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1 Introduction

Research networks are complex organizations of professionals that in many

ways can be supported by information technology. However, providing such

networks with generic and isolated tools and data sets is not su�cient. In

order to operate professionally, a research network needs a customized and

integrated research network information system. We propose the creation

of a method 1 that can be used to systematically develop - and maintain -

the high level speci�cations of research network information systems.

Numerous information system development methods have already been

constructed. Before we can start the development of our `Research Net-

work Information System Speci�cation (RENISYS)' method, the focus of

my Ph.D. thesis research, we must �rst understand how it relates to and

distinguishes itself from existing work. To this purpose, this paper presents

the results of a literature survey in which related approaches and projects

are brie
y described and their potential relevance to RENISYS is discussed.

These �ndings are still very tentative, as the complexity of the research

topic, which combines work from many widely diverging �elds, is high, and

�Infolab B303, Tilburg University, P.O. Box 90153, 5000 LE Tilburg, The Netherlands,

E-mail: ademoor@kub.nl. The author wishes to thank Hans Weigand for the inspiring

discussions which led to this paper.
1There is a lot of confusion about the terms `method' and `methodology'. Although

there is a subtle theoretical di�erence, in practice these terms are often used interchange-

ably. Therefore, we will use both terms without distinction.
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the relevant literature is voluminous. We therefore do not claim to be com-

plete in this initial survey. Rather, we sketch some broad contours of the

envisaged method and try to manufacture a tool box that can be used in

its actual construction. In future papers, we will then focus on a selected

subset of the issues discussed here in more depth.

This survey paper consists of �ve parts. First, it brie
y de�nes what

research network information systems are and the role that a speci�cation

method can play in creating and maintaining them. After that, the paper

lists a set of general criteria that any such method should meet. Subse-

quently, it gives a preliminary and still very basic outline of RENISYS. The

paper then presents the results of a literature survey on potentially signi�-

cant information scienti�c theories, followed by an overview of relevant con-

crete information tools, environments and systems. The paper is concluded

by a description of some related information system speci�cation methods,

and ends with some initial conclusions and ideas about future work.

2 Toward A Research Network Information Sys-

tem Speci�cation Method

In this section, research networks are presented as having interesting infor-

mation requirements of su�cient complexity to warrant the development

of a special information system speci�cation method. First, the concept of

research network is explained, and some interesting network activities are

discussed. It is explained why information technology is needed to support

the conduct of these activities. This information technology, however, must

be appropriately combined into customized and comprehensive network in-

formation systems to be really useful. The need for a speci�cation method

to systematically construct such systems is explained.

2.1 Research Networks: Complex Information Require-
ments

The scienti�c research process is rapidly changing from a relatively solitary

operation into a much more collaborative e�ort [Shade, 1994]. Research net-

works, which focus on facilitating certain stages of the research process, play

an important role in this transformation by acting as catalysts of coopera-

tion. A research network can be considered a professional network: a human

network which supports its members in accomplishing shared and individual

professional goals. This goal-orientedness is one of the crucial distinguishing
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characteristics of professional networks. Research networks can have many

roles: coordinating the production of scienti�c reports, disseminating scien-

ti�c knowledge to the public, o�ering advice in societal con
icts, evaluating

scienti�c publications, and so on. Furthermore, these networks are often in-

ternational, interdisciplinary, and interactive in nature, which only increases

their complexity [de Moor, 1994]. 2.

Despite the importance of research networks, their characteristics have

so far been insu�ciently investigated. This is especially true when com-

pared to the amount of attention that for example the role, composition,

and information technological support of business networks has received. In

that area, topics such as EDI and Just-In-Time systems have been studied

quite extensively over the past few years. This lack of attention for research

networks is unfortunate as they form an interesting class of networks from

an information scienti�c point of view, with complex collaboration and dis-

course patterns. This is due to researchers having very diverse backgrounds

and goals, being knowledge- and discussion-oriented and sharing a com-

plicated scienti�c culture. As the research community is one of the most

complex, heterogeneous, and demanding groups of professionals, solutions

to informational problems of research networks can most probably success-

fully be extrapolated to many commercial, educational and other types of

professional networks.

Most of current research networks are still in the rather informal,

individual-supporting stage. However, the more interesting roles research

networks can play are those aimed at furthering shared group goals. This

demands that the network fosters strong collaboration, which can be de�ned

as collaboration in which a group synergistically develops and improves a

structured artifact more e�ciently than would be possible by the same group

of people working independently [Johnson and Moore, 1994].

For such collaboration in a network to be successful, it is essential that

characteristic work processes are identi�ed that the network can and needs

to support [Grudin, 1994]. One important such group work process is the

evaluation of scienti�c output. The traditional, anonymous refereeing pro-

cess of scienti�c papers is bound to change. Other means of article evaluation

need to be found [Wiederhold, 1995]. Research networks could play a very

important role as providing the structural framework for new approaches in

this �eld.

Yet probably the most essential collaborative activity that could be tak-

2For a classi�cation of networks and a more in-depth treatment of the research network

phenomenon, see [de Moor, 1995]
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ing place in research networks is the writing of group reports. To understand

its importance, we subscribe to the view that the research literature can be

seen as a conversation [Agre, 1994]. However, at the moment this conversa-

tion is very non-interactive, due to the long times needed for the preparation

and distribution of the average publication. Another problem is that each

publication in itself (obligatorily) shows a single point of view, whereas of-

ten multiple perspectives being represented in the same article could be very

helpful to conducting better quality research. What is needed are dialogic

texts, which di�er from standard collaborative texts in that they re
ect the

involvement of multiple authorial voices [Harrison and Stephen, 1992]. This

is where research network information systems can play a unique role, by

supporting the highly interactive, yet systematic creation of such documents.

Therefore, analyzing the activities necessary to accomplish the group report

writing process will be an important objective of this thesis.

2.2 The Rationale For Using Information Technology To
Support Research Networks

A professional network can be regarded as a globally dispersed and dynamic

web of knowledge nodes drawn together on a one-time basis to address a

unique problem [Jarvenpaa and Ives, 1994]. Because of the `openness', `vir-

tuality' and `dynamics' of such networks, much more sophisticated appli-

cations of information technology are necessary than currently available in

order to manage this synthesizing process.

Information technology can play a crucial role in improving the opera-

tions and impact of research and other professional networks. It helps them

to create, collect, process, and communicate relevant information much more

e�ciently. It should not only o�er them some technical facilities for individ-

ual or ad hoc group use, but also actively support strong collaboration. Fur-

thermore, this information technology must not only foster task completion,

but support productive personal relationships as well [Kraut et al., 1987].

Some fascinating new ideas about future applications of in-

formation technology for supporting research are described in

[Foley and Pitkow, 1994]. Of course, the use of this kind of powerful

technology also has its dangers and drawbacks, such as those related to

information control and information overload. However, if wisely applied,

information technology can overcome these hurdles and help minimize

their impact. For a more detailed discussion of these issues concerning the

appropriate use of information technology in research networks, the reader

is referred to [de Moor, 1995].
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2.3 Wanted: Integrated And Customized Network Informa-
tion Systems

A lot of research has been done on how to apply information technolo-

gies directly relevant to supporting human networking. Examples are the

�elds of computerized conferencing systems [Black, 1987, Swanson, 1993],

interoperable databases [Brodie, 1992], and the newly emerging branch of

information science called computer-supported cooperative work (CSCW)

[Grudin, 1994, Ellis and Wainer, 1994]. However, many of these e�orts have

in common that they describe technical ways that only support limited, ab-

stract information and communication processes, such as decision making

or information retrieval. The result is that users have to master a large

number of unrelated tools and applications before they can reach at least a

minimum level of productivity.

Currently, most research networks use only a few standard information

tools and isolated data sets, which do not meet the actual information needs

of their users. Furthermore, these tools are not well connected, so that it

is not clear how they can cooperate to provide the user with a seamless

technological research environment and make the data properly accessible.

In [de Moor, 1995] we showed some examples of the insu�cient adequacy of

current information technology support. One of the major problems facing

professional users of information technology is that designers think in tools

that support certain aspects of activities, while users need some integrated

functionality [van den Broek, 1995]. The important point is that o�ering a

number of isolated tools that are not tailored to the requirements of the users

will not do to satisfy the many information needs of a research network.

To better meet the information and communication needs of a research

network we must focus our attention on realizing the next stage in the

`information technology for research networks evolution'. Comprehensive,

customized network information systems are needed. Such systems combine

and con�gure various tools and data according to the ever changing network

information needs.

We are thus not talking about the traditional kind of information

system, consisting of predetermined, rigid collections of hard- and software

which can perform only a number of standard data-processing jobs. Instead,

the information system should be able to be smoothly adapted to the

di�erent purposes for which it can be used. In complex environments

like the research domain, the users need to be actively involved in this

adaptation process. Thus, the network participants need to play many

roles, not only using, but also being responsible for at least part of the
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evolution of the information system. In other words, the information

system consists of a dynamic set of modular, actor-initiated information

and communication processes plus accompanying data sets, including

those that modify other processes. All of these processes must be made

explicitly visible in order to better control and modify them. Our investiga-

tion now leads us to the following de�nition of a network information system:

Network information system: a set of meaningfully combined and

con�gured information and communication processes necessary to support

and coordinate the activities of the network participants in their various

roles.

2.4 The Need For A Speci�cation Method

In order to develop a useful network information system, we must know

about what typical activities and roles occur in research networks, which

information and communication processes can be distinguished, and what

mechanisms are necessary to specify and relate the various processes to

one another, so that complete, high-level speci�cations of the information

system can be given. Due to the complexity of the information system

speci�cation process this should be done in a well-structured manner. With

current practices of system development, though, adequate research network

information systems are di�cult to create. Most documentation on how to

build such systems limits itself to either technical tool-installation guides or

broad-ranged, precondition-satisfying topics like the building of a research

community [Agre, 1994] and research network organizational and manage-

ment issues [BDN, 1992, Pimienta, 1993]. Not much attention, however, is

paid to a systematic analysis of network information needs and how they

can be translated into exact information system speci�cations. Thus, a more

systematic methodological approach is clearly required here.

3 Criteria For The Speci�cation Method

After having described the major focus of the method, the research network

information system, we now turn our attention to some important method-

ological criteria. The method must at least meet the following requirements

to be successful. It must be formal in order to generate complete and con-

sistent speci�cations, dynamic to generate easily adaptable speci�cations,

context-sensitive to e�ciently create speci�cations, and user-driven to cre-

ate relevant speci�cations.
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3.1 A Formal Method

Many information system speci�cation methods are of an informal kind:

information system concepts are only vaguely described, the various devel-

opment steps can often be interpreted in many di�erent ways, and system

integrity of the di�erent aspect models and their connections is not ensured.

Especially the early stages of system development - requirement analysis,

speci�cation, and high-level design - are often dealt with in a very unstruc-

tured way [Cohen, 1989a]. These problems can be addressed by using a

formal speci�cation method, preferably based on some kind of mathemati-

cal speci�cation language, so that the completeness and consistency of the

speci�cations can be guaranteed to a much larger extent. Formal speci�-

cations can bridge the gap between informal user requirements and overde-

tailed source code [Lano and Haughton, 1991]. They describe what a sys-

tem must do, without saying exactly how it is to be done, as is the case

with an ordinary programming language [Spivey, 1989]. Completeness and

consistency can be much better achieved because formally de�ned speci�-

cations, consisting of with mathematical precision de�ned requirements and

constraints, enable the developer to reason about and prove the properties

of the system to be described [Ince, 1988, Krause et al., 1994]. In this way,

the satisfaction of many kinds of constraints can be automatically checked

and methodological goals investigated.

3.2 A Dynamic Method

Many speci�cation methods, such as those based on the waterfall paradigm,

are based on the information system life cycle and aimed at producing rela-

tively stable, if not rigid information systems. They create speci�cations in

subsequent steps and have a well-de�ned time of delivery. However, due to

the extremely dynamic nature of research networks, and because the meth-

ods often provide little structured support for recycling steps, it is di�cult

to keep system speci�cations up to date using such traditional methods. If

research network information systems are to be maintainable and extensible,

the speci�cation method should somehow be able to keep their speci�cations

continuously up to date.

An evolutionary or dynamic strategy is the only feasible way for the

development of highly unstructured and unstable systems [Orman, 1989].

In other words, the speci�cation process should not be seen as separate

from, but instead be directly linked to the system use. This means that the

speci�cation method should somehow be linked to the information system,
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so that whenever relevant system world changes take place, the method is

triggered into action, by for instance querying participants and updating

descriptions of the modelled network world entities.

There are many dynamic methods which are not formal, such as rapid

evolutionary development [Arthur, 1992]. They are also called structured

methods. Despite the large number of structured methods available, we will

not concentrate on these informal methods, as they do not enforce complete,

consistent and up to date system speci�cations, resulting in insu�cient ex-

pressive and analytical power [Cohen et al., 1986].

3.3 A Context-Sensitive Method

Most information system development methods are generic, in the sense

that they do not take into account the speci�c context in which the infor-

mation system is to be used. However, as we have seen, there are many

di�erent types of information system determinants. If the detection of

these determinants and their changes is not su�ciently supported by the

method, the resulting speci�cations will not be speci�c enough to satis-

factorily model the information system. If, however, these generic theo-

retical information system constructs are to be usefully related to actual

working situations, it is necessary to combine them with the `secondary

domains' of analysis such as for example all kinds of psycho-social phenom-

ena [Kensing and Winograd, 1991]. Information about possible problem do-

main, human network and information system constraints must thus to a

certain extent be available to the method to guide the speci�cation process.

One way in which this can be accomplished is by the use of reference models,

which describe determinants that are typical to a certain context and their

e�ects on the information system [van der Rijst and de Moor, 1996].

3.4 A User-Driven Method

Most speci�cation methods are utilized by external system developers, who

analyze the organization from their own, limited professional perspective.

However, empirical evidence shows that for requirements analysis to be suc-

cessful, there must be many and direct interaction links between developers

and users [Keil and Carmel, 1995]. Furthermore, a one-time analysis car-

ried out by an information expert alone does not do justice to the high

changeability and conceptual richness of the research network collaborative

activities. Thus, the formal and dynamic method should also be user-driven.

Such a systematic evolutionary strategy allows each user to independently
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make small contributions at a time to the system, without having to make

major system development commitments. It also allows for a highly per-

sonalized nature of development e�orts, as users are much better able to

customize the system to their own needs [Orman, 1989]. Thus, user par-

ticipation in the speci�cation process is even an epistemological necessity

[Kensing and Winograd, 1991]. If not every user can participate, then at

least a representative subset of all users should be involved [Grudin, 1994].

This user-involvement does not mean that (complementary) expert analysis

can never be necessary, of course: some degree of information system de-

velopment expertise may be required because many users lack the time and

analytical skills to successfully perform an in-depth analysis.

Summarizing, the network information system cannot be speci�ed just

by external professionals: its potential uses are simply too many and vary-

ing and the subtleties of collaboration too great to be fully describable by

analysts who are not domain experts as well. Due to the context-sensitive

and dynamic nature of the research network information system speci�ca-

tion process, allowing the users, with some degree of expert assistance, to

specify and maintain their information system themselves is the only way to

keep it complete and consistent. The expert assistance needs to partially be

provided by external professionals, and partially be embedded in the method

itself in the form of reference models. How exactly these three sources of

speci�cation inputs are to be balanced, could be the subject of interesting

research.

4 The RENISYS Approach

This section describes some of the basic ideas that need to be taken into

account during the development of RENISYS. Together with the method-

ological requirements, they provide starting-points for giving some initial

assessment in this paper of the relevance of the vast literature. First, the

underlying, integrating systems view is explained. Then, one of the impor-

tant innovations of RENISYS is described: the reference framework. The

need for such a framework is explained, after which an initial outline is pre-

sented. The section is concluded with some ideas about how the framework

can be integrated with the rest of the method and applied in the speci�cation

process.
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4.1 Underlying Philosophy: A Systems View

The structure and behaviour of research networks and their information sys-

tems are di�cult to model, both because of their complexity and dynamics

in goals, activities, organizational structure and information technologies

employed. Furthermore, these networks are operating in very turbulent en-

vironments, providing them with many, constantly changing constraints and

opportunities.

This leads us to the conclusion that in order to create a formal speci�-

cation method, which allows its users to capture the dynamic and context-

dependent nature of research networks, it is not su�cient just to have a

shallow `surface' representation of research networks, as is employed by

most traditional speci�cation methods. What is needed is some form of

formal `deep modelling' of these networks by their participants, which takes

into account the context of the information systems and can easily model

their inherent dynamism. This proposition is supported by the view of

[Laszlo, 1992], who says that a review of the relevant characteristics of dy-

namical open systems, ranging from human individuals to the societies that

they form can be very useful to study the impact of information technology

on professional processes. Instead of just comparing specialized case studies,

a full systems analysis that views these human organizations among other

things as information processing systems that interact with their societal

environment will be very helpful.

Thus, the research network, instead of being regarded as a rather ran-

domly chosen set of abstract entities plus relations, should be seen as a

holistic system, with a complex (1) structure and (2) behaviour, (3) em-

bedded in an environment where it interacts with other systems, and which

is (4) evolving over time. By adopting such a holistic systems view when

analyzing a research network, it becomes much easier to specify complex

information system contexts and their e�ects on the system speci�cations.

Furthermore, it becomes less di�cult to model the current network informa-

tion needs, and possibly also to more accurately anticipate changes in these

needs over time. In that case, we may even be able to speak of an active,

speci�cation process-initiating method, which is much more adequate and

robust than current, passive methods that can only be successful when fully

driven by human beings.

10



4.2 Why A Reference Framework Is Needed

In order to satisfy its methodological requirements, the speci�cation gener-

ator of RENISYS must consist of two main parts: (1) a context-sensitive

information system reference framework and (2) a (partially) user-driven,

formal and dynamic speci�cation method. For the second part, elements

of a number of more traditional dynamic methods can to some extent be

used, as described later in this paper. We will focus on the �rst part in this

section.

One of the most important theoretical contributions that we hope to

make with RENISYS, is to increase the context-sensitivity of current infor-

mation system development methodologies. Many traditional methodolo-

gies are informal and produce speci�cations that are very hard to maintain.

These problems are addressed by some of the current formal dynamic mod-

elling methods such as DEMO and Semantic Analysis (see section 7). Their

great strength is that they are formal: the concepts and techniques that

constitute the method allow, at least theoretically, for the complete and

consistent de�nition and modi�cation of research network system concepts

and their relations.

The lack of formal approach is a serious de�ciency in many of the more

domain-dependent network information system development approaches,

like proposed in [Jarvenpaa and Ives, 1994, Agre, 1994]. On the other hand,

these approaches have the advantage that they identify many of the issues

unique to the speci�c type of network they model. Thus, they help the

information system developers to concentrate on potential problems related

to the context of the information system, and provide solutions in terms

of reengineering activities, organizational structures, and information tech-

nologies. This is where the formal dynamic methods fail: they are too

generic to be useful for the adequate de�nition of information systems of

complex organizations like business and research networks. They can be

said to su�er from the `expressive versus procedural equivalence' problem

[Thagard, 1988]. Even though generic dynamic methods may be expres-

sively equivalent to domain-speci�c methods, in that their concepts can be

intertranslated, this may happen at a procedurally much higher cost. Worse,

using a generic method, the system developer may not know what are the

right questions to ask at all.

Thus, what we need is a way to combine the formal power of dynamic

modelling methods with the context-sensitivity of research network-speci�c

approaches. Surprisingly little attention has been paid to improving the

context-sensitivity of tools and methods. True, some tools allow for libraries
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of concepts to be speci�ed and reused in other applications. However, this

more often than not results in a databases of ad hoc de�ned concepts, of

which the importance and relevance is only known to their creators.

We would now like to introduce the concept of reference models 3. Such

models contain (stereo)typical knowledge about speci�c aspects of the phe-

nomenon of interest that can be used to guide the development process.

Good reference models (e.g. ISO standards), allow professionals to reduce

conceptual confusion and provide them with solid common ground for future

work. Coherent reference knowledge, created from a systems perspective,

and in the form of prefabricated, yet adaptable conceptual models, can be

used by developers to better structure the speci�cation process. The mod-

els can provide them with rich information system context information and

help them to focus on typical speci�cation problems much easier than when

building all speci�cation processes from scratch themselves. The RENISYS

framework forms the backbone that can contain and combine many di�erent

types of reference models. The models should be created by domain experts

in collaboration with information system developers.

Several important questions need to be answered before good reference

models can be constructed. What information can be considered uniform

reference information and what information is to be considered case-speci�c?

What is the relationship between thie static reference information and dy-

namic, network-generated speci�cations? How are the reference models

structured? How and by whom are the reference models to be used? How

can they be embedded within and used by the speci�cation method? Who

has the authority to create and modify the models?

4.3 A Basic Outline Of The RENISYS Reference Framework

The RENISYS reference framework will combine many di�erent reference

models. This section describes the general outline of the framework in which

these models are stored. The framework can not only be used to drive the

speci�cation process, but also to systematically store and make accessible

the obtained speci�cations.

The RENISYS reference framework consists of three levels: the problem

domain, the human network, and the information system (�g 1). The prob-

lem domain level describes the network goals as well as the activities that

the network participants need to carry out in order to achieve these goals.

3For a more detailed treatment of the role of reference models in RENISYS, see

[van der Rijst and de Moor, 1996]
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Examples of these goals and activities are the joint writing of an article and

the organization of a conference.

At the human network level, the organizational structures are de�ned

in which the activities are performed. The human network consists of four

sub-levels: the individual, the group, the network and environment level.

Each activity from the problem domain is represented at the human network

level as a combination of abstract human information and communication

processes (I/C processes), such as decision making, negotiation, and co-

authoring.

Finally, the information system level describes the high level speci�ca-

tions of the actual network information system. The method translates each

human information and communication process from the human network

level into a number of human-machine and machine-machine information

and communication processes. Human-machine I/C processes involve inter-

actions where network participants are responsible for triggering computer

processes, such as the retrieval of World-Wide Web documents and the �l-

tering of database records. Machine-machine processes are triggered by the

computer itself and can be completely transparent to the human informa-

tion system user. Enabling information technologies can be described in the

same process terms and matched with the speci�ed requirements in order to

implement the information system. This step, however, does not have pri-

ority as we focus on modelling the high-level speci�cations, not the actual

implementation of network information systems.

Much of the context information, both that from the reference models

and the actual user-de�ned speci�cations, is de�ned in terms of constraints.

Problem-domain speci�c constraints limit the possible goals, activities and

allowable combinations. Network structure constraints help de�ne the net-

work organization. Network dynamics constraints de�ne the permitted in-

teractions between the various types of organizational structures. Informa-

tion system constraints further modify I/C processes, and can be of three

kinds: system preferences expressed by the participants, information system

requirement constraints, and enabling technology constraints.

4.4 Applying The Reference Framework

In RENISYS, we make a distinction between the network information system

operational and development level. At the operational level, the network

structures and procedures are considered �xed, only their instantiations can

change. At the development level, these network concepts can be changed if

necessary. In other words, the operational level concerns the modus operandi
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Figure 1: The RENISYS Reference Framework

of the network, whereas the development level is the meta-level at which the

operational level is shaped. This means that now system developers and

their activities can be speci�ed as well, so that the development process

itself can be much better formalized.

Because the method allows the information system to evolve rapidly, we

must tightly integrate the speci�cation of the system development processes

with the processes occurring during actual system use. In other words, if

the information system speci�cation method is to be really useful, we cannot

limit ourselves to just modeling the problem domain, human network, and

information system; we must also model the processes taking place at the

meta-level and especially the links that they have with components from the

operational level.

4.4.1 Speci�cation Mappings

Crucial to the RENISYS approach are the mapping processes, which are

de�ned at the development level. Mappings can be classi�ed along two

dimensions: the temporal dimension and the complexity dimension. In each

of these dimensions two types of mappings are distinguished.

Mappings in the temporal dimension are either instantaneous mappings

or sequential mappings. Instantaneous mappings are the mappings that

determine relationships between concepts from di�erent subsystems at a
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certain point in time. For example, an author in the problem domain can

be represented as a group member in the human network. The sequential

mapping takes a concept from a speci�c domain and determines how it and

its relationships with other concepts change over time. For example, a 'send

�le' process at the information system level can be rede�ned from simply

sending a �le to sending a �le and logging it in a sent-�le database as well.

Mappings that can be distinguished according to the complexity dimen-

sion are either simple or complex mappings. A simple mapping involves

a mapping of one or a cluster of concepts to exactly one other (cluster of)

concepts. Sending a document in the human network is translated into mail-

ing a text �le in the information system. In complex mappings, however,

a concept in one domain is translated into more than one concept in the

other domain, a 1:n transformation. Here, one could think of an author in

the problem domain consisting of various interacting network groups at the

human network level.

It is important that the method enforces procedures related to certain

types of mappings, so that for example with sequential mappings no ambi-

guities can be created during network speci�cation transition, because old,

now super
uous concepts have not been rede�ned in terms of the new ones.

5 Overview Of Relevant Information Scienti�c

Theories

Before we can study actual applications and methods that are of potential

use for the development of our method, we must �rst look into the general

information scienti�c 4 theories that provide the basic conceptual means

for their modelling. A large number of such theories exists, of which we

will discuss only some of the most relevant ones. Systems theory helps in

more naturally de�ning complex social system structures and behaviour.

The language/action approach provides us with a framework for organizing

communication processes by viewing the network as consisting of patterns of

linguistic action by which people coordinate and structure their work with

others. Functional grammar can capture rich context knowledge. Agent-

oriented programming stresses the modelling of autonomous subjects and

their internal knowledge representations, which is useful for modelling the

goals and beliefs of network participants and thus also better anticipating

their information needs. Mathematical speci�cation languages specialize in

4We use the broad de�nition of information science, which thus includes concepts from

communication, organizational, and other related theories
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formally representing information system requirements. Logics can be used

to reason about information system concepts and in this way check con-

straints and produce new information. Computer supported cooperative

work studies how information technology can support professional collabo-

ration processes. Together, these theoretical perspectives form a foundation

on which the information systems that we are interested in and the methods

that create them can be built.

5.1 Systems Theory

Complex human organizations like research networks can be characterized

as systems to which the concepts of systems theory and cybernetics can

be applied. Such organizations can be seen as systemic wholes which are

modelled as hierarchies of interacting subsystems [Scott, 1987]. A profes-

sional network is an example of a social-technical system, which is a human-

designed, goal-oriented system of persons. If the persons who comprise the

network are to a large extent dependent on information technology to carry

out their core activities, as is the case here, the system can be called a

socio-techno system [Dietz, 1992a]. A basic premise in RENISYS is that

there are numerous user-developers, none of whom has a total overview of

the research network and its information system. Therefore, the method

itself must actively drive and integrate, or at least guide users in the spec-

i�cation process as much as possible. Only when such a holistic view is

taken can speci�cation questions like what are the goals and boundaries of

the system, how should they change over time, and what support can the

information system o�er, be partially automated.

In systems theory, a system is viewed as a set of entities with the set of

relations that exist between these entities. A relationship exists if a change

in the value of the property of an entity causes a change in the value of the

other entity. The behaviour of a system is the complete set of values which

the properties of the entities (and relations) of the system show over time

[Kramer and Smit, 1987].

Cybernetics is an important part of systems theory in our framework.

It tries to identify general rules for �nding the causalities between the

structure and behaviour of systems with the goals accepted by this system

[Kramer and Smit, 1987]. An interesting cybernetical approach is research

into the behavioural aspects of the system: give inputs, measure outputs,

describe the structure and state of the system. This is one function in which

RENISYS could excel if it were to adopt a system orientation, and which

could, among other things, be used to anticipate speci�cation changes.

16



Another interesting branch of systems theory may be soft systems

methodology, which emphasizes obtaining a shared understanding of com-

plex situations about which there may be considerable debate. This method-

ology is capable of clarifying activities to meet often only vaguely known

organizational goals [Galliers, 1993].

Already, systems theory has been successfully applied in psychology to

analyze problems in communication within and between human organiza-

tions. Some of the problems successfully modelled are that of metacom-

munication (beliefs about other participants' beliefs) and the pragmatics of

communication. The system models used have allowed for e�ective inter-

vention in these problems [Scott, 1987]. It is fair to say that, at this stage,

much of the systems theoretical research is still too general to be applied

usefully in information system development. Still, it would be interesting to

investigate how these models can be used to re�ne and create more re�ned

and robust RENISYS subsystem models at a later stage in our own research

project.

5.2 The Language/Action Perspective

Language is a systematic way of arranging symbols, usually to express mean-

ing 5. Language can have di�erent functions. One of them is to represent

a domain. However, it can also be used in a wider sense: '...language is

not just a formal system, but in the �rst place an instrument of social in-

teraction between human beings, used with the primary aim of establishing

communicative relations between speakers and addressees [Dik, 1981].'

It is this richer role that language should play in our method. We do not

see a research network as a static system of passive elements, but as a set

of responsible, interacting actors producing, making use of, and especially

communicating numerous types of information. More speci�cally, we adopt

the language/action perspective , which interprets organizations as patterns

of linguistic action by which people coordinate and structure their work with

others [Kensing and Winograd, 1991]. Thus, each language act is somehow

connected with an action in the real world. As this world is ultimately

represented at the information system level, each language act can be seen

as an organizing device for otherwise isolated I/C processes.

To �nd out what such a language/action connection looks like, we

must realize that every language act is situated in multiple contexts

[De Michelis and Grasso, 1994]. One important e�ect of the use of the lan-

5Principia Cybernetica Project, http://pespmc1.vub.ac.be/
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guage/action paradigm therefore is to formalize potential di�erences in inter-

pretation by communicating parties, and in this way help determine which

communication processes are su�ciently unambiguous to be automated and

which not [Hanseth, 1991].

In describing such context-sensitive speci�cations of the information sys-

tem, we clearly need to apply the subjectivist instead of the objectivist view

of the world [Stamper, 1992]. The subjectivist paradigm distinguishes not

one, but many di�erent world views simultaneously. Central concepts in

this paradigm are the respective agents, and the actions that they can per-

form on certain types of objects, based on the norm structures of the social

group to which agents belong. This way of studying networks contributes

substantially to the development of information systems that are better able

to manage the complexity, diversity and con
icting points of view related to

network development and operations. The paradigm is worked out in detail

in Stamper's Semantic Analysis, which is described in section 7.4.

Natural language needs to play an important role in the knowledge rep-

resentation and design of complex information systems [Weigand, 1991]. An

important issue in the development of RENISYS is what degree of formal-

ity the speci�cation languages used should have. On the one hand, natural

language will make it easier to develop a user-driven method. On the other

hand, natural language is often ambiguous and very di�cult to interpret be-

cause of its complexity. However, a natural language-based approach does

not necessarily prevent us from making formal abstractions, as long as such

a formalism is motivated by linguistic arguments [Weigand, 1989]. Probably

we will need to settle for a restricted form of natural language, tailored to the

jargon of the speci�c network community, to represent network knowledge.

Here, lexica and lexical management systems will be of great import.

5.2.1 Speech Act Theory / Theory Of Communicative Action

The conceptual foundation of most language/action approaches is Searle's

speech act theory. In this theory, the basic unit of expression is the perfor-

mance of certain kinds of language (or speech) acts instead of, for instance,

a sentence. A speech act not only represents the social world, but also

constitutes part of its (social) actions [Liu, 1993]. It thus forms a bridge

between language and action. Each speech act consists of a proposition,

that is a predication of some reference domain, and an illocution, which

is the intended e�ect on the hearer. Each such speech, or illocutionary,

act can be classi�ed along twelve dimensions, the most important of which

are the illocutionary point, the direction of �t, and the sincerity condi-
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tion. Using this classi�cation, �ve basic categories of speech acts are distin-

guished: assertives, directives, commissives, declaratives, and expressives.

See for an example of using speech acts to model professional organizations

[Dietz, 1992b].

The language/action approach in general and speech act theory in par-

ticular are not free of criticism. One general di�culty is the lack of locality

and situatedness of the conversations [De Michelis and Grasso, 1994]. A

major problem with speech act theory, according to Habermas' theory of

communicative action, is that it fails to reveal what are the underlying fac-

tors that make a speech act work. [Dietz and Widdershoven, 1992]. This

theory of communicative action has a better theoretical foundation than

speech act theory. Habermas stresses the fundamental importance of orien-

tation towards mutual agreement, and the primary role of regulative speech

acts in the coordination of action. According to this theory, a speech act

succeeds because the various validity claims which it entails, are accepted.

Another proposal for improvement of the theory, especially relevant for our

purposes, is to upgrade it into a theory of collaboration in large `invisible

colleges' [Foley and Pitkow, 1994].

5.2.2 The Speech-Act-Based Negotiation Protocol (SANP)

Negotiation is an important process to solve con
icts between agents that

are not governed by a central authority, and as such it is a basic commu-

nication process in a research network. SANP [Chang and Woo, 1994] is a

protocol modelling negotiation which is based on the speech act paradigm.

It aims to 
exibly automate particular parts of the process, allowing for

`meta-negotiation' about the assumptions and characteristics of a speci�c

negotiation. Rather than basing themselves on Searle's general framework,

the authors use a speech act classi�cation developed to model real world

natural language expressions. The reason for this was that speech act the-

ory itself is too limited to capture the complexity of negotiation processes.

The, partially-ordered, classi�cation on the other hand is very useful for the

analysis and construction of interactive negotiation discourses. However,

this classi�cation alone is not su�cient to construct a complete negotiation

protocol: it does not contain any information about procedural aspects,

such as when a negotiation stage is to start, should loop, branch, etc. For

this reason, SANP makes use of existing theoretical models from the �eld

of negotiation research.

SANP provides us with a good example of an approach for how to model

various kinds of I/C processes in the human network. SANP's approach
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clearly shows the importance of increasing the context-sensitivity of the I/C

processes comprising our network information system: instead of merely

using the few original speech act agent and acts categories, the protocol

includes a wide range of ordered natural language expressions plus negotia-

tion process models. SANP describes the negotiation process, in RENISYS

similar protocols would need to be used for other human I/C processes as

well, such as decision making, inquiry, etc.

An central problem remains the degree of abstraction that protocols

such as SANP should have: they should be speci�c enough to e�ectively

guide participants while at the same time being su�ciently general to deal

with a wide variety of, often non-procedural situations. Although SANP is

much more context-sensitive than general speech act theory as far as mod-

elling negotiation interactions is concerned, problem domain knowledge is

not modelled: users still need to design their own knowledge representa-

tion of the application domain. The authors acknowledge that the latter is

important and are looking for some `higher-level control mechanism' that

instantiates one protocol for a speci�c situation. In RENISYS this prob-

lem can be addressed by accurately modelling the goals and activities in

the problem domain as well as the links between this level of the reference

framework and the I/C processes represented in the human network.

5.3 Functional Grammar

Whereas speech act-based language concepts can be used to e�ectively model

patterns of goal-oriented conversations, they are not su�cient to capture the

rich semantics of the universe of discourse. This is where functional gram-

mar could play a supporting role. The functional paradigm is very similar

to the language/action perspective. In it, a language, rather than as a set

of formal rules to be used independently of meaning and use, is seen as an

instrument of social interaction. A functional grammar now is the account

of such a system of language, containing the rules that govern the struc-

tured linguistic expressions used as interaction instruments. The grammar

should be driven by pragmatic rules [Dik, 1981]. These rules themselves

might for instance be derived from the types of speech acts identi�ed in a

particular context. In other words, a combined speech act/functional gram-

mar language system could result in quite a complete implementation of the

language/action perspective.

Functional grammar consists of two main components: a knowledge rep-

resentation language and various expression rules. The representation lan-

guage is subdivided into four levels: predicates, predications, propositions,
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and messages. A predicate, contained in a predicate frame, describes entity,

relationship or attribute types. A predication is a predicate frame instan-

tiated at a spatio-temporal location, which denotes a state of a�airs of the

universe of discourse. A proposition is a complex structure consisting of one

or more predications, and designates a fact which can be true or false with

respect to a speci�c state of a�airs. A message consists of a frame of a cer-

tain illocutionary type which contains a proposition. The message can also

have pragmatic functions associated with it. Thus, speech acts can easily be

represented at this level. Finally, the expression rules map underlying clause

structures onto linguistic expressions. This can be useful for translating to,

and possibly from, natural language statements.

5.4 Agent-Oriented Programming

Approaches like speech act theory and functional grammar allow for

quite an adequate general description of respectively the network environ-

ment/universe of discourse. However, they still do not pay su�cient atten-

tion to the representation of network actors, although they should not be

seen as black boxes, but as responsible, decision making entities, with their

own complex sets of goals, beliefs and strategies.

Shoham proposes a paradigm for agent-oriented programming (AOP)

[Shoham, 1993]. AOP is a specialization of the object-oriented program-

ming paradigm, in that its basic entities, agents, have mental components.

Examples of such components are beliefs, capabilities, decisions, and com-

mitments. Anything can be described as an agent, but the paradigm is most

useful for describing entities of which the structure is mostly incompletely

known.

An AOP system consists of three major parts: a formal language for

describing mental states, an interpreted programming language in which to

create agents, and an `agenti�er' with which to convert neutral devices into

programmable agents.

As to the formal language, central to agenthood is the ability to choose

among di�erent actions. Actions can be private or communicative, and

conditional or unconditional. Agents can commit themselves to other agents

to perform certain actions, creating obligations. The mental state of an

agent is determined by its history and current actions. The actions are

determined by its decisions, which in turn are constrained by its beliefs and

prior decisions. Furthermore, an agent can only perform an action if it has

the capability to do so.

Based on this formal language, a programming language creates agents.
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The language speci�es the conditions for making commitments. Both mental

and message conditions can be distinguished. These conditions can result in

a priori commitments, as well as responses to messages from other agents.

The resulting program now is a de�nition of the agents' capabilities and

initial beliefs, a sequence of commitment rules, and temporal constraints.

The agenti�er creates a high-level intensional program by processing a

low-level process description of a machine in the process language.

This framework can make a useful contribution to RENISYS, since it

stresses the importance of actors or agents having mental states being the

central entities of the system. Parts of the formal language can be incor-

porated in the RENISYS speci�cation languages to describe the structure

and function of the network actors. However, the current AOP description

of the mental state is still rather primitive in that motivation (goal) and

authority aspects are paid little attention to. Another problem is that there

is no distinction between di�erent kinds of knowledge, which is partially

addressed in [Verharen et al., 1994]. Furthermore, in RENISYS the agent

concept will not only be used to describe machine entities, but especially to

specify human agents, which may add to the complexity, as they are much

less deterministic.

Other de�ciencies in Shoham's model, from the perspective of RENISYS,

are that it concentrates on individual agents, rather than 'societies of agents',

including complex agents that consist of coalitions of individual agents.

Shoham himself indicates that both social roles and social rules (global con-

straints) need to be e�ectively modelled as well to turn this `micro-theory'

into a useful `macro-theory', which of course is one of the pillars of the

systems-oriented RENISYS.

Shoham makes a distinction between a formal, class-describing, and

an interpreted, instance-describing language. In RENISYS, it is debatable

whether two separate languages are required for this, or that one language

su�ces. The lexica of the language could contain the formal concepts, anal-

ysis modules could use them to model the elements of a (sub)system of a

speci�c research network and store the results in knowledge bases.

5.5 Mathematical Speci�cation Languages

Most speci�cation approaches that are called formal methods are merely so-

phisticated versions of various mathematical systems [Cohen, 1989b]. This

view has two important implications: (1) in a successful formal method,

a mathematical notation approach plays an important role and (2) such a
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basis is not a su�cient condition for having an adequate method. In other

parts of this paper we discuss how such mathematical systems can be uti-

lized in the actual speci�cation process, here we will focus on the structure

of the mathematical systems themselves. We will �rst brie
y describe two

basic approaches used in mathematical languages: the functional and the

object oriented approach. After that we will explain the structure of Z,

which is widely regarded to be one of the best or most usable formal speci�-

cation languages [Lano and Haughton, 1991], and Spec, which concentrates

on describing the many di�erent kinds of transformations that are needed.

5.5.1 Functional Approach

In human systems where requirements analysis is distributed and dynamic,

and is often done by the users themselves, a functional approach is often

preferable [Orman, 1989]. In this approach, the information system is seen

as a collection of functions. A function maps domain data items to range

items. Each function has a collection of constraints attached to it. Primi-

tive functions can be combined into complex functions by production rules.

Essential for such an approach to succeed is that it allows the user to create

many small modules which can easily be combined into meaningful programs

at di�erent levels of abstraction (which is also important for describing an

appropriate systems view).

5.5.2 Object-Oriented Approach

Evolutionary system speci�cation can also be supported by the object-

oriented (OO) approach. The basic idea is that objects allow changes to

be made at the lowest level without a�ecting the speci�cation code that

calls them [Lano and Haughton, 1991]. Common OO-concepts like encap-

sulation, inheritance, and polymorphism seem to be well suited for use in

modular information systems component speci�cation at di�erent degrees

of abstraction. As OO-programming is an area too vast to be surveyed

in this initial stage, we will postpone a more in depth investigation of the

role of object-orientedness until we have produced a more detailed outline

of RENISYS. However, later in this section we will brie
y discuss three

speci�cation languages that have an object-oriented 
avour: Z++, Object

Oriented Process Speci�cation, and Spec.
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5.5.3 Z

Z consists of two notational languages: a mathematical language and a

schema language. The mathematical language is based on typed set theory.

Basic mathematical concepts such as set concepts, relations and functions

are stored in a library. State schemas describe abstract object classes, event

schemas specify the operations that can be carried out on the objects. The

schema language tailors these basic concepts into more complex constructs,

thus helping the developer to create speci�cations more easily by identifying

concepts common to the domain [Woodcock, 1989].

Z is a declarative rather than a procedural language. One advantage

of such an approach is that it focuses on results rather than on procedures

describing how to achieve these results. Thus, an advantage of the declara-

tive approach is that one has more degrees of freedom: instead of creating

detailed algorithms, one describes high-level speci�cations, which can still

be implemented in many di�erent ways. Another advantage is that it is

relatively easy to build the speci�cations incrementally.

An interesting object-oriented extension of Z is Z++

[Lano and Haughton, 1991]. The problem with ordinary Z is that a

change to one of the main data structures often leads to changes in the

de�nitions of most of the operations. The object-orientedness of Z++ helps

to address this issue. Z++ allows users to specify their requirements in

a restricted natural language. Another feature of Z++ is that it adopts

the notion of state preservation (no changes take place unless explicitly

speci�ed). Furthermore, a lot of attention is paid to how to handle di�erent

types of speci�cation maintenance tasks, such as corrective maintenance,

environmental changes, and speci�cation extension.

A similar OO-extension of Z is the Object-Oriented Process Speci�cation

[Krause et al., 1994]. One of the main advantages accruing from its OO-

focus is that the dynamic behaviour of the complete system can be much

easier modelled, which can help to realize a systems perspective on the

research network ontology.

5.5.4 Spec

A system based on transformations can be an e�ective way of recording

development histories and veri�cation proof steps, which can be reused to

provide alternative implementations [Lano and Haughton, 1991]. Although

Z++ already pays some attention to transformations, it has been truly made

a core concept in the Spec language [Berzins et al., 1993].
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In Spec, a transformation is viewed as a function that maps (schemes of)

progams onto other program schemes. The language focuses on meaning-

changing rather than on meaning-preserving transformations, which have

already been described in formal semantics. Speci�cation approaches such

as prototyping depend to a large extent on meaning-changing transforma-

tions. A central question which Spec tries to answer is how to ensure their

appropriateness.

In Spec, transformations are characterized in terms of the vocabulary,

granularity and behavior attributes of a program. The thesis of the language

is that every meaning-changing transformation should be decomposed into

substeps, each of which preserves two of the three attributes and makes

a monotonic change in the third. Prototyping then consists of prototype

evolution and production code generation. Due to the changes of speci�-

cations meaning, a veri�cation may be necessary, especially with multiple

developers, to prove that the proposed decomposition of the system meets

the speci�cations of the entire system whenever the subsystems identi�ed in

the decomposition meet their speci�cations.

One major problem identi�ed is the bad match between primitive trans-

formation concepts and the designer's conceptual universe. According to

the authors, getting a better formal understanding of the design space is the

key issue for developing better transformation libraries. These libraries can

be �lled with schemes which are patterns of commonly occurring changes to

designs. Thus, RENISYS should not only develop reference models about

its di�erent subsystems, but also about how they can be changed, in other

words: the development methodology needs its own reference model as well.

Such a model could then take its basic inputs from the network descriptions,

and show how these can be transformed, both in syntax and in meaning.

5.6 Logics

Logics are important both as formal knowledge representation languages,

and as tools to reason about the properties of these languages and the real-

world constructs which are expressed in them. As there are numerous logics,

it would be impossible to give a comprehensive overview. We will therefore

discuss two representative examples: speech-act based deontic logic and

computational philosophy of science. The main purpose of deontic logic is to

model responsibilities and norms in social systems. We will discuss a speech-

act based version of it, as this closely matches the language/action paradigm,

our fundamental speci�cation point of view. Another logic more speci�cally

tailored to capturing the essence of scienti�c reasoning is computational
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philosophy of science. It deserves some further examination as it can be used

to help describe the basic communication processes of a research network.

Other logics which may be of relevance are modal logic (reasoning about

the necessity of knowledge), temporal logic (reasoning about the time di-

mension of knowledge), and non-monotonic logic (reasoning about how old

knowledge is a�ected by the addition of new knowledge). A good synopsis

of these logics and their implementation is given in [Ramsay, 1988].

5.6.1 Speech-act Based Deontic Logic

A work process can be characterized by both the conversations par-

ticipants are performing and the commitments they have accepted

[De Michelis and Grasso, 1994]. Deontic logic can be used to describe the

resulting normative systems. [Dignum and Weigand, 1994] propose a com-

bination of illocutionary (speech act) logic with deontic logic to model com-

munication processes. This speech-act based deontic logic can help to inte-

grate the modelling of communication and commitment management. The

fundamental reason for the use of speech-act based deontic logic therefore

is that the coordination of human behaviour always requires some form of

agreement and mutual commitment [Dignum and Weigand, 1994].

Speech-act based deontic logic consists of some basic concepts of illocu-

tionary logic together with those of dynamic deontic logic. Typical deontic

operators deal with norms such as obligations, permissions and prohibitions.

The logic adopts an agent-oriented view of the information system in which

roles are viewed as sets of capabilities and deontic rules.

The information system based on this deontic logic should not only for-

malize authorized behaviour, but also the management of authorizations.

One way to do this is by creating communication protocols or contracts.

These are especially useful in organizations where there is little or no hier-

archical ordering between agents, as is the case in research networks. The

concept is worked out in some detail in [Verharen et al., 1994]. Contracts are

sets of related authorizations together with conditions on the relationship

between the acts and rules governing the violation of permissions and obliga-

tions. In other words, they help to modularize the normative speci�cations.

Contracts can be modelled as complex objects that can be specialized and

generalized. Protocols can be partially based on the essential speech acts in

these contracts. They can be powerful instruments for supporting research

networks, as they allow the users together with the system to set goals and

to determine who is responsible for what. However, they should not be

constraining the network participants too much by prescribing exactly how
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these goals ought to be accomplished.

5.6.2 Computational Philosophy Of Science

Computational philosophy of science [Thagard, 1988] is a logic of scienti�c

reasoning which is considerably richer and more adequate for describing

scienti�c discourse than normal deductive logics. The logic contains rather

complex representational schemata. Basic concepts that are represented and

connected are observations, laws and theories. Observations are represented

in predicate calculus. General laws consist of quanti�ed expressions in pred-

icate calculus plus more complex representations. Theories are even more

complex constructs as they generally go beyond what is observed and aim

to explain the laws. A theory is not an explicit data structure, but a set

of associated structures, and includes a record of its past successes. In this

way it can become a 
exible yet robust construct. A theory in the view

of this logic cannot be rejected merely because it occasionally fails. If it is

simpler and explains more important facts it can be accepted as the best

explanation.

Computational philosophy of science does not aim to provide a canoni-

cal language for doing science, but rather wants to illustrate how scienti�c

knowledge representation and argumentation processes interact. It has two

main uses: problem solving and explanation. It uses complex data struc-

tures such as concepts and rules to provide considerable control in problem

solving and other epistemic processes. Logical approaches it supports are,

among others, various kinds of induction and abduction. Interesting is its

interpretation of the meaning of concepts: they are not determined by def-

initions. Instead, the meaning of a concept depends on the rules that have

been formulated using it, and on how it is related to other concepts by rules

and hierarchical relations. Important in this logic is that it explicitly deals

with the problem of `consequential closure' [Ramsay, 1988], which concerns

the di�culty of the user of a logic not being able to understand all the

consequences of a set of premises because there is an in�nite amount of con-

clusions to be drawn. Thagard heavily criticizes standard formal logic in

this respect, because it does not give any criteria that can help to decide

which of all possible inferences should indeed be made in a speci�c context:

`[...] formal deductive logic captures so little of what is interesting about reasoning

that it would be a grave mistake to take it as paradigmatic [...] The result of the mathe-

maticization of logic has been loss of contact with the great epistemological concern about

how knowledge can be made to grow. For the purposes of epistemology and philosophy

of science, reasoning, not formal logic is what needs to be studied [Thagard, 1988, page
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132].'

To deal with these objections against the classical treatment of reason-

ing, PI, the inference system which implements computational philosophy,

also represents meta-knowledge about the epistemic goals of the reasoning

process, such as achieving a particular explanation. An inferential system

is now seen as a matrix of four elements: normative principles, descriptions

of inferential practice, inferential goals, and background psychological and

philosophical theories.

PI is a good example of a sophisticated logical system tailored to mod-

elling scienti�c reasoning. It pays a lot of attention to both functions of a

logic: knowledge representation and inferential capabilities. A research net-

work information system, however, is much more than a reasoning machine.

It supports its users in many problem-domain related group activities, of

which reasoning is often only a subprocess. Thagard realizes this as he says

that one of the most important extensions of PI will be in the modelling

of `group rationality', which will allow for instance the representation of

problem solving in groups where individuals play various roles. Yet another

problem is that users of a customized network information system cannot

be forced into using the rigid and limited concepts of a language like PI.

The system must thus provide for some sort of mapping between their ac-

tivities and a PI-like system. Still, the structures and processes as described

here could form part of the core representational framework of sophisticated

system knowledge bases and help in guiding the process of group discussion.

5.7 CSCW

A research network information system has many features of a CSCW sys-

tem, also called groupware. Based on the (a)synchronous form of the interac-

tion and the geographical nature of the participants, Rodden distinguishes

four classes of groupware systems: message systems, computer conferenc-

ing systems, meeting rooms, and co-authoring and argumentation systems

[Rodden, 1991]. Our interest is mainly in the latter type of system, as activ-

ities in research networks mainly consist of co-producing scienti�c texts and

structuring the required reasoning processes. An important issue in CSCW

systems is the degree of control they exert on their users[Rodden, 1991]. If

interaction procedures are too prescriptive, users will feel too constrained to

e�ectively cooperate. Therefore, the system must be a semi-formal system

[Lai et al., 1988]. This means that not only the information objects, but also

the processing rules of the system must be modi�able by the users, which is
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in line with the user-driven development philosophy RENISYS adheres to.

A problem with many groupware systems is that they focus more on

supporting individuals in groups than on 
exibly coordinating the overall

group process [Krasner et al., 1991]. Important coordination tools that can

increase the degree of strong collaboration are social protocols that govern

group interaction. Empirical research has shown that these protocols can

often best be determined by the group's social process, rather than by em-

bedding them in the software beforehand [Krasner et al., 1991]. This will

be much easier with dynamic, user-driven speci�cation methods than with

their more traditional predecessors. These protocols are examples of process

models, which, according to Krasner, should be the basis for the coordina-

tion of the cooperation.

So what exactly does this coordination of group processes entail?

Coordination can be seen as managing dependencies between activities

[Malone and Crowston, 1994]. This means that it is not su�cient to just

list the activities in RENISYS. Di�erent types of dependencies need to be

identi�ed as well as the coordination processes that can be used to manage

them. A language/action approach can be very useful for this purpose. An

important dependency among some activities is that they are contributing

toward some common goal. Therefore, goal selection and goal decomposi-

tion processes, as well as goal con
ict resolution processes are important

starting points for better coordination of activities. Other dependencies

which need to be taken into account are for instance producer/consumer re-

lationships, simultaneity constraints, and managing task/subtask relation-

ships [Malone and Crowston, 1994]. An interesting topic for research is how

coordination process primitives can be combined by users to solve particu-

lar coordination problems [Malone and Crowston, 1994]. This �ts well with

the RENISYS approach of de�ning activities (and their dependencies) in

reference models of standard information and communication processes.

CSCW systems are moving the analysis focus from institutional orga-

nizations to cooperative work arrangements [Schmidt and Bannon, 1991,

Schmidt, 1994]. Rather than trying to describe an organization in legal

terms, webs of interdependent activities need to be studied. There can still

be an ordering work organization (i.e. research network), but this is now

considered as a constellation of deployable resources con�gured to meet the

needs of a set of recurring cooperative activities. This is exactly the kind

of approach RENISYS takes: to start with the problem domain activity

analysis, and only then shaping the (net)work organization by introducing

network structure and dynamics constraints.

Now that we know about the role of the CSCW system, what does it
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look like? A fundamental conceptual model of groupware has been proposed

by Ellis and Wainer, and will be discussed next.

5.7.1 A Conceptual Model of Groupware

Ellis and Wainer [Ellis and Wainer, 1994] describe groupware systems

using three models: an ontological model, a coordination model and a

user-interface model.

� Ontological Model

The ontological model is very important as it provides the basis for an

architecture of the system knowledge bases. It can be used by the knowledge

representation system to guide the construction of more detailed classes of

objects. The knowledge base can then be better maintained by the system

rather than by the user [Mark et al., 1995]. The ontological model describes

classes of objects and the user operations. Objects are the data-structures

upon which the users operate, and can have relations with eachother.

Operations are transformations that act on the objects. Operations

either view, create, modify or destroy objects. Users can have operation

rights and object access rights. In our general RENISYS framework, we

need di�erent ontological models for the problem domain, the human net-

work, and the information system, but also for the (meta) development level.

� Coordination Model

The coordination model describes the activities that each user may per-

form and the way in which these activities are coordinated. Roles can act

as an intermediary between actors and activities. An activity is a potential

set of operations that an actor playing a particular role can perform with a

de�ned goal. A set of activities and their ordering make up a procedure. An

important aspect is the temporal precedence of the activities, in which start

and stop-actions play an important role. Coordination can take place at the

activity level, where it describes the sequencing of events that make up a

procedure, and the object level, that deals with access problems of objects

by multiple actors.

The central function of a research network information system is a

coordinating one: how to e�ciently support the management of the various

processes of its users. The degree and kind of coordination which has to

take place, depends on the type of information system being developed. In

RENISYS, the coordination model would consist of the processes that each

actor may perform and the way in which they are coordinated. For this
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model to be successful, it must be represented in all three subsystem levels.

Note that according to Ellis and Wainer, activities consist of operations,

whereas in RENISYS activities are further subdivided in various types of

information and communication processes.

� Actor-Interface Model

E-W's user-interface model is focused on human-human interaction.

Central in this model is the concept of views, of which three types are

distinguished. First, it must allow for di�erent views on objects, including

meta-objects. Local operations are only visible to the initiating participant.

Second, the model must allow for views on the involved participants, both

activity-based and background knowledge, such as participant pro�les.

Third, E-W recognize a contextual view. This is subdivided into a struc-

tural context, a social context and an organizational context. RENISYS

deals with the last two context view categories in a fundamentally di�erent

manner. Instead of giving them a minor, rather informal place in the

system framework, as E-W do, RENISYS devotes a complete subsystem, the

human network, to the representation of the characteristics of participants

as they behave in the network.

This conceptual model is in line with [Schmidt and Bannon, 1991], who

distinguish two important aspects of the cooperative mechanisms in CSCW:

work
ow management (coordination) and the 'common information space'

(ontologies plus views). Work
ow management should not focus on develop-

ing elaborate, hard-wired organizational models and procedures, but much

more on supporting users in interpreting these models and changing them

when necessary. The common information space does not mean a simple

shared database, but rather knowledge bases where participants actively

construct, debate, and resolve the meanings of shared objects. This means

that the RENISYS context knowledge and speci�cations must somehow be

systematically agreed upon, represented, and modi�ed, based on the activi-

ties that the network participants are involved in.

6 Overview Of Information Tools, Environments,

And Systems

Before we can look into the methodological aspects of the speci�cation pro-

cess, we �rst need to have a general overview of what components a research

network information system actually consists of. In the literature, many dif-
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ferent potentially relevant kinds of tools, environments and information sys-

tems are described. With a tool, we mean a piece of software that embodies

a certain amount of information processing functionality. An environment

consists of a set of basic software elements that can be used to construct a

variety of tools. An information system in our terminology was de�ned as

an integrated and customized collection of information and communication

processes (plus data sets). Such a system is should be implemented by an

integrated set of tools.

An information tool or system is often classi�ed by the speci�c core hu-

man or machine information/communication process that it supports, such

as decision support systems or information navigators. A research network

information system is not exactly like one of these types, but consists of a

context-dependent mixture of many di�erent types of such components. At

any rate, the most adequate typi�cation that can be given is that it is an

example of a groupware system.

Based on our discussion of the conceptual model of CSCW, we distin-

guish two basic types of CSCW system components: work
ow management

systems and knowledge-based systems. These categories are linked by a

third type: issue-based information systems. This category is of great im-

portance as it can be used to support scienti�c discussion, which is the core

process of research networks. Scienti�c discussion can bene�t in many ways

from work
ow management, while the results of the discussion need to be

stored in knowledge bases. This knowledge, in turn, would ideally drive the

work
ow management (and information system development!) process. In

this section, we will describe several interesting of such tools, environments

and systems.

6.1 Work
ow Management Systems

Work
ow (management) systems provide the infrastructure to design, exe-

cute and manage business processes or activities in a network. The emphasis

is on the management rather than on the automation of the tasks of which

these activities are comprised [Abbott and Sarin, 1994]. Thus, central to

these systems should be some form of the language/action approach where

the conversations between participants initiate and control the 
ow of ac-

tivities.

Computers can be applied in groupware in three di�erent ways: to au-

tomate actions, support users in their intellectual work, or trigger processes

[Kensing and Winograd, 1991]. Especially the latter two types have often

been neglected so that most applications currently still concentrate on the
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full automation of certain deterministic procedures, ignoring the support of

more 
exible approaches to organizing work.

Characteristic of work
ow management systems is that much less

planning functionality is needed than with traditional applications

[van den Broek, 1995]. A process de�nition should therefore only serve as

a guide that suggests a default 
ow of tasks rather than that it provides

a rigid plan. A major requirement is that such a de�nition is 
exible, so

that `process maps' can easily be modi�ed to conform better to the current

context.

Thus, the speci�cation method using the process models must be able

to accommodate the variety of behaviours occurring when performing work.

A work
ow system must therefore be able to adequately manage both pro-

cedural and non-procedural interactions. Procedural interactions can be

modelled using conversation-based models, mainly grounded in the lan-

guage/action perspective [Abbott and Sarin, 1994]. Non-procedural inter-

actions typically occur in the case of exceptions to structured activities.

Many of these exceptions cannot be formalized, but the processes in which

they are to be handled, should be. Note that not all procedural conversations

have to be modelled to obtain proper system speci�cations. For example,

extrinsic conversations that are outside the direct domain of concern can be

refrained from [Kensing and Winograd, 1991].

The models of these processes often are built bottom-up: from a set

of process primitives more complex processes are aggegrated rather than

the other way around [Abbott and Sarin, 1994]. This means that process

libraries and composition facilities need to be paid a lot of attention to. One

fundamental problem with this process design and execution is the level of

support that the network information system (and thus the speci�cation

method) must give to its users: the well-known trade-o� between guidance

versus 
exibility. A level of support is needed that is fully general in the sense

of being able to support all possible types of collaborative interactions, while

also being fully customizable to the particular situation in which interactions

take place [Hart�eld and Graves, 1991].

An important theme in work
ow management is how to deal with chang-

ing activities in complex and dynamic professional environments. This is

studied in the �eld of business process redesign (BPR). This approach con-

sists of an important set of principles underlying work
ow management that

have in common that information technology can only be most e�ectively

used after the supported business processes have been optimized themselves.

Some characteristics of BPR are that only a small number of business pro-

cesses are modi�ed, goals of BPR are de�ned beforehand in terms of concrete
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process improvements, and processes often transcend the individual organi-

zation [Buitelaar and Groen, 1994]. BPR has mostly been applied in tra-

ditional, hierarchical organizations [Buitelaar and Groen, 1994], so it is not

exactly clear how well it can be used to manage process change in 
at orga-

nizations like networks. Most BPR approaches limit themselves to describ-

ing organizational change procedures. A notable exception is the DEMO

method (see section 7.3), which views BPR as a way to modify and map

formal concepts from the essential to the informational level [Dietz, 1994],

and thus it produces results which are much closer to the actual information

system speci�cations.

6.1.1 The Milan Conversation Model

The Milan Conversation Model (MCM) is both a theoretical framework for

understanding communication within work processes, and an implementa-

tion [De Michelis and Grasso, 1994]. It contains two core constructs: the

conversation and the commitment negotiation. The philosophy of MCM is

that these concepts are closely related, but that a conversation cannot sim-

ply be reduced to a commitment, because it also contains important context

knowledge that determines the value of commitments.

The model therefore addresses this problem as follows. Each conversa-

tion can not only have (multimedia) documents but also several commitment

negotiations attached to it. The conversations themselves can thus be com-

pletely unconstrained, all the formalization takes place in the commitment

negotiations. The system makes accessible the full record of the negotiation

steps, supporting documents, and the free-text conversations in which they

are embedded. Note that such a negotiation is a special case of a general

negotiation protocol such as SANP.

In this model, the context of a work process is considered to consist of

two types: the context related to the temporal connection of events (his-

tory), and the context which brings forth the peculiarities of an event (ar-

ticulation). In MCM, the conversation record represents the history, while

the attached documents and commitment negotiations are said to form the

articulation context. Note that the de�nition given of context is di�erent

from ours. We view the context as the complete set of determinants of the

information system, which itself consists of the information/communication

processes. Thus, in our approach, the work processes are part of the context

of the information system, whereas for instance the conversations, which

belong to the context in MCM, are a key part of our information system.

This is in line with the central focus of MCM being the work somebody
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is involved in, whereas that of RENISYS is the information system that

supports work activities.

6.1.2 OVAL

Oval is an information environment that lets users become system design-

ers by giving them end-user programming tools [Malone et al., 1995]. It

builds on the well-known `spreadsheet for cooperative work', the Object

Lens [Lai et al., 1988]. Oval can be used to create radically tailorable infor-

mation systems. Tailorable means that they can be changed by end users

without them having to leave the application domain. Radically suggests

that very large changes can be made. Thus, instead of merely changing some

parameters, completely new kind of applications can be created. RENISYS

de�nitely is a method which should support the creation of such radically

tailorable systems.

One of the key problems in designing these environments is determining

the right level of abstraction of the building blocks. Oval distinguishes four

such elements: objects, views, agents, and links. Objects represent entities

in the world. Views summarize collections of objects and allow users to edit

individual objects. Rule-based agents automatically perform tasks for users.

Links represent relationships among objects. Oval's primary innovation is

the choice of building blocks and the ways of combining them. The main

advantages of the environment are (1) that it is simple and intuitive for

users to comprehend, as it uses building blocks the users can understand
6, and (2) that it o�ers a great amount of functionality for creating and

modifying a wide range of applications. These claims are supported by some

initial experiments, obtained by modelling existing groupware applications

[Malone et al., 1995]. Some interesting lessons have been learnt from these

experiments: such a general tailoring language allows for a great increase in

scope of applications with only a modest increase in complexity, and radical

tailorability facilitates the integration of tools. However, the authors admit

that much more rigid empirical studies are needed before the usefulness of

new applications and the usability of the environment can be assessed.

6An environment that aims to achieve the same goals, but is much less ambitious in

scope and functionality is the Objection environment, based on CLP (http://www.uni-

paderborn.de/fachbereich/AG/szwillus/objection/ constraints.html). Objection is used to

specify graphical constraints to build user-interfaces. It addresses the problem of normal

widget classes being too application-independent. The environment allows more speci�c,

application-dependent widget classes to be de�ned that can be used to create new user

interfaces in a more elegant and e�cient way.
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Oval mainly supports the modelling of the information system level,

and is not well suited to model the complex problem domain and human

network subsystems. The strength of Oval, being so widely applicable, is its

weakness at the same time. For guiding its users in how to use the available

functionality, some kind of formal, user-driven method like RENISYS could

be of great help.

6.1.3 The Cooperator

The Cooperator 7 supports distributed groups of students who are working

asynchronously on a joint paper. The core of the system's environment is

the document processing facility. A discussion tool called `issue space' aids

group members to establish a shared context. This context is modelled in a

graph. A browser can be used to view all the created nodes of the system. An

agenda is used for the planning of non-computer mediated group meetings.

Although the issue space is based on the issue-based paradigm, the Co-

operator as a whole can be considered to be mainly a work
ow management

system. The main focus is not on formally representing and reasoning about

an epistemologically complex domain, but much more on supporting all, pro-

cedural as well as non-procedural, aspects of the co-authoring process. The

issue space itself plays a relatively minor role, users of the system can even

circumvent it by using the mail-facility.

The system is still under development. However, the prototype already

provides us with a good example of a work
ow management system with

issue-based features that supports a speci�c research network activity, co-

authoring. A full-
edged research network information system would need

to be able to deal with and interconnect many more types of activities and

related information and communication processes at the human network

and information system level. The issue-based information system would

have a much more prominent role, and would be connected with sophisti-

cated knowledge bases that can order, store and reason about the knowledge

gained during the discussion process. This knowledge could be used both by

the work
ow management part of the research network information system

to better guide interaction processes, and by RENISYS to update system

speci�cations.

7http://infolabwww.kub.nl:2080/w3thesis/
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6.2 Issue-Based Information Systems (IBIS)

Traditionally, information systems design occurred from either a data, or a

decision making perspective. The language/action-based business process

model that is used in work
ow management systems provides a third way of

looking at the information system, and is more suitable for CSCW systems

[van der Rijst and van Reijswoud, 1995]. Yet another point of view is of

particular import to research network information system design: the issue

perspective. Issues can be seen as an organizing principle of collaborative

work [Hart�eld and Graves, 1991]. Issues are closely related to setting and

working out goals, and are thus rooted in the problem domain. An issue

is represented in many di�erent entities of the information system, and as

such can be seen as providing coherence in otherwise isolated information

and communication processes, and giving meaning to otherwise di�cult to

interpret data.

Central to this concept of issue is that it is shared among team mem-

bers, in this way driving and organizing collaborative activities. Whereas

the language/action perspective is focused on modelling conversational

structures and processes, the issue-perspective focuses more on build-

ing the context of the actions, instead of on the actions themselves

[Hart�eld and Graves, 1991]. Issues thus transcend individual conversa-

tions. However, this also aggravates the problem of multiple perspectives on

information, as now not only di�erent participants in one conversation can

have di�erent views, but also there are more conversations in which di�erent

views on the same issue can emerge.

To e�ciently model the process of group knowledge construction,

applications using the issue-based information system (IBIS) paradigm

can be used. An IBIS helps to identify questions, develop the scope

of positions in response to them, and assists in creating discussions

[Kunz and Rittel, 1970]. IBIS support conversations among stakeholders

about complex or wicked problems, by structuring the creation and han-

dling of 'issue nets' [Conklin and Begeman, 1988]. Issue nets have three

main types of nodes: issues, positions that can be taken by potentially con-


icting parties and arguments that they use to support their positions or

refute those of their opponents. Many sorts of re�nements of nodes and

types of links between them can be added to this basic model.

A problem with many IBIS systems is that they do not actively guide

the discussion in order to keep it focused on the original goals. There are

no stopping rules and it is di�cult to determine when a problem has been

satisfactorily solved. For an IBIS to be useful, it needs to have access to good
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process models of the network activities and I/C processes. For example,

in the earlier mentioned SANP, the negotiation protocol provides for loops

to allow agents to question eachother's arguments until the exact di�erence

is found [Chang and Woo, 1994]. The usefulness of the IBIS will be further

increased if it is somehow actively steered by the work
ow management

system, but no examples of such connections are known to the author yet.

Many di�erent applications exist that somehow build on the IBIS foun-

dation. Some of them are domain-independent. gIBIS is a graphical hy-

pertext system to be used with rather advanced computer con�gurations.

Its main interface elements are a browser, and a structured node index

[Conklin and Begeman, 1988]. HyperIBIS is a text version of an IBIS aimed

at the low-end PC market [Isenmann, 1993]. It can distinguish between de-

ontic issues (should?), factual issues (what?), instrumental issues (how?),

explanatory issues (why?) and conceptual issues (de�nitions).

Other IBIS are more tailored to a speci�c domain. This can considerably

improve the modelling e�ciency. Some of these systems, closely related to

the research domain, will now be described in some more detail.

6.2.1 Scienti�c Collaboration System

One advanced IBIS that was speci�cally designed for research purposes is

the Scienti�c Collaboration System (SCS) [Kim et al., 1993]. SCS pays a

lot of attention to representing its knowledge in a knowledge base. It uses

an ordinary object-oriented DBMS to store this knowledge and make it

accessible to its users. Several new types of nodes have been de�ned, such

as hypothesis, claim, and argument. It allows research �elds to be modelled

as object classes, and organizes these �elds in a class hierarchy. Issue nets

are then mapped to one or more of these hierarchies.

The system allows its users to make many di�erent types of queries,

broadly subdivided into queries on the structure of the topic class hierarchy

and queries to retrieve speci�c issue nets. The �rst class of queries allows

for example to obtain interdisciplinary viewpoints on the same problem, the

second class is used to make epistemologically complex investigations of the

available knowledge.

There are still many problems related to the creation of better links

between SCS and the knowledge base. For example, the development of

thesauri and di�erent types of views on the same data based on the level of

expertise of the user could signi�cantly increase the usefulness of the system.
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6.2.2 CLARE

CLARE ("Collaborative Learning and Research Environment")

is a computer-supported knowledge construction environment

[Wan and Johnson, 1994] 8. It provides users with support for com-

prehending new information, relating it to already known information, and

managing di�erent interpretations of the same information. It consists of

three main parts: a semi-structured knowledge representation language,

RESRA, designed to facilitate collaborative learning from scienti�c texts, a

process model for guiding the use of the representation language, SECAI,

and the actual tool itself. The tool will not be discussed here as it only

implements the functionality of the other two components).

RESRA ("Representational Schema of Research Artifacts") contains

three types of conceptual constructs: node primitives, link primitives, and

canonical forms. Node primitives consist of such scienti�c communication

concepts as `problems', `method', `theory', and `claim'. Links like `supports'

and `presupposes' allow complex constructs to be built. Canonical forms

allow stereotypical graphs to be constructed for various types of research

artifacts.

SECAI ("Summarization, Evaluation, Comparison, Argumentation, and

Integration") is a valuable research collaboration process model. In the sum-

marization and evaluation stage, individuals make their own representations

of a scienti�c text. In the subsequent stages, a dynamic group knowledge

base is created in which consensus and disagreements about issues are stored.

An important question is from what perspective and which level of detail

to select the primitives. Moreover, the canonical forms are of great impor-

tance to develop a context-sensitive method: they allow knowledge patterns

typical to a speci�c situation to be prede�ned. They can be the building

bricks of more complete reference models. Noteworthy is the authors' stress

on �nding mechanisms to represent di�erences in opinion, this being one of

the main characteristics of scienti�c discourse.

The authors also discuss some experimental �ndings. Remarkable is the

focus of users on the �rst two, individual, knowledge modelling stages, rather

than the group discussion stages. Furthermore, they note many errors in the

interpretation of the texts. Therefore, for such a tool to be successful, they

claim that it is more important to create process-supporting mechanisms

than to develop some ideal knowledge representation language.

A major drawback of CLARE is that all the coding and comparing of re-

8In our terminology it can better be called a tool as it does not allow for the creation

of new information processing functionality.
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search conversation needs to be done manually, which means incompleteness

and extra inconsistency if di�erent coders are involved. A tool like CLARE

can only be really successful if more formal approaches, for example linguis-

tically based, help to automate part of this knowledge construction (and

information system speci�cation) process. This brings us to another limita-

tion of the current approach: it only allows post-processing of sources. The

tool would be much more powerful if it could also support the individual and

group source construction process itself. If that were the case, it could bet-

ter focus the discussion on achieving certain collaborative goals, something

which is not supported now.

6.2.3 AEN

The Annotated Egret Navigator (AEN) is a groupware system designed to

support strong collaboration among a group as its members jointly create

a structured hypertext document [Johnson and Moore, 1994]. It is closely

related to CLARE. Both systems make use of the same general collaborative

system development environment EGRET. However, whereas CLARE is

meant to collectively interpret existing scienti�c texts, the focus of AEN is

on the construction of complex group documents. The system consists of a

hypertext network of nodes and links. Both textual and graphical nodes are

distinguished. The main categories of nodes are document and comment,

the links o�er some standard ways of coupling the nodes.

The primary navigation mechanism is that of the AEN tables of contents,

which are used to construct virtual documents and can be de�ned in various

ways. AEN supports strong collaboration, contrary to for instance free-

form WWW systems, by providing an authoring mode, locking, and access

control to document components. The latter consists of allowing each node

owner to determine who has read, write, and annotation access to her work.

One of the most fundamental bene�ts of AEN turns out to be the increased

- dynamically de�ned - access to the intermediate work products of others.

The authors claim that strong collaboration can only occur through an

entwining of authoring and learning. The authors realize that substantial

knowledge about the state of each user must be known and propagated

to other users when needed. This knowledge could for example be used for

automatically setting access control rights. However, they do not make clear

how these needs are determined. Furthermore, not only knowledge about

individual actors is needed; context knowledge about their problem domain,

groupings and information system would be very useful as well. A method

like RENISYS could help to provide this important information.
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6.2.4 Group Decision Support Systems: SIBYL

Group decision support systems (GDSS) are an important category of infor-

mation systems, because they allow groups of professionals to easier reach

consensus on a decision. Most of these systems are `choice' support sys-

tems only, which generally ignore the important problem formulation and

alternative generation stages [MacCrimmon and Wagner, 1991]. In research

networks, the problem is not so much choosing between actions, but rather

working out and structuring di�erent opinions on issues, as is already done

in IBIS, be it in a primitive way. Still, especially in the GDSS that focus on

the early stages of the decision making process, there is considerable over-

lap between the two types, as both need mechanisms to represent the goals

and motivations of users and structure their arguments. We are thus not so

much interested in the choice characteristics of decision making processes,

but would rather like to examine the role of GDSS from an IBIS perspective.

One system that is typical of such an IBIS oriented approach is SIBYL.

The problem with many generic GDSS is that they do not represent the

deliberation process preceding decision making, but only the results of elab-

orations. The average IBIS can help describe this lacking decision rationale,

but is not expressive enough and does not provide enough services to the

user. This problem is what the SIBYL decision support system tries to ad-

dress [Lee, 1990]. The central concept in SIBYL is that of goals. The system

represents and manages the goals, the alternatives for reaching them, and

the arguments evaluating these alternatives. The system consists of three

parts: the Decision Representation Language (DRL) that is used to repre-

sent decision processes, a set of services that provides qualitative decision

support while using what is represented in DRL, and a user interface (which

will not be discussed here).

The DRL uses more or less the standard IBIS concepts of claim, support,

deny, etc. Interesting is how the notions of decision problem and goals are

represented: a decision problem is the problem of choosing the alternative

that best satis�es the goals. Relations between goals and subgoals, such

as equivalence (solving the subgoals equals solving the goal), and disjunc-

tion (solving either of the subgoals equals solving the goal), as well as the

plausibility of an alternative for reaching a speci�c goal can be represented.

Some typical SIBYL services are dependency management (keeping rep-

resented knowledge consistent, viewpoint management (representation of

collections of objects that share assumptions), and precedent management.

This latter service is particularly interesting as it uses goals to index past

decisions. Decision problems are considered to be similar if they share goals.
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The service uses the problem indices to determine which parts of the deci-

sion graphs are relevant to a certain user, and in this way helps to share

knowledge across groups.

6.3 Knowledge-Based Systems

A knowledge base can be considered as a set of propositions about some

domain [Weigand, 1991]. One advantage of knowledge bases over normal

databases is that they contain rules and constraints that specify the per-

missible behaviour of the entities stored, thus allowing for a rich semantics

[Weigand, 1991]. In many cases, knowledge bases are complete, independent

systems, including planning and group discussion facilities. In our view of

knowledge bases in the context of groupware, we have already �ltered out

these work
ow and issue management-speci�c concepts.

Knowledge base theory should build on linguistic theory. To be more

precise: the conceptual model of the knowledge base should make use of

the deep structure of natural language expressions, and can be described

by for instance functional grammar [Weigand, 1989]. When taking such a

linguistic approach to information systems development, three important

application areas are important: the conceptual modelling, constraint mod-

elling, and communication modelling [Weigand, 1991]. Concept and con-

straint types can be stored in lexica. Specialized lexica can be derived from

more general lexica making use of selection and transformation operations.

Constraints can include integrity constraints, behavioral speci�cations and

inference rules. These come on top of domain constraints already described

in the conceptual model, and they can thus be considered as a logic that

speci�es how the conceptual model is to be used. Finally, message base

speci�cations are formed by the set of rules that determine the processing

of incoming messages and the generation of outgoing messages.

In RENISYS, conceptual and constraint models stored in lexica will be

used to create the speci�cation language of a speci�c subsystem. Each lexi-

con describes one of the network subsystems, such as the problem domain.

The lexica can be part of a knowledge base, which also stores the actual

speci�cations obtained by the analysis of the information 
owing in from

the (network conversation �lled) message base.

Besides being grounded in linguistics, there is often a need for knowledge

bases to be temporal. In many cases the time reference of information

items is only implicitly present, but for example for usefully accessing

archived data a temporal reference is required [Weigand, 1991]. Especially

in information systems supporting professional organizations like research
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networks this is often very important.

So what exactly is the role of the knowledge base in a research network

information system? Of course, it can be used to store knowledge about

and created by the network. Furthermore, knowledge about the information

system speci�cation goals and history itself needs to be stored.

Now that we have a knowledge-based system de�ned like this, we are

especially interested in its connection with the work
ow management sys-

tem. One function of knowledge-based systems is to adapt standard work-


ow processes in case of exceptions [Abbott and Sarin, 1994]. However, we

would like to take an even broader view. We are not only interested in how

knowledge bases can be used to handle exceptions, but also in how such

knowledge bases can be used to help coordinate work
ow processes in gen-

eral. This approach will also close the `speci�cation loop', creating more

opportunities for automatic speci�cation support. Our thesis is that strong

links can be created between the knowledge base and the work
ow manage-

ment system. The knowledge based system should get a more proactive role

in work
ow management, by itself interpreting the state and context of the

information system and initiating and coordinating work
ow management

and information system speci�cation processes, concerning both procedu-

ral and non-procedural actions. What mechanisms can be used for this is

probably going to be an important research topic in this thesis project.

6.3.1 Comet / Cosmos

Ontologies play a central role in the knowledge based system. Two of their

functions are to make the knowledge bases reusable and to de�ne the ar-

chitecture of the evolving knowledge base [Mark et al., 1995]. Enforceable

architectures are relevant domain ontologies which are represented and in-

tegrated in the knowledge base construction process. Such architectures

form frameworks that guide the construction of more detailed classes. The

architecture concept is discussed in some more detail in a later section.

Description logic is a general term for representation languages that allow

for the manipulation of structured terms and their taxonomic relationships.

An important advantage of such a logic is that it transfers part of the re-

sponsibility for the organization of the knowledge base from the user to the

system because of the inferences that it allows to be made to determine the

rami�cations of interconceptual relationships.

Comet and Cosmos are domain-speci�c systems based on a generic DL-

based system, called Loom. Their ontologies can be used as architectures
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to guide the knowledge base construction process. In a free form knowl-

edge base the addition of knowledge can take place rather arbitrarily. In

this system, the existing ontologies prede�ne the way new knowledge must

be represented. This is very much the idea that RENISYS should incorpo-

rate: the reference model plus network information that has already been

generated to a great extent determine what needs to be speci�ed next and

how this should happen. Cosmos is an improvement of Comet in the sense

that it contains more explicit rules about what procedures need to be fol-

lowed for the addition of new knowledge. In RENISYS, these procedures

could be stored in a Development Methodology module, which represents

the development level of the method.

Some important lessons were learned during these projects. The on-

tologies must have a well-de�ned architectural status, especially when many

di�erent people add new knowledge. In dynamic worlds, ontological princi-

ples need to be established that help identifying invariants that should not

change if the ontology is to remain coherent. It is not clear yet what exactly

these principles are. An especially important function of the ontology-as-

architecture is that it can help de�ne interfaces with other knowledge bases.

6.3.2 CO4

C04 is a computer environment for the collaborative construction of consen-

sual knowledge, and is therefore also called a coordinated multi-user editor

[Euzenat, 1995]. It is dedicated to the incremental and concurrent building

of a knowledge base, which organizes, around formalized knowledge, a set

of various annotations from which this knowledge originates. The formal

knowledge is connected to the informal knowledge in the knowledge base

via a hypertext network. The knowledge is stored in an object-based knowl-

edge representation system. The most important innovation of CO4 is the

way it deals with the creation of new knowledge. First an individual user

proposes a modi�cation of his own knowledge base, which is handled by a

confrontation query. This query checks whether the information is not in

contradiction with the existing knowledge. It does this by means of the

update and revision controller.

The essential characteristic of CO4 is that its knowledge bases are orga-

nized in a tree of which the leaves are user knowledge bases and the inter-

mediate nodes are called group knowledge bases. When a user subscribes to

a group base she of course can access and comment upon the group knowl-

edge. However, the most interesting process is that of knowledge submission

to the group base. After the user has submitted the proposed changes to
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the knowledge base, according to some speech-act based submission proto-

col, the negotiation controller identi�es the di�erences with the consensual

group base. Other users can then examine the new knowledge, for instance

by tentatively adding it to their private base. These users then either ac-

cept the knowledge, reject it, or propose changes for inclusion in the group

base. Once consensus has been reached, the knowledge is disseminated to

all subscribed bases, making use of a so-called coordination protocol.

One of CO4's strong points is its emphasis on the consistency and global

coherence of shared knowledge. It di�ers from a standard agent-oriented

approach in that it assumes that knowledge cannot be shared unless the

elaboration process has been shared. That is why CO4's submission protocol

can be replaced by other ones if the users so desire. This means that the

rules for the group knowledge creation can be changed quite easily. It is not

clear however, who is responsible for protocol changes, what causes them,

and how the di�erent protocols should look like.

Summing up, this system provides a good example of what can be gained

from tightly coupling knowledge-based systems with for example IBIS, in our

approach mediated by work
ow management systems.

6.3.3 The Principia Cybernetica Project

One of the currently most sophisticated research network information sys-

tems with the speci�c objective of actually being usable by a wide commu-

nity of researchers, unfortunately still a rarely satis�ed constraint in most

projects, is the information system being built within the framework of the

Principia Cybernetica Project [Heylighen et al., 1991]. This project aims to

support the evolutionary development of a system of cybernetic philosophy

by an information system that `allow[s] the construction and publication of

structured, non-linear documents by a collaborative group of spatially sep-

arated contributors in a hybrid natural and formal language environment'

[Joslyn, 1990].

In the development of the knowledge base representing the system of

philosophy, cybernetic methods will be used. Studying the approach used

here, may thus provide us with valuable insights into how to go about our

own systems-theoretically based information system speci�cation method.

The current information system mainly consists of a well-structured and

extensive WWW-site 9 and o�ers such facilities as dictionaries and a large

collection of research documents provided by participants. As of yet, there

9http://pespmc1.vub.ac.be/
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are no sophisticated groupware collaborative writing tools available, but the

project coordinators plan to start work on them soon.

7 Overview Of Information System Speci�cation

Methods

To conclude this paper, we will examine several formal and dynamic informa-

tion system development methods. RENISYS will to a large extent be based

on concepts incorporated in these methods. The descriptions will only be

brief, as more detailed analyses are underway in various projects. However,

before we start examining the methods, we will consider the concept of in-

formation system architectures. As these architectures form the blueprints

of any complex network information system, we think they deserve to be

treated separately from the methods that create them.

7.1 Information System Architectures

In order for RENISYS to be able to specify an information system, the

method must know what kind of system it is to produce. Flexible infor-

mation (system) architectures can help to guide analysis e�orts and meet

changing information requirements [Galliers, 1993]. An architecture can be

de�ned as a set of relationships between the essential elements of the com-

plex system, as perceived by the 'problem owners' [Van Waes, 1991]. This

means that the architecture focuses on the links that exist between high-level

system concepts from the perspective of, in our case, the information system

designers. According to Van Waes, an architecture can serve as a means of

communication between the various actors in the design process. Moreover,

it is important as a basis for the construction, use, maintenance and redesign

of the information system. Thus, the architecture is the central conceptual

framework that guides the development of the network information system

and as such deserves a lot of attention 10.

Instead of consisting of a single layer, the information system archi-

tecture should consist of several aspect models. Numerous architectures

have been developed to help modelling the information systems of profes-

sional organizations. They can be classi�ed as ranging from charting the

10The information systems architecture comprises more than the knowledge base archi-

tecture described earlier. It not only deals with the structuring of the domain knowledge,

but also with clarifying other design and construction aspects of the information system
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organizational goals and activities to the very implementation technology-

oriented aspects. It is outside the scope of this paper to try and describe

all these architectures. However, we will discuss Zachman's in
uential In-

formation Systems Architecture framework [Sowa and Zachman, 1992], a

meta-architecture which can be used to classify the wide variety of other

architectures.

7.1.1 The Framework For Information Systems Architecture

The framework consists of a matrix that combines �ve developer perspec-

tives and six information system aspects from which to create the architec-

tures. The developer perspectives are those of the planner, owner, designer,

builder and subcontractor (resp. the scope, enterprise model, system model,

technology model and components). The system aspects concern the data,

function, location, people, time and motivation aspects (the 'what, how,

where, who, when, and why' questions). The resulting taxonomy forms a

framework in which all concepts of the information system development can

be described and related to one another, at di�erent levels of detail. (Parts

of) existing information system representation and development methods

and techniques can be mapped to speci�c cells in the taxonomy using con-

ceptual graphs. This framework can make a valuable contribution to under-

standing the relations between the numerous, partially overlapping systems

development models and techniques.

As the authors indicate themselves, the framework has not been fully

worked out yet. No theoretically su�ciently satisfying criteria are given

for the current row and column classi�cation. For example, in the devel-

oper type subdivision, the distinction between the builder (who develops a

technology model) and the subcontractor (who develops components) seems

rather arti�cial. The column classi�cation is semantically elegant, because

it is based on the basic question categories available in natural language.

However, this also means that too little information system-speci�c struc-

ture is provided by this general classi�cation. The dependence on 'common

sense' and the 
at structure (all categories are considered equally impor-

tant) sometimes make it di�cult to e�ciently map research network speci�c

issues. Using this framework, they often must be arti�cially divided over

di�erent categories. For example, it is not clear where such an important

concept as 'the human network' belongs in the classi�cation. Furthermore,

the framework sees for example actors as just one of many columns ('who?'),

whereas in RENISYS the actors, their goals and their organization form the

basic unifying concepts that integrate the system.
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This lack of speci�city makes the ISA not completely suitable for de-

scribing the RENISYS architecture. However, it suggests some types of

(sub)architectures that RENISYS could focus on when creating its own re-

search network information system architecture. We are mainly interested

in the matrix cells described by the top three developer perspectives (scope,

enterprise and system model), and the function (activities), people (roles)

and motivation (goals) columns. Typical architectures found in these cells

are process 
ow diagrams, role/deliverable architectures and goal-oriented

knowledge architectures. In future work, we will select - and adapt - several

of these architectures as the basis for our conceptual model of a research

network information system.

7.2 NIAM / ISDM

NIAM (Nijssen Information Analysis Method) is a knowledge representation

language that can be used to specify the grammar of an information system

[Wintraecken, 1985]. The grammar describes the rules that prescribe the

allowed states and state changes of the information base, as well as the

meaning of the stored information. NIAM sharply distinguishes between

the object system, represented as activity diagrams, and the information

system, described in its own models. NIAM considers the activity diagrams

as givens, and only models the information system. Note that this is in

contrast with especially Semantic Analysis (see below), which does consider

the (only) model of the organization as the speci�cation of the information

system itself.

The unit of representation in NIAM is the fact-type. A fact is an el-

ementary proposition about a relationship between objects of the world.

Each non-elementary proposition can always be decomposed into elemen-

tary ones without loss of meaning. Objects can be classi�ed as either lexical

(LOTs) or non-lexical objects (NOLOTs). Rules determine which facts are

allowed. They specify object-types, fact-types and constraints. Static rules

describe the allowable state of the information base at a certain point in

time, dynamic rules express what state changes are allowed.

NIAM strongly advocates the use of natural language as a way of stating

the problem to be modelled. As this creates a potential con
ict with the de-

mand for a formal language, natural language sentences must be expressed

in a �xed structure that can only be interpreted in a single, unambiguous

way. If they express elementary facts they are called elementary deep struc-

ture sentences. A NIAM analysis now consists of describing the organization

in natural language, construction of population tables and identi�cation of
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LOTs and NOLOTs, identi�cation of elementary sentence types, and addi-

tion of the described fact types to an information structure diagram.

RIDL (Relational Idea Laboratory) is a NIAM-based database engineer-

ing method. It creates an implementation-independent binary conceptual

schema which is translated into a relational schema that can be imple-

mented in traditional databases. It has already been applied in the re-

search network domain to model a scienti�c conference organization activ-

ity [de Troyer et al., 1988]. Another related method, NORM, is an object-

oriented variation of NIAM [Verharen et al., 1994]. The original, basic

NIAM knowledge representation method has later been extended into a

more complete and re�ned system development method called NIAM/ISDM

(Natural Language Based Information Analysis Method/Information Sys-

tem Development Method) [Nijssen and Twisk, 1992].

The strength of NIAM is in its well-worked out entity-relation repre-

sentation capabilities. Its relevance to RENISYS may be in its power to

formally specify the data sets that the RENISYS I/C processes will produce

and need as inputs. It does not su�ciently capture work
ow management,

social norms and linguistic aspects of the research network information sys-

tem speci�cation process, however. For these, we propose to use approaches

such as, respectively, DEMO, Semantic Analysis, and the KISS method.

7.3 DEMO

DEMO is the Dynamic Essential Modelling of Organizations method. A

detailed analysis of the potential role of DEMO in RENISYS is given in

[de Moor and van der Rijst, 1995], and will therefore be omitted in this pa-

per.

One additional remark deserves to be made here. In DEMO, the fact

model constitutes the state space of the object world that the actors commu-

nicate about. The action model contains the behavioral rules of the actors.

Together these models can be used to check and maintain consistency of the

speci�cations [van der Rijst and van Reijswoud, 1995]. However, it is not

clear how this should happen. Automatic methodological support at the

system development level seems to be insu�cient, whereas this is a precon-

dition for a user-driven method like RENISYS.

7.4 Semantic Analysis

Semantic Analysis is an information system speci�cation method which is

developed in MEASUR. This is a research programme, which tries to provide
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a range of methods and techniques for requirements analysis, systems design

and systems construction which is based on Stamper's semiotic framework

[Stamper, 1993, Liu, 1993]. Semiotics provides the idea of the sign as a

primitive notion upon which more complex concepts like information and

communication can be built. The semiotic framework adds three additional

layers to the original syntax, semantics and pragmatics subdivision, namely

the physical world and empirics below the syntax, and, as the top layer,

the social world. In this view, the organisation is seen as the information

system itself. Thus, to model an information system is to formally represent

an organisation in which people use signs for business purposes.

MEASUR adopts a radical subjectivist paradigm, in which there is (1)

no knowledge without a knower and (2) no knowing without action. The

most fundamental concepts of the theory are a�ordances and norms. An

a�ordance is a universal invariant which constitutes the repertoire of an

agent's behaviour. A norm is a social a�ordance, an a�ordance which has

been accepted by a community as common ground.

The core of the information system speci�cation support provided by

MEASUR is Semantic Analysis. This method classi�es agents and their af-

fordances, thus permitting the de�nition of powerful structural constraints

on allowable ontological relationships. Both ontological and norm con-

straints are distinguished. Ontological constraints de�ne the basic `possible'

world. Norms then de�ne the deontic world, how the organization should

be and behave. Besides for giving more detailed knowledge about the orga-

nization, norms can also be used for reasoning about the organization, i.e.

for improving its operations.

Semantic Analysis �rst de�nes a problem in natural language, then iden-

ti�es candidate agents and a�ordances. These steps are followed by the on-

tology charting, in which all the groupings are stored in a general semantic

model. The last stage is the norm analysis, in which norms are de�ned as

constraints on the realisations of the a�ordances. The speci�cation language

used in these analyses is NORMA (Norms and A�ordances), which contains

a large number of a�ordance types.

The ontology charts and norms can be stored in the Semantic Temporal

Database. The database consists of a�ordances, determiners, and particu-

lars. Determiners are invariants of quality and quantity that di�erentiate

one instance, a particular, from another. The database can easily manage

the temporal dynamics of the stored information using the database lan-

guage LEGOL. This language can precisely specify norms so that they can

be used as database constraints or to trigger actions. It can also be used as

a data manipulation language to build applications on the database.
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A major strength of Semantic Analysis is its capability to de�ne complex

domain ontologies. It forces ambiguities in concepts used to be resolved by

putting them into a context of actions which are already described and

understood. However, a major drawback of Semantic Analysis, which it

shares with many comparable methods, is that it does not provide enough

guidance regarding what are the concepts to be modelled. A related problem

is caused by one of its basic assumptions: the users themselves de�ne their

own problems, in their own terminology. This in itself is a laudable starting-

point, and in line with the RENISYS philosophy, but it ignores the important

role that an expert analysis of informational problems can play. RENISYS,

with its operational and development level reference framework, could apply

a more methodological approach with respect to these problems.

A concluding remark can now be made about the di�erence between

DEMO and Semantic Analysis. DEMO focuses on transactions, during

which facts about the world are created, whereas the relationship between

these facts and what can be inferred from them is of secondary importance.

On the other hand, Semantic Analysis is very interested in exactly describ-

ing the way in which facts are interdependent, whereas the processes in

which they come to be, receive less attention. RENISYS will try and take

the best of both worlds, drawing from DEMO elements from its work
ow-

like approach and from Semantic Analysis the (normative) knowledge base

modelling approach.

7.5 KISS

The KISS (Kristen Information & Software Services) method uses an object-

oriented approach to extract information system speci�cations from natural

language statements, which could be helpful for de�ning procedures to an-

alyze network conversations in RENISYS. A KISS analysis contains three

main building blocks: the information quadrant, the subject communication

model, and a grammatical analysis.

The information quadrant relates the organizational functions, objects,

actions and employees to eachother. It consists �rst of all of an organiza-

tional control model, which indicates who in the organization is responsible

for the management of a business process. Second, the quadrant consists of

input functions that describe who is authorized to carry out de�ned actions.

Authorizations are given by responsible actors as de�ned in the previous

step. Third, the information architecture de�nes the structural relation-

ships between objects and actions in the real world. The architecture forms

the basis for the information system and the procedures of the organization
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to be modeled. Fourth, output functions allow objects to be queried about

their current status and thus are used to combine and present the requested

information.

The subject-communication model is used for the representation and

analysis of the communication processes between the organizational actors.

A subject is an object that is responsible for regulating and coordinating

functions. A work-
ow analysis can be carried out to improve the e�ciency

of the communication.

The grammatical analysis identi�es the initial candidate objects, actions,

and subjects by analyzing a NL text. To this purpose, a text containing the

speci�cations is rewritten as structured sentences. Such a sentence consists

of a main structure, and some additional, less important parts.

Finally, these KISS models can be implemented in concrete databases

making use of various kinds of transformation rules.

8 Summary and Conclusions

In order to create more integrated and customized research network

information systems, a speci�cation method is required. RENISYS is such

a method. The main di�erence with other methods is that it is formal,

dynamic, context-sensitive, and user-driven. The method needs to draw

from many di�erent branches of information science. In order to develop an

adequate method, attention must be paid to representational or modelling

aspects, the information system architecture, and methodological aspects.

For modelling the many di�erent components of a research network

information system, the following theories may provide important founda-

tions. Systems theory can be used to represent the relationships between

system entities from complex domains, and to model and possibly predict

their behaviour. The language/action perspective o�ers a 
exible way of

modelling communication patterns and information needs of user commu-

nities, allowing users to determine their work 
ows themselves, instead of

having to conform to rigid prescriptions. Functional grammar o�ers one

language that can be used to represent the rich domain knowledge that is

generated in conversations between network participants. Agent-oriented

programming allows us to model the motivations, beliefs and other mental

concepts of network participants, thus stressing the importance of the

(complex) human factor in research networks. Mathematical speci�cation

languages provide the means to strenghten the formal qualities of the
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method, allowing for such properties as completeness and consistency of

speci�cations to be guaranteed and methodological aspects like transfor-

mations and development histories to be adequately represented. Logics

are also formal speci�cation languages, but their speci�c strength is in

modelling the reasoning about system world properties, such as determining

the commitments of actors or the quality of scienti�c discourse. CSCW is

a way of modelling cooperative work arrangements in organizations such as

research networks.

The research network information system which is created using the

speci�cation method consists of three main, interrelated subsystems.

A work
ow management system provides the infrastructure to design,

manage and execute the activities in the network. This system is used to

create the context for the use of the second component, the issue-based

information system. The results of the (scienti�c) discussions being carried

out here are then stored in the third subsystem, the knowledge-based

system. The reasoning component of this system regularly analyzes the

available knowledge. Some results of this analysis can then fed back into

the work
ow management system, driving its operations, other results can

be used to help users specify their changing information needs and thus

update the system speci�cations. In this way, a kind of self-organizing

network information system could be realized.

Finally, the modelling concepts must be incorporated into some

methodological approach in order to be able to create and maintain the

speci�cations of the described information system. A method like NIAM

shows ways to do the actual data modelling. DEMO can be used to specify

the coordination of research network activities. Semantic Analysis focuses

more on de�ning the normative context of the information and commu-

nication processes. KISS o�ers a set of interesting tools and techniques

that can be used to create concrete information system speci�cations from

natural language conversations.

Many issues need to be addressed before RENISYS will be ready to be

used. A more detailed overview of the role of information technology in

research networks, and some core questions that need to be answered in the

development of RENISYS, are presented in [de Moor, 1995]. Some initial

steps on the way to a concrete implementation of the method are taken in

[de Moor and van der Rijst, 1995, van der Rijst and de Moor, 1996].

This paper has highlighted many areas of research that are potentially
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relevant to the development of RENISYS. It is not comprehensive, nor, being

a mere survey, does it intend to fully integrate the many di�erent approaches.

In a future paper, we will give a more detailed and coherent outline of

the method. Some empirical observations on the current state of the art

of research network information systems will be discussed in an additional

paper. A third paper will analyze the typical research network activity of

the writing of a group report from an information system perspective.
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