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INTRODUCTION

Because of the importance to individual, group, and
organizational success, information systems research
has examined waysto improve support for decision mak-
ing for thelast three decades. Theresearch has generated
avariety of information systemsto providethe necessary
support. In the process, there has been an evolution from
simple data access and reporting to complex analytical,
creative, and artificially intelligent support for decision
making (Holsapple& Whinston, 1996).

Variousinformation systemshaveevolved to support
the decision-making process. By studying the systems’
characteristics, advantages, and disadvantages, research-
ers and practitioners can better design, develop, and
implement robust decision-making support systems
(Forgionne & Kohli, 1995; Kumar, 1999). This article
facilitates such study by presenting and illustrating the
underlying information system architectures for robust
decision-making support.

BACKGROUND

Several frameworks have been devel oped to describe the
human decision-making process. The most popular is
Simon'’s three-phase paradigm of intelligence, design,
and choice (Simon, 1960). Thisparadigm seemsto bethe
most general, implyingvirtually all other proposed frame-
works, and the Simon paradigm appears to have best
withstood empirical testing (Borenstein, 1998; Martinsons,
Davison & Tse, 1999). Such scrutiny, however, has sug-
gested the expansion of the basi c formulationto conclude
with animplementation phase.

During the intelligence phase, the decision maker
observes reality, gains a fundamental understanding of
existing problems or new opportunities, and acquiresthe
general quantitative and qualitative information needed
to address the problems or opportunities. In the design
phase, the decision maker devel opsaspecific and precise
model that can be used to systematically examine the
discovered problem or opportunity. Thismodel will con-
sist of decision alternatives, uncontrollableevents, crite-
ria, and the symbolic or numerical relationships between

these variables. Using the explicit models to logically
evaluatethe specified alternativesandto generaterecom-
mended actions constitutes the ensuing choice phase.
During the subsequent implementation phase, the deci-
sion maker ponders the analyses and recommendations,
weighs the consequences, gains sufficient confidencein
the decision, develops an implementation plan, secures
needed financial, human, and material resources, and puts
the plan into action.

A variety of individual information systemshavebeen
offered to support during the phases and steps of the
decision-making process (Mirchandi & Pakath, 1999;
Sauter, 1997). Much can belearned about this support by
examining the support offered by theindividual systems.

ISSUES, CONTROVERSIES, AND
PROBLEMS

Decision-making support has evolved over time and
acrossdisciplines (Mirchandani & Pakath, 1999). Initial
support was offered by adecision support system (DSS).
Inthetypical DSS, the decision maker utilizes computer
technology to: (a) organizethe datainto problem param-
eters, (b) attach the parameters to a model, (c) use the
model to simulate (experiment with) alternatives and
events, and/or (d) find the best solution to the problem.
Results are reported as parameter conditions (status
reports), experimental forecasts, and/or recommended
actions. Feedback from the user-controlled processing
guides the decision maker to a problem solution, and
created information and knowledge are stored as addi-
tional inputs for future or further processing.

TheDSS concept presumesthat the problem pertinent
dataand model s have been created and made availableto
thesystem prior to user processing (Hooghiemstra, Kroon,
Odijk, Salomon & Zwaneveld, 1999). It al so assumesthat
the user can utilize the computer technology to perform
the technical processing operations and computations
required by the system (Lawrence & Sim, 1999). Infact,
DSS users rarely have the technical skill to recognize,
capture, and process pertinent data and models or to
interpret theresults of the models' processing within the
problem context (Raghunathan, 1999). In short, the DSS
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concept offers little direct support for the intelligence,
early design, and implementation phases of decision
making.

To be useful for decision making, problem pertinent
data must be identified, located, captured, stored, ac-
cessed, and interpreted (Seely & Targett, 1999). Data
warehousing can be used to facilitate access and report-
ing, while data mining can help with the interpretation
function. An executive information system (EIS) can
deliver these data access, reporting, and interpretation
functionsto thedecision maker inanintuitiveand appeal -
ing manner.

Inatypical EIS, the decision maker utilizescomputer
technology to: (a) organize the datainto specified broad
categories, (b) view (sliceand dice) thedatafrominterest-
ing perspectives, (¢) generate“warnings’ for thedecision
maker by scanning current trends, and (d) mine the data
for less obvious relationships. Results are reported as
category summaries (status reports), sliced and diced
details (drill down reports), and/or suggested problem
parameters (events). Feedback from the user-controlled
processing guides the decision maker to a general prob-
lem understanding, and the created parametersare stored
as additional inputs for future or further processing.

The user should exit EIS processing with a general
understanding of the problem or opportunity and with
relevant probleminformation (such asgeneral objectives,
range of decision alternatives, and range of pertinent
events). Additional decision analysis beyond EIS pro-
cessingwill berequiredtoexplicitly formulatetheproblem
and complete the decision-making process. Put another
way, an El Sdirectly supportsonly theintelligence phase
of decision making.

Technical and domain expertise will be needed to
recognize, formulate, and solvemost complex and signifi-

Table 1. Individual decision-making support systems

cant decision problems or opportunities. Although such
expertisewill beavailablewithin, and outside, an organi-
zation, the expertise may be difficult, costly, and time-
consumingtolocate, access, and utilize. Thecorrespond-
ing knowledge, however, can be acquired and embedded
withinaKnowledgeBased System (KBS), and the system
can be used to capture, store, and deliver the expertiseto
thedecision maker (Ayyub, 2001). A typical KBScaptures
and stores asinputs problem pertinent knowledge, either
from experts, cases, or other sources, and the models
(inference engine or reasoning mechanisms) needed to
draw problem solutioninferencesfromtheknowledge. In
other words, a KBS directly supports some of the design
and most of the choi ce phasesof decision making. Specifi-
cally,aKBSfacilitatesproblem structuring and theeval u-
ation and selection of alternatives.

Since decision making isasequential and continuous
process, learningwill beessential tothe successful comple-
tionof the process. Userswill learnfromtheir interactions
withaKBS (or other individual decision-making support
system) and, inthe process, gain skillsthat can be applied
to future decision-makingtasks. Applyinglearning tothe
solution of the current problem, however, often will re-
quire system support (Steiger, 1998). Machine learning
systems (MLS) can provide such support by mimicking
the learning processes of physical systems. In atypical
MLS, thedecision maker utilizescomputer technol ogy to:
(a) organizetheproblemdata, (b) structure (operationalize)
thelearning model, and (c) simulatelearning. Resultsare
reported as problem conditions (status reports), fore-
casted problem outcomes, and/or and an explanation of
thelearning logic.

Besides learning, creativity often is needed to suc-
cessfully complete the decision-making process (Keys,
2000). Whiletheprevioussystemsfreedecision makersto

System Type Support

Decision Support System (DSS) Individual Specifying relationships between
criteria, dternatives, and events;
choice

Executive Information System Individual Intelligence; developing decision

(EIS) criteria; identifying relevant
uncontrollgble events

Knowledge-Based System (KBS) | Individua Develop decision dternatives,
choice

Machine Learning System (MLS) | Individua Logicaly evauate decision
aternatives

Creativity Enhancing System Individual Design; develop an

(CES) implementation plan; put
implementation plan into action
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