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Abstract 

 
 

 

This thesis discusses how Multi-agent Systems (MAS) should 
be designed in the context of diabetic health care. Three fields 
are touched: computer science, socio-psychology and systems 
science. Agent Technology is the core technology in the 
research. Theories from socio-psychology and systems science 
are applied to facilitate the discussion about computer agents. 
As the integration of socio-psychology and systems science, 
Activity Systems Theory is introduced to give a synthesized 
description of MAS. Laws and models are introduced with 
benefits on both individual agent and agent communities. 
Cybernetics from systems science and knowledge engineering 
from computer science are introduced to approach the design 
and implementation of the individual agent architecture.  
 
A computer agent is considered intelligent if it is capable of 
reactivity, proactivity and social activity. Reactivity and 
proactivity can be realized through a cybernetic approach. 
Social activity is much more complex, since it considers MAS 
coordination. In this thesis, I discuss it from the perspectives 
of socio-psychology. The hierarchy and motivation thinking 
from Activity Systems Theory is introduced to the MAS 
coordination. To behave intelligent, computer agents should 
work with knowledge. Knowledge is considered as a run-time 
property of a group of agents (MAS). During the MAS 
coordination, agents generate new information through 
exchanging the information they have. A knowledge 
component is needed in agent’s architecture for the knowledge 
related tasks. In my research, I adopt CommonKADS 
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methodology for the design and implementation of agent’s 
knowledge component.  
 
The contribution of this research is twofold: first, MAS 
coordination is described with perspectives from socio-
psychology. According to Activity Systems Theory, MAS is 
hierarchically organized and driven by the motivation. This 
thesis introduces a motivation-driven mechanism for the MAS 
coordination. Second, the research project Integrated Mobile 
Information Systems for health care (IMIS) indicates that the 
diabetic health care can be improved by introducing agent-
based services to the care-providers and care-receivers. IMIS 
agents are designed with capabilities of information sharing, 
organization coordination and task delegation. To perform 
these tasks, the IMIS agents interact with each other based on 
the coordination mechanism that is discussed above.  
 
Keywords: diabetic health care, Multi-agent Systems, General 
Systems Theory, Activity Theory, reactivity, proactivity, 
social activity, Knowledge Engineering  
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1. Introduction  

Partially based on [9].  
 

 

Agent Technology provides software designers and developers 
with a way of structuring an application around autonomous, 
communicative elements, and lead to the construction of 
software tools and infrastructure to support the design 
metaphor [57]. My research focuses on analyzing, designing 
and constructing agent-based systems for the diabetic health 
care. Before we begin discussing an agent system in an 
application context, we need to understand the context. In this 
perspective, I will briefly describe some important properties 
of the context – the diabetic health care system.  
 
1.1. Target System: the Diabetic Health Care System 
 
The diabetic health care system involves many aspects. This 
thesis will describe it as a distributed, cooperative, social and 
complex system.  
 
1.1.1. A Distributed System 
 
The concept ‘distributed system’ is adopted from computer 
science. The diabetic health care system is considered to be 
distributed, since it possesses the selected characteristics given 
by Enslow [27]:  
 

•  The computational resources are dynamically assigned 
to specific tasks. The computational resources in the 
diabetic health care system refer to both the medical 
resources (doctors, nurses, medical devices, medicine 
etc.) and the patients. In addition, the medical 
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resources are dynamically distributed to the specific 
medical cases of specific patients.  

•  These resources are physically distributed with the help 
of a communication network. The diabetic health care 
system is based on communication. Doctors, nurses 
and patients are connected through formal and informal 
communication channels. However, the 
communication channels cannot guarantee to work 
well all the time. In later discussion, I will talk about 
the communication problems of it.  

•  The operation of the resources is characterized by a 
coordinated autonomy. Doctors and nurses do not work 
individually. They work in a coordinated way, since 
they usually work on the same patient. However, they 
can also make decisions by themselves without asking 
permissions from others, e.g. doctors give diagnoses to 
patients; and in some cases, nurses can take medical 
treatments to the patients without asking the doctors’ 
permissions because there is no time to do so. That is, 
the doctors and nurses embody the notion of 
coordinated autonomy to some extent.  

 
Due to the limit of the thesis, I cannot explore every 
distributive aspects of the diabetic health care system in 
details. Hereby I would like to point out one special aspect. 
That is the distribution of the diabetic patients. Diabetic 
patients usually take care of themselves at homes instead of 
hospitals. For example, the diabetic patients administer insulin 
injections to themselves at homes. In addition, there are cases 
where the patients are too old or too young that they have to 
stay at home for the treatments. Thus, nurses often visit the 
patients at their homes distributively. Doctors have to give 
diagnoses to the patients remotely. Compared with the 
traditional hospital care, the distribution of the patients makes 
the diabetic health care system more complex. All these 
aspects lead the diabetic health care system to a distributed 
one. 
 
1.1.2. A Cooperative System  
 
By cooperation, I mean ‘a type of activity existing among two 
or more elements of the system when they are engaged in a 
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mutually beneficial exchange [63].’ The diabetic health care 
mainly includes three parts: primary care, home care and home 
service, which are provided by hospital, county council and 
municipality respectively. The healthcare process of a patient 
can stretch over all parties and involve many different 
healthcare and home service employees.  
 
At hospitals, the doctors and the primary care nurses are 
professionally educated in one or several medical fields. They 
provide primary care to the diabetic patients. Doctors and 
nurses are those who can give medical diagnosis to the 
patients. Sometimes the doctors and nurses need to leave 
hospitals and visit the patients’ homes.  
 
Home care centre from the county council provides home care 
to the diabetic patients. There are two different categories of 
nurses working in the home care centre, district nurses and 
staff nurses. The differences between them are the length of 
education and their working tasks. The staff nurses require 
degree from upper secondary school and the district nurses 
require at least university education. The district nurses have 
greater responsibilities and are performing more advanced 
tasks than the staff nurses are. The staff nurses’ responsibilities 
are for example to bind up wounds, to take specimens, to give 
eye drops and injections, etc. Sometimes the staff nurses’ work 
can be talking to patients who are near the end. They are 
worried and need talk to somebody to take away the anxiety. 
Nowadays the staff nurse is also allowed to divide medicines – 
a task that is delegated by the district nurse. The district nurses 
have similar tasks, but have a greater responsibility for making 
care diagnoses. The care diagnoses are different from the 
medical diagnoses that are given by the doctors at hospitals. 
The medical diagnoses usually directly lead to medical 
treatments. The care diagnoses made by the nurses from the 
home care centre must be confirmed by the doctors at the 
hospitals before some medical treatments can be taken.   
 
Municipality provides home service to some patients, who are 
unable to take care of themselves. Personal assistants from the 
municipality are responsible for taking care of the patients’ 
daily life, e.g. shopping, washing, talking etc.  They have 
everyday contacts with the patients and are good ‘observers’ 
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of the patients’ health. The personal assistants cannot give any 
diagnoses to the patients.  
 
The three parties, hospital, county council and municipality, 
form a cooperative system. They co-exist dependent on each 
other. The ideal state that should be achieved is the three 
parties all benefit through their mutual exchange. It is 
therefore of great importance to cooperate in planning and 
making decisions in each party. There should be no 
competition among them, since they have clear labor division. 
This implies that all parties should share information through 
an effective communication system.  
 
1.1.3. A Social System 
 
The diabetic health care is considered as one kind of social 
practice. According to Chaiklin, Hedegaard, and Jensen [12], 
‘social practice … (be) defined as structured human traditions 
for interaction around specific tasks and goals.’ By social 
system, I mean that the diabetic society is grouped into 
structures that are associated with different functions and 
goals. A typical phenomenon in the medical world nowadays 
is the specialization. A doctor who is specialized in one 
medical field is usually not familiar with the other fields. The 
diabetes leads to almost all kinds of complications, e.g. eyes, 
feet, skin, heart, kidneys, nerves etc. For the patients to have 
their medical treatments, doctors from many fields are 
involved. They give different diagnoses to the different 
complications. These diagnoses might be in conflict with each 
other.  
 
Doctors giving diagnoses to the diabetic patient is considered 
as a social practice. Doctors can only give diagnoses based on 
their own specialties. In diabetic health care, these diagnoses 
must be consistent in some way. That is, the diagnoses given 
by different doctors should not be in conflict. For example, the 
medicine that is prohibited by one doctor cannot appear in the 
treatment given by another doctor. Thus, the attention should 
be paid to the interactions among different doctors. These 
interactions should be structured in a way. Otherwise, some 
inconsistency in the diagnoses may threaten the health or even 
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lives of the patients. In sum, the interaction in this social 
system is the focus of this study.  
 
1.1.4. A Complex System 
 
The distribution (of resources), cooperation and sociality lead 
to the complexity of the diabetic health care system. Flood and 
Jackson [31] summarized a list of characteristics of complex 
systems. Hereby I discuss them selectively related to the 
diabetic health care system.    
 

•  Number of elements. The diabetic health care system has a 
large number of elements. The three parties (hospital, 
county council and municipality) in the health care system 
compose of lots of departments (elements), which interact 
with each other and form the whole system together. 
Besides, the interactions among the elements are low 
organized.  

•  Sub-systems pursue their individual goals. The diabetic 
health care system is not under one authority but several. 
Hospital, county council and municipality have different 
interests and goals of themselves. There are grey zones 
existing between them. These grey zones will be explained 
later in this thesis.  

•  Evolvement. The diabetic health care system evolves over 
time. It is influenced and driven by the new technology. 
New treatments, medicine, and medical devices improve 
the quality of the health care and change the health care 
situation.  

 
1.2. Research Questions  
 
The above aspects of the diabetic health care system are also 
the challenges for the researchers. Agent Technology alone 
cannot handle the complexity. For example, the cooperation 
and sociality in health care involves human aspects that are not 
addressed by Agent Technology. In order to handle these 
challenges, computer science, socio-psychology, and systems 
science are integrated in this research. As Figure 1-1 shows, I 
develop my research questions within a diabetic health care 
background as follows:  
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1. What perspectives can systems science and socio-
psychology give to the Agent Technology in a diabetic 
health care system?  

2. To what extent can the health care work be supported 
by adopting an agent-based approach?  

 
Figure 1-1 Research questions 

 
The research questions imply the impetus behind this thesis. 
The diabetic health care system is a typical social system. 
Besides the social aspects, it has distributed aspects as well. 
Sociology (socio-psychology in this case) and technology 
regarding distributed systems (Agent Technology in this case) 
can help understanding and improving the diabetic health care 
system. This thesis includes the discussion about how socio-
psychology can be adopted to Agent Technology (research 
question one), and the discussion about how the results from 
research question one can be applied to the practice (research 
question two).  
 
1.3. Research Methodology 
 
I approach Agent Technology from socio-psychology and 
systems science in the context of the diabetic health care. 
Figure 1-2 shows that this research mainly deals with two 
activities, designer activity and user activity, which are 
illustrated by two triangles. The designer activity illustrates 
that I, as the researcher, apply socio-psychology, systems 
science and knowledge engineering to the discussion about 
Agent Technology. The user activity illustrates that the care-
providers (doctors, nurses etc.) use the results from my 

Health Care System 
•  Distribution 
•  Cooperation 
•  Sociality 
•  Complexity 
•  … 

Agent Technology 
•  Assistant agent 
•  Multi-agent 

Decision Systems 
•  Multi-agent 

Simulation Systems 
•  … 

Systems Science 
Socio-psychology 

Knowledge engineering 
Research Question 1 Research Question 2 
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research to help them serving the care-receivers (patients). The 
focus of this thesis is the Agent Technology. However, since 
the research results will be applied to the diabetic health care 
system (user activity), discussions about the user activity 
cannot be avoided. The dash lines illustrate that the 
researchers, care-providers and care-receivers should be aware 
of each other.  

 
Figure 1-2 Research methodology 

 
Figure 1-2 is the roadmap to my research. The designer 
activity implies that my theoretical study will focus on the 
Agent Technology related topics. Socio-psychology, systems 
science and knowledge engineering are the ‘artifacts1’ that 
help me understanding computer agents. Agent Technology is 
the core of the research. The user activity shows that my 
practical study will be the application of computer agents in 
the diabetic health care. However, studying how diabetic 
patients are taken care of is not my main task. My practical 
task is to find out what kind of aspects the computer agent 
should possess in order to be applied to the practical world 
(diabetic health care).  
 
Based on the above roadmap, this thesis will start with a 
theoretical discussion about my attempt to integrate socio-
psychology, systems science and Agent Technology. Besides, 
in the theoretical discussion, I also introduce a knowledge 
                                                 
1 The concept ‘artifact’ is adopted from Activity Theory. Hereby it has 
meaning similar to ‘tool’.  

Designer 
activity

User 
activity

Researchers 

Socio-psychology 
Systems Science 

Knowledge Engineering 

Agent 
Technology 

Care-providers Care-receivers 



Multi-agent Systems in Diabetic Health Care 
 

 
- 8 - 

engineering approach to implement the general aspects of the 
intelligent agents. In the following chapters, detailed 
discussions on computer agents are given from the 
perspectives of cybernetics (systems science), socio-
psychology and knowledge engineering.  
 
1.4. Contributions  
 
The main contribution of the thesis is providing a socio-
psychological view on Agent Technology in the diabetic 
health care scenario. The thesis is based on five academic 
papers that have been published on international conferences 
or journals. They are listed as follows.   
 

(I) Broberg, H., A. Petrakou, P. Zhang, and P. Révay. A 
systematic approach to Activity Theory in practice. in the 
47th Annual Conference of the International Society for 
the Systems Sciences (ISSS). Crete, Greece. 2003. 

(II) Zhang, P. and G. Bai. A Cybernetic Architecture of 
Practical Reasoning Agent. in 4th International 
Conference on Systems Science And Systems 
Engineering. Hong Kong, China. 2003. 

(III) Zhang, P. and G. Bai. An Activity System Theory 
Approach to Agent Technology. in 5th International 
Symposium on Knowledge and Systems Sciences. 
Ishikawa, Japan. 2004. To appear in the International 
Journal of Knowledge and Systems Sciences.  

(IV) Zhang, P. and G. Bai. Motivation Driven Multi-agent 
Systems Coordination in Health Care. in IADIS 
International Conference –Web Based Communities. 
2005. Algarve, Portugal 

(V) Zhang, P. Knowledge Integrated Agent Technology with 
CommonKADS. in IRIS 27. Falkenberg, Sweden. 2004. 

 
The papers are edited before they are put into the thesis as 
separated chapters. In chapter two (paper I), I will give a 
general introduction to the theories and technologies that will 
be applied in the thesis. In chapter three (paper II), I will talk 
about the reactivity and proactivity of computer agents. A 
cybernetic approach is introduced. In chapter four (paper III), 



Introduction 
 

 
- 9 - 

Activity Theory will be introduced within the background of 
systems science. Based on the discussion, computer agents’ 
social activity is defined. In chapter five (paper IV), I will 
continue the discussion of chapter four and recommend a 
coordination mechanism of MAS. Chapter six (paper V) 
discusses how to design and implement the intelligent aspects 
of computer agents with a knowledge engineering approach. 
CommonKADS methodology is introduced as a possible 
solution to the ontology-learning problem of computer agents. 
In chapter seven, some related approaches will be discussed. 
In chapter eight, I will discuss some further research that is 
based on the discussion above. Finally a conclusion is given.  
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2. Theoretical Study 

Partially based on [9]. 
 
 

This research touches three theoretical fields, computer 
science, systems science, and socio-psychology. Agent 
Technology, from computer science, is the core technology of 
the research. To deal with the general aspects of the diabetic 
health care, social aspects are adopted to computer agents from 
systems science and socio-psychology. See Figure 2-1. The 
three fields contribute to each other in this research.  

 
Figure 2-1 Touched theoretical fields 

 
2.1. Agent Technology: Research Focus  
 
Definitions:  
 

1. Agent: An agent is a computer system that is situated 
in some environment, and that is capable of 
autonomous action in this environment in order to meet 
its design objectives [86].  

2. Intelligent agent: An agent is usually considered to be 
intelligent if it is capable of reactivity, proactivity, and 
social activity [86].  

3. Information agent: An information agent is an 
autonomous, computational software entity that has 
access to one or multiple, heterogeneous and 

Computer Science 

Socio-psychology Systems Science 
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geographically distributed information sources, and 
which pro-actively acquires, mediates, and maintains 
relevant information on behalf of users or other agents 
preferably just-in-time [45]. Intelligent agents working 
based on the Internet are usually called information 
agents. 

4. MAS coordination: MAS coordination problem is that 
of managing inter-dependencies between the activities 
of agents [86].  

 
A computer agent does not have to be intelligent. A purely 
reactive agent can be very useful in a dynamic environment 
that needs timely response to the changes, e.g. an agent to keep 
the room temperature at a constant degree. Sometimes an 
agent is called intelligent. This ‘intelligence’ is different from 
the ‘human intelligence’. Computer agents do not, at least for 
now, have a semantic or episodic reasoning capability. In this 
thesis, when the word ‘intelligence’ is mentioned to the 
computer agents, I mean the agent is capable of three kinds of 
activities, namely reactivity, proactivity, and social activity. I 
discuss different approaches to realize these agent activities. 
Cybernetics is applied to approach the reactivity and 
proactivity. Socio-psychology is applied to approach the social 
activity.  
 
Information agent is the agent that works in the Internet-based 
network. The coordination among information agents 
considers how these agents are organized on the network. In 
other words, in what way the information agents are working. 
Luck, McBurney, and Preis [57] classified applications of 
agent-based systems into three broad categories:  
 

•  Assistant agents: agents engaged in gathering information 
or executing transactions on behalf of their human 
principals on the Internet.  

•  Multi-agent decision systems: agents participating in the 
system must together make some joint decisions.  

•  Multi-agent simulation systems: the MAS is used as a 
model to simulate some real-world domain.  

 
The assistant agent works individually without any 
interactions with other agents. The second and third 
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applications focus on the social aspects of Agent Technology. 
The difference between Multi-agent decision system and 
Multi-agent simulation system is that the former considers the 
system as its goal, while the latter considers the understanding 
of the system as its goal.  
 
In the research, the diabetic health care system is considered as 
a distributed problem-solving scenario. One approach in such 
a scenario is providing the users with a Multi-agent decision 
system that is made up of information agents. In such a 
system, the agents work together to make joint-decisions. 
What the agents care about should be the collective activity in 
which they are working. Agents purely cooperate rather than 
compete in this context. Thus, the coordination mechanism in 
such a scenario is different from the ordinary mechanisms. To 
handle this, I approach from the systems science and socio-
psychology point of view.   
 
2.2. Cybernetics: Approach from Systems Science  
 
Definitions:  
 

1. Cybernetics: Wiener [82] defined it as ‘the science of 
communication and control in the animal and the 
machine.’  

2. Feedback: is a basic cybernetic strategy, which allows 
a system to compensate for unexpected disturbances 
[73].  

3. Feedforward: is an anticipatory control action, intended 
to produce a predicted, desired state in the future [73].  

 
Cybernetics became part of systems science shortly after it 
became an independent subject. In this research, I discuss the 
control mechanism in agent’s architecture through feedback 
and feedforward strategies, which are usually discussed as 
first-order cybernetics [63]. With feedback and feedforward 
strategies, I discuss how to achieve the balance point between 
reactivity and proactivity in an agent’s architecture. First order 
cybernetics can only deal with the reactivity and proactivity of 
intelligent agents. This is because first order cybernetics does 
not involve the ‘observer’ into the considered system. In other 
words, first order cybernetics can only deal with individual 
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aspects of the intelligent agents. More details are discussed in 
Chapter Three. For the discussion about the social activity, I 
will approach from the socio-psychology, which will be 
discussed later.  
 
2.3. Activity Theory: Approach from Socio-psychology  
 
Definitions: 
 

1. System: A system is a structure that has organized 
components [15]. 

2. Activity: An activity is a system, which includes ‘a 
minimal meaningful context for individual actions’ 
[49].  

3. Motivation: Based on the works of activity theorists 
[14, 52, 61], motivation is defined as the collective 
property of an activity. It is the need or desire that all 
the activity components answer together.  

 
The main contribution of this thesis exists in the discussion 
about Activity Theory. Activity Theory gives computer agents 
perspectives from socio-psychology.  
 
The historical roots of Activity Theory go back to the 
eighteenth- and nineteenth-century classical German 
philosophy of Kant and Hegel. The concept of activity was 
elaborated further by Marx and Engels, though the most 
significant work was made by the Russian psychologists 
Vygotsky, Leontjew and Luria who used a cultural-historical 
perspective [26, 49]. At that time, Activity Theory was used 
when analyzing children’s learning process. Recently Activity 
Theory has evolved dramatically, foremost by the work of 
Yrjö Engeström [23] and the ideas of Activity Theory are 
being used in different fields of research e.g., human-computer 
interaction [37, 49], information systems design [16, 47] and 
developmental work research [24]. 
 
Kuutti [49] argues that many psychological theories use 
human action as the unit of analysis, which makes it relatively 
easy to design laboratory experiments. However, in real-life 
situations actions are always situated into a context, and are 
impossible to understand without that context. This is also 
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confirmed by Checkland [13], who states that ‘social 
institutions are not available for experimentation even if 
experiments complete with control could be designed. 
However, in social science it is not only complexity and this 
non-availability of experimental objects, which bring 
problems. There is also the greater problem of the special 
nature of the phenomena to be studied’.  
 
In Activity Theory, the unit of analysis is the activity that 
provides a minimal meaningful context for individual actions. 
Because context is included in the unit of analysis, the object 
of our research is always essentially collective even if our 
main interest is in individual actions. An individual can and 
usually does participate in several activities simultaneously. 
This implies that each activity has a unique goal, which is used 
to separate different activities from one another. An activity is 
carried out by a subject, which is a group of individuals. (See 
Figure 2-2) The subject uses tools to manipulate and transform 
an object, which leads to an outcome. The object could also be 
called the motivation for the activity and could be a material 
thing or not material at all, such as a plan or idea, as long as it 
can be manipulated and transformed. A tool can be anything 
used in the transformation process, including both material 
tools and tools for thinking. The subject exists in a community, 
those who share the same object. The community has set 
different rules for the subject to follow. Rules cover both 
explicit and implicit norms and conventions, and social 
relations within a community. Division of labor is the 
organization of the community. Division of labor refers to the 
explicit and implicit organization of a community as related to 
the transformation process of the object into the outcome.  

 
Figure 2-2 An activity 
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Leontjew [53] presented the three-level hierarchy of activity-
action-operation in Activity Theory. See Figure 2-3. The 
lowest level of this hierarchy is operation, which answers the 
question of how to do it. Operation is something that we have 
known so well that we do not need to deliberate before we do 
it. As long as the prerequisite or the condition for this 
operation is fulfilled, it can be realized. The middle level is 
action, which answers the question of what to do. Before we 
are going to do something new to us, we must make a plan in 
our heads. We always keep the goal in our minds. However, 
when we get used to this action and do not need to deliberate 
or make a plan for it, this action collapses into operation. The 
highest level is activity, which answers the question of why to 
do it. The activity is driven by the motivation. The motivation 
is need or desire that the subjects of the activity should answer 
together.  
 
An activity is considered collective, since it always focuses on 
complex interrelations between the individual subject and his 
or her community [24]. The collective activity is driven by the 
motivation and divided into individual or group actions. The 
actions are driven by a goal and divided into automatic 
operations, which are driven by conditions and tools. Thus, 
several operations can make up one action and several actions 
make up one activity. However, the same action can belong to 
different activities as well. Engeström [23] completed the 
activity model graphically by integrating the community and 
thus the social perspective. The contradiction of subject-
community relation is mediated by rules and laws while the 
division of labor mediates the object-community contradiction. 
At present, the third generation is discussed by advocates of 
Activity Theory. The most significant work is, according to 
Engeström [24], to develop conceptual tools in order to 
understand dialogue, multiple perspectives, and networks of 
interacting activity systems.  
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Figure 2-3 Activity hierarchy  

 
Activity Theory is discussed in the context of systems science 
in this research. Activity Systems Theory is used to refer to the 
Activity Theory that is associated with systems thinking. 
Activity Systems Theory is considered as a special approach 
of systems science. Systematic perspectives of Activity 
Systems Theory, e.g. hierarchy and motivation, are discussed 
and applied to the Agent Technology.  
 
The triangle model of Activity Theory is a tool of modeling 
the complex MAS activities. Based on the hierarchy and 
motivation thinking, MAS is classified into three levels: MAS, 
intelligent agent, and autonomous system. MAS consists of 
intelligent agents, which in turn consists of autonomous 
systems. The autonomous system can be for example the 
‘planner’ in BDI-based agent architecture. The MAS, 
intelligent agent and autonomous system are driven by the 
motivation, goal and condition respectively. Correspondingly, 
a MAS performs activities. An intelligent agent performs 
actions. An autonomous system performs operations. In this 
research, the computer agent is mainly studied on the top level 
– MAS/activity. Coordination among agents is considered to 
be driven by the collective motivation on the MAS level, 
instead of on the individual agent level.  
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Figure 2-4 Motivation driven MAS hierarchy 

 
In Figure 2-4, the MAS is considered as a social system. The 
system is difficult to understand if the unit of analysis is the 
individual action of the agent. On the contrary, if the unit of 
analysis is the whole MAS, there are problems in maintaining 
the contextuality, since the MAS is too big and messy to be 
considered as the application context. Based on Activity 
Theory, the agent’s activity is considered as the unit of 
analysis. This unit is essentially collective, even if the main 
interest lies in individual actions.  
 
In sum, in situation where there is a need to grasp emergent 
features in individual and social transformation, Activity 
Theory may help maintaining adequately the relationship 
between the individual and social levels in the objects to be 
studied [48]. Detailed discussion is given in Chapter Four and 
Five. 
 
2.4. Knowledge Engineering: Implementation of Intelligent 
Aspects 
 
Definitions:  
 

1. Ontology: In Agent Technology, ontology is a formal, 
explicit specification of a shared conceptualization 
[39]. A conceptualization refers to an abstract model of 
some phenomenon in the world, which identifies the 
relevant concepts of that phenomenon [28]. 

2. Knowledge: Knowledge consists of data items that are 
organized and processed to convey understanding, 
experience, accumulated earning and expertise as they 
apply to a current problem or activity. Knowledge can 
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be the application of data and information to make a 
decision. [77] 

3. Knowledge engineering: Knowledge engineering is not 
some kind of “mining from the expert’s head,” but 
consists of constructing different aspect models of 
human knowledge. A model is a purposeful abstraction 
of some part of reality. Modeling is constructing a 
good description of only a few aspects of knowledge 
and leaving out the rest. [71] 

 
Information agents surf on the Internet and perform 
information related tasks. Agents communicate with each 
other. This leads to the problem how to exchange data and 
information among them. This is considered as an ontology 
problem in this thesis. As an intelligent entity, the computer 
agent is supposed to behave more than just exchanging 
information. They should be aware of this information. That is, 
agents should work on a higher level – knowledge – than 
information. Knowledge is hereby considered as a run-time 
property of the MAS. Thus, the implementation of agents’ 
intelligent behaviors requires work of knowledge engineering 
and management. With the CommonKADS methodology [17], 
knowledge engineering is discussed within the background of 
diabetic health care in this thesis. More details are discussed in 
Chapter Six.  
 
2.5. Conclusion 
 
So far, I have given a brief description of the practical and 
theoretical background of this thesis. The interactions between 
computer science, systems science and socio-psychology are 
considered as the focus. These interactions are also the 
impetus for the development of computer agents. In sum, 
Agent Technology is discussed with socio-psychology and 
systems science and implemented with the help from 
knowledge engineering.  
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3. Reactivity and Proactivity 
of Intelligent Agents 

Based on [89] 
 
 
 

3.1. Introduction  
 
For over ten years, Agent Technology has been widely 
discussed by many researchers [8, 34, 62]. Researchers 
attempted to model the intelligent behaviors of agents from the 
areas of computer sciences, psychology, sociology, etc. 
Hereby I discuss about a cybernetic architecture for computer 
agents, who perform practical reasoning. Cybernetics intends 
to embrace universal principles relevant for both engineered 
and living system. It has been fruitfully applied in studies of 
intelligent behaviors based on principles of feedback, 
autonomy, communication and control at all kinds of systems 
[73]. It is my view that cybernetics can make a contribution 
and understanding of modeling intelligent behavior of 
computer agents. 
 
3.2. Intelligent Agents 
 
An agent is a computer system that is situated in some 
environment, and that is capable of autonomous action in this 
environment in order to meet its design objectives [86]. 
Computer agent has various aspects that are given by various 
researchers from various fields. Hereby I give a list of them, 
which is based on Shoham [72] :  
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•  Ongoing execution: unlike software routines that are 
invoked to achieve particular tasks and then disappear, 
agents function continuously for a lengthy period of 
time 

•  Autonomy: agents do not require constant human 
control or supervision. 

•  Environment awareness: agents model the environment 
in which they operate, track it, and react to change in it. 

•  Adaptiveness: over time, agents adapt their behavior to 
suit the preferences and behavior of individual user. 

•  Intelligence: agent embodies sophisticated techniques – 
for example, one based on probabilistic reasoning, 
machine learning, or automated planning. 

•  Agent awareness: agents model other agents, reason 
about them, and interact with them (for example, 
communicate or negotiate) using specialized protocols. 

•  Mobility: agent can migrate in a network. 
 
Among these aspects, ‘Intelligence’ and ‘autonomy’ are 
perhaps the most important. Wooldridge [85] believes that an 
agent may expect to have three levels of intelligent behaviors:  
 

•  Reactivity: agents are able to perceive their 
environment, and respond in a timely fashion to the 
changes that occur in the environment in order to 
satisfy their design objectives.  

•  Proactivity: agents are able to exhibit goal-directed 
behaviors by taking the initiatives in order to satisfy 
their design objectives.  

•  Social activity: agents are capable of interacting with 
other agents in order to satisfy their design objectives.  

 
The intelligent aspect of agents leads to a problem – how to 
design the architecture of an agent that is able to perform 
intelligent behaviors in a balanced way? This is one of the key 
problems facing the agent designers. To perform one of these 
three behaviors solely is not a big problem. For example, the 
designer can easily design a purely reactive agent or a goal-
direct agent that does not response to the environment 
changes. However, the reality is complicated; because the 
social ability needs the agents to behave both reactively and 
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pro-actively in a balanced way. Thus, the original problem 
becomes – how to achieve the balanced point between 
reactivity and pro-activity in the architecture of agents. To 
start the discussion, I firstly talk about the agent’s reasoning 
architecture.  
 
3.2.1. Practical Reasoning Agent  
 
Computer agents reason in two ways – practical reasoning and 
theoretical reasoning. Practical reasoning is the reasoning 
directed towards actions – the process of figuring out what to 
do. Bratman [7] wrote, ‘practical reasoning is a matter of 
weighing conflicting considerations for and against competing 
options, where the relevant considerations are provided by 
what the agent desires/values/cares about and what the agent 
believes.’ For example, I am planning my trip to another city. I 
can go by bus or train for the transportation. To make the 
decision, I weigh the two alternatives against a value or care – 
time, cost, safety etc. The alternative that gives better result 
from the weighing becomes my final decision/plan. 
Theoretical reasoning is the reasoning directed towards beliefs. 
For example, I believe that ‘all men are mortal, and Socrates is 
a man’.  Based on theoretical reasoning, I can draw a 
conclusion that ‘Socrates is mortal.’ Theoretical reasoning 
affects our beliefs about the world, while practical reasoning 
leads to a plan or action to change the world. In the following 
sections, I just focus on the practical reasoning of computer 
agents.  
 
Practical reasoning consists of two steps. The first step is to 
decide what states or affairs that we want to achieve. This is 
called the deliberation process, which aims at generating an 
intention. Deliberation decides what to do from various desires 
based on the beliefs about the world. The second step is to 
decide how to do it. This is called means-end reasoning that 
goes ahead to generate a feasible plan to realize the intention. 
 
3.2.2. Belief-Desire-Intention Model  
 
Among many endeavors to find out a good agent architecture 
to implement practical reasoning, the Believe-Desire-Intention 
(BDI) model has been mostly discussed in the literatures and 
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widely accepted by the agent society. Before I introduce the 
Belief-Desire-Intention (BDI) model, some concepts in the 
model are defined  based on Wooldridge’s works [86]:  
 

•  Belief: the current state of the environment assumed by 
an agent.  

•  Desire: value or care held by an agent, which is the 
precondition for intention. 

•  Intention: a goal or task in mind. This is something that 
the agent wants to achieve, or a state of affairs that the 
agent wants to maintain or avoid in the case of 
maintenance tasks. 

 
The BDI model has been explicitly embodied in the Procedure 
Reasoning System by Michael Georgeff and Amy Lansky 
[34]. The Procedure Reasoning System architecture consists of 
five components: plans, beliefs, desires, intentions, and 
interpreter. (See Figure 3-1). The beliefs, desires and 
intentions are the same as I described above. The plans 
consists of a library of pre-compiled actions, which are 
manually input by the agent programmer when the agent is 
initialized. Plans can generate plans based on the stored 
actions for the agent to execute. After the agent is initialized, 
data is input from the environment to update agent’s beliefs – 
this is the ‘see’ capability of computer agents. Then the agent 
generates a plan based on its desires and intentions. After the 
agent executes its plan, the plan is saved in plans for future use 
– this is the ‘action’ capability of computer agents. The 
interpreter transforms, interprets, and integrates all the 
components – beliefs, desires, plans and intentions.  
 

 
Figure 3-1 Procedure reasoning system 
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The Procedure Reasoning System architecture was the first 
architecture covered all components of BDI-model. It provides 
agent researchers with a comprehensive template for 
implementing an agent with BDI-model. BDI metaphor is a 
good choice for the computer agents to make to realize its 
practical reasoning. However, the weakness of this model 
exists in its disability to represent and interpret the relations 
between its components in agent’s design and implementation. 
As Thangarajah, Padgham, and Harland  [76] pointed out, 
‘implementation based on this framework (BDI) typically have 
no explicit representation of either desires or goals, and 
consequently no mechanisms for checking consistency (of 
desires)’.  
 
Much work has been done to improve the BDI model, such as 
[1, 21]. However, the above problem is still open – how to 
design a BDI based agent architecture that can represent the 
relationships between the components explicitly. In the 
following sections, I will discuss feedback and feedforward 
from the point view of cybernetics. A mapping from 
cybernetics to Agent Technology will be given and help 
approaching the problem.  
 
3.3. Cybernetics as a Framework for Studies of Intelligent 
Agents 
 
An agent is a complex and purposeful system, which is 
designed to have human-like intelligent behaviors, such as 
goal seeking, autonomy, and environment awareness.  These 
phenomena or properties are exactly what cybernetics has been 
fruitfully applied since 1949 when Winner [84] first 
introduced cybernetics as a general framework for the study of 
communication and control in machine and living systems. 
Compared with other sciences, cybernetics is quite young but 
vigorous. 
 
3.3.1. Cybernetics Approach to Agent Intelligence 
 
Cybernetics aims at providing a group of general concepts and 
models to describe and interpret various kinds of intelligent 
behaviors perceived both in mechanism and in living systems 
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[84]. Among these cybernetic concepts and models, I hereby 
choose feedback and feedforward strategies from first-order 
cybernetics to approach computer agent’s intelligent 
behaviors.  
 
Feedback is the basic mechanism for agents to perceive their 
environment and respond to the changes in the environment in 
order to satisfy their objectives. Feedback works based on the 
actual (practical) rather than the expected (theoretical) 
performance. Therefore, it is an error-correct (reactive) based 
strategy for designing practical reasoning agents.  To introduce 
the feedback strategy into an agent is to timely couple ‘see’ 
and ‘action’ as a closed loop through its embedding 
environment. The result of agent’s ‘action’ must be 
transformed to the same data format as the ‘belief’ in order to 
compare them. See Figure 3-2. An agent that acts solely based 
on feedback mechanism behaves on the reactive level of 
intelligence in the above category by Wooldridge [85]. To 
implement more complex reactive behaviors in an agent, the 
agent designers can introduce more advanced types of 
feedbacks (negative feedback, positive feedback, higher order 
feedback, etc. see [73]).  

 
Figure 3-2 Feedback strategy of agents 

 
To exhibit proactive behavior means that even if the 
environment remains unchanged, e.g., no error occurs, the 
agent still acts on its own initiative to satisfy its design 
objectives. To design agents with this kind of behavior the 
agent designers need to introduce feedforward strategy.  
Feedforward is an anticipatory control action that is intended 
to produce a predicted and desired state in the future. It is a 
typical behavior perceived in all human systems.  It acts based 
on the designed goals or intentions (comparing with feedback 
that acts on actual performance). By introducing feedforward 

Agent Action 

See 

Feedback transformation 

Environment Environment 



Reactivity and Proactivity of Intelligent Agents 
 

 
- 25 - 

strategy into an agent, the behavior of the agent is decided 
based on the ‘belief’. Thus, the present change of state is 
determined by an anticipated future state, and computed in 
accordance with some internal model of the world. An agent 
that behaves proactively has autonomy to some extent, since it 
does not need control or a trigger from outside the agent. 

 
Figure 3-3 Feedforward strategy of agents 

 
The social activity of a computer agent is perhaps the most 
difficult behavior for agent’s design and implementation. 
Studies from other areas such as socio-psychology and study 
of human behavior are much needed. The nature of the human 
social ability is itself fuzzy and non-programmable. Recently, 
cybernetics researchers in study of various social behaviors, 
such as self-reference, self-organizing behavior, 
consciousness, autopoiesis (self-production), have established 
a research committee of Sociocybernetics within the 
International Sociological Association (ISA) [42]. The focus 
of sociocybernetics is on social interaction of human systems. 
This focus is the same as the agent research society aiming at 
design MAS with social ability. Sociology can contribute to 
the Agent Technology with new understandings and 
interpretations. I leave this part of discussion to the following 
chapters – chapter four and five, where I will explain more 
about the Activity Theory.  
 
3.3.2. Cybernetic–BDI Architecture 
 
Based on the above discussion, I hereby introduce a 
Cybernetic-BDI architecture of computer agents. The 
Cybernetic-BDI architecture is an integration of Procedure 
Reasoning System [34] and a so-called ‘Environment Model’. 
With the cybernetic principles of feedback and feedforward, 
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the relations between the components, e.g. belief, desire and 
intention, are represented and interpreted. See Figure 3-4. 
 

 
Figure 3-4 Cybernetic-BDI architecture 

 
Cybernetic-BDI architecture is an updated version of BDI 
model. The point is to give a clear representation and 
interpretation of the relations between belief, desire and 
intention. There are two important requisites for the 
construction of Cybernetic-BDI architecture. First, the 
architecture includes all the components of BDI model. 
Second, the relationships and logic for the construction of the 
architecture should be consistent with the practical reasoning 
activities, i.e., deliberation and means-end reasoning. Based on 
the above two requisites, the Cybernetic-BDI agent 
architecture is constructed. The components in this 
architecture are briefly explained as follows:  
 

•  See: obtains data from the environment and the 
simulation result from the environment model. The 
output of see confirms or updates the belief.  

•  Belief: contains mainly two parts: i) the current state of 
the environment perceived by see function; ii) a timer 
that triggers out some pre-determined plans. 

•  Desire: contains the value or care that the agent holds. 
Probably the agent has many desires, which are 
conflicted to each other. The desires will be weighed 
against some values. The winner will go forward to the 
intention. Desire is updated from time to time based on 
the input from both the belief and the users.  
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•  Intention: As the result of the weighing process, one 
desire is selected as the intention. Once the intention is 
generated, it persists and leads to a series of actions, 
which are generated by the planner.  

•  Planner: consists of a library of actions, which are 
initialized by the agent designer. When the intention is 
generated, the planner starts to form plans, which 
consist of series of actions. These plans will be tested 
or simulated within the environment model against the 
desired value. The best plan will be selected for the 
action. 

•  Environment model: is an abstract system that is 
mapped from the environment – a mental model. It can 
be updated from belief when the agent detects that the 
environment has changed. 

•  Action: the winner of the plans generated from planner 
will be executed here. Action takes direct effects on the 
environment.  

 
3.3.3. Working Procedure of the Cybernetic-BDI Agent 
 
In this section, I give an example to show how the Cybernetic-
BDI agent works. The point is to illustrate how feedback and 
feedforward principles take effect in the architecture. These 
two principles serve as guidelines to relate belief, desire and 
intention. The contribution of this example is to represent the 
relationship that is not illustrated by the generic BDI 
architecture. 
 
The reactive and proactive behaviors are integrated within the 
Cybernetic-BDI architecture in form of feedback and 
feedforward. Reactivity is activated by the changes of desires 
and environment (the ‘see’ function), while proactivity is 
activated by the ‘timer’ inside the ‘belief’. The balance 
between the reactive and proactive behaviors can be adjusted 
in the initiation or input from the users. The diagram in Figure 
3-5 shows the working procedure of the agent. 
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Figure 3-5 Working procedure of a Cybernetic-BDI agent 

 
A detailed description of the working procedure is as follows: 
The agent is initialized by the user at the first time. During the 
some preliminary beliefs are set as alarms. These alarms are 
known by the agents and they should lead to predictable states. 
If the alarm is true, the agent behaves proactively and set its 
intention as the alarm tells. Otherwise, the agent behaves 
reactively. The agent can react in two ways. First, the agent 
sees and reacts to the environment. Second, the agent’s 
behavior can be set by the users. Both are done through 
updating the agent’s desire. Then the agent continues to set its 
intention through selecting one preferred desire. No matter the 
agent behaves reactively or proactively, it has set up its 
intention by now – this is called deliberation. Then the agent 
selects its intention and tries to find a way to achieve it – this 
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is called means-end reasoning. The agent generates and 
simulates plans in its environment model. Based on some 
specifications, the agent set up its final plan. In the end, the 
agent executes the plan. Then the agent starts a new loop. This 
process continues until the end of the agent’s life.   
 
In this Cybernetic-BDI architecture, reactivity and proactivity 
are integrated through the alarm capability. When some beliefs 
become true, the agent starts to behave for an anticipated state 
in the future. That is, some specific beliefs are the pre-
conditions for agent’s proactivity. These beliefs, also called 
alarms, can be updated through the see capability of the agent. 
At the same time, the beliefs are also the cause of agent’s 
reactivity, if these beliefs do not fire the alarm.  
 
3.4. A Scenario: Intelligent Agent for Diabetes Patients 
 
In this section, an example is given to show how the 
Cybernetic-BDI based agent works in the diabetic health care 
system. Diabetic patients are very careful in their diet. Taking 
the wrong food or medicine at the wrong time may result in 
serious illness, or even death. However, most of the diabetic 
health care is taken by the patients themselves distributed at 
homes. To help the patients make the right choice of what they 
should take, a computer agent is supposed to help. Such agent 
should behave both reactively and proactively as discussed 
above.   
 

•  Reactivity: the agent deliberates the desires based on 
its belief, e.g., new types of therapeutic algorithm and 
medicines, and the timely update of desires by the 
patients. For example, the agent can react on the 
patient’s requirements. If the patient asks whether 
he/she can eat some kind of food, the agent can 
deliberate this and give a recommendation to the 
patient whether he/she can eat or not.  

•  Proactivity: Some of the treatments for diabetes 
patients are predictable. For example, after taking some 
kind of medicine, the patient may have some side 
effects. The agent should act proactively to avoid these 
effects. That is, agent can behave even if the patient 
asks nothing. Such proactivity can be achieved through 
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the ‘alarm’ function in Cybernetic-BDI agent. Thus, 
the belief of ‘taking some medicine’ is set to be an 
alarm. This alarm will fire when this belief becomes 
true next time – the patient takes the same medicine 
again.  Every time the agent starts a loop of procedure, 
it checks its alarm. If alarm is on, then a corresponding 
‘intention’ is set with high preference.  

 
Take an example, an overweight diabetic patient is 
recommended by the agent to take Metformin. The intention of 
the agent is to suppress the production of hepatic glucose 
under the risk line. However, the patient feels diarrhea and 
nausea after taking the medicine. After reporting the 
phenomena to the agent, the patient asks for stopping the 
medicine as a desire. The agent searches for possible side 
effects of Metformin and the consequences of stopping 
Metformin. The agent will probably maintain high preference 
of ‘suppress hepatic glucose’ and recommend other possible 
alternatives to the patient. Next time when the agent plans to 
recommend Metformin to the patient, its ‘alarm’ will report 
that this may lead to side effects. Thus, the agent will 
recommend some other medicine instead.  
 
3.5. Conclusion 
 
The main contribution of Cybernetics-BDI architecture is the 
presentation and interpretation of the relationships between its 
components. Belief, desire and intention are organized with 
feedback and feedforward strategies. Compared with 
Procedure Reasoning Agent, they are connected more tightly 
and meaningfully. Besides, in Cybernetic-BDI architecture, 
reactivity and proactivity are balanced in a coherent way. The 
proactivity and reactivity are not decided at the design time, 
but dynamically chosen for deliberation at the run-time. 
Proactivity is activated by the ‘alarm’ function, which is 
triggered by the environment.  
 
This chapter aims at providing a Cybernetic-BDI architecture 
for agent designers. The architecture is based on the widely 
accepted BDI architecture and practical reasoning method. 
Cybernetics provides with a mechanism to integrate the 
components in this architecture. Only the reactive and 
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proactive behaviors of an agent are discussed in this chapter.  
The social ability of agents (MAS coordination) will be 
discussed in the following chapters through adopting a socio-
psychological approach.  
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4. Social Activity of 
Intelligent Agents 

 
Based on [90] 
 
 

4.1.  Introduction 
 
In the last decade, Activity Theory has been discussed a lot in 
Human-Computer Interaction (HCI) and Computer Supported 
Cooperative Work (CSCW). The discussion exists mainly in 
two approaches: first, Activity Theory is used theoretically as 
an analytical method for systems design from the perspectives 
of cognition [9, 40, 50]; second, Activity Theory is used 
practically as the development framework for Information 
Systems [2, 3, 16, 37, 47]. Hereby I choose General Systems 
Theory to discuss Activity Theory. Activity Theory is 
considered to be consistent with General Systems Theory in 
many aspects, for example, holism, hierarchy, and feedback 
(first-order). I believe that Activity Theory should belong to 
the paradigm of systems science. Activity Systems Theory is 
introduced as an integration of systems science and Activity 
Theory based on three principles. 
 
Meanwhile, Artificial Intelligence researchers approach Agent 
Technology from various areas,  e.g., game theory [68, 70], 
market-driven approach [35, 36, 41], sociology [78], socio-
psychology [66] etc. The various approaches give Agent 
Technology complementary perspectives.  
 
Hereby I use Activity Theory to interpret the social activity of 
computer agents. The question that will be answered in this 
chapter is how computer agent should interact with each other 
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to meet their design objectiveness. To answer this question, I 
first introduce a holistic view on agents. Then I explore the 
hierarchical division of agents within an activity. Finally, I 
discuss the feedback strategy in MAS coordination. Compared 
with the discussion in last chapter, the feedback strategy here 
is within the paradigm of second-order cybernetics. That is, 
the feedback in this chapter involves the observers. It is the 
feedback external of the agents.  
 
Agents usually work in a complex environment (MAS), which 
is precisely suitable for the discussion of General Systems 
Theory. The principles of General Systems Theory should also 
hold in MAS. I apply the theoretical discussion to an E-health 
scenario with the introduction of the project Integrated Mobile 
Information System for health care (IMIS). The sociological 
specifications of E-health partially affect my choice for the 
integration of Activity Theory and systems science.  
 
4.2. General Systems Theory 
 
General Systems Theory is a response to the failure of 
mechanistic thinking in the attempt to explain social and 
biological phenomena in the 50s, e.g., traffic systems, 
environmental disasters, nuclear threat, drug abuse, 
HIV/AIDS, politic and war, etc. General Systems Theory is a 
theory of theories, a law of laws. Kenneth Boulding [5] 
provides a good description of it: 
 

“General Systems Theory is the skeleton of 
science in the sense that it aims to provide a 
framework or structure of systems on which 
to hang the flesh and blood of particular 
disciplines and particular subject matters in an 
orderly and coherent corpus of knowledge.”  

 
The precursors of systems science formulated a list of 
properties for all the systems to possess [54, 73, 79]: 
interrelationship and interdependence, holism, goal seeking, 
transformation process, inputs and outputs, entropy, 
regulation, hierarchy, differentiation, and equifinality and 
multifinality. Most of the properties are self-explanatory. I will 
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not spend much time to explain them alone, but discuss them 
with the Activity Theory.  
 
Besides those properties, the systems scientists also defined a 
set of laws and principles, from which I select three for the 
discussion about Activity Theory [73]:  
 

•  System holism principle: A system has holistic 
properties not manifested by any of its parts.  

•  Hierarchy principle: Complex natural phenomena are 
organized in hierarchies wherein each level is made up 
of several integrated systems.  

•  Feedback principle: The result of behavior is always 
scanned and its success or failure modifies future 
behavior.  

 
System properties and principles are not limited to the above 
enumerations. In this chapter, I only choose those that are 
suitable for the discussion about Activity Theory and Agent 
Technology. In the next section, I will discuss those properties 
and principles in details within the scope of Activity Theory.  
 
4.3. Activity Systems Theory 
 
Activity Systems Theory (AST) is introduced here to refer to 
the Activity Theory that is associated with systems thinking. It 
is an extension to Activity Theory. Based on the three systems 
principles above, I hereby discuss the systematic aspects of 
Activity Theory.  
 
4.3.1. Systems Properties of an Activity System 
 
Activity Theory is a philosophical and cross disciplinary 
framework for studying different forms of human practices as 
development processes, with both individual and social levels 
interlinked at the same time [23, 25, 49, 50, 61].  
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Figure 4-1 An activity system  

 
The key concept of Activity Theory is the activity system. An 
activity system embodies the necessary components to achieve 
one common objective within a context. An activity system 
comprises six components, namely, object, subject, tool, rule, 
division of labor and community. (See Figure 4-1) This figure 
has been shown in Chapter 2. without detailed explanation. 
(See Figure 2-2) Hereby I show it again and discuss it from 
systems science point of view. These six components 
interrelate and form an activity system. The activity is 
considered as a system, since it possesses the properties of a 
general system.  
 

•  Interrelationship and interdependence. The six 
components are dependent on each other. For example, 
if any of the components is taken away, the activity 
does not exit any longer. That is, the other components 
do not have to exist any longer.  

•  Holism. The activity is always considered as a whole. 
Detailed discussion is given in next section.  

•  Goal seeking. In Activity Theory terminology, an 
activity always chases a desire, which is called 
‘motivation’.  

•  Transformation process. An activity system is a system 
that subject transforms object.  

•  Inputs and outputs. It is easy to find out the output of 
an activity system. The object is always associated 
with an outcome. The input of an activity system is 
done on the ‘points’. That is, the components can take 
input from the environment. As a weakness of the 
triangle model, the input is not manifested here.  

•  Entropy. Entropy is defined as the amount of the 
disorder of the system [73]. Activity, action and 
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Subject Object 

Labor Div. Rule Community
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operation are different from others by their 
corresponding motivation, goal and condition. I will 
not include too much discussion about the entropy of 
an activity system in this thesis.  

•  Regulation. An activity system can be regulated 
through a feedback approach. Detailed discussion is 
given in next section.  

•  Hierarchy. An activity consists of action or chains of 
actions, which in turn consist of operation or chains of 
operations. Detailed discussion is given in next section.  

•  Differentiation. The labor division makes differences 
inside the activity. An activity is decomposed into 
actions based on its labor division. Accordingly, the 
actions work based on the labor division and make up a 
holistic activity.  

•  Equifinality and multifinality. An activity can lead to 
different finalities from the same initial state. Activities 
can lead to the same finality even they are from 
different initial states.  

 
An activity system is always learning and developing. Activity 
systems periodically face situations, in which their internal 
contradictions are aggravated and demand a qualitative 
reorganization, or re-mediation, of the entire activity [24].   
 
4.3.2. Systems Principles in Activity Theory 
 
As a specific system, an activity system should obey the 
general systems principles. In this section, I apply three 
systems principles to Activity Theory:  
 

•  System holism principle. Activity is the synonym of 
‘context’ in Activity Theory. Activity is the least 
sphere for analysis. All the activity components 
together provide a systematic view of the target 
system. Studying just part of an activity may lead to 
misunderstanding of it. An activity is a holistic system. 

•  Hierarchy principle. Subject transforms object though 
actions and operations. An activity composes actions or 
chains of actions, which in turn composes operations 
[49]. Activity, action, and operation are associated with 
motivation, goal, and condition respectively. (See 



Social Activity of Intelligent Agents 
 

 
- 37 - 

Figure 4-2) Motivation is realized through the 
realization of goals, which in turn are realized through 
the realization of conditions. More details about 
hierarchy and motivation will be given in Chapter 5.  

 
Figure 4-2 Hierarchy of Activity-Action-Operation 

 
•  Feedback principle. Activity systems co-exist in 

groups. An activity always sends its outcome to other 
activities. The destination activity continues to send its 
outcome to another. Finally, the outcome of some 
activity is sent back to the original activity. To start a 
new loop, the original activity takes consideration of 
the outcomes from other activities. Thus, the activity 
system network is constructed through the feedback 
among activity systems.  

 
From now on, I will use Activity Theory and Activity Systems 
Theory exchangeably. When I say an activity, I always 
consider it a specific system that obeys principles from 
systems science.  
 
4.4. Agent Technology within the Scope of Activity Systems 
Theory  
 
Based on the above discussion, I continue to apply these three 
principles to Agent Technology to give computer agents 
perspectives from social science.  
 
4.4.1. Holistic Description of Agents 
 
Intelligent agents co-exist in an environment/context. An agent 
cannot perform any activities, if excluded from the 
environment/context. The agent should always be considered 
together with its context as a holistic entity. In Figure 4-3, I 
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give an example of health care activity system. This figure is 
based on Figure 4-1. The nurses with their IT supported tools 
(computer agents) are considered as the ‘subjects’. Hereby I 
just consider the computer agents, since the discussion about 
the human agents is out of the scope of this thesis. The agents 
take care of patients with the help of tools, e.g. coordination 
protocol. There are two kinds of nurses in the health care 
scenario, namely staff nurse and district nurse2, according to 
the division of labor. Thus, the agents are also divided into 
corresponding groups to assist different roles of nurses. To 
achieve the health care activity, the agents should obey some 
norms and rules, for example, norms for communication, rules 
for responsibilities etc. All the agents work within a group that 
is considered as a MAS. With such an activity system 
considered, we may get a complete picture of the agents that 
work in the health care system. Agents are always considered 
within the activities that they are serving. In the needs 
specification stage of agent design, such a picture is necessary 
to give a clear and precise description of the agents.  

 
Figure 4-3 An E-health activity system 

 
4.4.2. Hierarchical Classification of Agents  
 
Based on the Activity Theory hierarchy, I classify computer 
agents into three groups, namely activity agent, action agent, 
and operation agent. This classification is dynamic rather than 
static. It is based on the roles that the agents are playing in the 
activity. The activity here means that a group of agents work 
together to satisfy a common desire.  
 
There are usually many activities in a MAS. In Figure 4-4, 
each composite triangle in the hexagon represents an activity 
in the MAS. Each ellipse represents an agent or a group of 
                                                 
2 Staff nurses and district nurses are discussed in section 1.1.2.  
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agents. The MAS consists of agents on three levels – activity, 
action, and operation. On each level, agents have specific 
responsibilities. The composite triangle and ellipse represent 
the activity agent. Activity agents take general control of the 
activities. An activity agent plays a role like the project 
manager in the real life. Usually there are many activity agents 
in a MAS, since there are many activities. The activity agent is 
responsible for organizing the action agents. The action agent 
is represented by the single triangle in the rectangle on the 
right side. If the activity agents are those who make plans, then 
the action agents are those who execute the plans. An action 
agent only keeps the knowledge of its tools. The action agent 
aims at a specific task. The action agent does not have to 
perform the actions itself. Based on AST hierarchy, the 
action/task is continually decomposed into operations, which 
are taken by the operation agents. The operation agent is 
represented by an arrow and ellipse. Operation agents are 
usually very skilled with their tools. The tool is neglected in 
the representation of an operation agent. Operation agents are 
those which are really doing things, e.g., the group members. 
Operation agents are also considered as autonomous computer 
systems, since they purely behave reactively. That is, they do 
what they are told and have no deliberation on itself.  
 

 
Figure 4-4 MAS hierarchy 

 
4.4.3. Feedback Strategy in MAS Coordination 
 
Based on feedback principle, I always consider MAS 
coordination in a network. In such a network, agent’s behavior 
is always scanned and sent back to itself or forwarded to 
others. Feedback is a requisite for the stability of the system. 
AST believes that the agents should send messages/outcomes 

Activity agents Action agents  Operation agents  
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to other agents who will send messages/outcomes back to the 
original ones as feedbacks.  

 
 

Figure 4-5 MAS coordination based on feedback 
 
Figure 4-5 shows a picture of the feedback strategy in MAS 
coordination. The dash lines represent two kinds of feedback 
in MAS. The lines numbered with ‘1’ are the intra-agent 
feedback. I discussed this feedback in Chapter 3.  Lines 
numbered with ‘2’ are the inter-agent feedback. The behavior 
of an agent is directly (intra-agent) or indirectly (inter-agent) 
sent back to itself. The intra-agent feedback realizes the 
stability of an individual agent. The inter-agent feedback 
realizes the stability of the MAS.  
 
The above figure illustrates how action agents communicate 
with each other through feedback strategy. Compared with the 
feedback strategy that is talked about in chapter 3. , this 
strategy is different by the introduction of the observer. The 
agent, as an observer to itself and others, put a high-level 
feedback control over the low-level feedback that is in agent’s 
architecture. That is, the feedback here is a feedback of the 
feedback (and feedforward) in agent’s architecture. This is 
also known as second-order cybernetic [63]. Technically 
speaking, an agent can send messages to any other agents in 
the MAS. Hereby, I suppose that agents only communicate 
with those whom they work with. In health care reality, this is 
also significant. Doctors and nurses usually work in a quite 
stable team for one case. Thus, the agents that help them 
should also form a stable community.  
 
4.5. Agent’s Social Activity in E-health  
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The project Integrated Mobile Information Systems for health 
care (IMIS) aims at providing a communication platform and 
agent based services to both the diabetic patients and their 
care-providers (doctors, nurses, etc). All the stakeholders in 
this scenario communicate with each other and form a 
complex network. IMIS project provides so-called IMIS 
agents to the users. All the IMIS agents together form a MAS. 
In this MAS there are various stakeholders related, as I 
introduced in Chapter 1. All stakeholders communicate to each 
other and form a complex network. (See Figure 4-6)  
 

 
Figure 4-6 MAS in E-health 

 
4.5.1. A Three Step Design Solution   
 
To deal with the complexity, IMIS adopts a three step solution 
for the E-health MAS design. This solution is based on three 
AST principles: holism, hierarchy, and feedback.  
 
The first step is to define the health care activity for analysis 
and design. This is done based on the human’s activities. The 
agents’ activities are consistent with the activities of their 
users. Figure 4-7 illustrates an example of IMIS activity. This 
activity describes that Doctor Hans gives treatments to the 
patient Kent with the help of IMIS system. The doctor and 
patient use IMIS agents to assist their activities. To define the 
role of such agents, we should take consideration of the whole 
activity. The activity is a holistic one. The basic unit of IMIS 
system is the activity, instead of the individual agent alone. To 
describe the health care situation, many activities need to be 
defined, e.g. the activity of patients contacting nurses for help, 
the activity of doctor contacting nurse for co-operation, etc.  
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Figure 4-7 An example of IMIS activity 

 
In the second step, the activity is decomposed based on the 
principle of hierarchy. For example, the activity that doctor 
gives treatments to the patient can be decomposed into a chain 
of actions: examine, give diagnosis, injection or other medical 
treatments, and archive for future examination. The 
decomposition of activity follows the hierarchy principle of 
AST. Actions are performed by high-level nurses, who are 
assisted by action agents. Actions are continually decomposed 
into operations. Operations are performed by low-level nurses, 
who are assisted by operation agents. Operation is the least 
unit that agent possesses. Operations are the properties of the 
agents, as activities are the properties of the MAS. Agents 
have different capabilities according to their users’ roles. 
Detailed discussion about agent’s role will be given in Chapter 
5.  

 
Figure 4-8 A chain of actions that compose an activity 

 
The last step to design IMIS platform is to define the relations 
between activities. With the introduction of activity, the 
diabetic community is much simplified. (See Figure 4-9) What 
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make up the network are not the stakeholders, but the activities 
that the stakeholders are involved. The feedback principle of 
AST is represented by the links that connect activities. 
According to the feedback principle, the outcome of an 
activity must be connected to another activity. The destination 
activity directly or indirectly affects the resource activity in the 
future. For example, when a doctor finishes the diagnosis to a 
patient, he/she needs to send the decision/diagnosis to the 
nurses, who will give the treatments to the patient. Meanwhile 
the doctor sends a feedback to him/herself. This is realized 
through archiving of the diagnosis for future treatments. As a 
feedback in the whole IMIS system, the patients also send 
messages to the doctors when the treatments are done. All of 
these activities are organized on IMIS platform according to 
the feedback strategy.  

 
Figure 4-9 Simplified description of IMIS activities 

 
 
4.6. Conclusion 
 
Systems thinking can help to simplify the problem, especially 
when we design a system for a complex problem. Health care 
involves stakeholders from various organizations, e.g., 
hospital, county council, municipality, old people’s home, 
patients themselves etc. System thinking helps us to make a 
clear picture of the problem situation. Activity Theory, from 
the angle of socio-psychology, provides me with a good 
analytical method. In the research, I integrate systems thinking 
and Activity Theory. Principles from both theories contribute 
with a three-step methodology for IMIS communication 
platform design.  
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This chapter mainly provides a framework for the discussion 
of the social activity of computer agents. To interact with 
others, an agent should be aware of itself, others and the whole 
MAS. With the introduction of AST, computer agent is not 
considered alone, but always treated in an activity. The role of 
the agent is not decided at the design time, but given at run-
time by the activity in which the agent is involved. Some 
questions are still open. For example, how agents should 
coordinate on such a framework. If the agent’s role is 
determined at run-time, what kind of mechanism should be 
adopted to decide the roles of agents? These questions will be 
approached in the next chapter.  
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5. Motivation Driven Multi-
agent Systems 
Coordination  

 
Based on [91].  
 
 

5.1.  Introduction   
 
Computer agents are usually implemented to be selfish/self-
interested by lots of researchers, e.g., game theorists [46], 
economists [35], ecologist [75] etc. The selfishness has 
become a tacit aspect of agents. When selfish agents interact 
with each other, MAS coordination appears. Coordination is 
thus considered as an intrinsic property of agents in 
performing some activities. Coordination includes cooperation 
and competition [81]. Cooperation is coordination among non-
antagonistic agents, while competition (negotiation, auction 
etc.) is coordination among competitive agents. Agents either 
compete through negotiation, or cooperate in a distributed 
problem-solving scenario. In both cases, agents communicate 
in some languages that they all understand, e.g., KIF [33], 
KQML [29], FIPA [30] etc. No matter it is competition or 
cooperation, the architecture of the individual agent is many 
researchers’ start point for the discussion. From this start 
point, agents in a common group firstly agree on one 
communication language, and then start to 
communicate/interact. Individual agents are the focus in this 
approach.  
 
In many occasions, agents are supposed to work together for 
one common goal. For example, in a health care system a 
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group of agents work together to take care of one patient. 
Inside this group, there is no competition but pure cooperation. 
Thus, there is a contradiction between the selfish agent and the 
non-selfish group. How should we make a non-selfish group 
from selfish agents? To deal with this problem, I hereby 
introduce an approach to start the discussion with the whole 
MAS instead of individual agents. I first discuss the 
relationships among agents on the collective level. Then the 
roles of individual agents are defined. AST is used to give a 
socio-psychological view on MAS coordination.   
 
5.2. Coordination Problem in the Diabetic Health Care  
 
In this section, I just focus on the coordination problem in the 
health care system. I start the discussion with a real story from 
the diabetic health care.   
 
5.2.1. A Diabetic Health Care Story  
 
Maria (not real name) has several health problems of which 
one is diabetes of type one. There is a staff nurse from the 
home care center of the county council, who visits her home 
twice a day to give her insulin injections. In addition, a 
personal assistant from the municipal social service helps her 
with some housework. Maria seems not very concerned about 
her diabetes, and she often eats food and candy that is not 
good for her. The concentration of blood glucose often goes up 
steeply. One day the personal assistant called the home care 
center and reported to the district nurse that Maria did not feel 
well. The district nurse suspected that Maria had eaten 
something sweet. The district nurse checked Maria’s record of 
her recent medical history. Then the district nurse went to 
Maria’s home with a device to measure the blood glucose. 
After asking several questions to Maria, the district nurse took 
out the device and tried to measure the blood glucose for 
further decision. However, the district nurse was not familiar 
with the device and could not understand what it showed. 
After a phone call to the diabetic nurse (primary care nurse) 
who works at hospital, the nurse drew a conclusion that Maria 
was in an acute situation. Immediately Maria was sent to the 
doctor.  
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Figure 5-1 Information flow in the diabetic health care 

 
The scenario is shown in Figure 5-1. The picture is divided 
into four parts by three vertical lines. The four parts are 
primary care from hospital, home care from county council, 
patient, and home service from municipality respectively. The 
doctors, nurses and personal assistants are also called care-
providers. The nurses include two kinds of nurse from the 
home care center and the diabetic nurse from the hospital. The 
patient is called care-receiver. There are two different 
connection lines. The solid lines stand for the normal/everyday 
connections. For example, the staff nurse and the personal 
assistant visit the patient everyday. They are very familiar with 
the patient. The dash-dot lines stand for the information flow 
of the above scenario. The numbers on the dash-dot lines 
indicate the sequence in the information flow.  
 
5.2.2. The Coordination Problems 
 
There are some communication problems in the above 
scenario. First, the staff nurse is missing in the above 
information flow. The staff nurse visits the patients’ house 
twice a day to give insulin injections. She/he knows many 
details about the patient. All those details are sometimes 
important for the diagnosis. However, it is impossible to write 
down all of them into the record. When the district nurse 
noticed that the patient did not feel well, she/he had no contact 
with the staff nurse. Additionally, during and after the 
diagnosis by the district nurse, the staff nurse was not 
informed of either. This may lead to problems in the staff 
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nurse’s work in the future. That is, the communication channel 
between the nurses is not established.  
 
Second, communication problems exist also between the care-
providers (doctors and nurses) and the database (patients’ 
medical records). For example, before visiting Maria’s house, 
the district nurse had to check the patient’s history record in 
the office. When the district nurse arrived at Maria’s house, 
there was no way to access the patient’s records. Besides, there 
are also some problems for different organizations to share 
information. For example, the personal assistants from the 
municipality and the nurses from the county council cannot 
share their databases.  
 
I consider these as coordination problems on the 
communication level. That is, the doctors and nurses are in 
some way working solely without any formal communication 
channels. They are unable to coordinate their work in a formal 
way. In reality, phone call is the most common way for them 
to communicate and ask for help. When the nurses meet 
problems, they ask for help within their personal social 
network. They will call those who they know. However, it is 
not guaranteed that you may find the right person who can 
help you out within such a small network.  
 
To improve this situation, I adopt a solution based on a Multi-
agent decision system. In the research project Integrated 
Mobile Information System for health care (IMIS), a 
communication platform is constructed as a MAS 
environment. The users can access to the system through IMIS 
agents on either stationary PCs or pocket PCs, which should 
be able to access to the Internet. Through the coordination 
among the IMIS agents, the doctors and nurses are able to 
work cooperatively. If doctors and nurses can coordinate their 
work, the conflicts among their work may be decreased to 
some extent. Thus, a well-designed coordination mechanism is 
the key factor for the system to function well. In the next 
section, I will continue the discussion about Activity Theory. 
The focus of the discussion is the ‘hierarchy’ and ‘motivation’ 
thinking. Based on Activity Theory, I try to develop a 
coordination mechanism, based on which agents’ roles and 
their relations can be defined at the run-time.  
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5.3. Hierarchy and Motivation in Activity Theory 
 
I have introduced Activity Theory in the previous chapters. In 
this chapter, I will continue the discussion, but just focus on 
the ‘hierarchy’ and ‘motivation’ thinking, based on which 
MAS coordination is discussed in next section.   
 
5.3.1. The Hierarchy of Activity-action-operation  
 
An important perspective of Activity Theory is the hierarchy 
of activity-action-operation. (See Figure 5-2) An activity is 
always associated with a motivation. An action is performed 
with an immediate, defined goal within the frame of an 
activity. Motivation and goal will be discussed in details in the 
next sub-section. Operation is understood as ‘routine’ in this 
case. It is associated with a condition. Activities consist of 
actions or chains of actions, which in turn consist of operations 
[49]. Activity, action, and operation can transform to each 
other, when the associated motivation, goal, and condition 
change. When the action is practiced long and good enough, 
the goal of the action can be considered as a condition. Then 
the action collapses into an operation. It is similar between the 
activity and action.  

 
Figure 5-2 Activity hierarchy 

 
Let me take an example. A patient visits the doctor and says 
that he always feels exceptionally thirsty and urinates often. 
Besides, he gets weight loss even though he is hungry and eats 
well. The doctor suspects that he has diabetes, since being 
thirsty all the time and urinating often are the symptoms of 
diabetes of type one. However, urinating often can also be 
caused by prostate problems. Thus, the doctor needs to give 
him a few tests to give further diagnosis. For example, to give 
a diagnosis of diabetes, the doctor may give the patient a 
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fasting plasma glucose test or oral glucose tolerance or a 
random plasma glucose test. In this example, the medical 
diagnosis is considered as the activity. In this activity, the 
hospital (doctor, nurse, etc) and the patient have the same 
motivation – to cure the patient. This activity is divided into 
two actions – diabetic test and prostate test (in the reality, there 
may be other tests). The tests aim to determine which disease 
the patient has. The actions are divided into operations. For 
example, the diabetes test can be done through any of the three 
glucose-tests. To achieve the operation, the only condition is 
the successful test. See Figure 5-3.  

 
Figure 5-3 An example of medical diagnosis 

 
5.3.2. Motivation 
 
Another important perspective of Activity Theory is the 
motivation. Within an activity, the object motivates the 
activity and gives it a specific direction [61].  Leont’ev [52] 
wrote, ‘behind the object, there always stands a need or a 
desire, to which (the activity) always answers.’ Christiansen 
called the object as ‘objectified motive’ [14]. The motivation 
is always associated with the activity in Activity Theory. This 
is different from the common understanding in MAS research. 
In MAS research, motivation is usually considered as a 
property of individual agents. In this paper, I adopt the 
definition of motivation from Activity Theory. That is, 
motivation is the property of a group of agents, who are 
working together in one activity.    
 
I separate goal from motivation with two distinct aspects. 
First, motivation is on a higher level than goal. Motivation is a 
collective property of an activity system. Goal is the individual 
property of an entity or action. Motivation generates and is in 
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charge of goals. Second, motivation considers context. The 
context includes the collective perspectives of the environment 
and gives them to the motivation. However, the goal does not 
care about the context. It just cares about individual facts.  
 
In the previous example, the motivation, goal and condition on 
the right side is also hierarchically organized. The motivation 
of curing patients is realized through the realization of goals – 
to determine which disease the patient has. The goal of 
determining the disease is realized through the realization of 
conditions – successful tests. What I would like to mention 
here is the collective property of the motivation. To cure 
patients is the motivation that is owned by both the hospital 
and the patient. To deal with this motivation, the context must 
be considered, e.g. the patient’s background, whether the 
patient has a medical insurance to pay for further medical 
treatments, etc. However, the goal to determine which disease 
the patient has is own just by the doctor. The action to 
determine the disease does not care about the context 
mentioned above.  
 
5.4. Motivation Driven MAS Coordination  
 
Based on Activity Theory, Ricci, Omicini, and Denti [66] 
made an approach to discuss MAS coordination onto three 
levels: co-construction, co-operation and co-ordination. The 
three levels are corresponding to activity, action and operation 
in Activity Theory. Similarly, the co-construction consists of 
co-operations or chains of co-operations, which in turn 
consists of chains of co-ordinations. In my research, I go 
further to associate Ricci et al’s model with motivation, goal 
and condition, and define the three hierarchies as follows.  See 
Figure 5-4, which is based on Figure 5-2.  
 

•  Co-construction: about the understanding and 
reasoning of the MAS activity, based on the 
motivation; 

•  Co-operation: about planning what actions to take (by 
each individual agent), based on some kinds of goals;  

•  Co-ordination: about enforcing/automating the 
operations to manage the interactions under some kinds 
of conditions.  
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Figure 5-4 Motivation driven MAS coordination mechanism 

 
The basic idea in this model is hierarchy and motivation. 
Individual agents work on the co-ordination and co-operation 
level. On these two levels, agents only care about their own 
utilities. They are selfish in this sense. Co-operation decides 
the goal for an individual agent to achieve. Co-ordination 
defines the functionalities that can be automated by agents. 
Such kind of coordination is driven by the individual goals and 
conditions. On the co-construction level, agents work together 
for a common motivation. The motivation in this case is 
similar to the joint-intention [43]. In a health care system, a 
group of agents works in one activity. The co-construction in 
this group is driven by the motivation of the activity. The co-
construction takes charge of the MAS coordination. Since the 
co-construction is motivated, the MAS coordination is also 
motivated. Co-construction, co-operation, and co-ordination 
together form the motivation driven MAS coordination 
mechanism.  
 
5.5. IMIS Coordination Mechanism 
 
A health care system consists of non-antagonistic agents – the 
care-providers. These agents should cooperate instead of 
compete within it. Return to the question I proposed in the 
beginning: how should we build up a non-selfish MAS from 
selfish agents in health care? An agent is selfish; however, the 
group of agents should not be selfish in the health care system! 
To become a non-selfish group, the MAS should put some 
constraints on the individual agents. Thus, the selfish agents 
are organized to form a coherent and cooperative group. This 
is also how I think IMIS agents should work together.  
 
In a health care system, if the care-providers have a 
communication platform on which they can coordinate their 
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work, the efficiency and quality of the health care may be 
improved. The IMIS agents coordinate based on the 
mechanism discussed above. As Figure 5-5 shows, all the 
stakeholders in the above scenario (Figure 5-1) are connected 
via the IMIS platform. The dash lines stand for the Internet 
based communication channels through either stationary PC or 
pocket PC.  

 
Figure 5-5 IMIS coordination mechanism 

 
On IMIS platform, the care providers are classified onto three 
levels based on the discussion in the last section. On the co-
construction level, there exists a person who is in charge of the 
patient’s case in general. In most cases of health care, this 
person is a doctor. The doctor is responsible for the entire 
health care activity. The patients’ health is the motivation of 
this activity. The doctor divides the health care activity into 
actions that are delivered to the nurses. The primary care 
nurses and district nurses are on the co-operation level. They 
are responsible for the medical actions, e.g., giving a fasting 
plasma glucose test to the patient, etc. The nurses usually are 
aware of their goals, as well as how to achieve them. Some of 
the nurses’ work can be delegated to the staff nurses, who are 
on the co-ordination level. They are those who do most of the 
work and have good and long-term relations with the patients. 
The staff nurses usually just do what they are told, and have no 
responsibilities to make decisions. Besides, the personal 
assistants are also on the co-ordination level, although s/he is 
responsible for the home service instead of home care.  
 
The IMIS system provides different agent-based services to 
the users based on the above coordination mechanism. I 
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hereby only give a general description to these services 
provided to users. More details will be given in Chapter 7.  
The services that are provided to the doctor are those that help 
them to monitor/co-construct the whole E-health activity. For 
example, IMIS agent helps the doctor to manage the shared 
schedule and information among all the care-providers and 
care-receivers.  The doctor monitors the patient’s case; but 
she/he does not have to go into details, unless something 
happens and the patient needs a new diagnosis. The services 
that are provided to the diabetic and district nurses are those 
that help them co-operate with other nurses and doctors. Such 
kinds of tasks are usually associated with goals. For example, 
an IMIS agent helps the nurse to give a fasting plasma glucose 
test to the patient with a goal to determine whether the patient 
has diabetes. The services that are provided to the staff nurses 
are those that help them co-ordinate with others and make their 
work more autonomous. For example, IMIS agent helps the 
nurses analyze the blood sample to give a result whether the 
patient has diabetes or not. Based on Activity Theory, these 
three levels are integrated, which means the co-construction 
consists of the co-operation, which in turn consists of the co-
ordination.  
 
5.6. Conclusion  
 
A novel approach to MAS coordination is introduced here. 
The discussion focuses on the collective aspects of the MAS. 
From the perspectives of Activity Theory, motivation does not 
belong to any individual agent, but is a property of a group of 
agents who are working together in an activity. The motivation 
is achieved through the satisfaction of chains of goals, which 
in turn are achieved through the satisfaction of chains of 
condition. Based on this hierarchy, MAS coordination is 
classified into corresponding three levels, namely co-
construction, co-operation, and co-ordination. The MAS 
coordination is motivation driven through the co-construction 
among agents.  
 
Up to now, I have finished the discussion about the intelligent 
aspects of computer agents from the perspectives of socio-
psychology and systems science. Cybernetics, from systems 
science, contributes with the feedback and feedforward 
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strategies. Feedback and feedforward strategies help the 
individual agents be constructed in a stable architecture. 
Activity Theory, from the socio-psychology, contributes with 
the thinking of hierarchy and motivation. Hierarchy thinking 
helps the E-health system to be organized in a structured way. 
Motivation thinking leads the individual agents to cooperation 
and the whole MAS to a coherent state. Thus, I have answered 
the first research question. From now on, I will go to the 
second research question. That is, how to implement the 
intelligent aspects of a computer agent within an E-health 
background.  
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6. Agent Implementation 
with CommonKADS 

 
Based on [88] 
 
 

6.1. Introduction 
 
Since its birth in the 1950s, Artificial Intelligence (AI) has 
been aiming at understanding and building intelligent entities. 
Most experts agree that AI is concerned with two basic ideas. 
First, it involves studying the thought processes of humans; 
second, it deals with representing those processes via 
machines (such as computers and robots) [69]. The major 
characteristic that distinguishes AI from other Computer 
Based Information Systems (CBIS) is that AI’s major 
emphasis is knowledge processing (rather than data or 
information processing) [77]. In this chapter, I discuss how to 
represent and process the intelligent aspects in computer 
agents.   
 
To perform intelligent behaviors, computer agents are 
supposed to be able to possess knowledge. Compared with 
another important approach in AI – Expert Systems (ES), 
Agent Technology is less dependent on human experts. ES can 
only interact with the environment via human. ES is usually 
used to support human decision making, instead of making 
decisions by itself. Making decision requires processing 
information. According to the Activity Theory hierarchy, 
processing information needs the possession of knowledge. 
Most agent researchers use a planner instead of a knowledge 
base to generate actions/plans for an agent to execute. The 
planner plays a role similar with the inference engine in an ES. 
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They argue that knowledge processing only emerges through 
interactions in communities of intelligent adaptive agents. That 
is, knowledge is not in the operation of one particular agent 
but rather in the social processes whereby agents coordinate 
their behaviors [4, 6, 11, 44, 74]. This chapter starts with a 
discussion about how knowledge is considered in Agent 
Technology.  
 
6.2. Knowledge in Multi-agent Systems   
 
Hereby I introduce a view on the knowledge in MAS from the 
perspectives of Activity Theory. I try to deal with the question: 
can knowledge, as a human capability, be possessed by 
computer agents? If so, how? To answer this question, I prefer 
to start a discussion on the intrinsic of knowledge.  
 
6.2.1. Knowledge from the Perspectives of Activity Theory 
 
According to Luck and d’Inverno [56], ‘autonomous agents 
possess goals which are generated within rather than adopted 
from other agents.’ To be autonomous, an agent should be able 
of personal social activities, e.g. interactions with other agents 
and the environment. As mentioned in the previous chapters, 
an intelligent agent is capable of three behaviors: reactivity, 
proactivity and social ability. The reactivity and proactivity 
can be realized through a cybernetic approach [89]. With 
reactivity and proactivity, an agent can be automatic, but not 
autonomous, because a Cybernetic-BDI agent just cares about 
how to achieve the individual goals. An autonomous agent can 
not only achieve its goals but also generate these goals by 
itself.  
 
From the perspectives of Activity Theory, goals can only be 
generated from the higher level – motivation [49]. Motivation 
should be considered on a knowledge processing level instead 
of information processing level. (See Figure 6-1) This 
statement is also consistent with the argument in the beginning 
that “AI’s major emphasis is on the knowledge processing 
instead of data and information processing.”  
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Figure 6-1 Hierarchy of activity, motivation and knowledge 

 
The above figure illustrates the mapping from activity to 
motivation, then to knowledge. Based on Activity Theory, an 
activity consists of action or chains of actions, which in turn 
consists of operation or chains of operations [49]. The activity 
is driven by the motivation; the action is driven by the goal; 
the operation is driven by the condition. To achieve the 
activity, chains of actions have to be done. That is, the 
corresponding goals have to be realized in order to achieve the 
motivation. Similarly, to achieve the action, chains of 
operations have to be done. The corresponding conditions 
have to be realized in order to achieve the goal.  
 
On the operation level, data is processed. A typical example is 
the ES. An ES usually aims at performing some functions and 
provides information to the users. To achieve this, ES 
processes data and gives out result to help humans make 
decisions. It is the human users who process the information 
and make decisions. On the action level, information is 
processed. Information has ‘meaning’ that the data do not 
have. The extra ‘meaning’ is given by the context in which the 
system exists. A typical example on this level is the computer 
agent. An agent exists in the environment. To survive, the 
agent should be able to achieve goals itself. Compared with 
ES, the agent processes information instead of data. This is 
why an agent is less dependent on human beings than ES. An 
agent, to some extent, does not need human beings to process 
information for it. On the activity level, knowledge is 
processed. An activity is always performed in a context. To 
achieve this activity, some goals should be realized – this is 
done on the action level (by agents). An activity explains the 
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context. The explanation is done through the using of 
information. The information in use is considered as 
knowledge. An example is the MAS. Usually an individual 
agent cannot perform one activity by itself. An activity is 
achieved by lots of agents, who perform corresponding 
actions. Agents possess information. At run-time, agents relate 
the information pieces to solve its problem.  
 
6.2.2. Knowledge as a Run-time Property of Computer Agents 
 
Gaines [32] stated that “... knowledge is not in the operation of 
a particular agent but rather in the social processes whereby 
agents coordinate their behaviors. However, much of the 
literature takes knowledge itself as a starting point, a given 
entity that is part of the notion of an intelligent agent, and 
focuses on knowledge acquisition, inference and 
communication.” 
 
Gaines’ words imply the intrinsic of knowledge. Knowledge is 
nothing but information in use. The borderlines between data, 
information and knowledge are not sharp, because they are 
relative with respect to the context of use [71]. If a piece of 
information is put into use, then it can be considered as a piece 
of knowledge. On the other hand, if a piece of information 
possessed by an agent is never used, then it cannot be 
considered as knowledge. Besides there is not one piece of 
knowledge, but always a group of knowledge/information 
pieces. ‘Information in use’ means that knowledge is a group 
of related information, while the interrelation among the 
information is in focus. In this case, knowledge can be 
considered as a set of interrelated information within a context.  
 
Knowledge is possessed by computer agents in the knowledge 
bases in the form of information during offline time. It 
‘emerges’ as knowledge at runt-time, when the related 
information is put in use. The ‘emergence’ of knowledge is not 
a process of generation and organization of knowledge itself, 
but a process of generation and organization of the 
relationships among the knowledge/information pieces. The 
interrelations transform information into knowledge.  
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6.3. Agent’s Ontology Design 
 
The relations among knowledge/information pieces can be 
either predefined by the agent’s ontology, or learned during 
the agent’s working process. An intelligent agent processes 
information through relating the information pieces. At run-
time, information is in use and emerges as knowledge. At 
offline time, information/knowledge pieces are stored in the 
knowledge base. The agent’s knowledge base is the same as 
the ES’. In ES, knowledge base is used individually. There are 
almost no interactions between different ES systems. 
Differently, agents interact with each other. Thus, the 
indulgent use of individual knowledge bases leads to 
inconsistencies among agents. Two kinds of inconsistencies 
should be separately treated: (1) different agents may have 
different knowledge about the same problem; (2) different 
agents may have different ontologies about the same 
knowledge.  
 
The first kind of inconsistency results from the ‘personality’. 
Agents have different ‘personalities’, which can be inherited 
from their designers or learned from the environment. The 
differences of ‘personality’ exist in the agent’s knowledge 
base. Such kind of differences should be considered as 
complementary rather than conflicts. Weinberg [80] wrote, 
‘two different perspectives (or models) that reveal truths of a 
system are neither entirely independent nor entirely 
compatible.’ Two different kinds of knowledge about the same 
problem situation may give their solutions from different 
angles. All roads lead to Rome. Two such kinds of 
‘personalities’ are complementary instead of conflicting.  
 
The second kind of inconsistency lies on the ontology level. 
Gruber [39] defined ontology as ‘a formal, explicit 
specification of a shared conceptualization.’ Fensel [28] 
continue to explain that ‘a conceptualization refers to an 
abstract model of some phenomenon in the world which 
identifies the relevant concepts of that phenomenon.’ Thus, the 
second kind of inconsistency means two agents use different 
concepts to refer to the same object, or the same concept to 
refer to different objects. An agent’s ontology consists of the 
specification of a conceptualization, which includes the 
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‘concepts’ used to name objects, functions, and relations in the 
agent’s world [38].   
 
The first kind of inconsistency is usually unavoidable. In 
addition, it is not harmful. The second kind of inconsistency 
may lead to conflicts and failures in MAS coordination. It has 
to be carefully handled. This kind of inconsistency can be 
resolved through self-learning. Self-learning means that the 
agents update their ontologies to multi-finalities from the same 
initial state. Agents are able to learn from others to 
complement and update their own ontologies. In the following 
sections, I will introduce the concept Distributed Collective 
Memory (DCM) to help handle the second kind of 
inconsistency.  
 
6.3.1. Learning with Distributed Collective Memory 
 
Williams [83] believes that computer agents can learn from 
each other through the following steps:  
 

1. Conceptualization. The conceptualization includes the 
objects and their relations that the agent presumes to 
exist in the environment. The conceptualization could 
be done with Distributed Collective Memory (DCM). 
DCM is the entire set of concrete objects that exists in 
the MAS. An agent just conceptualizes one part of the 
DCM. That is, the agent does not need to conceptualize 
all the objects in the environment. They may 
selectively conceptualize those that they are interested 
in.  

2. Ontology construction. The ontology of a specific 
agent can be initialized by the designer. In this case, all 
agents within a MAS share the same ontology in the 
beginning, although this ontology may be incomplete. 
It does not matter, because the agent will complement 
it through the learning process. The learning process is 
done through two activities: locating similar meaning 
and translating semantic concepts. Each semantic 
concept has corresponding instances or objects existing 
in DCM. Two agents may use the overlapping objects 
existing in the DCM to interpret the different concepts 
used by them.  



Multi-agent Systems in Diabetic Health Care 
 

 
- 62 - 

3. Learning key missing descriptors. This is used in the 
situation where there are no overlapping objects in the 
DCM. When an agent is reasoning with the rules in its 
knowledge base, it may find one or two of the 
antecedents or consequents are missing. This is called 
‘key missing descriptor’. This may be caused by the 
blank or non-overlapping between semantic concepts. 
This blank could be caused by the low ability of 
interpretation. In this case, some methods need to be 
applied to improve the interpretation, e.g. Recursive 
Semantic Context Rule Learning (RSCRL) [83]. 

 
With the introduction of DCM, agents can conduct their 
individual knowledge processing based on a collective 
conceptualization (DCM). This minimizes the inconsistencies 
of the ‘sharing meanings’ among agents. Besides, agents can 
learn from each other based on the above three phases. This 
three-phase procedure is shown in Figure 6-2. The numbers on 
the lines imply the three phases.  
 

 
Figure 6-2 Learning with DCM 

 
6.4. From Knowledge Level to Operation Level 
 
The above two sections provide a theoretical architecture for 
agent’s knowledge intensive reasoning. A hierarchy of 
Environment-DCM-Ontology-Individual Agent is given (See 
Figure 6-2). The next step is to design and implement it on an 
operational level. To facilitate this process, a knowledge 
engineering methodology – CommonKADS is introduced here 
[17, 71]. The CommonKADS enterprise originates from the 
need to build industry-quality knowledge systems on a large 
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scale, in a structured, controllable and repeatable way. 
CommonKADS has been gradually developed and validated 
by many companies and universities in the context of the 
European ESPRIT IT Program and has become the standard of 
knowledge systems design and implementation in Europe.  
 
The whole methodology contains an integrated process from 
knowledge acquisition, representation, modeling and 
inferencing, to knowledge model design and implementation. 
The developers of CommonKADS argue that it is not 
necessary to follow every built-in method of CommonKADS 
to accomplish a successful knowledge engineering activity. 
This means we may use our favorite methods for specific task, 
e.g. knowledge acquisition tasks or modeling tasks. The 
elegance of CommonKADS exists in its well-defined 
Knowledge Model structure, which actually affected a lot of 
other knowledge intensive computer system designs, e.g. 
PROTÉGÉ [60, 65], KSM [19, 58]. In this paper, only the 
Knowledge Model in CommonKADS will be discussed. For 
more details of CommonKADS, see Schreiber et al [71].  
 
6.4.1. Knowledge Model in CommonKADS 
 
The Knowledge Model (KM) in CommonKADS has two 
characteristics: the first one is to represent knowledge assets; 
the second one is to act as the inference engine. These two 
characteristics are realized through a three-layer hierarchy of 
KM, namely domain knowledge layer, inference knowledge 
layer, and task knowledge layer (See Figure 6-3).  
 
 
On the bottom of KM there is a layer called domain 
knowledge layer, which is used for the representation of 
knowledge. The representation of knowledge in 
CommonKADS can be considered as a mixture of the 
semantic network and Object-Attribute-Value pair [20]. The 
organization of domain knowledge layer resembles the Entity-
Relation model in relational database system [18].  
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Figure 6-3 Knowledge Model in CommonKADS 
 
The representation of knowledge in domain knowledge layer is 
called domain schema. The second part of domain knowledge 
layer is the knowledge base. Knowledge base consists of two 
parts. The first part ‘imports/uses’ the corresponding domain 
schema. The second part is full of the ‘rules’ that use the 
specific ‘rule-types’ from the specific domain schema. 
CommonKADS ‘strives for a fine-grained structure in which 
we divide the knowledge base up into small partitions (e.g. 
rule sets) that share a similar structure’ [71]. Instead of a huge 
flat knowledge base, which is full of ‘if…then…’ clauses, the 
knowledge base in CommonKADS is divided into some ‘rule 
sets’. In each rule set, the rules share the same structure, the 
same rule-type name, and the same domain where their 
antecedents and consequents come from. 
 
The inference knowledge layer is made up of inferences and 
transfer functions. Those inference structures are given by 
CommonKADS but can be extended. Knowledge engineers 
can adopt, revise, or give up them based on their own 
preferences. The inference knowledge layer resembles the 
inference engine of an Expert System 
 
The task knowledge layer contains knowledge assets generated 
from knowledge acquisition activities, e.g. Organization 
Model-3. These knowledge-intensive tasks are divided into 
two categories: analytic tasks and synthetic tasks. Analytic and 
synthetic tasks are divided into ten sub-tasks. Each sub-task 
has a pre-defined ‘inference-structure’ on the inference 
knowledge layer.  
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6.4.2. Design and Implementation of Agent’s Knowledge 
Model  

 
Hereby, I introduce CommonKADS methodology to design 
and implement the knowledge model of computer agents. The 
developing process is three-step based on the learning process 
of agents: Environment-DCM-Ontology-Individual Agent.   
 

1. DCM design: the domain schema from 
CommonKADS is used to map the environment into 
the DCM. With the introduction of DCM, the domain 
schema should be used not for one individual agent, 
but for all the agents within the same MAS. However, 
the individual agent does not need to know all the 
‘concepts’ in DCM. They also do not need to give the 
same semantic meaning to the same object either, 
because this will be fixed by ontology learning.  

2. Ontology and learning: the knowledge base from 
domain schema and inference knowledge layer 
together form the agent’s ontology structure. Some 
approaches, e.g. PROTÉGÉ, argue that the knowledge 
base and inference should be separated for the 
reusability. In this case, the inference level should be 
moved to the next level [64]. However, other 
approaches, e.g. KSM, argue that methods and domain 
ontologies are not totally independent [59]. This 
depends on the needs and preferences of the designer.  

3. Individual Agent:  the individual agent works on the 
task and inference knowledge level. One possible agent 
architecture is the Cybernetic-BDI model [89]. This 
model can deal with the plan-generating problem. That 
is, how to decompose an inference into actions. This is 
more or less a question of efficiency and effectiveness 
and can be resolved through optimization. However, 
the decomposition from task to inference is much more 
flexible, and depends more on the context or 
environment where the agent resides in. Besides 
efficiency and effectiveness, more requisites, e.g. 
elegancy and moral perspectives, need to be 
considered. This needs support from the knowledge 
level, which is not provided by the Cybernetic-BDI 
model.  
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Figure 6-4 Developing process of agent’s knowledge model 

 
The three steps are shown in Figure 6-4. The agents in a MAS 
share one DCM, which is the common domain schema for all. 
Each individual agent has its own knowledge base and 
inference engine. The strong point of such a structure is that 
the agents may cooperate easier since their individual 
knowledge bases and inference engines have the same roots – 
the collective DCM.  
 
6.5. Conclusion  
 
This chapter mainly discusses the possibility to include 
knowledge component in computer agents. I would like to say 
that knowledge exists as a run-time property of MAS. During 
the offline time, knowledge exists as pieces of information in 
the knowledge base of agents. Agents work in groups. They 
coordinate in one or several activities. During their 
coordination, agents generate new information based on the 
information they have. This is a process of linking the 
information pieces. Thus, knowledge appears dynamically in 
the whole MAS.  
 
Including knowledge components is done with the 
introduction of Distributed Collective Memory (DCM). DCM 
contributes in twofold: i) with DCM, the knowledge 
component exist on the collective level – MAS, because the 
domain schema is owned by the whole MAS instead of the 
individual agents. ii) Based on DCM, agents are possible to 
learn from each other. Agents’ social activity requires agents 

Knowledge base 
+ 

Inference engine 

Knowledge base 
+ 

Inference engine 

Agent1 Agentn 

Distributed Collective Memory 
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to communicate with each other. Thus, how to exchange data 
and information is the problem that the agent designers should 
face. This is also known as ontology problem of computer 
agents. In this chapter, I recommend a possible solution to the 
ontology-learning problem of agents.  
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7. Other Approaches 

 
 
 
 
Undoubtedly, this research cannot cover everything in area of 
Agent Technology and health care. . One approach can only 
touch one small part of the whole research field. Thus, it is 
helpful to be aware of some relevant approaches, which 
discuss the issues that are not addressed in this research. In this 
chapter, I briefly introduce three other approaches that, I 
believe, are relevant to my own approach.  
 

•  Agents’ competitions in social environments. As stated 
in the beginning, this thesis considers only cooperative 
aspects of computer agents, since it is applied to the 
cooperative health care system. Nevertheless, this does 
not mean that agents are always cooperative in the 
social environment. In most cases, computer agents are 
competitive to each other. Castelfranchi and Lorini 
have explored agents’ social aspects with respect to the 
self-defense in [10, 55]. In their discussion, computer 
agents are supposed to defend themselves from the 
frustrations that are caused by the dangerous actions of 
others. This ‘defensive goal’ is realized through the 
‘expectation’ of the agents. Hereby, I just refer to their 
work as background knowledge to my health care 
application.  

•  Security and privacy. It is accepted that medical data, 
such as medical records and other personal information 
must be treated with the greatest respect with regard to 
privacy [22]. In many countries, e.g. USA, Spain etc, 
rules are written in the law that must be followed by 
the software business to protect such privacy. In this 
case, trust becomes an inevitable topic. If a computer 
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agent is responsible of some health care activities, it 
must be trusted. Otherwise, the users may feel that 
their privacy is being threatened. The trust evaluation 
is a subjective assessment of the object behavior 
(actual or expected) based on the subject’s relevant 
criteria. Some researchers have already explored the 
concept ‘trust’ in heath care system [67].  

•  Peer-to-peer (P2P). In this research, MAS is 
constructed in a hierarchical way. However, some 
researchers may claim that a P2P solution will work 
well, because of the distributed aspects of computer 
agents. I would like to argue that different approaches 
should be adopted in different scenarios. In this 
research, the health care system is considered from 
different point of view – care-receivers and care-
providers. These two main users of the system are not 
P2P/equally related. Besides, within the care-provider 
group, doctors and nurses have different authorities. 
They are not P2P/equally related either. Thus, a 
hierarchical construction of the MAS is adopted other 
than a P2P one in this approach. However, P2P 
construction is well adopted in other situations, e.g. in 
Wound Care Documentation for use of nurses only 
[51].   
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8. Further Research  

 
 
 
 

This chapter introduces how the discussions in the previous 
chapters will be applied to practical world in the future. The 
research emphasis will be the MAS coordination on the macro 
level. More effort will be put into the overall coordination 
mechanism, instead of the individual architectures of agents. 
The theoretical discussion will be applied into the construction 
of the prototype of an agent-based system – Integrated Mobile 
Information Systems for health care.  
 
8.1. Integrated Mobile Information Systems 
 
The project Integrated Mobile Information Systems for health 
care (IMIS)3 is granted by VINNOVA4 in Sweden. The project 
has two main themes:  
 

•  First (patient in focus), the IMIS is to provide the diabetic 
patients with a mobile-network communication platform 
for homecare supervision, self-treatment, preparation 
before face-to-face diagnoses.  

•  Second (care provider in focus), the IMIS is to provide all 
care providers (doctors, nurses, relatives, etc.) with the 
same mobile-network communication platform as the 
patients to access and share the same and right information 

                                                 
3 More details on www.ipd.bth.se/imis  
4 VINNOVA (Swedish Agency for Innovation Systems) integrates research 
and development in technology, transport and working life. VINNOVA´s 
mission is to promote sustainable growth by financing RTD and developing 
effective innovation systems. For more details, see www.vinnova.se  
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on right time for a seamless co-operative work among 
organizations and among persons. 

 
No matter which theme the users belong to, IMIS provides 
them with agent-based services, so-called IMIS agents. These 
agents work on a platform that is constructed based on 
Activity Systems Theory. The coordination mechanism on the 
platform will be constructed based on the discussion in chapter 
four and five in this thesis.  
 
8.2. IMIS Tasks  
 
To deal with the challenges in the diabetic health care system, 
IMIS project provides three kinds of tasks: information 
sharing, organization coordination, and task delegation. IMIS 
agents, which are considered as information agents, perform 
all the IMIS tasks.  
 
8.2.1. Information Sharing  
 
The first challenge that IMIS should face is the distribution of 
information. Diabetic patients are distributed at homes. The 
information about them is also distributed. How to collect, 
analyze, and transform the distributed information efficiently 
is a big challenge. Thus, the first task IMIS agent should 
perform is the information sharing. IMIS agent should be able 
of the following capabilities:   
 

•  Information acquisition and management: IMIS agents 
should be able to gather the patients’ information, 
manage it and store it automatically under the 
authorities of the nurses. For example, the nurses 
frequently need to test the concentration of the blood 
glucose of the patients. This work is usually done by 
hand. The nurses use devices to measure, and then 
write down the data in their diaries. IMIS agents should 
be able to ‘read’ and ‘remember’ these data 
automatically through cable or wireless connections to 
the devices.  

•  Information synthesis and presentation: The 
information gathered should be able to be processed in 
a way that can be presented to the users both reactively 
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and proactively. The doctors and nurses can read the 
raw data and understand it, because they are 
professionally educated. However, people without 
medical background, e.g. most of patients, cannot 
understand all of them. Thus, the IMIS agents are 
supposed to synthesize the data, transform it into user-
understandable information, and present it to the users. 
This process should be done under some strictly 
organized medical rules.  

•  Intelligent user assistance: The diabetic health care is 
often considered a distributed problem-solving 
situation. IMIS agents are supposed to communicate 
with each other. Through the communication, IMIS 
agents help the doctors and nurses making joint-
decisions. This will improve the efficiency of the 
diabetic health care system.  

 
8.2.2. Organization Coordination  
 
The second challenge that IMIS should face is the 
cooperation/coordination among the three parties of the 
diabetic health care: primary care, home care, and home 
service. Figure 8-1 shows their coordination at present. As the 
figure illustrates, there are grey zones existing in between. 
These grey zones stand for the informal and inefficient 
communication channel among them. Patients live in the 
centre of these grey zones.  
 

 
Figure 8-1 Health care community  

1: Patient  
2: District nurse 
3: Staff nurse 
4: Personal assistant 
5: Doctor  
6: Hospital nurse  
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Within the grey zones, different parties need to share their 
information with each other. However, this is not functioning 
well in practice. One problem is the information cannot be 
exchanged timely For example, people send information to 
other parties by fax manually; this often leads to problems that 
the fax is sent to the wrong destination by mistake, or the fax 
is not checked timely, although it is received. To improve the 
grey zone situation, IMIS agents are supposed to coordinate 
their work on a generally shared communication platform. The 
coordination mechanism is predefined on this platform. This 
mechanism is based on the hierarchy and motivation thinking 
of Activity Systems Theory. (See Chapter 5. ) With well-
defined coordination, IMIS agents work in these grey zones 
and connect the three parties in a coherent way.  
 
8.2.3. Task Delegation  
 
The third challenge that IMIS should face is the sociality. The 
diabetic health care is usually performed by the patients 
themselves or low-level nurses. The treatments are delegated 
by doctors and nurses.  This leads to a question: how do IMIS 
agents help delegating the tasks, and to whom? The delegation 
mechanism should be illustrated by the IMIS system.  
 

 
Figure 8-2 Diabetic health care task delegation  

 
As mentioned above, IMIS considers its coordination 
mechanism as hierarchical and motivation driven. On the IMIS 
platform, the care providers’ work is organized in a 
hierarchical way. Thus, the distribution of their work is 
performed based on this hierarchy. The strong point of this 

Patient 

Doctor 

High-level nurse 

Low-level nurse 
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strategy is that there is always a person who is responsible for 
the whole case. As the figure below shows, the doctor is on the 
top level and responsible for the whole case of the patient. The 
doctor delegates the treatments to the high-level nurses, who in 
turn delegate the tasks to the low-level nurses. Therefore, 
IMIS agents that work on different levels are associated with 
corresponding characteristics respectively. Each IMIS agent is 
responsible to look over the agents on the sub-level, and 
reports to the agent on its super-level. The IMIS agents work 
in the same hierarchy as their owners are. They can do most of 
the time-consuming work for their owners, e.g. task 
decomposition, reporting to upper hierarchy etc. This can save 
plenty of time for the care-providers and improve their work 
efficiency.  
 
8.3. Conclusion 
 
This chapter talks about some further work briefly. The 
challenges proposed in the introduction are further discussed 
here with possible solutions to them. Information sharing, 
organization coordination and task delegation are considered 
as alternatives to deal with the challenges of distribution, 
cooperation and sociality of the diabetic health care system 
respectively. The point is to apply the previous discussions to 
the practical world. The IMIS project takes advantage of the 
theoretical discussion about socio-psychology and systems 
science, and provides a coordination mechanism under which 
IMIS agents communicate.  
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9. Conclusion 

 
 
 
 

Return to the research questions proposed in the beginning 
(see Figure 1-1), this chapter attempts to make a conclusion to 
this thesis. I will answer these two questions specifically one 
by one.  
 
9.1. Agents’ Systematic Perspectives 
 
Regarding the first question: what perspectives can systems 
science and socio-psychology give to the Agent Technology in 
a diabetic health care system? I believe that Agent Technology 
is given systematic perspectives from systems science and 
socio-psychology. Systematic thinking (science) is different 
from the analytical thinking. Analytical thinking is considered 
as an anonym of scientific thinking, which is described by 
Checkland [13] as: ‘we may reduce the complexity of the 
variety of the real world in experiments whose results are 
validated by their repeatability, and we may build knowledge 
by the refutation of hypotheses.’ Reductionism, repeatability 
and refutation are the three characteristics of scientific 
thinking.  
 
Scientific (analytical) thinking faces challenges, when dealing 
with extremely complex phenomena, e.g. in biology, 
management, social science etc. Take an example from the 
thesis. The diabetic health care system is complex and 
involves aspects of various fields, e.g. management and social 
science. Consequently, the agent-based computer system that 
is developed to serve the health care should be able to handle 
the complexity to some extent. However, analytical thinking 
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alone cannot handle this due to its limitation. As a response, 
systematic thinking tries to handle the complexity with the 
thinking of ‘emergence and hierarchy’ and ‘communication 
and control’.  
 
In diabetic health care, social and human aspects must be 
considered. For example, a computer agent can perform the 
same function as a human agent with much higher efficiency. 
Theoretically speaking, the computer agent may take the place 
of the human agent. However, in reality this is not always 
feasible. Some patients, especially the elder people, do not 
trust machines like computers. They only trust real human 
beings. Aspects like this must be considered before an agent-
based system is designed and implemented for the use of 
diabetic care. This job cannot be done by an analytical method. 
In this case, I would like to say that Agent Technology should 
be given systematic perspectives before they are applied to the 
diabetic health care system. In this thesis, systematic 
perspectives are adopted through the introduction of Activity 
Theory. Agent Technology is thus discussed from systems 
science point of view – ‘holism, hierarchy and feedback’ in 
chapter four and ‘motivation driven coordination’ in chapter 
five.  
 
9.2. Agents in Health Care 
 
Regarding the second research question: to what extent can the 
health care work be supported by adopting an agent-based 
approach? This can also be understood as: to what extent can 
agent ‘intelligently’ play our roles in the reality? Computer 
agents are far from ‘intelligent beings’ at present. The 
consensus in the agent research fields believes that agents’ 
intelligent capabilities includes, at least but not limited, 
reactivity, proactivity and social activity [87]. This provides a 
framework for researchers to adopt when they analyze, design 
and implement agent-based system in social environments.  
 
This research follows and adds systematic perspectives to this 
framework. In application, agents’ systematic perspectives 
appear with their intelligent behaviors in the diabetic health 
care. This thesis classifies the behaviors of agent-based 
systems into three categories: information sharing, 
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organization coordination and task delegation. To perform 
these capabilities, agents are constructed in a cybernetic 
architecture (chapter three); and knowledge components are 
included (chapter six) as well. In practical research, the 
intelligence of computer agents is limited due to the 
framework of reactivity, proactivity, and social activity. 
Although there are many roles that a computer agent may play 
in health care work, it is, at least for now, practically not 
feasible.  
 
9.3. In the Final End 
 
This thesis mainly describes a research approach from the 
practical world to the theoretical study, then back to the 
practical world. The diabetic health care system is my research 
field. Agent Technology is the core of the theoretical study. 
Systems science, socio-psychology and knowledge 
engineering are the approaches to develop Agent Technology. 
Finally, the theoretical study is applied to the practical world 
and results in an E-health system.  
 
To look into the future, more efforts will be focused on the 
design and implementation of an agent-based system. The 
MAS coordination mechanism discussed in this thesis will be 
evaluated. The practical work will lead to a refined theoretical 
contribution to the Agent Technology. 
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