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Editorial Notes 

Cultivating the information systems discipline 

Niek du Plooy, Sub-Editor: Information Systems 

Whether by 'information system' we mean a simple 
bookkeeping system for a small business, or a monolithic 
integrated 'management information system' for a global 
corporation, all organisations currently need information 
systems in order to function effectively. The computer and 
business community at large have readily adopted and ac
cepted the use of the term 'information systems', but per
haps without too much real thought being given to any 
more profound meaning of the term. Departments bear
ing that name (or something very similar) are commonly 
found in organisations. But can the same be said for the 
'academic' use of the term, as in describing the informa
tion systems discipline? Has it been 'accepted' as a sepa
rate scientific discipline? 

The term 'discipline' is often loosely applied to in
dicate the scientific 'field', that is, the organised 'body 
of knowledge' or 'domains of discourse' within which 
(mainly) academic activities concerning a specific topic or 
a number of related topics, are conducted. [3] point out 
that a scientific discipline has a _certain paradigm associ
ated with it, meaning that researchers in that discipline are 
familiar with the research topics, the research methods and 
the accepted ways to interpret the results in their chosen 
field. A discipline is further strengthened and consolidated 
by the educational process whereby a researcher becomes 
a practitioner in that discipline, initially through the pur
suit of academic degrees and thereafter, through recog
nition amongst his/her peers. Formal study in a particu
lar discipline results in the value sets and exemplars (the 
'paradigm') of that discipline being adopted by the student, 
either consciously or unconsciously. 

Is 'information systems' truly a recogni~ed scientific 
discipline such such as this? In the past, prominent au
thors such as Peter Keen did not think so [15, 16]. He 
deplored the lack of a cumulative tradition and advocated 
that one be built up, asking for a clarification of the ref
erence disciplines of this new science and a definition of 
its dependent variable and the building of a cumulative 
tradition, amongst other things. [1] however, disputed 
Keen's position and pointed to strong links between re
search and practice found in their analysis. [11] showed 
clearly that 'orthodoxy' exists in many aspects of infor
mation systems, i.e. in information systems methodolo
gies as well as in other areas of information systems de
velopment. This claim was supported by [13] who, in a 
detailed study based on papers in scientific journals, scien
tific conferences and textbooks, identified seven different 
but complementary 'schools of thought' within the field of 
information systems. In a study of leading universities and 

SARTI SACJ, No 21, 1998 

leading researchers in decision support systems, [9] pro
vide exemplars, at least for that particular sub-discipline. 
[5] conclude from a citation study of journal influence dur
ing the period 1981 through 1985, that the discipline of 
information systems has attained stability and that it is in 
no danger of dying. It seems therefore, that Keen's de
spair is unfounded and that information systems have in
deed grown into a separate, identifiable discipline, even 
if the field is best described as a 'fragmented adhocracy' 
([3]). 

The existence of an established scientific community 
in information systems has been given formal recognition 
by the recent formation of the Association for Informa
tion Systems, a professional society in the tradition of sci
entific societies, with 1400 members in 35 countries. A 
recently compiled directory of information systems aca
demics contains entries on some 4,500 researchers from 
more than 1,000 institutions. A number of basic Univer
sity and other curricula for information systems education 
have been published over the years [2, 6, 18]. The most re
cent of these is Curriculum '95, a joint effort by the ACM, 
AIS, DPMA, IAIM and ICIS [10, 7]. The most popular 
discussion group on the Internet (ISWorldNet) devoted ex
clusively to information systems matters has a membership 
which in 1997 approached 1829 from 53 countries [14]. A 
well-defined scientific community therefore exists. 

In addition, if the existence of sound academic schol
arship is further testimony to the existence of a 'discipline', 
then information systems can proudly point towards a dra
matic growth over the past three decades in the number of 
scientific journals reporting on research in this area [ 12]. 
An even more recent study on research outlets showed that, 
amongst twenty-seven established journals carrying arti
cles in this field, at least three of the most highly rated top 
ten are devoted exclusively to the discipline. 

Yet, can it be said that the information systems disci
pline has been conclusively defined and that the research 
problems and research methodologies ·prescribed for it 
have been accepted by all who consider themselves to be 
working in this field? A re-examination and extension of 
an earlier ( 1988) list of keywords for use in classifying in
formation systems literature [4] includes a list of the ref
erence disciplines of information systems, as well as lists 
of the external environment, the technology, the organi
sational environment, etc., of information systems. We 
could argue that this very comprehensive list of keywords 
(nearly 1300) and other classifications define and' describe 
the discipline of information systems accurately and use
fully. For instance, the reference disciplines were listed as: 
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behavioural science, computer science, decision theory, in
formation theory, organisation theory, management theory, 
language theories, systems theory, research, social science, 
management science, artificial intelligence, economic the
ory, ergonomics, political science, psychology. This list 
reflects the interdisciplinary or pluralistic nature of infor
mation systems. 

In the same vein, [ 19] did a study on the themes of 
submissions to the journal Information Systems Research 
and produced a list of keywords, concepts and associations 
that characterise the categories into which they grouped the 
research questions of articles submitted. This list demon
strates conclusively that the subareas of the discipline (or
ganisational, behavioural and managerial issues) are well 
established and attract a large number of researchers on a 
long-term basis. Swanson & Ramiller conclude by observ
ing that the discipline still exhibits the 'fragmented adhoc
racy' identified by Banville & Landry, and is still topically 
diverse and ' ... based on appeals to significantly different 
and partly incommensurate reference disciplines'. 

Thus, fragmentation can have adverse effects - some
thing that information systems researchers should be aware 
of. However, fragmentation of the discipline of informa
tion systems may be evident in the field for a very long 
time. As has been pointed out [17, 8], the discipline as 
a whole follows trends in information technology, and re
searchers tend to build their interests around new technol
ogy (e.g. the earlier interest in expert systems and de
cision support systems, and current interest in computer
supported co-operative work). As information technology 
evolves, so the research interests will follow these new di
rections. Although we may wish it were different, it re
mains a fact that information technology is still a major ref
erence discipline of information systems, and will remain 
so as long as researchers struggle to separate the funda
mental or common issues in different fields from the tech
nological ones. 

Clearly, then, information systems is internationally 
well-established as a flourishing discipline. In the South
ern African context it is important that the discipline 
should not merely flourish but be seen to flourish. To this 
end, this editorial calls on academics and especially on 
practitioners to add your contributions, via a submission 
to SACJ. 
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Research Articles 

Specific Acquisition of Collective Belief Knowledge f~r Socially 
Motivated Multiagent Systems 

VevekRam 

Department of Computer Science and Information Systems, University of Natal, Pietermaritzburg, vevek@compnt. cs. unp. ac. za 

Abstract 

Shared beliefs and knowledge are an integral part of an organisation's identity and a prerequisite for collective func
tioning. Multiagent systems that support or emulate cooperative problem solving in such a context cannot be constructed 
without the explicit acquisition and representation of such collective belief knowledge since it is this knowledge that gov
erns coordination, problem decomposition and task allocation. These are complex issues that have a great influence on 
the overall effectiveness of multiagent systems. However, in much of Distributed Artificial Intelligence ( DAI) research and 
applications, the mechanisms to deal with these issues are directly related to the data abstraction of the problem to be 
solved or related to the spatial, hierarchical or other structure inherent in the problem. In other words, there is no explicit 
knowledge acquisition process to identify knowledge for coordination, problem decomposition or task allocation as is the 
case with domain knowledge in other knowledge-based system development. This paper illustrates the use of congrega
tive cognitive mapping as a technique to elicit and represent collective belief knowledge and shows that it can be used as 
metaknowledge for coordination, problem decomposition and task allocation. The development of a prototype multiagent 
system for strategic vigilance is used to illustrate the technique. 
Keywords: multiagent systems, knowledge acquisition, applications 
Computing Review Categories: l.2.J, /.2.4, J.1 

1 Introduction 

Cultures at the organisational level possess a set of collec
tive cognitive structures. According to Sproull [28] , this 
set .consists of recipe knowledge and social typification. 
Recipe knowledge is the routine performance programs 
and the standard operating procedures that provide people 
with methods of acting in particular situations. Social typ
ification are the shared understandings which are acquired 
through socialization and the interaction of people with an 
organisation. Berger and Luckman [ 1] state that every in
stitution has its own body of knowledge which supplies 
institutionally appropriate rules of conduct and this knowl
edge includes shared beliefs. Shared beliefs and values are 
an integral part of an organisation's identity and are a nec
essary prerequisite to collective functioning. Therefore, in 
order for a group to function, individuals must share a set 
of domain specific beliefs. These collective beliefs encom
pass more than the common beliefs held by individuals in 
a group and include additional aspects which may arise out 
of the dynamics of interaction. 

When one develops a multiagent system that emulates 
group problem solving in a social context, such as a busi
ness or government organisation, these common, collec
tive beliefs have to be modelled. They have to be explic
itly acquired and represented. Knowledge acquisition and 
representation are established areas in the field of Artifi
cial Intelligence and many useful techniques and processes 
have been developed that can easily be used to construct a 
knowledge-based system in almost any area of application. 
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These vary from simple software engineering approaches 
[14, 24] to complex formal approaches [29, 12]. This is un
fortunately not the case in the development of multiagent 
systems. While it is possible to use these techniques for ac
quiring and representing domain and inference knowledge, 
the same cannot be said for coordination, problem decom
position and task allocation knowledge. The coordination 
of the problem solving process, the decomposition of a 
problem and the subsequent allocation of tasks to agents 
is a fundamental problem in multiagent systems. Whether 
it is a centralised system with a controlling agent or a dis
tributed problem solving system where agents negotiate, 
agent capabilities need to be represented. In a centralised 
system, the controller must have knowledge of individual 
capabilities in order to allocate tasks. In distributed prob
lem solving systems, agents need to know each others' ca
pabilities in order to establish contracts with the appropri
ate agents. This meta-knowledge is difficult to identify and 
represent especially in systems where each agent emulates 
a human problem solver in a social context, [20, 7] rather 
than in systems such as DMVT [22], Hearsay-II [15], for 
example, where each agent is responsible for a single sen
sor or for some hierarchical or data structure dependent 
task. 

In a recent project, a medium sized manufacturing 
company commissioned a prototype system to support co
operative problem solving in the area of strategic vigi
lance. This is a typical example of collaborative problem 
solving at the strategic level in an organisation where im-
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portant high impact decisions are made continuously in 
reaction to changes in the operating environment. This 
situation satisfies the criteria for a distributed approach 
[2] and the collaborative tasks can be supported and to a 
lesser extent automated through knowledge-based multia
gent systems. Establishing an architecture for such sys
tems is fairly straightforward since expertise is generally 
already functionally distributed. Acquiring domain and in
ference knowledge is also easily accomplished as many 
single agent systems have already been developed in func
tional areas such as marketing, manufacturing, finance and 
so on. The complex issue is the acquisition of coordina
tion, problem decomposition and task allocation knowl
edge which has to be derived from the human process of 
collaboration. This paper presents the idea of congregate 
cognitive mapping which was used as the technique to ex
plicitly acquire this knowledge. The next section provides 
a brief overview of congregate cognitive maps followed by 
an illustration of its use in the application. 

2 Congregate Cognitive Mapping 

A cognitive map is a graphic representation of a set of 
discursive representations made by a subject with regard 
to an object in the context of a particular interaction [8]. 
The intention of drawing a cognitive map is to describe 
an individual's conscious perception of reality, with suffi
cient detail to capture the individual's idiosyncratic world 
view. The use of labelled nodes and arcs in the construction 
of a cognitive map may give the impression that a cogni
tive map is just another form of semantic net. While cer
tain types of semantic nets could also be used as cognitive 
maps, this is not generally the case. This issue will be 
discussed in more detail later. Congregate cognitive maps 
are combinations of individual cognitive maps connected 
through congregate labels [3]. The connections are mini
mal and the individual cognitive maps remain essentially 
separate, intact and idiosyncratic. Congregate labels are 
the public outer tags that people use to describe inner pri
vate concepts [4]. That is, each individual's actual idiosyn
cratic meaning for the same congregating concept, denoted 
by the common congregating label, arises from the label's 
connections within each private individual cognitive map. 
It must be stressed that a congregate map is not an ag
gregate map. An aggregate map is formed by connecting 
common nodes in individual maps or by overlaying com
mon nodes from individual maps. It is the intention of this 
paper to show that congregate labels actually form a cog
nitive map of their own which can be used to represent 
metaknowledge in a multiagent system in which the indi
vidual cognitive maps are used to represent agent knowl
edge. Several interactive interview-based techniques have 
been developed to model the cognitive maps of domain re
lated belief systems in management [ 10, 6, 19] and these 
have been used successfully in this research. 
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3 Application: A Multiagent System 
for Strategic Vigilance 

Strategic Vigilance is the term applied to the detection 
of strategic issues and the further probing based on such 
detection [18, 13]. Strategic issues are events, develop
ments and emerging trends in an organization's environ
ment which may be identified as potential threats or op
portunities. The task of strategic vigilance is consequently 
crucial to the continued competitiveness of an organization 
especially in turbulent and high velocity environments. 
The match of an organisation's internal capabilities with 
the opportunities and threats that exist in its environments 
is called its strategic posture. Unfortunately, shifts in 
strategic posture as a result of strategic vigilance involve 
the whole orgartlzation and the effects of it have to be as
sessed in various functional areas before changes can be 
implemented. This can generate a lag in the response. For 
most organizations, posture shifts involve a reorganization 
of marketing, financial, production, research and human 
resources plans. Since these areas are separate in most or
ganizations, the response lag can be attributed to the actual 
delay in issue investigation and assessment in each func
tional area and also the delay that can arise due to the com
munication and co-ordination between these areas. Delays 
in response rate can allow competitors to seize profitable 
opportunities or strategic threats to intensify. The automa
tion of such a system can only improve the response rate 
especially in cases where functional experts are not avail
able or do not exist. Although Hewitt [ 17] argues that the 
interconnectivity and interdependence of knowledge in an 
organization makes it impossible to separate the knowl
edge of its affairs into independent modules, when one ex
amines the reality of group decision making and intends 
to replicate it, a distinct compartmentalization of knowl
edge exists. This arises out of the distribution of assigned 
responsibilities in organisations which in most cases re
quire specific expertise. In practice, the mirrored use of 
assigned responsibilities in multiagent systems reduces the 
complexity and overhead of task allocation activity [2]. 

The architecture of the system developed in this re
search is derived directly from elements of the actual hu
man collaborative system since the design intention was to 
emulate the process that occurred whenever a strategic is
sue was discussed and solved. Each functional expert is 
represented by an agent and the group facilitator by a con
trolling agent. 

Each functional expert was interviewed and the indi
vidual cognitive maps constructed. Figure 2 shows a seg
ment of the cognitive map for the marketing expert. Link 
types are not shown but could be any one of various types: 
causal, categorization, identity, influence and inclusion. 
After the interviews, the principal concepts can be iden
tified. 

In some research, concepts are treated as variables [8] 
in others, [ 11], they are treated as constructs or ideas. The 
importance is not in the distinction but what is the opera
ble view of the individual regarding them. The interview 
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Environment I 
Scanning 
System 

Marketing 
Agent 

Finance 
Agent 

Manufacturing 
Agent 

Human Resources 
Agent 

Figure 1: The System Architecture 

Figure 2: A Segment of an Agent Map 

process and the construction of the cognitive map can be 
viewed as due process in Hewitt's terms except that due 
process talces place within action talcing and decision malc
ing situations [ 17]. The map is presented to the individ
ual for validation and modification. Maps can be anal
ysed. The relative importance of concepts can be assessed 
through various measures. Cognitive centrality [16] mea
sures the number of links to other concepts. Adjacency 
and reachability matrices of a concept measure the number 
of concepts directly and indirectly linked to it, respectively 
[23]. In addition to the above, Eden et al., [6] measure 
the relative path lengths between concepts . Figure 3 is an 
example of a congregate map. Each individual map is re
placed by a silhouette and each silhouette is congregated 
to others by circles denoting labels. 

Figure 3: A Congregate Map 

In this manner, the congregating labels and dominant 
topology stand out of the mass of individual concepts. 
There is always a connection from one label to another 

46 

since the silhouettes can be replaced by a single link. The 
actual link-types that join the labels are decided by the 
experts collectively in a joint interview. The map that is 
formed by joining labels in this way is then a representa
tion of metalcnowledge that can be used by the controlling 
agent to manage the problem solving process. Each label is 
later mapped to an event in the environment such as a drop 
in profitability, a drop in market share, the threat of a new 
competitor, the threat of a substitute product etc. Spender 
[27] suggests that an organisation has typically only 15 la
bels that dominate the thinking of its members. When an 
event is triggered, the corresponding label and its linkages 
in the metaknowledge map are activated and each associ
ated agent is sent a request to evaluate the problem with 
regard to the activated label. This is similar to the focused 
addressing used in the Contract Net [9]. Figure 4 illus
trates the link relationship between the label map and the 
individual agent maps. When an agent receives a message, 
its front end processor interprets it and appropriate proce
dures are called much like the operation of a mace agent 
engine [21]. Requests for additional information and par
tial solution are posted on the blackboard in the conven
tional multiagent mode of operation. 

Meta-Kn owled 
Level 
Label Map 

EVENT 
TRIGGERS 

Knowledge Lev'--e_l ____ __, 
Agent Maps 

Figure 4: Knowledge Levels 

4 General Issues 

4.1 Label Maps as Metaknowledge 

Metaknowledge for group problem solving is made up of 
five strategic considerations [26]. These are Goal Identifi
cation or Problem Decomposition, Distribution of Knowl
edge including Task Allocation, Organization of Agents, 
Coordination and Learning. The label map is a represen
tation of the deepest social reality found in orga11.isations 
[3]. When a label is activated by an event trigger, its con
nections to other labels effectively decompose the issue 
into components. The allocation of tasks is inherent in the 
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structure since each label is further mapped to one or more 
agent maps. The architecture of the system with its as
signed responsibilities together with the label map that re
flects these assignments and the opportunistic event driven 
approach resolves many of the coordination problems in
herent in multiagent systems. Conflict resolution however 
needs to be embedded explicitly in the controlling agent. 
Labels are generally mapped to more than one agent, and 
conflicts are common. For example, the marketing agent 
would lower prices to increase market share while the fi
nance agent would increase prices to improve profitability. 
In real situations these conflicts are resolved by maximis
ing the organisation's position. Theoretically, the mecha
nisms for accomplishing this should be embedded in the 
individual agent maps but these are not always explicit or 
procedural enough to be used for conflict resolution. In the 
prototype system, specific procedures were developed to 
evaluate conflicting proposals in terms of profitability, fi
nancial leverage, exposure and other such utility measures. 

4.2 Labels and Concepts 

Labels have been described as public tags to private con
cepts. It is sometimes difficult to distinguish between la
bels and concepts and indeed in many cases they are the 
same. Bougon [3] argues that labels are crucially impor
tant to organizations because they model the deepest real
ity. When using labels, he argues, 'the map is the terri
tory'. This distinction, while it is important especially in 
management, can be ignored in the knowledge acquisition 
process if a concept exhibits sufficient cognitive central-

. ity and if one is aware that different agents would respond 
differently to it. Consider two concepts Growth and Prof
itability. There is obviously a link between the two as con
firmed by the individual cognitive maps of both the finance 
and the marketing expert. However, for the marketing ex
pert the idea of market growth would influence profitabil
ity positively, while for the finance expert, the pursuit of 
profitability would encourage growth. There may be some 
relationship between the label-concept distinction and the 
intension-extension distinction [30]. Labels are better rep
resented intensionally. 

4.3 Semantic Nets and Cognitive Maps 

Computer scientists would examine a cognitive map and 
argue that it is a semantic network. Management scien
tists would disagree and argue that the two cannot be the 
same since the intention and purpose for drawing them are 
essentially different. The latter is probably more correct 
since the original intention of constructing semantic net
works was to model the semantics of English words [25]. 
Semantic networks have since been used to represent all 
sort of nonsemantic things [5]. The closest match between 
these two formalisms occurs when one views a semantic 
net at its epistemological level where the possibility exists 
for organizing knowledge into units more structured than 
nodes and links and where the parts of an intension can be 
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related to the intension as a whole [5]. This is referred to as 
inclusion in a cognitive map [8] and is important since in
dividuals use concepts at different levels of abstraction and 
often use some concepts only to specify others. The fortu
nate aspect of the similarity of appearance between cogni
tive maps and semantic nets is that one needs not invent a 
new implementation for cognitive maps. Trusted methods 
for implementing and traversing semantic networks can be 
used. 

5 Conclusion 

This paper puts forward the argument that in socially mo
tivated multiagent systems, the knowledge that is used for 
coordination, problem decomposition and task allocation 
can be explicitly derived from the collective beliefs of the 
individual decision makers. The technique of constructing 
cognitive maps was demonstrated as a possible method of 
achieving this. There are a number of interesting ideas that 
come out of this research that could be investigated further, 
including teh following: 

• The modelling of power relationships in multiagent 
systems 

• The development and role of shared beliefs over time 

• The automation of metaknowledge acquisition for 
general purpose multiagent 
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