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Abstract

Planning is a basic organizational decision-making
activity often requiring the judgement and expertise of
a group of organization members. Computer and com-
munications support for the planning process can help
individuals and groups who may have different
perspectives and priorities, to communicate and
coordinate their activities. This article examines how
groups organize their planning and decision-making
activities in a number of application areas, and iden-
tifies their requirements in terms of communication
structures and online information systems capabilities.
Examples are given from engineering projects, com-
puter projects, scientific communities, company plan-
ning, and crisis management. The applicability of a
distributed decision-making approach to organizing
information systems support is assessed as a way of
meeting these requirements.
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Introduction

Planning, in general, is an example of an
unstructured decision-making process that can-
not be described fully before the decision is
made. Strategic planning, for example, often
requires the judgement and expertise of a group
of organizational members, typically boards of
directors or committees. A recent development
has been the use of computer and communica-
tion support for the planning process. Computer
assistance has, in many instances, been pro-
vided by online decision support systems (DSS)
which aim to improve the effectiveness of deci-
sion making in problems that require some
balance between judgement and analysis. Bran-
daid [2] for example, is a marketing planning
DSS for evaluating pricing, promotion, and sales
force decisions. Communication support may
include computer message and conferencing
systems which structure written communica-
tions within a group. The Electronic Information
Exchange System (EIES) [19], which has been
used in scientific research communities, is one
example of a conferencing system.

A particular need in group planning and
decision-making tasks is to coordinate the activi-
ties of individuals or subgroups who may have
different perspectives and priorities. Decisions
made in one part of the organization may con-
strain those to be made in other parts, and com-
promises have to be reached. Information sys-
tems support has traditionally focused on pro-
cessing and gathering information with manage-
ment information systems (MIS). Then attention
moved to decisions with DSSs which support
specific decision-making processes and are
built upon MIS. Distinguishing features of DSSs
and factors influencing their success are
discussed by Meador, et al. [24], and Sanders
and Courtney [35]. Thomas and Burns [40] dem-
onstrated the need to support tasks which
involve cooperation and conflict between dif-
ferentiated organizational units, and extended
the DSS concept to one that would enable two or
more decision-making parties to cooperate in
using DSS tools in distributed decision making
(DDM). DDM is a mechanism for interacting
DSSs in an organization to allow groups, not
necessarily linked in a hierarchical manner, to
cooperate with one another. In a recent article,
Huber [18] has examined the design of group
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decision support systems (GDSS) which
facilitate the interactive sharing and use of infor-
mation among a group of people in a decision-
related meeting. DDM incorporates the distribu-
tion of GDSSs and extends GDSS to allow com-
munication between separate DSSs. A DDM
system is built upon the DDS layer and is con-
cerned with organizational communication and
conflict in decision making and planning. Figure
1 shows this progression by adapting Sprague’s
connotational view of DSS [39].

The DDM focus encompasses information
retrieval (and generation), information sharing,
information use, and conflict resolution features
such as the explanation of decisions. The archi-
tecture of a DDM system, which is described in
the latter part of this article, enables cooperation
and coordination between separate DSSs,
which may have developed in an evolutionary
manner by different subunits of an organization.
The quality of support that could be provided by
a DDM system depends upon an understanding
of both group decision-making processes and

information systems building. The aim of this
report is to look at decision-making processes in
the planning application area, in particular to
consider:

1. how groups organize their decision-making
activities,

2. how these activities can be supported by
computer and communications systems,
and

3. whether DDM systems could provide an
effective group decision making envi-
ronment.

First, group planning and decision-making pro-
cesses are discussed in general terms. Then a
survey is made of how groups organize their
decision-making activities in application areas
involving decision making by many people in
separate, but interrelated nodes of an organiza-
tion. From an analysis of the requirements of
these applications general conclusions are
drawn as to the applicability of DDM in this area.

DDM Communication and Conflict Focus
l DSS l ’ DSS l DSS Decision Focus
MIS l | M Information Focus
l :
I | I ‘ l ‘ | | ’ Data Focus
EDP EDP

Figure 1.
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Decision-Making and
Planning Processes

Decision-making processes

Different and conflicting explanations of deci-
sion processes are provided by various theories
of decision making. Decision making is often
identified with choice, that is, the selection of a
specific course of action from among two or
more alternatives in order to maximize the
expected value of a decision. Techniques such
as program-planning-budgeting (PPB) and cor-
porate planning are attempts to bring decision
making more in line with a rational model. The
rational view assumes clarity and agreement of
goals and objectives among those involved in
making decisions. This contrasts with the
pluralistic perspective of organizations which
holds that organizational decisions are the out-
come of bargaining among actors with different
interests and perceptions. The pluralistic view
points to incremental theories in which decision
making is seen as a succession of limiting com-
parisons, eventually reaching a consensus.
Models of organizational decision making are
discussed in depth by Huber [17] and Sage [33].
As well as the rational and political/competitive
models, Huber describes the ‘‘garbage can”
model, which emphasizes chance and timing in
determining organizational choices. And finally,

in the program model organizational decisions -

are the consequence of the programs (standard
operating procedures, group norms, budget
limitations) and the programming (professional
training, reinforcements of past decision related
behavior) of the units involved.

The DSS approach was a move away from a nor-
mative or prescriptive view of decision making
toward a descriptive model based on how deci-
sions are actually made in an organization.
Studies show that there are a wide variety of
decision-making processes and that these are
interwoven and interrelated. They are popularly
categorized into three main steps: intelligence,
design, and choice [39]. Much DSS work has
been concerned with the generation of alter-
native solutions and choice between alter-
natives. There has been little attention given to
tools that support the initial problem recognition
and description phases. Also, the role of com-
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munication in the decision-making process has
been largely ignored.

In practice, communication forms a large part of
planning and group decision-making activities.
Scher [36] demonstrates that communication is
an essential component of systems that support
decision processes. Flores and Ludlow [11] also
observe that decision makers tend to carry out
their activities through issuing commitments in
conversations. For example, as a result of an
offer from a supplier a number of interactions
are triggered ending with some result such as
the signing of a new contract. They describe the
activity in terms of a resolution having been
reached instead of a decision having been
made. Interactions may include giving attention
to a topic, accepting, declining or countering an
offer, asking for clarifications, or answering
questions. Sometimes the requirements for
reaching a resolution will be clear; other times
the process will require a more prolonged delay
and/or debate. Choosing between alternatives is
only a particular case within the border context
of resolution.

Planning as a group activity

Planning is concerned with the management of
change. Ackoff [1] argues that the principal
benefit of planning comes from engaging in it,
and that there is a need for workers to par-
ticipate directly in the planning process. Simi-
larly, Sandberg’s [34] concept of democratic
planning rests on the belief that participation in
the preparation and carrying through of plans
should be spread among all members of a
system, and they all should have the same
amount of resources to influence planning.

Ackoff’s concept of ‘“‘interactive planning’’
emphasizes three points. First is the importance
of direct participation where workers can plan
for themselves. Second, planning should be a
continuous process. Third, planning should be
holistic so that units at the same level of an
organization should be planned for simulta-
neously and interdependently, and every level of
the system should be involved in a multi-level
system. These ideas identify planning as a
group activity, with decisions being made at the
lowest appropriate level and with communica-
tion and coordination between groups.
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Communication and coordination

Thomas and Burns [40] illustrated the need for
communication and coordination support in
group planning in a case study of scheduling
resources and manpower in two divisions of a
large manufacturing company. The engineering
division was responsible for the design and pro-
ject management of a new plant. Maintenance
staff attached to the production department
(electricians, plumbers, etc.) were responsible
for keeping existing lines working, but were also
employed for installation in the new plant. The
project engineers and maintenance department
mostly worked independently of each other but
needed to incorporate each other’s decisions in
their plans. There was the potential for conflict
between the priorities of the engineering pro-
jects and maintenance’s need to provide for
unforeseen circumstances such as equipment
failure. :

DSSs were built for both the engineering and
maintenance groups. A project management
DSS (based on critical path techniques) was
introduced for the project planners to support
their scheduling decisions, and a DSS was
developed for the tradesmen for preventative
maintenance. The project management DSS
was used differently by planners on different
projects. One project planner developed a sim-
ple plan concentrating on the major phases of
the project; the plan being agreed upon at
biweekly project control meetings. Changes
were made during the meetings if plans became
unrealistic due to conflicts with previous com-
mitments. A second project planner used the
system in a more detailed manner and used per-
sonal contacts in the maintenance department
to draw up intricate plans for each week. In this
case maintenance foremen resolved conflict
amongst themselves and the plan was accord-
ingly changed to reflect what was expected to
happen.

Over time the project management DSSs were
used less and less. An important reason for this
failure was inadequate organizational and group
support [13] between the planner and other par-
ties on the project. Some activities involved a
sequence of decisions, others depended on
interaction between the separate units.
Cooperation between the respective DSSs of
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the engineers and maintenance staff was
required. For efficient scheduling both divisions
needed to know what the other had scheduled.

Group Planning and
Decision-Making Applications

A useful framework for understanding decision-
making processes in organizations is based on
communication. Planning may also be viewed
as a group activity involving many people in
decision making and requiring cooperation and
coordination between different groups. This arti-
cle is concerned with the kinds of support
required from an information system to assist
group planning.

This section examines the application area of
group planning in resource allocation problems
in more detail. The aim is to examine how
groups organize their decision-making activities
and how they can be supported by computer
and communications systems.

A number of multi-user applications concerned
with resource allocation problems and involving
planning and subsystem communication/coordi-
nation are described here and in the literature on
DSS and decision making. A common feature of
these applications is that they are professional
groups working in environments where interac-
tion with computer systems is a natural part of
the group activity.

Engineering projects

Different groups involved in an engineering pro-
jectwork, to some extent, independently on their
particular sub-system of the project. Neuhold
and Rabe [25] describe how engineers at the
Bechtel Corporation are assisted by computers
in the design and construction planning of large
pressure containment vessels for chemical
plants and petroleum refineries. The engineers
build and maintain their own databases and sim-
ple programs for problem solving. Local infor-
mation pools may contain informational or
operational data such as legal codes, material



descriptions, costs and experimental results.
Database organizations and natural languages
for database manipulation allow interactive
queries of the form ‘GET COST, ALL VESSELS
TYPE T10, STATUS FABR’. Engineers also
require modeling or analytic-type DSSs in their
work, for example for calculations based on
mathematical algorithms and techniques. They
may develop their own programs to perform
functions to fill their immediate needs.

The engineers at Bechtel created an interactive
design DSS and applied it on several projects.
Each group of engineers can use the system in
their own way, and add their own programs and
permanent data files to improve and extend it.
Many DSS tools can be shared between engi-
neers, in part or in total. Furthermore, apart from
sharing data and software tools, human informa-
tion sources (the judgement, experience and
creative intuition of the engineers) are impor-
tant. The applications suggest there is a need for
interdisciplinary cooperation on engineering
projects using computers as a means of com-
munication. Proposals included ‘‘suggestions,”
‘“gripes,” “advice,” “‘try it,”” and ‘‘system news
and views.” The potential of computer confer-
encing techniques in engineering projects is
also described by Turoff and Scher [41]. They
note that recognition of, and provision for, the
communications interface by engineering man-
agement can determine the success or failure of
a project.

The direct use of personal computers by
engineers to develop their own applications is
also described by Goodwin [12] and Kull [21]. In
civil engineering, jobs tend to be one time and
judgements are based on similar, but not iden-
tical experiences. The intuitive judgements of
individual engineers may be supported by com-
puters and communications for conveying accu-
rate and up-to-date information about a project.
In the consulting engineering firm of W.S. Atkins
[12] engineers work on separate components of
a structure and use a selection of complemen-
tary applications software packages at different
stages of a project. Similarly, at Ove Arup [8]
engineers decide which computer-aided design
tools they wish to use from those available and
can opt out of using the computer if manual
methods seem to be more efficient.
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Development projects

Project coordination is also required in large
computer hardware or software development
projects such as the writing of a compiler. Some
of these requirements are discussed by Brooks
[4]. The development of a large system is likely
to be partitioned between small teams of engi-
neers or programmers, each responsible for a
part of the system. Resource allocation deci-
sions involving machine time, staff, equipment,
administrative support, and work agreements
with other groups need to be made. A good
description of these types of decisions can be
found in Tracy Kidder's The Soul of a New
Machine [20] which describes organizational
conflict and pressure behind the design and
building of the MV/8000 at Data General.

One characteristic of the division of responsibil-
ity in a project is the allocation of different tasks
to groups and different roles to individuals. On
the MV/8000 project, for example, there were
three main groups: the hardware team, micro-
coders, and programmers. Individual roles
included someone in charge of the overall
design, a secretary, and team leaders. In a soft-
ware project typically there are different teams
for different modules of the project, each led by
a team leader. Other roles might include some-
one responsible for the design specification, a
testing team, a documentation team, and a
librarian responsible for current releases of soft-
ware and test data. Individuals in supervisory
roles may have information gathering and
retrieval tools to keep track of team members’
activities for scheduling, priority assignment,
technical evaluation, and guidance during the
project.

Communication between different groups in a
project is vital for the coordination of plans and
activities. In a centralized management struc-
ture task coordination would be the responsibil-
ity of a single manager, but in a decentralized
system group members must develop and sus-
tain cooperation between themselves. If one
team encounters a problem relating to an inter-
face with another part of the system, then the
two parties need to discuss the nature of the
problem and reach agreement together. If a new
feature is desirable, then this would have to be
agreed with the member of the project group
with overall responsibility for the design. The
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need for coordination is particularly obvious in
the interfacing of different modules for unit
testing and system testing. Many of these com-
munication functions could be mediated by
computer.

Cashman and Holt [7], and Dzida [10], note that
cooperation between team members in a soft-
ware engineering environment requires more
than a simple message system, and they argue
that a means for structuring project communica-
tion is needed. Cashman and Holt describe a
protocol-driven, computer-based message
system called MONSTR, implemented under
the National Software Works project, a distri-
buted operating system for the Arpanet internet.
In this system a manager defines the rules of
communication, including the allowable paths of
communication, the meaning of messages sent
over each path, and a description of the project
structure. Dzida proposes a contrasting rule-
guided communication system in which new
message types and communication rules can be
introduced by all members of a team.

As with the engineering projects described
earlier, different teams are likely to have their
own diagnostic programs and data banks of
results. One example of a practical software
development system is that used by Plan-
tronics/Zehntel [43]. It includes software tools
such as compiler generator utilities and text pro-
cessing routines for program documentation,
electronic mail, and configuration management
tools for tracking and combining pieces of soft-
ware. The development of a distributed inte-
grated project support environment (IPSE) is
part of the Alvey (UK) software engineering
strategy, for example the ASPECT project {27].

Scientific communities

In scientific communities groups of scientists
engaged in the same area of research com-
municate often and intensively with each other
in order to carry out their work. Garvey and Grif-
fith [16] have shown how science relies heavily
on informal networks of discussion, small group
meetings, and exchange of drafts and preprints
to keep abreast of current activities and views on
the value and relevance of specific research
problems. Typical decisions include which prob-
lems to choose, where and how to spend time

260 MIS Quarterly/September 1985

and resources, which techniques to use, and
SO on.

Cardwell [6] describes the use of computer
systems in an atomic energy research and
development environment at Oak Ridge
National Laboratory. Staff members used a
variety of computer systems linked together by
telecommunications lines, including small
machines for localized dedicated functions as
well as large central machines. The systems are
used for scientific and engineering calculations,
collection and analysis of experimental process
data, storage and selective retrieval of biblio-
graphic references or data files, and data pro-
cessing systems such as stock control and man-
agement accounting. Common tools, such as
text processors and editors, are also used. In
research laboratories and engineering environ-
ments local area networks are increasingly
being employed to facilitate communication
between users.

The distributed computing system used by the
Xerox Corporation, called Grapevine [3,37], is a
large-scale example since the research internet
extends across the USA and also includes
Canada and Britain. Most computing is done on
personal workstations which may be used at dif-
ferent times for different tasks. The primary use
of the Grapevine system is for delivering com-
puter mail, allowing a group of users to
exchange messages.

Project planning, forecasting activities on a
long-term basis, and shorter-term scheduling of
resources are also part of scientific research.
Since these activities depend upon the exper-
tise of a wide variety of personnel and are based
on human judgement, they require considerable
lateral communication and feedback. For exam-
ple, individuals discuss proposals, look at their
implications, and attempt to reach agreement.
Delphi conferencing, a form of structured brain-
storming, is a tool used for coordinating such
group communication. Participants record their
ideas and judgements according to tailored
questionnaires, the results of which are fed back
to the group, and in this way a decision emerges.

Company planning

In commercial organizations, group decision
support systems have been used to support



information sharing amongst groups of indi-
viduals in company planning and decision mak-
ing. GDSSs are used primarily to support a
group of people in a decision-related meeting
[18]. This type of application is illustrated by
executive group planning at the Execucom
Systems Corporation, reported by Wagner [42].
DSS modeling activities are carried out in the
planning laboratory, which is essentially an elec-
tronically equipped boardroom. Executives
assemble round a boardroom table, have their
own graphics terminal embedded in the table
top, and at the front of the room is a large color
video projector and screen. Each executive's

terminal can either be a slave to the large screen

or can be used as a personal terminal. This latter
mode is used for retrieving data from databases,
sending messages to staff and receiving com-
munications from them, analyzing data, and
interrogating private models.

A typical activity might be a committee con-
vened to consider a request for resources. A
model is presented in Execucom’s Interactive
Financial Planning System (IFPS) language,
which is an example of an end user (or fourth
generation) language used for developing DSSs
quickly [23]. IFPS is based on a spreadsheet
model and the assumptions of the model —
variables, data, and interrelationships — are
shown on the large screen for discussion in the
planning laboratory. Results can be displayed
and participants may challenge the assump-
tions by offering additions, deletions, and
modifications of the model, performing ‘what if’
analyses through the DSS.

One of the packages used in the planning
laboratory, called Mindsight, is an example of a
DSS for quantifying and externalizing human
judgement. It is used to extract from group
members their judgement, opinions and
thoughts about the assumptions in the model
being presented, and provides a number of tools
to assist in the process. One such tool is a voting
facility; for example, participants may be asked
to vote on whether or not to continue funding the
development of a new product. The poll can be

either open or anonymous and the results are,

presented graphically on the screen. Another
tool is the idea dialogue which is a means for
individuals to display their feelings about some
particular issue. Each employee composes their
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answer, and then the results are presented in a
scrambled order on the screen for anonymity.
These activities help in the process of achieving
consensus, primarily by identifying areas of non-
agreement and incomplete communication
thereby helping to bring about a quicker and
more rational resolution of differences. A similar
type of system to Mindsight is CONSENSOR
[38], an electronic decision tool which facilitates
discussion and decision making in meetings.

The planning laboratory facility can also be used
for briefing sessions on operational information
in a user’s system. One or more individuals con-
trol such briefings, calling a sequence of data
presentation packages which have been pre-
pared for review and discussion by participants.
Users can also call directly for displays or
dynamically create new ones. At Execucom, the
planning laboratory is used for monthly financial
meetings in which the previous month’s results
are reviewed. Wagner also hypothesizes the
concept of a distributed planning laboratory
whereby managers are also to participate in col-
lective DSS processes without assembling at
the same location.

Crisis management

Crisis management involves major and unex-
pected events in the routine of an organization.
Some examples of crises in engineering
management are: delay or unavailability of a
crucial physical component in a project, depar-
ture of a key engineer, a cost overrun, or a major
project not meeting performance specifications
at the first test [41]. From work on political and
economic crises of a national and international
nature, Kupperman [22] found that conventional
information systems rarely help in crises so
managers tend to fall back on experience, intui-
tion, and bias to make ad hoc decisions.

Hiltz and Turoff [16] observed that crisis
management often requires the following:

1. factual information from various sources,

2. value judgements by key individuals,

3. discussion on proposed alternatives and
their ramifications,

4. anonymity in voting or discussing such
issues, and

5.a way to determine a general consensus
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within a short period of time when a deci-
sion must be reached.

These requirements indicate the potential of
DSS’s for quantifying and externalizing human
judgement. Ordinary database and modeling
DSSs may also be used; for example, simulation
models can be used to allow management to ex-
amine the consequences of alternative courses
of action as a mechanism for preparing for
and/or preventing crises.

EMISARI (Emergency Management Information
System and Reference Index) [16] is an example
of a computer conferencing system developed
by the Office of Emergency Preparedness (OEP)
for domestic crisis management. During the
wage-price freeze in 1971 in the United States,
the ten regional offices of the OEP needed to be
able to generate and share timely and useful
data on policies, problems, and programs. Staff
had to interpret and convey information to the
public. The EMISARI system acts like a large
blackboard on which up to 100 participants of a
conference can write. The blackboard is under
the control of one individual, the monitor, who
keeps the names and descriptions of individuals
participating in the conference. Tables of data or
text items, such as policy, situation reports and
news, are each assigned to a member of the
group who is responsible for supplying the infor-
mation on a regular basis. The system includes
facilities for voting on proposals put forward in a
discussion. Communication support for multiple
party decision-making processes is an impor-
tant feature of many public sector DSSs [14].

Issues From The Survey

In order to understand the nature of, and poten-
tial for, computer support of organizational deci-
sion making, a number of application areas have
been examined. One characteristic of the
groups involved is that individuals define their
own tasks and information processing needs.
Through the use of DSSs, the groups allow their
decisions to be supported by computer systems.
Where decisions made by one subunit of an
organization constrain decisions in other parts
(such as scheduling activities in engineering or
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software projects), or where information is
gathered from many parts of the organization for
planning (for example in strategic planning),
cooperation between groups is required. Nego-
tiation and conflict resolution between different
groups may be invoived in the process. Com-
munication consists of making tentative deci-
sions and commitments, and a series of interac-
tions with feedback between participants. In this
way, decision-making parties may move in
stages towards a goal such as the design of a
new software system or the formulaton of a divi-
sional plan.

This kind of interactive planning is not supported
by traditional systems, organized to filter infor-
mation up through a hierarchy to a few decision
makers at the top. Instead, the problem struc-
ture requires coordination between subunits on
a horizontal level. These considerations indicate
both technical and managerial requirements for
information systems support, forming the
background for the development of the
distributed decision-making model which is
explored in the next section.

IS Support and Distributed
Decision Making

Neuhold and Rabe [25] identify three types of

mechanisms for user support provided by a

computer system. These are:

1. database functions for the description and
manipulation of data contained in systems,

2. languages and direct user support features.
for communication between user and
systems, and

3. control functions that supervise utilization of
the system by multiple users and ensure the
integrity of internal data manipulation and
user communciation with programs and
databases.

Communication systems extend the functions of
the second category to allow communication
between geographically dispersed machines.
Hence, individuals are able to communicate with
each other using the computer system as an
intermediary. The group activities described
above illustrate the use of computer systems for
planning and decision-making support which



included DSSs, database management sys-
tems, natural language interfaces, computer
conferencing systems (CCS), and computer-
based message systems.

Even though networking is now becoming com-
mon, a mechanism for cooperating DSSs in an
organization does not yet exist. Several people
cooperating around one DSS as in a GDSS
[13,18], and the distribution of a single DSS
through an organization [36], have been
described, but little attention has been paid to
interaction between several DSSs. Distributed
decision making (DDM) is an extension of the
DSS concept to allow a number of such systems
to co-exist within an organization in a manner
that need not imply any particular managerial
structure. A distributed decision-making system
is an integrating mechanism enabling groups of
decision makers to use and interface separate
support systems. Thus, it provides the control
mechanisms identified in Neuhold and Rabe’s
third category, enabling decision makers to
make effective use of DSSs in a distributed
environment.

The general aims of using computer support in
planning are to allow the generation of more
ideas and more information on the implications
of these ideas, and to widen the scope for mak-
ing choices to all those affected. This rests on
the belief that better solutions can be developed
by the people concerned locally rather than by a
central authority or agency; that is, planning
should be a process with full participation. Nor-
man [26] discusses the different forms of par-
ticipation and the motivation for their use.
Distributed decision making is a framework for
information systems support which is suited to
the requirements of increased participation.

Distributed decision making

In terms of system development DDM views
organizations as composed of subsystems in
mutual interaction. Coordination between tasks
is at the level of the task rather than up and down
a hierarchy. Coordinating functions are the
responsibility of the workers in horizontal
groups. When decision making and planning are
decentralized, decision support is required at all
levels of the organization not just at the top.
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DSSs may evolve to support the style of working
of those groups. For coordinating functions
between groups, these DSSs can be accessed
by other groups.

In DDM, the decision-making system is viewed
as a network of nodes. Each node is a point in
the organization at which some decision-making
activity occurs. A node may include DSS and DP
systems, with local DP systems and databases
feeding the DSSs as shown in Figure 2.

A DDM system provides a flexible association
between nodes which can change to meet par-
ticular requirements. As patterns of cooperation
change between groups the information system
must be able to adapt easily. The system recog-
nizes that individuals will have their own values,
interests, and ways of working and ensures their
independence and autonomy.

The structure of a DDM system allows horizontal
association between groups to be built. Informa-
tion is owned by its producers who control
access to data through their software. This is a
different approach to a hierarchical structure
where subunits provide information which is fil-
tered up the organizational hierarchy and over
which they have no control. Pulkkinen [29] has
demonstrated the relationships between DSS
and the development of organizational struc-
ture, communication, and decision making. The
DDM model fits most closely with advanced
stages of organizational development where the
emphasis is on teams and task groups and the
potential for DSS use is greatest. A non-
hierarchical association between groups is
implied, as in a matrix or network organization
structure as illustrated by Herbst [15] (see
Figure 3). In a matrix structure members may
join into different work groups for different tasks.
Avariety of alternative structures can be formed.

Organizing information systems resources and
activities in decentralized environments is more
complex than in hierarchical systems, as Zmud
[44] discusses. Effective coordination and con-
trol without loss of local autonomy may be hard
to accomplish. Coordinating and interfacing dis-
tributed DSS tools, is also more difficult because
of the ad hoc and end user driven nature of DSS
development. The distributed nature of a group
planning environment means that the manage-
ment of resources in the system, access to infor-
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mation, and the distribution of control are impor-
tantissues. The way these issues are handled in
a DDM system is considered in the next section.

Organization of a
DDM System

DDM nodes, comprised of some computing
facility supporting a group activity, are loosely
coupled into a network in which all nodes are
equal and there is no central or controlling node.
A node is able to communicate with any other
node so all possible pairs of connections are
needed, but not simultaneously or permanently.
A variety of computer systems may be con-
nected but all have a standard interface to the
DDM system. The system is a dynamic one in
the sense that new nodes can be added and the
structure of the network can change. Nodes are
not assumed to share memory and a DDM sys-
tem may be implemented as a locally distributed
system using data transmission facilities such
as a local area network.

The DDM system structure is based on operator
sharing, and activity is driven by the receipt of
messages. DSS operators or application tools at
a node are called functions. Where support is
given from one node to another a transaction
takes place with resources passing between the
nodes. Transactions are performed by the
execution of a function in a called node. Func-
tions and data are private to a node. It is only by
the execution of exportable functions, which
have been explicitly defined as usable by other
nodes, that internode communication can take
place. Agents provide the facility for grouping
together transactions to undertake a collection
of tasks for the user. Agents can execute local
functions at their node and request the execu-
tion of external functions. In the case of external
function calls the request will be forwarded to
the node in question as a message.

A DDM system guarantees user control over
data by providing facilities for users to control
access to their software and, hence, to data
owned by them. The distributed components in
a system may already exist and have different
communications conventions. The DDM system
software provides a framework for accessing

Group Decision Support Systems

distributed DSS components by multiple users.
Nodes are responsible for publishing informa-
tion about how to use DSS operators, and there
is no network-wide view of data as in a distri-
buted database system. Resources can only
pass out of a node under the control of the
owner.

A help function can be called at each node to
describe the DDM functions available at that
node and how to use them. For example, if the
function manpower was registered with the
DDM system at the personnel node, the enquiry
personnel.help{ }, requesting the help function
at personnel, would return details of the man-
power function plus other functions at that node.
The help function, together with an electronic
mail facility, must be present at each node in the
system. Owner nodes determine which other
nodes can access data by specifying access
rights.

The detailed model of a DDM system is based on
Hewitt's Actor Model in which computations are
represented by the passing of messages
between actors, that is, the objects being mod-
eled. In a DDM system the basic object is the
node. Based on the model, a prototype system
has been developed which is a message-based
implementation under the UNIX™ operating sys-
tem. The model and its implementation are
described elsewhere [30,32]. Working systems
on two machines, a VAX 11/750 and a PDP
11/60, have been used to demonstrate a variety
of distributed decision-making applications.
Some illustrations of the use of a DDM system to
support group planning are described in the
following section.

Applicability of DDM

Combining distributed
DSS operators

In decision making there is often a requirement
for combining DSS operations. Operators may
be quite simple, providing access to facts,
retrieving information such as database queries,
or producing data analyses or displays. In a
DDM system, tasks may involve data collection
and analysis using all parts of the available infor-
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mation system and a wide range of problem
solving techniques.

Subunits in a differentiated organization are
generally called upon to supply information for
use by other subunits in their decision-making
activities. In the scheduling case study des-
cribed earlier, the engineering and maintenance
departments needed to incorporate information
from each other’s plans into their own DSSs. If
certain items of information are required regular-
ly, then it may be useful for a DDM node to
automate the function so that users can obtain
that information directly rather than supplying it
via telephone calls, memos, or computer list-
ings. Various local information sources, dif-
ferent DP systems, and DSSs may be drawn
upon. In this way nodes may call up functions at
an external node to supply information required
and incorporate that information into their own
decision-making procedure.

In Execucom’s planning faboratory sequences
of activities could be carried out, for example a

series of displays in a planning process..

However, a GDSS describes several people
cooperating around one DSS; whereas DDM
extends this communication to allow interaction
between several DSSs. DSSs are extended for
multiple use throughout a decision-making com-
munity. Users can construct models from
distributed components by combining DDM
functions in a flexible way to carry out a decision-
making activity. Decisions and information can
be sent to nodes by requesting exportable func-
tions at the node. The user interface to the DDM
system is provided by the agent language (AL)
which provides high level control of DSS pro-
cesses. The language which is defined in [31]
contains parallel and sequential function state-
ments, and selection and looping constructs.
Exceptions handle cases where function
modules cannot be found (or are not available to
the calling node), or fail during execution.

Communication between nodes

A feature indentified through the applications
surveyed is that DSSs are owned by individual
users and groups. At Bechtel, design engineers
developed specific tools to assist in their
problem-solving tasks using local data. Simi-
larly, in a software development project a small
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team requires access to’common data and pro-
grams. In this type of project organization
responsibilities are divided between groups
which work on their own and then join together
for communication when cooperation with other
groups is necessary. A DDM system is speci-
fically designed to allow user control over data.

In a case study of research project support, car-
ried out using the prototype system, a project
planning function was designed for scheduling
team activities and monitoring progress. A
system of bar charts is used by the planner,
using estimated completion dates for different
activities obtained from the programming
teams. As work is completed nodes can request
a function at the planner node to update the
schedule with actual completion dates. The pro-
cedure can be initiated by any member request-
ing their current schedule from the planner. The
function generates a questionnaire for reporting
progress which is sent to the calling node and
executed as shown in Figure 4. Other group
planning applications may be developed along
the same lines.

In this framework, a user defines a task and
there is a series of message exchanges or trans-
actions between participants. Some interactions
may be initiated automatically while others
require human intervention. Commitments are
made and negotiations may take place, perhaps
resulting in a redefinition of tasks. In Dzida’'s
system used in the software maintenance envi-
ronment described earlier, the different types of
communication between programmers were
supported by means of different message types.
In a DDM system, rather than different types of
messages, different functions are called for dif-
ferent tasks.

Idea generation and conferencing

In addition to databases and models, decision
makers can use mail or conference information.
Decision processes in a group often proceed in
an iterative manner, as illustrated by the idea
dialogue used in company planning. Another
example would be a research problem broad-
cast simultaneously to a number of individuals in
a scientific community for comment. Conferenc-
ing systems and DSSs for quantifying and exter-
nalizing human judgement tend to be concerned
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with soft data — opinions, explanations, and
non-factual information typically stored in an
unstructured format. The handling of assump-
tions and facilitation of communication about
conflicting ideas appear to have much to offer in
increasing the understanding of alternatives and
encouraging creativity in decision making. By
opening questions for examination, including
diagnoses of problems and reidentification of
objectives, the planning process becomes more
open-ended.

The DDM system structure allows electronic
mail and conferencing systems to be con-
structed. Two computer conferencing systems
(CCSs) have been implemented in the prototype
DDM system. The CONFER system, which
allows users to set up a conference on a par-
ticular topic and to enter and receive contribu-
tions, is based on the command structure of
Telecenter [28], a CCS implemented at the Inter-
national Institute for Applied Systems Analysis
in Austria. Unlike the Telecenter system, CON-
FER keeps a stored record of contributions to a
particular conference at its originator node and
uses exportable functions at each member node
to manage the system.

The second system follows a structured tech-
nique called the Nominal Group Technique
(NGT) [9], where a decision-making conference,
guided by a group leader, proceeds through a
number of distinct steps: idea generation, dis-
cussion of ideas, preliminary vote on item impor-
tance, discussion of preliminary vote, final vote,
and report. The goal is to produce a list of ideas
on a theme recommended by the group. An
important feature of the NGT system is that
users are anonymous, thus controversial and
unusual ideas may be generated without
pressure for conformity. Also, people are less
likely to be influenced by the importance of the
person making the contribution. In the example
in Figure 5 new research and development pro-
posals are being assessed in a plastics manu-
facturing company in order to choose the proj-
ects that will be funded.

Participants need not be in the same room nor
be participating simultaneously. Comments can
be sent and read whenever convenient. During
the discussion of ideas or proposals users may
draw on supporting information using DDM
functions, perhaps producing statistics or run-
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Figure 5. NGT Idea Generation

ning simulations and making these available to
conference participants.

Conflict resolution

When tasks depend on each other, as they do in
scheduling, there is a requirement for decision-
making parties to know about each other’s deci-
sions. If the decisions are not acceptable, then
any conflict must be resolved. For example, in
the scheduling case study discussed earlier, if a
particular request for a plumber cannot be ful-
filled because of illness, then a response giving
this information could be provided using a sim-
ple function to satisfy most requestors. Where
explanations are not detailed, an understanding
of the rules used to make the decision may be
needed. For this type of situation an expert
system might be employed as a conflict resolver
[5]. Rules may be used to resolve conflict, and
then be applied to resolving future similar con-
flicts. Such a system developed for resource
scheduling has been demonstrated using the
prototype DDM system. The DDM system sup-
ports conflict resolution by allowing for interation
between DSSs.
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Evolutionary development

Decision-making activities in a particular appli-
cation will change as the environment changes
and new ways of working evolve. Use of the pro-
ject management DSSs in the scheduling case
study, for example, varied according to the work-
ing habits of individual project planners. Flex-
ibility of adding, deleting, or changing DSS func-
tions is an important feature of a DDM system.
New nodes may also become part of a decision-
making system and a node may establish new
patterns of coordination with other nodes. A
DDM system allows groups to evolve their sup-
port software and gives complete flexibility in the
number and type of group activities that are
present at any one time.

DSS’s are designed to support activities where
novel, idiosyncratic, and ad hoc methods are
required. Thus, they should lend themselves to
rapid modification to meet the needs of a par-
ticular decision maker in each new situation.
This implies end user control and simple means
for building models to solve particular decision-
making tasks. These two issues are addressed
by DDM. In a DDM system users can choose



which activities they wish to support and which
of the DSS tools they will make available for
other users. It is a different concept of systems
design from top-down methods. Systems are
designed in an evolutionary manner and the ser-
vices provided are a result of negotiation.

Conclusion

An important characteristic pointed to in the
applications considered is that communication
was not organized in a hierarchy but as com-
munication among equals, such as engineers,
software developers, scientists and manage-
ment teams. In some organizational structures,
notably cooperatives, this is the natural method
of association between groups. In other cases
only parts of the organization work as a team; for
example, teams of executive managers in Wag-
ner’s planning laboratory. A DDM system is
structured as a network and provides for the
communication of information and coordination
and cooperation among decision makers at
parallel levels.

A number of distributed decision-making appli-
cations in planning and subsystem communica-
tion/coordination, were described using a pro-
totype DDM system. In these applications deci-
sion making appears as a process of resolution
resulting from transactions and conversations
between groups with different interests and
perspectives. As such, the DMM approach
seems to be appropriate both for facilitating par-
ticipation and cooperation in resource allocation
decisions, and allowing individuals and groups
to place their own tasks into a cooperative
framework. It provides a framework for groups to
work in a cooperative manner and the means for
involving more people in planning and decision
making.
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