some
differentiation | responsiveness high responsiveness | differentiation through
(receptive (autonomous local responsiveness
subsidiary) subsidiary) (active subsidiary)
Planning
Decision High: implement | Low: develop Moderate: alignment
integration corporate strategy | divisional strategy
National Limited autonomy | Significant autonomy | Tighter middle
responsiveness management
Administrative | Operational plan Strategic plan Management control
coordination
Control
Data, financial, |Performance Performance through | Performance through
and knowledge | through increased | behavior control and | socialization control and
flows data outflow financial controls knowledge flows
Knowledge in-flow | Knowledge outflows | Knowledge outflow is
to ensure are low high to support firm’s
consistency and other subsidiary
competence
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increased equivocality in the decision-making process (see Figure 4). The DSS
architecture used should address this increased equivocality by ensuring that the
right technology is used to support the source and intensity of this equivocality.
The next section suggests the technology features of global DSSs (g-DSSs) that
can address the equivocality, specifically in support of financial planning.

4 Global Decision Support Systems Architecture
in the International Arena

The management decision processes shown in Table 1 requires different degrees
of technology support and we will use three different case scenarios of financial
planning to assess how the functional area models (FAMs) interact with the
corporate financial model (CFM). These cases will help us develop an IT
architecture in support of the last column in Figure 4.

Case 1: An automotive electronic parts supplier purchases material from a sup-
plier in Taiwan, ships it to Ireland and Mexico for separate processing steps (chip
design and resoldering), and brings these two items to the US for assembly and
shipment to an automotive firm. Here, the firm makes all the decisions on what to
buy and when to buy based on part forecasts provided by the original equipment
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manufacturer (OEM, e. g., GM or Ford) and determines its suppliers based on the
part quality requirements. In other words, the firm here acts like a global entity,
centrally developing a marketing strategy, determining production targets,
determining buyers at different locations, and planning its production processes
for each country. These decisions are then sent to each subsidiary for execution.
While each subsidiary has to engage in some degree of operational control (hiring
people and operating the capital) and transfer data for the purposes of integration
(e. g., weekly sales, purchases, shipments), there is very little management-level
integration and knowledge flow from subsidiary network to corporate head-
quarters for competence development.

The decision support system for financial planning is shown in Figure 5a. Here,
the operational control model (OCM) for each subsidiary is distinctly different and
is used to execute plans dictated by corporate headquarters. The financial models
(CFM and FAM) are centrally managed and decisions from these models are
transferred from corporate headquarters to subsidiaries. The operational data is
transmitted from subsidiaries to the corporate headquarters for integration. The
technology support here calls for:

1. Richer communication for accurate interpretation: Given the diversity
in culture, language, and interpretation even in global firms, equivocal-
ity in communicating the decisions can contribute to ineffectiveness. For
example, how effectively are the part forecasts communicated between
Taiwan and Mexico, given the work, social habit, and time differences?
So, richer communication [face-to-face or interactive mechanisms using
instant messaging or voice-over-Internet protocol (VOIP), with richer
feedback mechanisms to support clarification on interpretations] is
needed at both strategic and management level decisions.

2. Knowledge base repositories and intelligent translation/consistency
checks: 1t is critical to ensure consistency in the way business policies
are translated and interpreted at the subsidiary level, and data are
mapped as they are sent from subsidiary to corporate units. For example,
the corporate payment policies or special discounts allowed for early
shipment or payment can be made available through a repository. Ex-
change rates, on the other hand, may be used automatically to revise
transaction values as they move across countries. This became important
for an automotive firm that moves parts manufactured in multiple
regions to a central facility for proper local and corporate accounting
and tax computations. The same process became essential for a con-
sulting firm that uses people from multiple countries to complete a pro-
ject and bill for it appropriately.

3. Advanced data analysis techniques: Given the significant volume of
operational data transmitted from subsidiary to corporate for analysis
and decision making, we need effective data transfer mechanisms with
wider bandwidth, and data mining/analysis techniques to understand
remote markets.
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Figure 5. DSS support under different international interfaces

Case 2: Consider a firm that manufactures air-conditioning units. It manages
international operations in Brazil, China, and the US. Using agreed-upon higher-
level designs and product-mix levels, each plant plans its own manufacturing to
meet its sales targets, seeks resources to hire people and acquire capital, and
manages payments to its suppliers. Given the diversity of the customer needs, each
unit operates as an independent unit, a characteristic of a multinational firm. While
there may be an agreement on some broader goals (e. g., financial targets, product
mix), most of the management and operational control is left to the subsidiary. As
seen in Figure 5b, the subsidiary interaction at the strategic level is high and each
subsidiary makes its own management and operational control decisions to
implement the strategies. Most of the feedback is through financial controls (e. g.,
transaction targets and actual values) and are transmitted to corporate headquarters
for consolidation and evaluation.

The strategic planning here is accomplished using higher-level goal recon-
ciliation through idea generation and rank ordering/prioritization of specific stra-
tegies. These become inputs for the individual divisions and the rest of the finan-
cial modeling is local to the firm. Each subsidiary may use model integration and
other types of support that are unique to support its operations. The corporate
financial model (CFM) may provide targets for transactional levels, which are
then used as guidelines for functional area modeling. The technology support here
includes:
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1. Face-to-face interaction: Equivocality at the strategic level makes the
decision process highly complex. So, richer face-to-face interaction or
a teleconferencing facility that supports synchronous communication is
needed to help formulate goals, set strategic targets, and so forth. In fact,
in the case discussed, early interaction between strategic partners was
done using teleconferencing facilities and followed up with frequent
meetings through Web-based video-based interactions. Many advanced
collaborative and GDSS technologies may also be used to support such
interaction.

2. Reusable model integration and analysis libraries: Individual subsi-
diaries, depending on the level of technological maturity, may rely on
technologies that support model integration at various levels, and tools
used at the corporate level may be reconfigured to support the subsi-
diaries. Access to prior models used in decision making may be appro-
priate, especially when people involved in the decision-making process
move from region to region over time.

3. Communities of practice: Certain knowledge on best practices or market
trends becomes a part of knowledge outflow. These are captured and
communicated either through knowledge repositories, or shared as com-
munities of practice.

Case 3: The third case is an automotive firm that manufactures different models of
automobiles each year. As a part of its international strategy, it decided to let each
subsidiary in a given region be responsible for an automotive model (e.g. Japan,
China, Europe, US). In other words, there was some strategic level of interaction
in target setting and strategic planning, but the middle-level managers are given
the autonomy to execute these plans by responding to local sensitivities. Each
subsidiary is fully responsible for the product design of the automobile and is
asked to leverage the corporation-wide network of resources (suppliers, engineers,
dealerships, and so on) to manufacture and distribute these to relevant markets.
The subsidiaries may collaborate or seek input among themselves to forecast sales,
decide on options, realize efficiencies using corporate suppliers for common parts,
sell the product using international dealerships, and manage shipment/service to
realize economies of scale. This enables the corporation to leverage competencies
developed at one location for the benefit of the another, leverage relationships
embedded in a subsidiary for branding corporate-wide products, and gain eco-
nomies of scale at the operational level. This type of interaction calls for extensive
knowledge flow exchange at the middle-management level, and collaboration
among global teams of managers.

The decision support, as shown in Figure 5c, involves cross-subsidiary inter-
action across functional units (such as sales, production, purchasing), and intra-
subsidiary interaction between strategic and operational levels for plan execution.
The decision integration at this level must support a high degree of equivocality in
the way policies and environmental factors are interpreted for relevancy within the
local decision-making context. The technology support specifically involves:
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Multimodal communication: Multiple middle-management teams have
to interact frequently to share their knowledge and leverage best prac-
tices. While certain face-to-face and teleconference-based interactions
are needed when the complexity of interaction is high (e.g., product
design, manufacturing), other interactions (e.g., human resource, pro-
curement, and distribution) may be supported through group interaction
in an asynchronous mode. In other words, task complexity dictates the
richness of the communication used.

Semantic mapping and knowledge validation: Knowledge flows across
countries can be highly context based, and certain validation or semantic
mapping of the knowledge to corporate-wide standards is needed, if this
knowledge is to be shared and managed by the corporate unit.
Communities of practice enriched with social interactions: Given the
degree of middle-management interaction and the contextual experience
they bring to their operations, there is a need for significant socialization
control. While there is a need to support frequent communication
through the use of repositories and communities of practice, they should
be blended with social interaction and face-to-face communication to
address language and cultural differences. This is essential given the
degree to which corporate and subsidiary operations are controlled by
this group.

In conclusion, within the setting of financial planning in an international
marketplace, it is clear that the tools used to support decision integration and
administrative coordination need to support communication of significant data and
knowledge with varying levels of intensity and at different levels of granularity.
Table 2 provides a quick summary of decision support under each international

strategy.

Table 2. Technology characteristics

International Global Multi-domestic OR Transnational
firm type multi-national

Collaborative | Richer (peer-to-peer Face-to-face Communities of

technologies | or interactive) communication practice — enriched

for planning feedback for with social
accurate interactions
interpretation

Shared Knowledge Reusable model Semantic mapping

knowledge repositories and libraries and with knowledge

for control intelligent agents for | knowledge libraries validation

verification of data
communicated across
networks

of goals and targets
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In summary:

e Rich communication technologies of varying degrees are needed to
support global teams for goal setting, operational level coordination, or
middle management planning and control;

e Knowledge repositories and communities of practice are critical to
enable effective sharing of data, knowledge and competence across the
network of subsidiaries and the parent organization.

These two key technologies are essential if a firm is to support its financial plans
successfully. This support has to address both interactions under varying degrees
of equivocality (face-to-face, intertwined with social interactions, and occasional
feedback) and modeling to analyze varying levels of stored expertise (com-
munities of practice that seek peer advice in real time, searchable knowledge
repositories, reusable model libraries, semantic maps for knowledge/data trans-
lation, and data analysis tools that will help mine knowledge from data). Of
course, intelligent agent technology can help support both active and passive
validation of knowledge as it is transported across the units. These model and
interface libraries are shown as a part of the g-DSS architecture in Figure 6.

Intelligent Agents
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Advanced data communication
analysis taols models
Semantic Maps, Face to Face (FtF ),
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Figure 6. Global DSS framework
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5 Discussion and Conclusions

As noted in the previous section, the complexity of technology support varies
depending on how a firm articulates its product differentiation strategy in a global
setting — specifically in the way subsidiaries interact, deal with environmental
uncertainty, and address physical and cultural proximity of the subsidiary to the
parent organization (Boudreau etal. 1998, Chung etal. 2000). In addition to
technologies, however, it is the management of global teams that will make g-DSS
work effectively. In other words, the role of both people (language, culture, and IT
proficiency) and technology (accessibility and appropriateness) have to be
considered together when managing international organizations (Dube and Pare
2001). For example, intense knowledge sharing and interaction will most likely
occur among people with higher levels of IT maturity in a transnational firm and
they need both face-to-face and teleconferencing types of interaction to resolve
conflicts. On the other hand, a global firm focusing on operational coordination
(e. g., parts used to produce a product are moved from one region to another) may
use a mix of asynchronous and synchronous computer-mediated communication
to engender trust among the people involved in such coordination (McDonough
etal. 2001). For example, a mix of email, peer-to-peer interaction through
communities of practice and online chat rooms may be used to help support
coordination among supervisors, as they deal with unexpected shipment releases
or supplier disruptions.

The issue of trust is both fragile and temporal, especially when there is
significant turnover among global teams that are formed and disbanded with each
project (Jarvenpa and Leidner 1999). This can be true both in the case of global
firms (e.g., supervisory level employees) or transnational firms (e.g., product
design engineers). In such cases, adding richness to global communication through
social interaction or occasional face-to-face communication may increase this
trust. An interspersing of rich communication (face-to-face) with computer-
mediated support is also suggested for global teams (Maznevski and Chudoba
2000) and especially for a transnational firm (Boudreau etal. 1998). Such a mix
might include information integration and communication tools to manage local
stakeholder networks as well as language translation, groupware, and organiza-
tional memory systems to support knowledge flow across the network.

In summary, this chapter uses financial planning in an international arena to
illustrate how firm-level strategy and the resulting network of interactions often
dictate the nature of decision support. In arriving at such support, a firm needs to
consider its differentiating strategy (columns of Table 1), the task it has to support
(i.e., the level of interaction and its frequency), and the people involved in
performing this task (i. e., their familiarity with such interactions, the diversity of
the firm: language, cultural background). These in turn should help the firm deter-
mine the mix of asynchronous and synchronous tools (rich, face-to-face com-
munications) needed to reduce equivocality and the modeling tools (repository,
communities of practice) needed to reduce uncertainty.
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While the focus of much of the discussion was on financial planning, the
concepts are applicable to other application domains. The conceptual framework
develops a mix of tools that can integrate technologies with people. However, the
effectiveness of the tools (i.e., decision quality, satisfaction with the decisions,
time taken to make decisions, and so on) and their cost (frequency of face-to-face
meetings vis-a-vis teleconferencing, asynchronous communication) are still un-
resolved issues and need further research. While both value and costs may be
contextually dependent on the task supported, research needs to address some of
the factors that can help determine the quality of the global decisions and cost of
supporting such decisions using technologies such as those identified under
g-DSS.
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On the Design Features of Decision
Support Systems:

The Role of System Restrictiveness
and Decisional Guidance
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This chapter is about the substantive design of DSS features. It begins with a set of five
premises that are fundamental for designing DSSs yet are often neglected in the prescriptive
literature. Because a DSS is an intervention into the processes by which decisions are made,
and because the ultimate outcome of DSS design is not the system itself but the system’s
consequences, the key question for designers to keep in mind is this: What will the decision
maker do with the system? Contemplating this question leads to two key design features of
DSS: system restrictiveness and decisional guidance. System restrictiveness refers to how
a DSS limits decision makers who rely on it to a subset of all possible decision-making
processes. Decisional guidance refers to how a DSS enlightens, sways, or directs decision
makers as they choose and use its functional capabilities. Together these two features play
a significant role in determining whether a DSS will successfully achieve its design objec-
tives while avoiding undesirable side-effects. The chapter explores how a system’s restric-
tiveness and decisional guidance can be defined by designers to achieve their design objec-
tives as well as how DSS features can restrict and guide.

Keywords: Decision support system; Decision-making process; Restrictiveness; Decisional
guidance; Design; Consequences; Constraints; Features

1 Introduction

This chapter addresses the design of computer-based information systems intended
to support human decision makers, commonly referred to as decision support sys-
tems (DSSs). The chapter is written with those who develop such systems in mind.
Most of what is written here is not inconsistent with conventional thinking on DSS
design, but the emphasis here is not what one typically finds in the prescriptive
DSS design literature and my perspective differs from that which is most com-
monly adopted in practice. Since the discussion here is limited by the constraints of
a single chapter, interested readers — practitioners or researchers — can turn to Sil-
ver (1991b) for a more formal and extensive treatment of this material.
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Design is both a process and a product (Walls etal. 1992, Hevner etal. 2004).
The design process consists of those activities that system builders perform while
developing systems, whereas the design product is the DSS that results from those
efforts. Although process and product are certainly connected, this chapter con-
centrates on the product. To distinguish it from the design process, the design
product might be termed the system’s substantive design. The substantive design
of a DSS comprises the system’s design features.

Any use of the terms features or design features requires some qualification,
because these words mean different things to different people. Some use the term
features to refer to a system’s functional capabilities — its information-processing
features. Others would include among a system’s features the elements of its hu-
man-machine interface, such as its menu structures and dialog styles. Some use
the term features narrowly to refer to what others (DeSanctis etal. 1994, Griffith
1999) more specifically call optional or tangential features, functions that might or
might not be present in a given system of a given type. Still others think of fea-
tures as the bells and whistles that implementers and vendors use to embellish the
systems they produce. Additional meanings abound. Given these many meanings,
I use the terms features and design features in the broadest sense possible, to refer
to all of a decision support system’s components, characteristics, and properties,
including, but not limited to, its information-processing functions and elements of
its user interface.

Much of the prescriptive literature on DSS design addresses the process, not the
product of design. Such classic works as those by Keen and Scott Morton (1978),
Sprague and Carlson (1982), and Bennett (1983) concentrate on distinguishing
how systems that support decision makers should be designed from how other
systems of the time were being developed. But these works, and those that fol-
lowed in the subsequent decades, tell DSS developers little about the substantive
design of DSS — about the appropriate design features for a given DSS. Over the
years we have also seen, and we continue to see, a great volume of design research
focused on specific decision-aiding technologies. While this literature does ad-
dress substance rather than process, it too offers little substantive advice for de-
velopers on which decision aids to employ in a given situation and how best to
package that collection of aids into an effective system.

For DSS developers, whose very purpose in building a DSS is almost always to
improve decision making, a key design objective is to create a system whose fea-
tures promote desired or desirable decisional consequences while avoiding ad-
verse effects. The lack of substantive guidance on which design features — func-
tional capabilities, interface elements, and so forth — are appropriate for a given
system is therefore problematic. Providing such advice is admittedly challenging,
because such counsel must be general enough to be broadly applicable while suf-
ficiently specific to be meaningful in a given situation. For this reason, prescribing
a design process is easier than offering substantive design advice. Nonetheless,
this chapter confronts the challenge by identifying and exploring two attributes of
DSSs that have broad-based design significance. The first attribute, system restric-
tiveness, characterizes what decision makers can and cannot do with a given DSS.
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System restrictiveness has implications for various substantive design decisions,
including which functional capabilities to include in a DSS, which options to pro-
vide with each of those capabilities, and how to package the capabilities into
a system. The second attribute, decisional guidance, reflects those aspects of the
system that influence (intentionally or not) the selections decision makers make as
they employ the discretionary power afforded them by the DSS.

The chapter is organized as follows. I begin by discussing five premises upon
which the subsequent material rests. I present these premises to construct a foun-
dation for what follows, but I would contend that adopting these premises can, in
and of itself, lead to better DSS design. With this foundation in place, I next ex-
plore the connection between substantive design features and the consequences of
DSS use. This analysis identifies the two system attributes of special interest:
system restrictiveness and decisional guidance. Each of these can be viewed as
a design variable under the control of the designer. For each, the questions of
interest become how does this attribute affect decision-making behavior (that is,
how does it lead to consequences) and how can designers use it to accomplish
their design objectives (that is, to produce the consequences they desire). I con-
clude by considering design objectives at a higher level of generality, contrasting
two views of the role of DSSs as agents of change and considering the differential
implications of these views for designing system restrictiveness and decisional
guidance.

2 Premises

The chapter rests on several premises that discussions of DSSs often neglect. Most
of these premises are based on the process view of decision making, the recogni-
tion that decision making is not a point event but a sequence of decisional activi-
ties'. Each premise has important implications for the substantive design of DSSs.

Premise 1: A DSS is an intervention into the process through which deci-
sions are made (Silver 1991b).

Unlike those computer-based systems intended to replace people, DSSs are con-
structed to assist human decision makers. Indeed, the defining element of a DSS
for most commentators is that the system supports, rather than replaces, the human
decision maker. But a DSS is not just an information-processing assistant. Be-
cause system use will likely change the way decisions are made, the DSS is an
intervention into the process through which decisions are made. The computer-
supported process will differ — perhaps dramatically — from the unaided one. The
implication of this observation for DSS design is that designers must contemplate

Strictly speaking, the set of decisional activities may not be linear—several activities
might be performed in parallel.
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how the features they design are likely to affect the path decision makers will
follow in arriving at a decision.

Consider, for example, decision makers confronting a multi-attribute decision-
making task, such as locating a warchouse, renting an apartment, or buying a ve-
hicle. This classic decision problem is characterized by the need to choose among
a (possibly large) set of alternatives, each described by a set of attributes. Many
solution strategies — sometimes called choice rules — for tackling this problem
have been observed and classified. DSSs can intervene in the multi-attribute deci-
sion-making process by affecting which of the many strategies users employ
(Todd and Benbasat 2000).

Premise 2: The ultimate outcome of the DSS design process is not the com-
puter-based system but its effects.

Contrary to widespread belief, the DSS itself is not what should be of greatest
importance to DSS designers. After all, DSSs are not built to be admired or exhib-
ited; they are constructed to be used by decision makers. Of ultimate interest,
therefore, are the system’s consequences for its users and for others. These conse-
quences include the system’s effects on the decision-making process, the decisions
made through that process, and the ramifications of those decisions®. These conse-
quences need to be the true foci of DSS design. The substantive design implication
is that designers must focus on system features not for their own sake but for their
anticipated consequences.

Consider, once again the multi-attribute decision-making problem and the
many choice rules that could be used to solve it. Some of these choice rules are
compensatory, allowing high scores on one attribute to compensate for low scores
on another, whereas others are non-compensatory. Employing a compensatory
approach would likely lead to a different choice than would a non-compensatory
rule — for instance, a different warehouse location. And this decision could have
many ramifications, such as how delivery trucks are routed and how well retail
outlets are stocked. Since the mix of decision aids included in a DSS would likely
affect which choice rule (or combination of rules) the user of such a system adopts
(Todd and Benbasat 2000), this design decision can have significant conse-
quences. These consequences are the ultimate outcome of the design process.

Premise 3: The consequences of a DSS are not necessarily those intended by
the designer.

System designers may try to engender a given set of consequences when they
construct features, but since decision makers may not behave as designers expect
(Griffith 1999), the intended consequences may not be realized. Moreover, even if
the designer’s intended effects are realized, the decision-maker’s behavior may

2 Sometimes DSSs have consequences of interest that are not directly related to the deci-

sions that emerge from their use, such as shifts in organizational power, structure, or cul-
ture.
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also lead to unanticipated side-effects. The substantive design implication is that
focusing only on achieving planned consequences is not sufficient.

One of the early DSSs documented in the literature (Gerrity 1971, Stabell 1974)
was a portfolio management system intended to improve the performance of port-
folio managers by enabling them to look at buy/sell decisions from the perspective
of the entire portfolio rather than that of individual securities. The system was
considered successful, although the system did not succeed in changing the deci-
sion-making behavior of the account executives. The system’s success was an
unplanned side-effect, as the company obtained a competitive advantage from the
system for other reasons.

This premise reminds us that the consequences of a DSS are not necessarily
positive. Not only might the hoped-for positive effects not be realized, but system
use may even lead to negative consequences. Various studies (for instance, Fripp
1985, Kottemann and Remus 1987, Elam and Mead 1990) have found evidence of
degraded or dysfunctional performance using a DSS. So the downside risk of
building a DSS is not just that it may fail to achieve its intended benefits; the
greater risk is that intervening in a decision-making process may be deleterious.
When one thinks of design objectives, one tends to think of the positive accom-
plishments pursued by the designer. But more completely, the designer wants to
achieve the intended effects without incurring negative side-effects. While de-
signers understandably may tend to focus on achieving the effects they desire,
paying attention to only these consequences is ill-advised. Designers must also
anticipate and avoid undesirable consequences.

Premise 4: DSSs can affect the structure or the execution of the decision-
making process.

Since many decision-making tasks can be performed in more than one way, an
important element of decision making is deciding how to decide — choosing
among the different decision-making processes that can be followed. This strategy
selection might be made at the outset or it might evolve as the decision maker
confronts the problem. Either way, DSS designers must differentiate this structur-
ing of the decision-making process from the execution of the process — actually
engaging in the information-processing activities that lead to the decision. For
instance, when confronting a multi-attribute decision task, structuring the process
consists of selecting a choice rule or constructing a hybrid of such rules. Applying
the chosen rule(s) — for instance, selecting attributes, setting cutoff values, and
eliminating alternatives in the elimination-by-aspects approach — constitutes exe-
cuting the process. Each of these activities — structuring and executing the process
— can be the source of degraded decision-making behavior and each can be ame-
nable to computer-based support. Many designers take the structuring for granted
and focus only on process execution, which can lead to unexpected effects as
decision makers use the DSS to follow strategies not anticipated by the designer.
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Premise 5: The design features of a DSS — or any computer-based informa-
tion system, for that matter — are not limited to the technical properties of

the artifact.

While system builders typically concentrate on a system’s technical features, such
other elements of the DSS as usage policies, training, ongoing support, and cost
are also design features of the system that can be defined by the design process.
Considering this more complete set of features matters, because consequences
follow not just from the technological properties of the system but also from the
social and economic factors that surround it. For instance, if using a system is
voluntary, some decision makers might use it and others might not. Training and
ongoing support might have an effect on whether or not people use the system and
how they perform if they use it. Alternatively, a policy of mandatory use might
address the problem of non-use but might lead to misuse or abuse of the same

technical system.

Table 1 summarizes these five premises and their implications for DSS design.
Taken together they lead us to see DSS design this way:

DSS design is a process wherein designers define a system’s (technical and
non-technical) features in an attempt to affect the structure and execution of
the decision-making process so as to achieve desired design objectives while
avoiding undesirable side-effects. In short, the DSS design process is about
producing a substantive design whose consequences will conform to the pro-

ject’s design objectives.

Table 1. Key premises and their implications for DSS design

Premise

Implications for substantive design

A DSS is an intervention into the
process through which decisions
are made.

Designers must contemplate how the features
they design are likely to affect the path decision
makers follow in arriving at a decision.

The ultimate outcome of the DSS
design process is not the
computer-based system but its effects.

Designers must focus on system features not
for their own sake but for their anticipated
consequences.

The consequences of a DSS are not
necessarily those intended by the
designer.

Designers must contemplate how substantive
design features are likely to affect whether or
not design objectives are achieved as well as
how those features may lead to undesirable
side-effects.

DSS can affect the structure or the
execution of the decision-making
process.

Designers must distinguish the structuring of
the decision-making process from its execution
and consider how the system features will
likely affect each.

The design features of a DSS are not
limited to its technical properties. They
include social and economic elements as
well.

Designers must pay attention to these
non-technical features, recognizing that, in
combination with the technical features, they
can influence consequences.
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3 DSS Design Features and Decision-Making
Behavior

When considering a system’s technical features, it is natural for DSS designers
and users alike to focus on the system’s functional capabilities, asking, what can
the system do? But because what ultimately matter are the system’s consequences,
the real question is this:

What will the decision maker do with the system?

This question decomposes into a sequence of two more focused ones:

1. What is the decision maker capable of doing with the system?
2. Given those capabilities, what will he or she do?

The answers to these questions are tightly linked to the system’s design features.
The first question reminds us that the system’s features affect both what a decision
maker can and cannot do with the system. We tend to think of DSSs as enabling,
because their functional capabilities augment the human decision maker’s limited
information-processing capabilities. But DSSs are both enabling and constraining.
Since any given system has a finite set of functional capabilities, when decision
makers rely on a given system to support their decision making that system’s
feature set limits what they can do. Designers who are concerned about the conse-
quences of the systems they build — and that should be all DSS designers — need
to look at the design from both perspectives — from that of empowerment and
from that of restrictiveness.

The second question highlights that, despite the system’s constraints, decision
makers are still likely to have significant opportunities for exercising discretion.
For instance, decision makers can typically choose among functional capabilities,
supply inputs to those capabilities, and select display formats for viewing the
outputs. Indeed, any system so limiting as to allow the decision maker no discre-
tion would not qualify as a support system. So, just as some design features affect
what the decision maker can do, other features affect what the decision maker
does do while exercising the discretion he or she is granted. Designers who are
concerned about the consequences of the systems they build must also consider,
therefore, how the system’s features may influence the way that decision makers
choose among and use the system’s functional capabilities.

Taken together, the answers to these two questions bring us to the central rela-
tionship between substantive design features and decision-making behavior:

The design features of a DSS can play a role: (1) in restricting what
a decision maker can do when employing a given system, and (2) in
guiding what he or she opts to do within the limits of those restrictions.

This reasonably intuitive conclusion conflicts with the typical designer view of
a system. Designers typically focus on providing useful functionality — that is,
defining things the decision maker can do with the system — without paying
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much attention either to what the decision maker cannot do or to what the decision
maker will opt to do. This overly narrow analytic focus can lead to systems whose
consequences are not those intended by the designer, are undesirable, or both.
Treating the system’s restrictiveness and its guidance as key design variables is
therefore a better developmental approach.

4 System Restrictiveness

Because DSSs enhance the human’s own limited information-processing capabili-
ties with a set of computer-based capabilities, one can easily contemplate DSSs
only in terms of their enabling power. But since DSSs provide decision makers
with a given set of functional capabilities, DSSs enable some decision-making
processes while restricting other processes’. For instance, a DSS might implement
only a few of the many algorithms for time-series forecasting. Or a DSS might
support currency conversions among dollars, euros, and yen, but not pounds ster-
ling. Similarly, a DSS might accept only non-negative input values for growth
rates, disallowing the possibility of contraction.

Since enablement and constraint are essentially inverses — what is constrained
is not enabled and what is enabled is not constrained — considering both sides of
this coin explicitly might seem unnecessary when designing a DSS. By this logic,
focusing on one will take care of the other. In particular, since defining what the
system can do is a necessary design task — the functional capabilities are, after
all, the sine qua non of the system — one could develop a DSS without paying
any attention to how it constrains. Although this exclusive focus on enablement is
often seen in practice, several factors suggest that paying design attention to
a system’s restrictiveness is also essential.

Contemplating a system’s restrictiveness encourages designers to ask key ques-
tions that might otherwise go unasked, such as, “Should this capability be re-
stricted?” or “Would it be a mistake to restrict that function?” Put differently,
focusing on the constraints makes the designer explicitly consider what should and
what should not be constrained, which may be essential for achieving desired
consequences or for avoiding undesirable side-effects. Since the designer is ac-
tively building features into the system, he or she might very well fail to think in
terms of what has been, or should be, excluded. Focusing on restrictiveness can
help avoid these type I and type II design errors (omitting capabilities that should
be included or including capabilities that should be omitted).

Consider a DSS that is used as part of a planning process and that embeds
a simulation model. Since decision makers often fall prey to the wishful think-
ing bias, whereby their predictions are overly optimistic, one design objective
might be to produce more realistic predictions by preventing such bias. A system

3 I defer until later in this section the matter of a given DSS restricting different decision

makers differently.
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designed to meet this objective might restrict the allowable values of some inputs
and might also limit the number of times the model can be run (to prevent gaming
of the system). Even if such debiasing were not an explicit objective of the system,
designers might want to build these restrictions into the system to prevent the
wishful thinking bias from cropping up as an undesirable side-effect of model use.
In this example, the system’s constraints — what cannot be done with the system
— are critical design features.

Restrictiveness can directly affect system consequences, since the absence of
a function or an option may force decision makers to follow different decision-
making processes than they would otherwise have selected. But system restric-
tiveness can also affect behavior and outcomes by influencing a decision maker’s
attitude toward the system. On the one hand, a decision maker might choose not to
use a highly restrictive DSS if he or she finds it overly constraining. On the other
hand, a decision maker might abandon a minimally restrictive DSS if its many
functions and options make it difficult for him or her to use”.

System restrictiveness is a design variable — a system feature under the control
of the designer — that must be carefully set. Much of the early literature on DSS
development prescribed flexibility (Sprague and Carlson 1982) — the opposite of
restrictiveness. Later work (Silver 1990, 1991b) argued that a balance between
flexibility and restrictiveness is required, where the balance depends on the objec-
tives of the specific DSS being developed. Some design objectives favor greater
flexibility (enablement) whereas others favor greater restrictiveness.

Exploring the role of system restrictiveness as a design variable has two parts:
(1) considering how a given DSS design objective can be met by enabling or re-
stricting decision makers, and (2) contemplating how the system’s technical prop-
erties can accomplish the desired enablement or restriction. But before engaging
either of these issues, a formal definition of system restrictiveness is in order.

System restrictiveness: the manner in which a decision support system lim-
its its users’ decision-making processes to a subset of all possible processes.

Restrictiveness thus defined is a multifaceted quality of a DSS, because systems
can restrict in many ways and because many aspects of decision-making processes
can be restricted. Indeed, one often cannot say which of two DSSs is the more
restrictive, except in those cases where the processes supported by one system are
a proper subset of those supported by the other. Consider, for example, one DSS
that supports time-series forecasting and another that supports multi-attribute
decision making. The processes supported by the two systems are so different that
it might not make sense to refer to one system as more restrictive than the other.
Even given two DSSs for the same task — say time-series forecasting — one
cannot generally identify the more restrictive of the two. Suppose that one DSS
supports several forecasting methods while the other supports several different

The technology acceptance model (Davis et al. 1989), for example, posits that perceived
usefulness and perceived ease-of-use will affect intention to adopt an information sys-
tem.
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methods. It would not be appropriate to characterize either as more restrictive than
the other. As it turns out, however, DSS designers commonly find themselves in
situations where one proposed design is strictly more restrictive than the other
because designers frequently are in the position of choosing between more restric-
tive and less restrictive versions of the same system. Given an initial design, for
example, the designer may contemplate adding or removing functional capabilities
or options, thereby making the design less or more restrictive, respectively.

4.1 Designing System Restrictiveness

In many — perhaps, most — contexts, restrictions are considered bad. People
generally do not like blackout dates on discount airline travel or 15-minute limits
on parking meters. One might conclude, therefore, that system restrictiveness is an
undesirable quality and that DSS designers should avoid restricting. Indeed, users
of early DSSs rebelled against the inflexibility of those systems. But the claim that
restrictiveness is inherently bad is mistaken. Sometimes restrictiveness is bad, in
the sense that it works against a designer’s objectives, and sometimes it is good, in
the sense that it promotes those objectives. Moreover, whether we like it or not,
whether we choose to think about it or not, systems are inherently restrictive. Any
computer-based system — other than a Turing machine — has a limited set of
capabilities. So the design question is not so much whether or not to restrict, but
how, and how much, to restrict. Table 2 summarizes the factors that favor lesser
restrictiveness and those that favor greater restrictiveness. The following discus-
sion introduces these factors; more extensive discussions can be found in Silver
(1991b).

Table 2. Design objectives favoring greater and lesser restrictiveness
(Based on Silver 1991b)

Design objectives favoring Design objectives favoring
greater restrictiveness lesser restrictiveness
e Promoting use e Promoting use
e Prescription e Meeting unspecified needs
e Proscription e Supporting changing decision-
¢ Providing structure making environments
e Promoting ease of system learning | ® Supporting multiple decision
and use makers and tasks
e Fostering structured learning e Allowing users discretion
e Fostering creativity
e Fostering exploratory learning
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4.1.1 Objectives Favoring Lesser Restrictiveness

The groundbreaking work on DSSs by Keen (1980), Sprague and Carlson (1982),
and others offers several reasons for designing less restrictive DSSs. Much of this
work recognized that the rigidity of the failed management information systems
(MISs) and even the early DSSs was not conducive to supporting human decision
makers engaged in problem-solving activities. Effective support for human deci-
sion makers in many cases favors less restrictiveness.

Meeting unspecified needs. Decision makers often are unable to express their
needs adequately during the analysis and design stages of system development.
They may only be able to determine which functional capabilities are useful and
which are not by actually using the DSS. This difficulty may be due, in part, to the
unstructured nature of decision-making tasks. One way that system builders can
cope with underspecified needs is to build a generalized and flexible system that
provides a broad spectrum of capabilities from which decision makers can choose.
This approach leads to minimally restrictive systems. After all, designers would be
unable, or unwise, to produce a very limited system in a situation where specific
needs cannot be defined a priori.

Supporting changing decision-making environments. Over time, decision
makers, the problems they confront, and the organizational and industrial settings
within which they operate all change. Indeed, the DSS itself may contribute to
some of these changes as decision makers’ understanding of their tasks and situa-
tions evolves through use of the system (Keen 1980). If the DSS is intended to
have longevity — to continue to be useful as the elements of the decision-making
environment change — the DSS must be sufficiently robust to support both the
current and future decision-making environments. Such durability will require
more flexibility and less restrictiveness in the system’s design.

Supporting multiple decision makers and tasks. Some DSSs are custom de-
signed for a given task and, possibly, for a small set of specific individuals. But
such highly tailored DSSs — once a hallmark of computer-based decision support
— are increasingly giving way to more generalized systems intended to support
multiple tasks and decision makers. If a DSS is to support a wide range of tasks,
each with its own information-processing requirements, and a wide range of deci-
sion makers, each with his or her own individual characteristics, the system will
likely need to be less restrictive rather than more.

Allowing discretion. Computer-based support systems attempt to combine the
information-processing power of the computer with the strengths of the human
decision maker. Taking advantage of these human strengths requires granting the
decision maker opportunities to exercise his or her discretion. This discretion may
relate to structuring the decision-making process — deciding how to decide — or
to executing that process. Since increased restrictiveness reduces the opportunities
for exercising discretion, designers may want to create less restrictive systems to






