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A Functional Taxonomy of 
Computer-based Information 
Systems 

G MENTZAS 

The increased use of computing facilities and the application of concepts and 
theories from a wealth of different disciplines have resulted in the development of 
different types of computer based information systems (CBIS) with distinct 
functional characteristics. The reviews and classifications of CBIS found in the 
literature usually focus on one of these types and also on classes of applications. 
There is a need for a broad classification with a focus on the functional characteris- 
tics for CBIS that consider issues of organizational support and representation of 
business-related processes. The present paper attempts to provide the basic 
framework for such a functional taxonomy by classifying CBIS on three distinct 
process elements: information process support; decision process support; and 
communication process support. The aim is greater precision in systems categor- 
ization and to enhance the usefulness of CBIS research by reducing ambiguity in 
the attribution of research results. Ten different types of CBIS are examined and 
classified. The constituent elements of these CBIS types are also analysed. 

Introduction 

The increased use of computing facilities and the application of concepts 
and theories from a wealth of different disciplines (such as operational 
research. management science, artificial intelligence, etc) have resulted 
in the development of various types of computer-based information 
systems (CBIS). These types of CBIS exhibit distinct functional charac- 
teristics and aim to provide support in separate parts of the organiza- 
tional environment; eg executive information systems focus on the 
executives of organ~ations, decision support systems aim at providing 
support for decision-making activities, etc. 

The reviews and classifications of CBIS found in the literature have 
two important limitations. First, they focus on only one of the various 
types of CBIS, aiming to limit the scope of analysis into manageable 
scale; see, for example, Rainer et al and Watson rt al for reviews of 
executive information systems.’ Second, they either focus their analysis 
on all kinds of applications of a specific type of CBIS* or restrict their 
scope even more to a particular class of applications (ie a particular 
problem domain) .j 

Although an approach that limits the classification to a particular class 
of CBIS is useful for gaining insight into specific aspects, it fails to 
provide a more general framework that would lead to greater precision 
in the categorization of systems and to enhance the usefulness of CBIS 
research by reducing ambiguity in the attribution of research results. 

In addition, there is a need for a broad classification with a focus on 
the functional characteristics for CBIS that would also consider issues of 
organizational coverage and representation of business-related pro- 
cesses. The present paper aims to provide such a classification of 
alternative types of CBIS. In order to classify the CBIS we use an 
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‘COTTERMAN. W AN,, KUMAR, K (1989) 
‘User cube: a taxonomy of end users’ Com- 
munications of the ACM 32 (11) 

approach similar to the one adopted by Cotterman and Kumar in a 
different context (the classification of end-users).” We attempt to 
classify CBIS on three distinct business-related process elements: in- 
formation process support; decision process support; and communica- 
tion process support. In addition, the classification examines the level of 
organization-wide coverage of the systems. 

Ten different types of CBIS are examined: management information 
systems; executive information systems; executive support systems; 
decision support systems; group decision support systems; electronic 
meeting systems; organizational decision support systems; expert sys- 
tems; office information systems; and intelligent organizational in- 
formation systems. The latter category constitutes an attempt to synthe- 
size research towards the goal of competent and intelligent aid in 
organizational settings. 

The paper also examines the constituent elements of CBIS. The CBIS 
examined here include the following elements: database management 
systems (DBMS); model management systems (MMS); knowledge 
based management systems (KBMS); cooperation management systems 
(CMS); and dialogue systems (DS). 

The next section presents the general framework for a functional 
taxonomy of CBIS and reviews the various type of systems. Next, an 
attempt is made to map the different types of systems to the taxonomy, 
identify and discuss their technological elements and characterize the 
CBIS in terms of the support they provide to the individual, group and 
organizational levels. The final section provides the conclusions and 
directions for further research. 

Classifying CBIS 

Elements of the tuxonomy 

In order to classify the CBIS we use an approach similar to the one 
adopted by Cotterman and Kumar.’ We attempt to classify CBIS on 
three distinct elements: 

l information process support, ie the provision of online support for 
the extraction, filtering and tracking of data critical to the organiza- 
tion. 

l decision process, ie the use of information in order to provide 
intelligent support for reaching decisions on semi-structured, or 
unstructured problems. 

l communication process support, ie the provision of support for 

sharing and exchange of information between multiple users. 

Information process support, decision process support and communica- 
tion process support are the three key dimensions that allow us to 
distinguish between the various types of CBIS. Figure I provides a 
convenient way of visualizing the various possibilities. In Figure 1 the 
x-axis is information process support, the y-axis is decision process 
support and the z-axis is communication process support. The corners 
or nodes of the cube represent the extremes of each dimension. Node 
(l,O,O) for example, represents the case of an individual CBIS that 
provides information process support without explicitly supporting 
either the decision-making or the communication requirements of an 

‘Ibid ” organization 
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Figure 1 Classification of computer-based information systems 

We need to clarify here that the @l limits of each of the three 
dimensions of the cube are the end points or limits of a continuum, not a 
binary classification. The nodes, therefore, are limiting cases. In 
practice we may find CBIS that are represented by points on any surface 
of the cube, or even within the cube. 

Several types of computer-based systems have been developed; from 
an analysis of the most-used terms in the literature the following 10 
types can be identified: 

management information systems (MIS); 
executive information systems (EIS); 
executive support systems (ESS); 
decision support systems (DSS); 
group decision support systems (GDSS); 
electronic meeting systems (EMS); 
organizational decision support systems (ODSS); 
expert systems (ES); 
office information systems (01s); 
intelligent organizational information systems (101s) 

Table I summarizes the major types of these systems. In the following 
paragraphs we review the characteristics of these types of CBIS and 
attempt to map them on the cube. 

Management information systems 

The literature abounds with accounts of what is, or is not, a manage- 
ment information system (MIS):” the definitions range from the ex- 

"PARKER, B AND AL-"TNH,, GA (1986) 

treme of those who believe that MIS is a computer-based system that 

‘Decision support systems: the reality that 
produces an expanded set of reports and has a query capability, to those 

seems hard to accept?’ Omega 4 (2) 135- claiming that an MIS serves all the information needs of an organiza- 
143 tion. 
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Table 1 Types of computer-based information systems 

Type of system Role 

Management information Analysis of information, generation of requested reports, solving of 
systems (MiS) structured problems 

Executive information Evaluation of information in timely analyses for top-level managerial 
systems (EfS1 levels, in an intelligent manner 

Executive support systems 

iESSt 

Decision support systems 
(DSS) 

Group decision support 
systems (GDSS) 

Electronic meeting systems 

(EMS) 

Organizational decision 
support systems (ODSSI 

Expert systems 033 

Extension of EfS capabilities to incfude support for electronic 
communications and organizing facilities 

Use of data, models and decision aids in the analysis of semistructured 
problems far individuals 

Extension of DSS with negotiation and communication facilities for 
groups 

Provision of information systems infrastructure to support group work 
and the activities of participants in meetings 

Support of organizational tasks of decision-making activities that affect 
several organizational units 

Capturing and organization of corporate knowledge about an 
application domain and translation into expert advice 

Office information systems 

(01s) 
Support of the office worker in the effective and timely management 
of office objects, the goal-oriented and ill-defined office processes and 
the control of information flow in the office 

intelligent of~a~izational 
information systems IlCIlSt 

Assistance (and independent action) in all phases of decision-making, 
information and communization support in multi-~a~jcjpant 
organizations 

Keen and Scott-Morton7 argue that the main area of impact of MIS 
on organizations refers to structured tasks where standard operating 
procedures, decision rules and information flows can be reliably prede- 
fined. They argue that MIS improve efficiency by reducing costs and 
replacing clerical personnel, while the relevance of MIS to decision 
making is limited to providirlg reports and access to data. 

Hence, it can be considered that the role played by MIS refers only to 
the first level of Ackoff’s cIassi~cation,s ie MIS have failed to support 
semi-structured and even unstructured decision making; see also Wat- 
son and Hill” who attribute this failure to the following reasons: MIS 
personnel are unfamiliar with the decisions that need support; MIS 
personnel are overworked with backlogs measured in years; managers 
cannot specify their information requirements except through an in- 
teractive process; and managers’ info~ation requirements are subject 
to change with changes in the decision-making environment. The use of 
computer-based systems that would support and enhance the decision- 
maker’s iudgement in areas of unstructured and semi-structured deci- 

‘KllEN, P W G AND SCOTT-MORTON, MS 

I197Xi Decision Sumort Swtems: Aa Orpa- sion making-is where decision support systems come in. 
~ikzfkronaf Perq&vc ~~ddi~~~-W~s~~, 
Reading, MA 
‘ACKOFF, R L j1%7) ‘h’fZXXS&‘~~ent misin- 

E~~~~~~~~ iF~~~rrn~t~~~ xysterrzs 

formation systems’ Management Science 11 There is a growing need for timely information needed by senior 
(4) 147-156 
‘WATSON, H I AND WILL, M M (1983) ‘Deci- 

managers for issues about critical aspects of an organization. Executive 

sion support systems or what didn’t happen information systems (EIS) have been created to monitor the decision 
with MIS’ ftierfnces 13 (5) 81X* environment, evaluate the captured information for opportunities and/ 
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or problems, and present timely analyses to top-level managers. An EIS 
can be defined as ‘a computerized system that provides executives with 
easy access to internal and external information that is relevant to their 

critical success factors’. “’ 
EIS provide internal and external information in a variety of formats 

meaningful to the executive user. According to some authors, EIS 
typically: extract, filter, compress and track critical data; provide online 
status access, trend analysis, exception reporting, and ‘drill-down’; are 
user-friendly and require minimal or no training; are used directly by 
executives without intermediaries.” 

Executive support systems 

Both the terms EIS and ESS (executive support systems) appear in the 
literature. According to Rockart and De LongI an ESS usually refers to 
a system with a broader set of capabilities than an EIS, including: 
support for electronic communications (eg e-mail, computer conferenc- 
ing and word processing, etc); data analysis capabilities (eg spread- 
sheets, query languages, etc); and organizing tools (eg electronic 
calendars, etc). Hence ESS appear to support features not only related 
to information-support, but also to communication process support. 

Decision support systems 

As Keen has put it, ‘. . . right from the start of the DSS movement, and 
even now, there has been no established definition of DSS , . .‘.I3 For 
example, according to Sprague DSS are ‘interactive computer based 
systems, which help decision makers utilise data and models to solve 
unstructured problems’. ” An alternative definition of decision support 
systems (DSS) is given in Edwards: a decision support system is a 
‘system which enables the user to access data and/or models so that he 
or she may take better decisions’.” This definition is neutral with 
respect to issues that are discussed extensively within the DSS field; eg 
whether a DSS must be computer-based, whether it must include a 
normative mode, etc.‘” 

The DSS literature has seen a wealth of research efforts; hundreds of 
DSS have been constructed, in order to facilitate decision making in a 
variety of situations; see, for example, Eom and Lee” for a survey of 
applications and Eom et al” for an analys is of the intellectual structure 
of DSS. 

Group decision support systems 

It has been argued that group activities are economically necessary, 
efficient as means of production and reinforcing of democratic values.‘” 
DeSanctis and Gallupe provide the definition of a GDSS as ‘an 
interactive computer-based system that facilitates the solution of un- 
structured problems by a set of decision-makers working together as a 
group’.“’ Operationally this means increasing the speed at which 
decisions are reached without reducing, and hopefully enhancing, the 
quality of resulting decisions. Shaw, for example, concluded that groups 
produce more and better solutions to problems than do individuals, 
particularly on judgemental tasks.2’ 

The classification of the technology basis for GDSS proposed by 
Kraemer and King distinguishes between six ‘technological systems’: 
electronic boardroom; teleconference facility; group network; col- 
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laboration laboratory; information centre; and decision conferences.‘2 
On the other hand, Mentzas has identified the following (conflicting) 
options in the design and development of group systems: specification 
and implementation of coordination; use of synchronous and asynchro- 
nous working phases; information exchange and information sharing; 
support of sequential and concurrent processing; support of negotiation 
and conflict solution; support of analytical modelling; and description of 
the organization environment.‘” 

Research on the support of multi-participant decision making has 
been classified by DeSanctis and Gallupe, in a widely accepted scheme, 
which distinguishes between three levels, based on the degree of 
support provided to the group.*’ Level 1 systems provide technical 
functionality aimed at removing common communication barriers and 
facilitating information exchange; level 2 systems provide decision 

modelling and group decision process facilitation tools aimed at decreas- 
ing uncertainty and ambiguity; finally, level 3 systems provide norma- 
tive, prescriptive intervention in group processes through structured 
group process tools, active filtering and structuring of information or 
communication, and expert systems that perform group roles and 
functions or advise group leaders/members when appropriate rules are 
not followed. 

Nunamaker et al argue that group systems should be distinguished 
based on whether they offer structure or support.” According to them, 
structure would include techniques such as decision modelling, while 
support would involve providing easy access to a database or allowing 
parallel communication. Their definition of structure appears consistent 
with DeSanctis and Gallupe’s Level 2 and Level 3 systems, and their 
definition of support appears consistent with the description of Level 1 
system. In a similar vein, Pinsonneault and Kraemer distinguish be- 
tween GDSS (group decision support systems) and GCSS (group 
communication support systems); the latter aim in reducing communica- 
tion barriers in a group. 26 This taxonomy is further refined in Teng and 

"KRAEMEK AND KING, op cif, Rcf 19 
Ramamurthy, who distinguish between process support and content 

"MENTZAS. G (lYY3) ‘Coordination of joint support .27 
tasks in organizational processes’ Journal 
of Informuiion Technology 8 139-150 

Based on the above considerations we consider systems which place 

“0p cil, Ref 20 
emphasis to structure (or content support) as belonging to the GDSS 

"NUNAMAKER, J F, DFNNIS, A K, VALA- type and systems which place emphasis to support (or process support, 
(‘ICI,, J S, VOGEL, D K AN,) CrF.OKCil., J I 

(199 1) ‘Electronic meeting systems to sup- 
port group work’ Communica/iorzs of 1he 
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fcm~ 5 (2) 197-216 
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or GCSS) as belonging to the electronic meeting systems type or, as 
McLeod and Liker put it, ‘low structure environments’.2X 

Electronic meeting systems 

Electronic meeting systems (EMS) provide an information systems 
infrastructure to support the work of participants in groups and the 
activities in their meetings.*” 

According to McLeod and Liker the main features of EMS systems 
are the following: parallel communications (the ability of group mem- 
bers to input and receive ideas simultaneously with other members of 
the group); anonymous communication (ie that group members are not 
able to attribute ownership to any ideas); shared software (ie software 
that is equally available to all group members); shared view (ie all group 
members have equal access to the same view of their work); decision 

J F (1992) ‘Electronic meeting systems: re- 
suits from the fields’ Lkcision Supporf Sys- 

tools (which refer to software that is designed to support a particular 

tems 8 (2) 141-158: op cit. Ref 2.5 decision task); process tools (software specifically intended to include a 

“‘Op cit. Ref 2X particular approach to working on a group’s task).“’ Of course, the last 
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two features are expected to be found in GDSS (high-structure environ- 

ments) rather, than in EMS (low-structure environments). 
An example of the tools bundled in EMS systems can be found in 

Martz et al, in which the tools available include: electronic brainstorm- 
ing (designed to assist the activity of idea generation by a group); issue 
analysis {allows the participants to identify, edit and rank a list of focus 
items in a session); voting procedures (allow the facilitator to initiate a 
ballot for anonymous voting by the individual participanrs); and propo- 
sal formulation (helps bring a group to agreement on nomenclature and 
wording for the planning problem domain).” 

The fact that information technology has a significant effect on organi- 
zational structure has been discussed extensively in the literature. It 
seems unquestionable that the typical organizational structure has 
changed in past decades.“’ The organizational tasks or activities that 
affect several organizational units have been the focus of organizational 
decision support systems (ODSS). These systems support people from 
different groups and provide information which is used across multiple 
independent activities or decisions, ie the range of their users exceeds 
any specific group.“” 

These systems extend the concepts used in DSS and GDSS in order to 
cover the whole organizational setting. George et al identify three 
emerging changes in organizational structures: downsizing, focus on 
teams, and outsourcing, and propose different architectures for ODSS, 
each of which is tailored to one of the changes in structure.3” They base 
the architectures to a lesser or greater degree on five types of informa- 
tion technology: communication: coordination; filtering; decision mak- 
ing; and monitoring technologies. 

Expert systems 

Expert systems (ES) have been defined as systems that embody 
knowledge, offer intelligent advice or take intelligent decisions about a 
processing function.‘” The major issue in expert systems is that they 
‘replace’ the human expert, by embodying his/her expertise within an 
electronic expert.j’ 

It has been argued that expert system development is quite different 
from that of conventional systems; the reasons for this difference can be 
summarized in the following: conventional programs deal with problems 
that have been solved beforehand, hence they try to change known 
procedures or algorithms into code in an efficient manner, while ES 
determine and encode expert knowledge, based upon knowledge ac- 
quisition with repeated interviews of human experts.“’ 

The introduction of expert systems was accompanied with the use of 
artificial intelligence techniques that refer to knowledge acquisition, 
knowledge structuring, inference mechanisms, search strategies, symho- 
lit representation and truth maintenance. 

Early ES were focused on modular knowledge bases in conjunction 
with efficient logical inference strategies. Partridge claimed that the 
major assumptions upon which expert systems rest are: the fact that 
necessary knowledge can be represented as a collection of more or less 
independent rules; and that intelligent decision making can be im- 
plemented as a logical, truth-derivation mechanism.3X He argues that 
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these assumptions are true in domains of abstract, technical expertise, 
such as mathematics, geology, chemistry, configuring computer sys- 
tems, medical diagnosis, game playing and puzzle solving. However, 
these assumptions are weak in the following domains: natural language 
processing; intelligent tutoring; self-explanation of behaviour; and 
advanced robots. In addition, knowledge in ES is static; learning, 
adaptation and uncertainty mechanisms are not always included. 

Office information systemA 

Office information systems (01s) aim at supporting the document- 
related, procedural and communication issues of office work.“” They 
have been modelled as encompassing three domains: passive office 
objects; office procedures; and office task.‘” 

Office objects are the primitive office elements; examples of office 
objects are documents, files, printers, etc; hence, office objects 
metaphors that represent their actual counterparts in the physical office. 
Office procedures can be considered a set of mappings among office 
objects; office procedures are routine sequences of operations that are 
used to manipulate office objects. They model the event-driven be- 
haviour of office work and are triggered upon completion of some 
awaited event, eg the arrival of a message, the completion of a form, or 
the modification of a document. Finally. office tasks are goal-directed 
and cannot necessarily be encoded to a precise procedure to be 
followed. Their intention is to model cooperation among many office 
agents, negotiation among parties, confrontation and argumentation, 
and the abilities to learn and reach goals. 

Intelligent organizational information systems 

There are two main problems facing all of the above types of systems. 
First, none of them satisfies in an adequate manner all the decision-, 
information-, and communication-related processes of an organization. 
The second major problem of existing systems is that none of them 
covers explicitly the needs of large-scale organizations; eg support of 
parallel work; intelligent assistance in group communication; negotia- 
tion and conflict; distribution of processing and reasoning facilities; 
techniques for multi-participant planning; organizational learning facili- 
ties; etc. Hence, there is clearly a need for systems that would support in 
an intelligent manner the whole spectrum of organizational activities; 
such systems are called intelligent organizational systems.4’ 

With the term intelligent organizational information systems (101s) 
we label the research direction towards systems of intelligent software 
entities, that are organized in loosely coupled, distributed architectures, 
and include communication, control, and task-sharing facilities, with the 
addition of effectuation and advanced modelling capabilities. 101s aim 
to relieve the burdens and assumptions imposed within other types of 
CBIS. Elsewhere we claim that recent advances in the fields of 
distributed artificial intelligence and object-oriented computing facili- 
tate the design and development of IOIS;42 and argue that the modelling 
features of these systems can be separated into two groups that 
correspond to the two different levels of the system designed: the level 
of the single, independent element (ie the internal structure of the 
object), and the system level (ie the system architecture of 101s). The 
features referring to the internal structure are: specialization; repre- 
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Table 2 Types of support in computer-based information systems 

information 
system 

Information Decision 
support support 

Communication 
support 

MIS 
EIS 
ESS 
DSS 
GDSS 
EMS 
ODSS 
ES 
01s 
lOIS 

High 
High 
High 

Medium 
Medium 
Medium 
Medium 
Medium 

High 
High 

Low 
Low 
Low 
High 
High 
Low 
High 
High 
Low 
High 

Low 
Low 

Medium 
Low 
High 
High 
High 
Low 
High 
High 

MIS: management information systems; EIS: executive information sys- 
tems; ESS: executive support systems; DSS: decision support systems; 
GDSS: group decision support systems; EMS: electronic meeting sys- 
tems; ODSS: organizational decision support systems; ES: expert sys- 
tems; OIS: office information systems; IOIS: intelligent organizational 
information systems 

sentation; effectuation; learning; adaptability; planning; and inten- 
tionality. The features of the system architecture are: parallelism; 
distribution; modularity; heterogeneity; communication; organization; 
and human interaction. Mentzas gives an analysis of these features in 
CBIS applications in the office and factory environments4” and Papa- 
zoglou et al present a framework for intelligent cooperative information 
systems that aim to satisfy the same requirements.“J 

Mapping CBIS to the taxonomy 

Although all 10 types of computer-based systems try to cover the 
information, decision and communication-process support activities 
represented on the cube of Figure I, they exhibit varying degrees of 
coverage. Table 2 presents a qualitative analysis of the degree to which 
each type of system attempts to cover these activities. 

It would appear that information management support has reached 
relatively high scores in the MIS and EIS types of systems. These 
systems cover an area of the cube of Figure 1 close to the (l,O,O) node, 
while ESS extend (to a lesser degree) the scope to support the needs of 
communication support. Office information systems, since they are 
expected to provide information support to the office workers together 
with communication and coordination facilities, are expected to be near 
the (1 ,O,l) node, since they do not usually include decision-support aids. 

Given that the main objective of decision support systems is to assist 
in solving semi-structured and unstructured decision-making problems, 
they are expected to cover the area close to the (O,l,O) node. Since 
expert systems are usually considered to provide intelligent advice or to 
take intelligent decisions they are expected to cover the same area (this 
of course does not represent the fact that they are made up of different 
components, or the fact that ES are focusing on problem solving and not 
on decision making; see the next section for a discussion on this 
subject). 
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Electronic meeting systems place emphasis on providing communica- 
tion support and information support (with more emphasis on the 
former); therefore, they are expected to be close to the (O,O,l) and 
(l,O,l) nodes of the cube. Communication support can be also found in 
group decision support systems; these systems however, also provide 
the basic functionalities of DSS; hence they are expected to cover the 
area close to the (O,l,l) node. The same area is covered by organiza- 
tional decision support systems; however, ODSS focus on supporting 
the needs of more than one group in an organization, while GDSS are 
limited to the support of one team of participants. 

Finally, intelligent organizational information systems, as they have 
been defined earlier, attempt to cover the whole spectrum of informa- 
tion, decision and communication process support; hence attempts 
towards the development of such systems is directed to the (1 ,I ,l) node 
of the cube. 

Nevertheless, it should be mentioned here that the above discussion 
and the classification presented in Tuble 2 is only indicative of the 
general characteristics of the different types of systems, while specific 
applications which may claim to be of one or other type may present 
different characteristics. In addition, we emphasize that the functional 
classification presented here is not meant to be a research framework to 
encompass a multitude of factors. Research frameworks have not been 
proposed for specific types of CBIS; for example, see Pinsonneault and 
Kraemer for such a framework for the GDSS type of CBIS.45 

In order to extend the classification framework and take into account 
the technological basis of CBIS, in the following we examine their basic 
components and examine the positioning of types of CBIS in relation to 
the inclusion of these components. 

Analysis of components 

The CBIS examined here include a number of constitutent elements, 
which in turn are built using fundamental theoretical techniques drawn 
from such fields as operations research, computer programming, artifi- 
cial intelligence, etc. We can distinguish among five such constituents: 
database management systems (DBMS); model management systems 
(MMS); knowledge management systems (KBMS); cooperation man- 
agement systems (CMS); and dialogue systems (DS). 

l Database management systems provide mechanisms for information 
storage, retrieval and processing. Various types of databases have 
been used in CBIS; any database adhering to the hierarchical, 
CODASYL-network, relational, or object-oriented data mode1 can 
be a candidate for inclusion in such a system. Nevertheless, databases 
designed with the more semantically oriented post-relational data 
models, can provide enhanced storage and retrieval mechanisms. 
Two major problems arise in DBMS. The first deals with the 
provision of a unifying framework for covering the multiplicity of 
database representations; see Reiter; Li; and Kim for related 
efforts.4h The second p roblem deals with the need to represent and 
manipulate descriptive knowledge in the form of text, image, etc; 
hence the need arises for support of multi-media information.47 

l Model management systems use modelling languages, which when 
coupled to a variety of algorithms, are capable of representing and 
evaluating multiple mathematical abstractions of a given system. The 
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typical mode1 management system should support the following 
tasks: mode1 formulation (ie gathering of information for building up 
a new model); mode1 representation (ie representation of mode1 
structure, input and output information, overall characteristics, 
relations to other models, etc); and model processing (ie application 
of suitable algorithms, support of sensitivity and what-if analyses, 
etc); see Baldwin et al for a recent survey in mode1 management 

research.48 In general, research in this area has been partial, in the 
sense that its aims were supporting specific phases of the modelling 
life-cycle. Only recent efforts have been directed toward an inte- 
grated support of mathematical modelling. On the other hand, the 
idea that model management systems can contribute to organiza- 
tional intelligence has been recently proposed.‘” 
Knowledge munagement systems capture the knowledge of experts in 
a field and possess inference procedures capable of searching the 
state-space of available knowledge and solving problems that are 
difficult enough to require significant human expertise for their 
solution. Six types of knowledge have been identified, irrespective of 
the specific techniques for knowledge representation and processing; 
descriptive knowledge; procedural knowledge; presentation know- 
ledge; assimilative knowledge; linguistic knowledge; and reasoning 
know1edge.s” In the case of reasoning knowledge the representation 
schemes used include: production rules; semantic networks; and 
frames. Inference engines in knowledge-based systems perform 
control tasks using: forward reasoning; reverse reasoning; black- 

boards; pattern-directed; etc.” 
Cooperution management systems facilitate conflict resolution and 
negotiation support when two or more decision makers are involved 
in the process of decision. Recent advances in information technolo- 
gy, communications and management science techniques have en- 
hanced the performance of systems that support multiparticipant 
processes .s2 An important issue in multiparticipant processes deals 
with the assignment of quantitative values from group members as 
collective inputs to models which then help arriving at a solution; 
multi-attribute value analysis and calculation of preferences are 
techniques based on input collected in a group context. Methods used 
for deciding among alternatives include optimization techniques, 
payoff matrices, utility curves, decision trees, game theory, ranking 
and statistical inference. 
Dialogue systems are request and response mechanisms, which 
support human-machine interactions as two-way message passing 
activities. Woods and Roth provide three design metaphors for 
man-machine systems: man as cooperating participant of a problem 
solving/decision-making system; man as a supervisor of a technical 
system that is partly automatically controlled; man as a user of tools, 
this includes the use of communication tools which could be any type 
of technology-mediated human-human interaction.53 These 
metaphors can be regarded as orthogonal design dimensions. Re- 
search efforts in human-computer cooperative work would involve 
the cooperation dimension (with the development of intelligent 
interfaces), the supervision dimension (ie in association with control 
applications involving human and system agents) and the tool 
dimension (for facilitating human-human cooperative work with 
intelligent tools).‘4 
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Table 3 Elements of computer-based information systems 

Information 
system 

DBMS MMS KBMS CMS DS 

MIS Basic 
EIS Basic 
ESS Basic 
DSS Basic 
GDSS Basic 
EMS Basic 
ODSS Basic 
ES Basic 
01s Basic 
lOIS Basic 

Optional 
Optional 

Basic 
Basic 

Optional 
Basic 

Optional 

Basic 

Optional 
Optional 
Optional 
Optional 

Basic 
Optional 

Basic 

Basic 

Basic 
Basic 
Basic 

Basic 
Basic 

Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 

MIS: management information systems; EIS: executive information sys- 
tems; ESS: executive support systems; DSS: decision support systems; 
GDSS: group decision support systems; EMS: electronic meeting sys- 
tems; ODSS: organizational decision support systems; ES: expert sys- 
tems; OIS: office information systems; IOIS: intelligent organizational 
information systems; DBMS: database management system; MMS: mod- 
el management system; CMS: cooperation management system, KBMS: 
knowledge based management system; DS: dialogue system 

Classification based on components 

Table 3 attempts an analysis of the CBIS regarding their constituents. 
Some elements are considered ‘basic’ for a system, since they provide 
the fundamental mechanisms for a system to be classified in a specific 
category, while some others are considered ‘optional’, in the sense that 
although they are not necessary for the system, some implementations 
found in the literature include them. 

It should be mentioned here that the classification presented in Table 
3 is only indicative of the general characteristics of the different types of 
systems, while specific applications which may claim to be of one or the 
other type may present different characteristics. 

Level of organizational support 

An important issue that is neither represented in the functional tax- 
onomy presented in Figure I, nor analysed in the examination of 
components refers to the degree of support to individuals, groups of 
individuals and large-scale organizations. 

Table 4 examines the support provided by the CBIS reviewed to these 
three levels. Although MIS, EIS, ESS, DSS and ES types of systems 
provide substantial support to the individual user, they fail to support 
teams and organizations. On the other hand, GDSS and EMS are 
directed mainly to group support and present restricted support to the 
needs of individual users, as well as to large-scale organizations. It 
seems that from the existing systems only the ODSS and OIS categories 
are able to satisfy to an adequate degree the requirements posed by 
organizations, while 101s aim at fulfilling the requirements of all types 
of users from the individual to the whole organization. 

Table 5 attempts to represent in a simple, yet synthetic, form the 
information presented in Tables 2 and 4. Some types of systems are 
classified more than once in the tables, since they explicitly aim to aid 
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Table 4 Degree of support to the individual, group and organization-level 

Information 
system 

Support of 
individuals 

support of 
groups 

support of 
organizations 

MIS High 
EIS High 
ESS High 
DSS High 
GDSS Medium 
EMS Medium 
ODSS Low 
ES High 
01s Low 
lOIS High 

High 
High 

Medium 

High 

High 

High 
High 

MIS: management information systems; EIS: executive information sys- 
tems; ESS: executive support systems; DSS: decision support systems; 
GDSS: group decision support systems; EMS: electronic meeting sys- 
tems; ODSS: organizational decision support systems; ES: expert sys- 
tems; OIS: office information systems; IOIS: intelligent organizational 
information systems 

more than one processing dimension and/or more than one type of 
organizational element. 

Conclusions 

The taxonomy presented allows the classification of existing CBIS and 
feature the systems in the three-dimensional scale. The three dimen- 
sions include: information process support; decision process support 
and communication process support. 

Based on the taxonomy, more precision and control can be intro- 
duced in the development and use of CBIS and the attribution of 
research findings can be more easily traced to specific system functions. 
In addition, the taxonomy identifies the relative lack of systems that 

Table 5 Classification of CBlS relative to the degree of support to the 
individual, group and organization-level and the three processes 

Support of 
information 

process 

support of support of 
decision process communication 

process 

support of 
individuals 
support of 
groups 
Support of 
organizations 

MIS, EIS, ESS DSS, ES ESS 

EMS GDSS, ODSS GDSS, EMS 

OIS, lOIS ODSS, IOIS OIS, lOIS 

MIS: management information systems; EIS: executive information sys- 
tems; ESS: executive support systems; DSS: decision support systems; 
GDSS: group decision support systems; EMS: electronic meeting sys- 
tems; ODSS: organizational decision support systems; ES: expert sys- 
tems; OIS: office information systems; IOIS: intelligent organizational 
information systems 
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Decision Pn,ccss 

Process Support 

Figure 2 A refinement of the classification of CBIS 

cover all different processes in an organizational setting, ie while 
different CBIS cover adequately the support of the three processes for 
individuals and groups, there seems to be a lack for consistent support 
for all three dimensions for large-scale organizations. 

Two of the main further research directions that arise from the work 
are presented here. The first refers to an effort to refine the classifica- 
tion presented above. In order to accomplish such a refinement we aim 
to define in a more rigorous manner alternative levels of support for the 
three classification dimensions. Specifically, by defining three levels of 
support (eg no support, structured support and intelligent support) for 
each dimension, the cube of Figure I can be broken down to 27 cubes, 
each representing a specific category of CBIS which satisfies one of the 
three levels of information process support, one of the three levels of 
decision process support, and one of the three levels of communication 
process support; see Figure 2. 

A second direction refers to the consistent testing of the power and 
validity of the classification scheme presented here. Our framework 
must be tested by applying it to examine existing CBIS and see if they 
can be classified accordingly. The systems mapped currently upon the 
cube are only types of CBIS; specific ‘instances’ of CBIS (ie specific 
systems) were not mapped here. Characteristic examples of specific 
CBIS products should be examined and mapped to the three dimensions 
of the cube. 
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