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INTRODUCTION

In this article, we investigate the potential of using a
synthesis of organizational research, traditional systems
analysis techniques, and agent-based computing in the
creation and teaching of a Contingency Theoretic Sys-
temsDesign (CTSD) model. Tofacilitateunderstanding of
the new design model, we briefly provide the necessary
background of these diverse fields, describe the
conceptualization used in the integration process, and
giveanon-technical overview of an exampleimplementa-
tioninavery complex design environment. Theexample
utilized in this article is a Smart Agent Resource for
Advising (SARA), an intelligent multi-agent advising
systemfor college students. Totest all of the potential of
our CTSD model, wecreated SARA utilizing adistributed
instructional model inamulti-university, multi-disciplin-
ary cooperative design process.

Just as adynamic task environment forces an organi-
zation to compress its management structure and to
outsourcenon-coreactivitiesin order to becomeflexible,
a dynamic software development environment forces
designers to create modular software. Until now, coop-
erativedevel opment paradigmsweretoo complex tofacili-
tateinter-organizational cooperativedevelopment efforts.
With the increasing popularity of standards-based Web
services, the development of pervasive computing tech-
nologies, and the advent of more powerful rapid applica-
tion development languagesand | DES, thislimitation has
been removed. Our purpose in thisresearch is twofold:
first, to test the viability of using Contingency Theory
(CT), a sub-discipline of Management Organizational
Theory (OT), in an agent-based system; and second, to
use these new technologies in creating a distributed
instructional model that will allow students to interact
with others in diverse educational environments. As an
exampleimplementation, we createavirtual advisor that
will facilitate student advising in distributed environ-
ments.

In the following sections, we outline the background
theories involved in the conceptualization of our design
model. We start with the shifts in systems design tech-
niquesand how CT can be applied to them and to various
Multi-Agent Systems(MAS) to allow Contingency Theo-
retic Systems Design (CTSD). Once the necessary back-
groundisin place, we briefly discuss our new el earning
approach to cooperative distributed education. Finally,
the structure of the SARA is discussed.

BACKGROUND

Multi-Agent Systems

Agents and communication protocols form the basic
components of a multi-agent system. Agents exchange
messages according to a protocol of expected messages
delivered in a communication language in which the
message content and format adhere to a shared standard.
Individual agents make decisions, which may include
contacting other agents for information, and perform
processing to satisfy their goals

Anagentiscommonly defined asaprogram or collec-
tion of programsthat livesfor some purposein adynamic
environment and can make decisions to perform actions
toachieveitsgoals. Inother words, agentsaregoal -based
programs that must deal with changing access to re-
sources, yet run continuously. Like the best administra-
tive assistants, agents know and adapt to their master.
Individual agents may be conceptualized as having be-
liefs, desires, and intentions that can communicate with
other agents to satisfy their goals. Multi-agent systems
arethose in which multiple agents (usually) cooperate to
perform sometask. Agents may be independently devel-
oped and allow the decomposition of acomplex task into
acollection of interacting agentsthat together solve some
problem. It is not necessary that an individual agent
“understand” the overall system goals or structure.

Copyright © 2005, Idea Group Inc., distributing in print or electronic forms without written permission of I1GI is prohibited.



Contingency Theory, Agent-Based Systems, and a Virtual Advisor

Agent communication can be viewed at four distinct
levels. Thefirstlevel istheexpected protocol for exchang-
ing sequences of messages, like a script. For example,
when negotiating, the parties expect bids to be offered,
rejected, and counter-offered. Thesecondlevel relatesto
the content or meaning of the messages. To enableinter-
agent communication, anontology iscreated. Examplesof
such concepts are things, events, and relationships. At
the third level, a representation language defines the
syntax for structuring the messages; The Knowledge
InterchangeFormat (KIF) (Gensereth & Fikes, 1992) isone
example. At the fourth level, an agent communication
language (ACL) such as the Knowledge Query and Ma-
nipulation Language (KQML) or the Foundationfor I ntel -
ligent Physical Agents (FIPA) ACL (Labrou, Finin, &
Peng, 1999), definesmessageformatsand messagedeliv-
ery. An example KQML message, in Sandia Lab’s Java
Expert System Shell (JESS) (Owen, 2004), that showshow
an agent registers a service is shown below:

(register :sender student :receiver advisor :reply-with
msgl :language JESS :ontology SARA :content
‘(M ajorCourses.Compliance Check Hours))

Just as human systems created to achieve complex
goalsare conceived of asorganizations, multi-agent sys-
tems can be conceptualized as* organizations of agents”.
Individual components, whether human employees or
software agents, need to be managed, guided toward a
constructive goal, and coordinated toward the comple-
tion of the necessary individual tasks. In “empowered
organizations”, lower-level employees have the knowl-
edge and authority to perform many tasks without the
intervention of superiors. This conceptualization allows
us to use well-established research from management
organization theory (and Contingency Theory in particu-
lar) in creating guidelines for the design of agent-based
systems.

ORGANIZATIONAL THEORY (OT)

While much of the background concerning OT is ex-
plainedinthemain chapter below, thefollowingisabrief
overview of therelevant research trends. OT examinesan
organization’s structure, constituencies, processes, and
operational resultsin an effort to understand therel ation-
shipsinvolvedin creating effectiveand efficient systems.
A magjor division of OT, Contingency Theory (CT), pos-
tulates that no organization operates without constraints
from environmental, personnel, technological, andinfor-
mational influences(Andres& Zmud, 2001). Thisrelation-
ship is explained by the information processing theory
(IPT) (Galbraith, 1973). I PT postul atesthat the more het-
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erogeneous, unpredictable, and dependent upon other
environmental resourcesatask is, thegreater theinforma-
tion processing that the organization must be able to do
inorder to successfully accomplishit. Ascomplexity and
unpredictability increase, uncertainty increases due to
incomplete information. As diversity of processes or
outputs increases, inter-process coordination require-
ments and system complexity increase. As uncertainty
increases, i nformation-processing requirementsincrease.
Thebasic premiseof | PT isthat thegreater thecomplexity
and uncertainty in the tasksin an organizational system,
the greater the amount of information that the system
must process (Gal braith, Downey, & Kates, 2001). A basic
premiseof our researchisthat thisrelationshipisalsotrue
for information systems (Avgerou, 2001).

MAIN THRUST OF THE ARTICLE

Multi-Agent System Architectures
Using CTSD

Contingency-theoretic system development (CTSD)
adapts CT and | PT to the development and maintenance
of software systems (Burnell, Durrett, Priest et al., 2002;
Durrett, Burnell, & Priest, 2001, 2003). A business can
organize employees in a number of different ways, for
example by function or by project, and reorganize as the
business environment changes. Software systems can
benefit from this flexibility as well. The CTSD design
approach is focused on design for maintainability, a
crucial requirement for complex, dynamic systems.

Agent-based architecturesareameansfor structuring
software systems that adhere to Contingency Theoretic
principles. Each agent isviewed as an employeethat has
specific capabilities, responsibilities, and knowledge
within an organization. Agents, like employees, are
grouped into departments, as needed, to best satisfy the
goalsof the organi zation. Agentscan communicate peer-
to-peer within and across departments, and manager
agents resolve conflicts and make resource allocation
decisions.

Tightly interrel ated tasksare grouped into oneor more
agents. Each of these groupingsisreferred to as a“ soft-
wareteam”, and parallelsadepartment of employeesthat
perform roughly equivalent jobs. For example, a set of
agents that each handle one type of course requirement
(e.g., lab, art appreciation) may be grouped into ateam,
where communication can occur quickly between these
agents and with a “manager” agent that can resolve
conflicts, exceptions, and course-independent tasks. An
exampleagent in our system isencoded using JESSrules
to check that student preferences (e.g., for afternoon
courses) and constraints (e.g., no more than 12 hours per
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