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Abstract 
The paper explores the problem of development of context-sensitive DSS, building 
on systems analysis and a number of recent trends in the field of management arxl 
information technology. The pivotal proposition of the paper is the splitting of 
DSS into two subsystems: Executive Support (Sub-)System and Worker Support 
(Sub-)System. The methodological propositions are illustrated with the case of the 
'AE2000 Intelligent Computer Strategy Game via Internet' project. The game 
prototype design sets out from a model of interorganizational links. The game is 
intended to find a number of applications in research on decision support in virtual 
organizations. The use of Software Agents is expected to help bring the project to 
fruition. 
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1 INTRODUCfiON 

As a consequence of the transition toward (a) 'post-industrial society', where 
knowledge is recognized as a source of lasting competitive advantage in a dynamic 
environment, (b) 'post-Fordist' organization of work characterized by the move to 
work teams, with increasing skill of workers, orientation on processes, authority of 
workers to act innovatively, and responsibility for any task residing with the 
workers performing that task, (c) 'network management', in which strategies are 
defined at the point where the highest quality knowledge is available - decision 
support is becoming a valid approach at any level of an organization. 
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Expanding on these practical observations, the science of organization am 
management distinguishes between two types of managerial activities: (1) decision 
making, and (2) coordinating, inspiring, enabling and encouraging (empowerment) 
(e.g., Strategor, 1993). Two distinct terms have, therefore, been coined to refer to 
information systems designed to support these activities: {1) Worlcer Support 
System (WSS), and (2) Executive Support Systems (ESS). Berkeley, de Hoog, am 
Humphreys (1990) draw a similar distinction in the area of project management, 
labeling the components as Project Management System and Project Work System. 

In this paper, it is assumed that a WSS is an open system capable of operation 
on meta-rules obtained from the ESS. Three kinds of meta-rules have been isolated: 
(1) initial requirements, (2) defmition of the system, and (3) models of relations 
obtained through context analysis. The methodological propositions are illustrated 
by the proceedings of the AE2000 Intelligent Computer Strategy Game via Internet 
project. In keeping with the rapid advancement of research on virtual operations 
(e.g., Kumar and van Dissel, 1997), the game has been founded on a model of 
interorganizational links and is intended to function as an autonomous software 
agent in research on decision support in virtual organizations. To be able to 
accomplish tasks like this, the software should possess the following general 
characteristics (Kalakota and Whinston, 1996): independence, learning, cooperation, 
reasoning, intelligence, etc. 

The novelty of our approach is in that the ESS provides a framework for the 
discussion of the WSS and. from this viewpoint, it is seen as a metasystem. The 
ESS should build on a worldview (Weltanschauung) shared by the development 
team, users and executives. This makes it possible to split work on the two 
systems and accommodate different contexts and different evaluation criteria. 

2 RESEARCH MODEL 

Traditionally, the discussion of a DSS design framework has discriminated between 
three agents/roles, namely those of: 

1. client who initially requests the development of a DSS and determines the 
overall performance criteria; 

2. decision maker, or user, who actually interacts with the DSS and for whom 
the support is to be tailored; 

3. designer who specifies the detailed structure and capabilities of the system and 
is responsible for its implementation. 

Moore and Chang (1983) argue that 'the underlying decision context- problem 
definition, managerial preferences, decision making procedures - was treated as 
constantly evolving in a decision space', and, therefore, 'one of the designer's 
responsibilities is ... to continuously monitor the movement of the decision context 
as it migrates through the decision/design space.' Through the application of the 
terms of systems analysis and building on recent findings of the management 
science, a broader model was arrived at- that of a context-sensitive DSS. From the 
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perspective of systems analysis, the following aspects of a context-sensitive DSS 
come into focus (e.g., Morgan, 1986): 

1. the system is an open one, strongly and intimately interlinked with its 
environment; 

2. the system contains double loops which enable it to generate meta-rules and, 
owing to these meta-rules, gain control of the way it changes; 

3. the notion of simple causal links must be discarded when formulating meta
rules for context analysis to be effective when aiming to gain: (a) bald 
insight into, and a thorough understanding of, the pattern of relations that 
make up the system, (b) an influence on that pattern. 

We have been aiming our efforts at developing a context-sensitive DSS, i.e., one 
capable of adapting to the fmdings of context analysis. Adaptability of a DSS is a 
primary concern for any system designt7 since the use of computer support can 
only be truly justified by a demonstrable increase of efficiency in the organization's 
operations. That increased efficiency will only be achieved if the DSS is well suited 
to the organizational context; because the nature of that context is that it is 
evolving continuously, unless the DSS is capable of evolving with the context, it 
will soon lag behind and its benefit will be lost. 

Figure 1 shows a high-level view of the research model that has guided our 
work and evolved with the progress of our research. 
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The context-sensitive DSS proposed in this paper consists of two subsystems: a 
Worker Support (Sub- )System (the actual decision support system), and an 
Executive Support (Sub-)System (a meta-system conducting the context analysis 
of the organization's requirements and deriving from it the meta-rules for required 
changes within the WSS). Verification of these methodological propositions is 
being carried out in the course of the development of the Intelligent Computer 
Strategy Game via the Internet - a research project supported by the Katowice 
University of Economics and a Polish government grant, and executed in 
cooperntion with AITech. Documentation of the system has been prepared, and so 
have prototypes of the basic system components - using the SAS system version 
6.11 for Windows- with the object of testing the feasibility and usefulness of the 
solutions proposed To encournge and facilitate discussion of the project, an Internet 
home page (http://figaro.ae.katowice.pV-stanek/ae2000Jhome.htm) has also been 
created. The commercial build 1.0 of the WSS module incorporating the AE2000 
Intelligent Computer Strategy Game via the Internet will be progrnmmed by 
AITech- completion is expected around the middle of 1998. 

3 A CONTEXT-SENSITIVE DSS- METHODOLOGICAL 
PROPOSITIONS 

It must be observed that if the term Support System is taken in its broad sense, 
encompassing the people who perfonn various functions within the system, 
alongside single loops that enable the system to learn, there are to be found the all
important double loops (e.g., Morgan, 1986) that enable the system to learn how 
to learn and to change the basic standards and operational procedures in response to 
changes in the environment. 

From a largely pragmatic standpoint, any effort to gain a new outlook on the 
context of a rapidly changing environment will go hand in hand with the 
development of creativity through group thinking processes involving free 
discussion in a group consisting of people from within the system as well as of 
external observers with interdisciplinary backgrounds. The ability of such groups to 
approach problems from different angles is most valuable. From a philosophical 
standpoint, one must observe that it is not possible for a person to get to know 
fully any system of which he himself or she herself is part, since the knowledge 
would have to include complete self-knowledge, other reasons notwithstanding. 
When analyzing the reasons for your own decisions, you need to inquire, too, why 
you want to state them in just that particular way. This leads to regressus at 
infinitum. If you, on the other hand, consider yourself as an outsider, then your 
knowledge of the system cannot be complete either, since you would have to 
disregard the fact that you are part of that system. 

Thus, both prnctical experience and intellectual experiments suggest the need to 
enhance the environment of existing WSS in organizations so as to strengthen 
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(empower) the development of these systems consistent with the amount of 
innovation required by the organization. 

3.1 The Executive Support sub-system 

Indebtedness to earlier research 

Executive Support Systems are often distinguished in accordance with the 
following observations (e.g., Rockart and DeLong, 1988; Carlsson, Leidner arxl 
Elam, 1996): (1) much like EIS, ESS are used by top-level managers; and (2) 
compared to EIS, ESS offer top managers a broader set of capabilities (e.g., of 
modeling and analysis), much like those of a DSS. The explosive growth of Data 
Warehousing, coupled with an analysis of strengths and weaknesses of GDSS, EIS, 
and Data Warehouse leads us to envision transition toward: EDSS = EIS (front end) 
+ GDSS (models)+ Data Warehouse (e.g., Gray, 1997). 

Theory and research on ESS have, so far, shunned defining any specific roles or 
purposes for the system (e.g., Vandebosch and Higgins, 1995; Carlsson arxl 
Widmeyer, 1990, 1994; Higgins, 1996). In our work, we placed emphasis on the 
coordinator role, and, in particular, on support for the coordination of research 
work. 

Coordination issues in the process of IT implementation: 
IT implementation coordinating team 

Senior managers are, these days, more involved in coordinating and generating 
actions than in making decisions (e.g., Strategor, 1993). Both theory and practice 
emphasize that the impact of information technology - the scope of changes arxl 
the risks entailed by its introduction - aggravates the need for group decision 
making and the participation of senior managers in the decision making process. 
This participation may take many forms. The simplest scenario is that the process 
involves only the senior managers, the senior managers' most trusted advisors plus 
selected experts. In many cases, software is shipped by computer companies 
complete with implementation methodology and extensive support including on
site training for the client's Implementation Team. CEO's of many firms tend to 
appoint special teams for the coordination of activities involved in the 
implementation of information technology (e.g., Perspectives, 1995). The statutory 
tasks of such teams will include (e.g., Stanek, 1998): 

1. defining IT goals and priorities in the context of vision and mission of the 
organization; 

2. evaluation of internal as well as external IT projects, contests, etc.; 
3. integrating IT projects and programs run at line manager (LM) level into 

the framework of corporate IT programs; 
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4. preparation of comparative analyses of IT applications in competing am 
partner organizations as well as inside the native organization; 

5. acting as CEO's communication channels- members of the group collect, 
screen and distribute infonnation in their respective original groups; 

6. participating in in-company training and implementation teams; 
7. inspiring LM to seek possibilities of increasing the application of existing 

resources (inductive thinking); 
8. continuously analyzing the organization's cwrent position and making 

continuous effort to answer the question 'What else, if anything, could be 
done fer the good of the organization'; 

9. working towards a consensus, monitoring situations that might 
undermine IT applications in the organization, such as responsibility-reward 
gaps, coordination gaps, or the clash between those who will benefit from an 
application and those who must do additional work to support it. 

The CEO, as the top executive, should initiate, supervise, and participate in, the 
process of managers' learning to understand and take advantage of computer 
support. Since the formal 6lite does not often become the driving force of 
innovation - it has been demonstrated by a number of studies (e.g., Hage am 
Dever, 1973) that executives make good supervisors but not innovators - it is 
necessary to develop a system of obtaining ideas from many sources. Tacit/implicit 
knowledge- defmed as 'knowing in action' (ScMn, 1983), 'knowing more than we 
can tell' (Polanyi, 1966), 'practical know-how' (Wagner and Sternberg, 1991) -
should become the guiding light for teams coordinating IT implementation. The 
highly specific and contextual nature of tacit knowledge (Sternberg, 1985) 
corresponds to the nature of semistructured decisions made by professionals. 

The 50-years-long history of attempts at making more and more powerful 
computer chess programs provides a clue on the relationship between context 
analysis and tacit knowledge. It has been observed that artificial intelligence, 
mimicking the decision processes of a human chess master, performs an analysis of 
a lot of contexts and evaluates thousands of moves, whereas a human player 
consciously plans no more than a hundred moves ahead. It seems that the operation 
of his tacit knowledge allows the elimination of a number of options brought up 
by context analysis: context analysis and tacit knowledge support each other, in the 
sense that the fonner provides scope for the operation of the latter. 

Current views on tacit knowledge suggest the following challenges, or 
requirements, that the proposed context-sensitive DSS must meet: frrst, a WSS 
must enable decision makers to learn from experience and apply the knowledge 
gained through experience; and. secondly, ESS should support the expansion of 
knowledge from individual to crganizational level through the creation of IT 
implementation coordinating teams, in which interaction takes place between the 
parties involved: decision makers, client, and system designers. 
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Groupwork 

The discussion of the preceding section implies that a number of activities involved 
in coordination. and especially in the coordination of innovative efforts in the 
domain of IT. are naturally group activities. Those who actively participate in a 
session that puts a demand on their creativity increase their knowledge owing to the 
process of contextualization (c.f. Jessup and Valacich. 1993). that is. of capturing 
the context: 

• Each new use of labels. metaphors. platitudes. archetypes. and stories 
provides individuals with new or forgotten contexts that move them into 
new orders of thinking. 

• Issues discussed. and how things work out. will provide a context in the 
future when participants recall the episode. 

• In a group of people from different backgrounds and lines of work. the 
members tend to discovei/uncover their tacit. unexpressed. preferences as a 
number of problems from different areas are voiced. 

We have long known that a number of previously used methods (e.g.. van 
Gundy. 1981. proposed over 70 different problem solving techniques for use in 
groups) do not work very well with the processes of contextualization arxl 
expression of tacit knowledge. Ackoff (1979). for example. descnbed OR as 
'mathematically sophisticated but contextually naive·. Gibson and Ludl (1988) 
observed that 'according to Wagner. the Planning Lab seemed to be more effective 
in situations where participants were selecting from a structured set of alternatives 
rather than just surfacing ideas·. The advantages of a decision room have been 
demonstrated by many authors (e.g .• Kirkpatrick. 1992; Gray and Nunamaker. 
1993). For example. 

• enabling all participants to work simultaneously. which stands for 1:xooder 
and more varied input; 

• providing equal opportunity for participation; 
• eliciting additional points; 
• enabling work in larger groups that can bring more information. knowledge. 

and skills to bear on the task; 
• providing a structure to help focus on key issues; 
• supporting the development of an organizational memory from meeting to 

meeting. 

These advantages stem from the introduction of communication and computer 
technologies rather than DSS technologies (distinction of types of technologies 
afte"J" DeSanctis and Gallupe. 1985). The key role is that of the facilitator (c.f .• 
Anson. Bostrom and Wynne. 1995). These fmdings contribute a powerful argument 
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for further elaborating the soft techniques to assist the processes of 
contextualization and tacit knowledge expression. 

Returning to the idea of combining an ESS and a WSS within a context
sensitive DSS- during a meeting session, as shown in Figure 1, arise visions of a 
new or improved WSS. Each vision that meets the group's approval is, 
subsequently, built upon by defining the initial requirements, the system itself, 3M 
the activities involved in the implementation of the project 

The case study method (c.f., Benbast, 1987) was applied in structuring the 
discussion of the initial requirements for the AE2000 Intelligent Computer Strategy 
Game (ICSG). A number of subgroups analyzed the different simulators am 
computer strategy games available; strengths and weaknesses of each product were 
identified and, then, based on these evaluations, a specification of the initial 
requirements for the ICSG was built (see figure 2). It seems that a similar approach 
can be applied with much success in other cases where an analysis of initial 
requirements is carried out. An anay of propositions of other approaches can be 
found, though. In Liou and Chen (1993), examination is offered of the relevance of 
GSS, JAD, and CASE for requirements specification. Group activities within the 
SBO method that benefit from GSS support are identified and matched with GSS 
software tools and procedures in Frolic et al (1995). 

Figure 2 Initial requirements for the ICSG. (For details, please see 
http://figaro.ae.katowice.pV-stanek/ae2000/require.htm) 

The problem that the resean:h team faced next - defining the product itself am 
the environment for its development - was analyzed using the Soft Systems 
Methodology (cf., Checkland, 1990; Checkland and Scholes, 1992). The intent of 
this method is to initiate the discussion of change and formulate models to support 
the discussion. The outcome of the process - the resulting CA 'IWOE definition 
(Figure 3) and the model of a purposeful activity system (Figure 4) - indicate that 
effectiveness is decided in the wider system which owns this system. 
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Figure 3 CA TWOE definition 

Further analysis of activities required in support of the development process was 
conducted using Cognitive Mapping (Axelord, 1976). The composite mapping 
produced becomes a device for facilitating negotiation, synergy, and creativity. The 
technique is well established and widely used by organizations as diverse as the 
British Airways, British Telecom, the Prison Service, and the Health Service. Like 
many group process techniques, it requires good facilitation (Waren, 1995). Of 
utmost importance to analysts is the distinction made between negative loops 
(which stabilize changes), and positive loops (which explain changes; e.g. 
Maruyama, 1963, 1982; Morgan, 1986). Elements of Cognitive Mapping are to be 
found in several other exciting solutions, such as the SODA methodology, COPE 
software (e.g., Eden and Simpson, 1990), and fuzzy cognitive map (e.g .• Kosko 
1986; Lee and Kim, 1997). 



236 Context-Sensitive Decision Support Systems 

All lnteniiKipllnory 
..... rch ..... deftn•1h• 
lnhl81 ra'lulnmontl end 
1ho quollldve mollol for 
thoiCSG 

lvalulltlon ., tho aamo by 
stuclonts In class, formu
lation ., s•J•ot. for 
projoot -111 and students' 
Mlcthosos 

Iurvey., loadlnt odao oomputor hard
ware and sottwaro to utlllzo In dovolop
IIOnt., thoiCSG, acquisition ., ro
souroos (oomputor lu; BAS, ORACLE, 
MAX MAPICB 8 :rAL.K oto. 

Product development 

Figure 4 The model of a purposeful activity system 

SAS software as the software platform for DSS 

A number of different software tools have emerged to support DSS design in 
different contexts, such as CORBA by the Object Management Group (OMG), 
Oracle Business Process Modeller by the Oracle Corporation, and TeamFlow by 
ICL Personal Systems. 

In our work on a context-sensitive DSS, we utilized the SAS System package 
by SAS Institute Inc. The package offers a variety of tools for developing 
simulation models (simultaneous equations, statistical models, OR, neural 
networks, data mining), EIS, Data Warehousing, hybrid OLAP, data quel)'ing 
through the WWW, open systems, etc. Simple groupwork models can easily be 
designed by the user (e.g., Stanek, 1995). If extensive use of groupwork is planned, 
the Lotus Notes package can be used to offer further support. 

3.2 The Worker Support sub-system 

The use of the term Worker Support System has been inspired by L. Young (1988) 
who pointed out that 'the use of worlrer support systems may provide an effective 
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transitional bridge that is needed for gaining worker (and management) experience 
and learning•. Rockart and DeLong (1988) SOlDlded in unison with Young as they 
observed that 'an EIS is used by senior managers to find problems; the DSS is used 
by the staff people to study them and offer alternatives·. Management science has 
insisted recently on knowledge as the major factor legitimizing one to take action 
(e.g .• Feur. Chaharbaghi and Distel, 1995). 

It seems that WSS can be applied at different levels in an organization; the 
ICSG, for example. can be used by students. in training the decision making 
abilities requisite for their future roles in organizations; by consultants and decision 
makers. to carry out simulations and learn about the outcomes of activities 
undertaken; by organization scientists. who can take it up as a sample organization 
and examine its processes. In general. three areas of application can be identified: 

1. In a traditional organization characterized by highly centralized decision making 
processes (e.g .• some banks), the concept could comprise the institutional 
decision support systems (e.g .• Donovan and Madnick. 1977; Moore arxl 
Chang. 1983; Gamto and Watson, 1993). These systems have already become 
common in organizations. and, typically, constitute a major component of 
their information cultures. 

2. In an increasing number of organizations that have reoriented to processes. 
such systems would encompass a class of systems supplying the knowledge 
which is required for efficient operation of many simultaneous processes ani 
used by many different staff members. 

3. In organizations restructuring toward the virtual organization model where 
strategic decisions are based on best knowledge available. given the potential of 
contemporary technology. such systems will make it possible to address the 
problem of making each decision at the most suitable moment and at the best 
informed node in the corporate network. The promising idea of a DSS built for 
the Internet seems to be a move in the right direction (Dennis. Quek ani 
Pootheri. 1996). 

From the viewpoint of the user, a WSS can be compared to the different 
expedients that a traveller uses to make it easier for him to move along a difficult 
path in rapidly changing conditions (rain, sunlight. clothing. travel equipment. 
etc.). In these circumstances, before an innovative solution is implemented. a 
creative debate over different courses of action and resources available must take 
place. which is only then followed by designing or adapting the most appropriate 
tool. In the case of the AE2000 ICSG, the development of the software proceeds by 
successively integrating prototype solutions. The system originates in simple 
expert systems and the Naylorian models. modified to correspond better to the 
reality of businesses and. subsequently. expanded by students and academic staff 
using shell systems and sp-eadsheets running on standalone computers. In the 
course of work on the realization of the ICSG concept set forth above. intensive 
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learning has been taking place as the development of the system progresses along 
four tracks: 
L Progress through computer-aided modeling of interorganizational links in the 

context of radical change in the environment 
II. Progress through integration with artificial intelligence models 
m. Progress through research on networking applications 
N. Progress through the concept of the Software Agent 
These tracks are described below. 

(/) Progress through computer-aided modeling of interorganizational 
links in the context of radical change in the environment 

The dynamic growth of computer simulation techniques, initiated in the 1960s, has 
resulted in the creation of two main types of models: 

a) partitioned models oriented on specific applications (e.g., marketing games, 
MRPII simulators, materials stock models); 

b) aggregated models of organizations as wholes (e.g., Forresterian or Naylorian 
models). 

The initial requirements (1) and (2) quoted in Figure 2 indicate the need for 
building a (c) model of interactions between business entities. 

Heading in that direction, our interdisciplinary research team (bankers, computer 
scientists, experts on fmance, management, marketing, econometrics and operations 
research) develqled a descriptive model including links (flows) between the 
component modules: Enterprise, Bank, Public Institutions, Capital Market. A 
qualitative model comprising goods, information and cash flows, diagrams of key 
processes and procedures facilitates the understanding of the mechanisms governing 
the operation of each model, as well as of the links between them, and will be the 
signpost for the subsequent stages of development at which quantitative modeling 
will take place. The integrating component for the different objects of the model is 
the Enterprise. The general model of that object's links can be viewed at 
http://figaro.ae.katowice.pV-stanek/prototyp.htm. The first object to be fully 
developed was the Enterprise, composed of 150 variables and 100 equations only at 
the outset of work. A prototype of the Bank object was built next. Proposals of 
another two - Stock Exchange and Public Institutions - are also nearly complete 
(Gruszka, 1997; Staszak, 1997; Ulman, 1997). 

(II) Progress through integration with artificial intelligence models 

Consistent with the respective initial requirement, research on the integration of 
simulation models with knowledge bases has followed along three paths. To begin 
with, the frrst object to be constructed, the Enterprise, was linked to the knowledge 
bases of the Intelligent System for Financial Analyses (ISAF) implemented on the 
PC-Shell platform. The PC-Shell package, of which release 2.1 is currently 
shipped by AITech, consists of the following components: 
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• PC-Shell system; 
• what is and metaphor explanation base management system - dbMaker; 
• Neuronix neural network simulator. 

The overall structure of the PC-Shell system is shown in Figure 5: 
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Figure 5 The overall structure of the PC-Shell system 
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The ISAF knowledge bases. implemented in a number of organizations. of 
which most are banks. offer support for financial analysis. Within the AE2000 
ICSG. at the close of each game session representing a complete accounting period. 
the ISAF bases supply the management of each enterprise with an opinion on its 
financial condition along with recommendations for further policy. Secondly. the 
PC Shell system and data on policies and procedures employed by domestic banks 
in processing loan applications were used to design a simple expert system for the 
Bank object (Kus. 1997)- a graphical representation of the Bank object and its 
links can be viewed at http://figaro.ae.katowice.pl/-stanek/prototyp.htm. It is 
capable of operating in two modes: the autonomous mode. where decisions to grant 
or refuse a loan are always made by the system alone and passed on to the 
Enterprise object; or the subjective mode. where the autonomous evaluation is 
verified by the player. who is supplied with expert advice (based on individual. 
ftagmentary evaluations made by the player performing the role of credit officer) 
plus explanation. and the authority to make the final evaluation rests with the 
player himself. Since the Bank object is mimicking the bank's accounting system. 
it is possible that poor credit decisions eventually cause the bank to fail. The 
Enterprises can choose among banks with more or less strict credit policies. 
Thirdly. more resean:h on the use of natural and artificial intelligence in decision 
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making processes is underway, with a view to developing a neural network that 
could replace some of the human opponents. 

(III) Progress through research on networking applications 

The Enterprise object was designed to work in a local area network. Although the 
game scenario provides for five roles, it is possible to run a number of roles on a 
single computer, so, in effect, the game may be played comfortably on fewer 
workstations. One addition to the game prototype might be an electronic mail 
facility offering an independent communication channel to the members of each 
team. However, the best way to make the game available to all potential clients 
(organization scientists, managers, prospective managers, etc.) seems to be by 
taking advantage of Internet connectivity and providing access to the game via the 
WWW. A number of different solutions have been analyzed and evaluated. 

Two software solutions have been developed. One is a CGI gateway that makes 
it possible for an application to take advantage of remote Internet resources as if 
they were local (Wrobel, 1997); to accomplish this, however, the client must run 
dedicated software designed to handle the game. The other solution (Mayer, 1997) is 
a CGISQL gateway that offers the possibility to use SQL queries. Queries ae 
passed to the gateway through environment variables. The WWW server application 
communicates with the database via the CGISQL gateway software using the 
ODBC protocol. Upon performing a database query, a frame is generated within an 
HTML document containing the outcome of the corresponding SQL command; the 
resulting HTML document is then sent back to the WWW server that originated the 
query. Communication between the WWW browser and the WWW server is 
maintained all the time during the operation of the SQL gateway. This appears to 
be an acceptable solution, given the short processing time required to query a rather 
small size database. Even so, it will be necessary to design a number of WWW 
pages to handle transmission, and a browser application will be required to run at 
the client's end. 

(IV) Progress through the concept of the Software Agent 

The ICSG via the Internet constitutes a network organization whose nodes are 
interconnected through the roles assigned within the game. The fact that the players 
are removed from one another in time and space poses some problems, of which the 
following appear to be central: synchronizing the knowledge and information 
supplied, ensuring continuity of operation in the event of failure (e.g., loss of 
connection, virus attacks, lack of requested knowledge or information at the node), 
violation of game rules by a user, adapting the user-machine dialog to the user's 
needs and preferences (e.g., support for communication between players using 
different languages). The transition from the game prototype to a finished puduct 
has proved to be a fairly complex process. Such problems, however, can be solved 
through the use of Software Agents. We believe that, from the viewpoint of 
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technology. this innovative approach can be seen as a veritable 'Copernican 
breakthrough •. This is for the following reasons (Rus. Gray and Kots. 1997; 
Bui. 1997): 
• Traditional approaches to distributed infonnation access co-locate the data and the 

computation needed to process it. bringing data to computation. The novel 
approach brings computation to data in the form of transportable agents. A 
transportable agent is a program that can migrate from machine to machine in a 
heterogeneous network. Transportable agents have navigation autonomy and a 
substantial intelligence in making decisions and ftltering information. 

• The traditional approach to software development is a reactive one in that the 
computer is programmed to react to the user•s instruction. The Software Agent 
approach is a pro-active one. in that the user specifies what he/she wants the 
computer to accomplish. and the latter performs tasks on behalf of the user. A 
Software Agent mimics the role of an intelligent personal assistant 

• Software is no longer regarded as a tool. Instead. it is considered as an 
autonomous assistant to the user - simulating a human-to-human type of 
relationship - hence the label of 'personal assistanf. 
We feel that the concept of Software Agents may be of much relevance to our 

project by providing the capability of bridging the gap between the successful 
prototype and the need to ensure stable operation of the finished product in a 
heterogeneous environment 

4 CONCLUSIONS 

This paper has dealt with the issue of organizational support for the DSS 
development coordinator. whose role is to monitor the movement of decision 
context as it migrates through the decision/design space. The distinction of an ESS 
and a WSS within a context sensitive DSS will make it possible to work on each 
of the two systems separately and accommodate different contexts and different 
evaluation criteria. 

The AE2000 Intelligent Computer Strategy Game via the Internet. which has 
puvided much of the material for this paper. constitutes a network organization 
whose nodes are interconnected through the roles assigned within the game. This 
gives us grounds to believe that it will be possible to utilize the game in research 
on decision support in virtual organizations. 

We anticipate substantial progress in this research area largely due to the 
proposed distinction of an ESS and a WSS within a DSS. where the WSS is 
focused on developing the organization•s computer-based technology by building on 
meta-rules obtained from the ESS and utilizing information exchange inspired by 
the operation of the ESS (c.f. Figure 1). while the ESS: 

• confronts ideas and contexts derived from many different (interdisciplinary) 
sources; 



242 Context-Sensitive Decision Support Systems 

• stimulates and controls the process of contextualization which leads to 
capturing relevant contexts; 

• exploits the highly contextual tacit knowledge of groupware participants in 
order to express recommendations; 

• combines context analysis of an organization's needs and tacit knowledge of 
its staff, so that the fmdings of context analysis and tacit knowledge 
complement each other, the former providing the scope of operation for the 
latter; 

• uses soft techniques in order to communicate results; and, 
• carries out simple formalization before each loop of analysis am 

recommendations. 
Our experiences with the ICSG suggest that critical factors for the success of 

the game are to be sought among the following: 
• modeling of interorganizationallinks; 
• simulation and knowledge models; 
• access via a wide network area; 
• stable operation in a heterogeneous environment, which is likely to be 

achieved through the use of Software Agents. 

Further elaboration of these concepts and, most importantly, their incorporation 
in the architecture of a context-sensitive DSS is therefore a recommendation which 
the ICSG project has encouraged us to make. The resulting recommendation on 
context-sensitive DSS architecture can thus be put in the following compact 
formula: ESS=EIS (front end) + GDSS (models) + DataWarehouse, where the 
warehouse constitutes the link between the data and the EIS, GDSS or WSS. 
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