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This thesis proposes a holistic and hierarchical ar-
chitecture to Multi-agent System design, in order 
to resolve the collaboration problem in diabetic 
healthcare system. A diabetic healthcare system is 
a complex and social system in the case that it 
involves many actors and interrelations. Collabo-
rations among various healthcare actors are vital 
to the quality of diabetic healthcare. The collabo-
ration problem is manifested by the problems of 
accessibility and interoperability. 
  
To support the collaboration in diabetic healthca-
re as such a complex and social system, the MAS 
must have corresponding social entities and re-
lationships. Therefore, it is assumed that theories 
explaining social activity can be applied to design 
of MAS. Activity Theory, specifically its holistic tri-
angle model from Engström and hierarchy thin-
king, provides theoretical supports to the design 
of individual agent architecture and MAS coordi-
nation mechanism. It is argued that the holistic 
and hierarchical aspects should be designed in a 
MAS when applied to the healthcare setting. 
  
The diabetic healthcare system is analyzed on 
three levels based on the hierarchy thinking. The 

collaboration problem is analyzed and resolved via 
MAS coordination. Based on the holistic activity 
model in Activity Theory, Müller’s Vertical Layered 
Architecture is re-conceptualized in the Control 
Unit and Knowledge Base design. It is also argued 
that autonomy, adaptivity and persona should be 
especially focused when designing the interaction 
between an agent system and human users. 
  
This study has firstly identified some important 
social aspects and the technical feasibility of em-
bedding those identified social aspects in agent ar-
chitecture design. Secondly, a MAS was developed 
to illustrate how to apply the proposed architec-
ture to design a MAS to resolve the collaboration 
problem in diabetic healthcare system. 
  
We have designed and implemented an agent 
system – IMAS (Integrated Multi-agent System) 
to validate the research questions and contribu-
tions. IMAS system provides real time monitoring, 
diabetic healthcare management and decision sup-
ports to the diabetic healthcare actors. A user as-
sessment has been conducted to validate that the 
quality of the current diabetic healthcare system 
can be improved with the introduction of IMAS. 
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Abstract 

Abstract

This thesis proposes a holistic and hierarchical architecture to 
Multi-agent System design, in order to resolve the 
collaboration problem in diabetic healthcare system. A 
diabetic healthcare system is a complex and social system in 
the case that it involves many actors and interrelations. 
Collaborations among various healthcare actors are vital to the 
quality of diabetic healthcare. The collaboration problem is 
manifested by the problems of accessibility and 
interoperability. 

To support the collaboration in diabetic healthcare as such a 
complex and social system, the MAS must have corresponding 
social entities and relationships. Therefore, it is assumed that 
theories explaining social activity can be applied to design of 
MAS. Activity Theory, specifically its holistic triangle model 
from Engström and hierarchy thinking, provides theoretical 
supports to the design of individual agent architecture and 
MAS coordination mechanism. It is argued that the holistic 
and hierarchical aspects should be designed in a MAS when 
applied to the healthcare setting.

The diabetic healthcare system is analyzed on three levels 
based on the hierarchy thinking. The collaboration problem is 
analyzed and resolved via MAS coordination. Based on the 
holistic activity model in Activity Theory, Müller’s Vertical 
Layered Architecture is re-conceptualized in the Control Unit 
and Knowledge Base design. It is also argued that autonomy, 
adaptivity and persona should be especially focused when 
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designing the interaction between an agent system and human 
users.

This study has firstly identified some important social aspects 
and the technical feasibility of embedding those identified 
social aspects in agent architecture design. Secondly, a MAS 
was developed to illustrate how to apply the proposed 
architecture to design a MAS to resolve the collaboration 
problem in diabetic healthcare system.  

We have designed and implemented an agent system – IMAS 
(Integrated Multi-agent System) to validate the research 
questions and contributions. IMAS system provides real time 
monitoring, diabetic healthcare management and decision 
supports to the diabetic healthcare actors. A user assessment 
has been conducted to validate that the quality of the current 
diabetic healthcare system can be improved with the 
introduction of IMAS.

Keywords: Multi-agent Systems (MAS), agent architecture, 
coordination, Diabetic healthcare collaboration, Activity 
Theory, holistic, hierarchy
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1. BACKGROUND

1.1. Collaboration in diabetic healthcare – a problem 

situation

The practice of healthcare in general tends to be specialized, 
i.e., doctors and nurses are more and more concentrating on 
their own narrow medical areas. Diabetic patients, 
unfortunately, often suffer from various kinds of 
complications, which need care providers, e.g., doctors, nurses 
etc., from corresponding medical areas to collaborate with 
each other.

Collaboration is hereby defined as the interaction activities 
among diabetic healthcare actors. The actors refer to all 
persons related to the diabetic healthcare, including patients, 
doctors, nurses, relatives and so on. To be more specific, 
collaboration includes the communication of complex and 
diverse forms of information between a variety of clinical and 
other settings, as well as the coordination between groups of 
health care professionals with very different skills and roles 
[1]. The collaboration problem is hereby analyzed through the 
problems of accessibility and interoperability.

There are two kinds of accessibilities in diabetic healthcare, 
namely, physical service accessibility and information
accessibility. Physical service accessibility means that medical 
resources should be available to healthcare actors anywhere at 
any time. To be accessible to the physical service regardless of 
where and when, relevant information must be accessible at 
that point of need, which is called information accessibility. 
This study only focuses on the information accessibility, 
which is also called ‘eAccessiblity’ by European Commission 
FP7 ICT Work Programme [2].  The diabetes related 
information is distributed at various sources. For example, the 
records of diabetic patients are located in several healthcare 
organizations, i.e., care centers, hospitals, schools (in case of 
children) etc. Some information is stored on personal home 
computers. The information accessibility in diabetic healthcare 
is considered problematic due to the missing of a formal 
communication channel among the various information 
sources. An obvious consequence of this problem is that 
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required information cannot be reached by corresponding care 
providers at the point of need.

The problem of interoperability means that healthcare actors 
have to deal with huge and widely dispersed various kind of 
information in different standards [3]. In addition, information 
from one source is not operable at another place. For example, 
patients normally take daily care of themselves with some 
medical devices like digital glucometers, scales, blood 
pressure monitors. Those devices can store the measured data 
either in their memory or on a permanent storage like the 
personal computer of patients or database servers of the 
product companies. Those data are very useful for doctors to 
make diagnosis. However, doctors cannot process those data 
from their own computer systems, due to the different data 
format/platform of the medical products.  

A good collaboration in diabetic healthcare is expected to be 
that healthcare actors can access to the required information 
from distributed sources in a standard that the information can 
be operated directly in their own systems. More details about 
the collaborations are further described in Paper III ‘Applying 
Multi-agent Systems Coordination to the Diabetic Healthcare 
Collaboration’.

1.2. Agents and Multi-agent Systems – a proposed solution 

This research proposes agent technology, specifically Multi-
agent Systems (MAS) coordination as a possible solution to 
the above collaboration problem. 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 [4]. An agent is defined as ‘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 [5].’ MAS are typically 
distributed systems in which several distinct components, each 
of which is an independent problem-solving agent come 
together to form some coherent whole [6].  
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Coordination is a property of a system of agents performing 
some activity in a shared environment [7]. With coordination, 
agents may accomplish some tasks that are unable to be 
accomplished by themselves alone. In a MAS, software agents 
need to communicate with each other and coordinate their 
actions in order to achieve their pre-defined objectives. 
Normally the interaction activities and inter-relationships of 
agents are established at run time. Agents, as autonomic 
entities, search for appropriate agents and coordinate their 
goals with them. A MAS might not have a global goal (joint-
intention) that is possessed by all agents, for example, a group 
of self-interested agents [8].

The autonomy of agents does not mean that agents should 
have full freedom in their coordination. Norms and guidance is 
necessary to regulate and control MAS coordination. Such 
kind of regulation and control can be realized with predefined 
ontology and protocols.

Ontology. Ontologies provide a shared understanding of 
certain domains that can be communicated between people 
and application systems [9]. Ontology is a formal, explicit 
specification of a shared conceptualization [10]. A 
conceptualization refers to an abstract model of some 
phenomenon in the world, which identifies the relevant 
concepts of that phenomenon [9]. In agent technology, an 
ontology is essentially a collection of schemas that typically 
does not evolve during an agent lifetime [11]. Concepts, 
predicates and agent actions are some common agent 
ontology elements. All agents in a MAS must have the same 
interpretation on each element. For example, in a calendar 
coordination scenario, the ontology elements might include 
a concept named ‘meeting’, and a predicate named 
‘meetingProposal’, and an agent action named ‘call’. Thus, 
these ‘words’ have the same semantic meanings to all 
agents.
Protocol. Agent Communication Language provides a 
standardized set of primitives (the performatives or 
communicative acts); each one with a well-defined 
semantics. One of the major advantages of this characteristic 
is the possibility to specify predefined sequences of 
messages that can be applied in several situations that share 
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the same communication pattern regardless of the 
application domain. Such sequences of messages are known 
as interaction protocols [11].

2. RELEVANCE TO EXISTING RESEARCH

MAS techniques have been applied to various health care 
fields such as telemonitoring [12], medical monitoring and 
diagnosis [13-15], remote service and scheduling [16], elderly 
care and home care [17, 18] and healthcare coordination [19, 
20].

Most of the applications above are focused on decision support 
systems, diagnosis and monitoring, coordination and 
management etc., in the hospitalized settings. In the case of 
chronic diseases, e.g. diabetes, most of the healthcare is given 
at homes or in other un-hospitalized settings. In such a diabetic 
healthcare system, the following functionalities are often 
considered important:

Patient self-care with agent-based personal assistant:
Agents are able to support their users with intelligent 
assistants, such as simple diagnosis based on newly 
measured medical data. A better self-care of patients may 
very much reduce the number of visiting to hospitals. This, 
somehow, reduce the collaboration burden in diabetic 
healthcare.  SuperAssist project introduced personal 
assistants to the self-care of diabetic patients. It assists the 
patients themselves, the medical specialists, and the 
technical specialists [21]. The SuperAssist framework aims 
at reducing the costs by improving the local, self-care 
capacity of people by efficient employment of remote, 
distributed expertise. SuperAssist concentrates on the 
distributed healthcare for the diabetic patients, which is also 
the focus of this research. Especially SuperAssist tried to 
connect various medical devices to corresponding care-
providers, which makes it possible for care-providers to take 
care of their patients remotely. However, the terminals of 
SuperAssist system are medical devices and gateways, 
which do not have any ‘intelligence’ or autonomy. Thus, 
user direct manipulation is necessary in order to manipulate 
the system.  

- 5 - 
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Decision support to actors via diabetic monitoring and 
alarm: Another important aspect is that decision supports 
should be provided to healthcare providers in order for them 
to make better diagnosis. This can be realized via real-time 
monitoring and alarm system. For example, M2DM [22, 23] 
application provides telemedicine service that can monitor 
and receive blood glucose data, pass it to an intelligent agent 
that interprets the data and if needed triggers an alarm. The 
main contribution of the M2DM project is combining 
statistics, rule-based techniques and model-based techniques 
in its Knowledge Management agents in order to process the 
patient data and generate alarms automatically. M2DM is a 
centralized agent system with distributed client 
terminals/interfaces, which might be installed on mobile 
devices. The idea of monitoring the glucose changes and 
generating alarms automatically is the same as this research. 
Trust from healthcare actors. Trust is an important issue in 
healthcare related research. When introducing an agent 
system to the diabetic healthcare system, trust from 
healthcare actors should be considered. For example, when 
users delegate tasks to agents, a trust relationship between 
the user and the agent is built. The trust building may be 
realized in various ways. For example, Alfebiite project 
described a Prolog-based validation system for task 
allocation and solution to keep track on roles, 
responsibilities and competences of healthcare personal 
[24]. A rule base together with a Prolog interpreter was 
designed and simulated as the testbed. The project was 
conducted based on a framework that support designing and 
implementing trustworthy electronically mediated services 
in E-health [25]. The Alfebitte project has its main 
contribution on integrating trust into the task delegation in 
healthcare. Alfebitte project is an important complementary 
research to this research in trust related field. 

3. RESEARCH QUESTIONS

Diabetic healthcare is a complex social system that involves 
human factors and collaboration. To support the collaboration 
in diabetic healthcare as such, the designed MAS should have 
corresponding social entities and relationships as in the reality. 
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Therefore, it is assumed that theories explaining social activity 
can be applied to the design of MAS. Agents are often used to 
simulate human behaviors and they are often constructed as an 
organization [26]. Activity Theory, as a theory to explain 
human organizations, provides with comprehensive social 
aspects of human activity, such as holistic and hierarchy 
thinking. Fuentes et al. [27] stated, ‘the use of this social 
theory (Activity Theory) is feasible on agent-oriented 
methodologies as they have an intentional and collective 
component similar to what Activity Theory assumes on human 
organizations.

Social aspects are considered essential to the architecture and 
interrelation design of MAS. In this study, I define research 
my questions as:

1. What social aspects should be considered when 
developing a MAS to resolve the diabetic healthcare 
collaboration problem, i.e., information accessibility 
and interoperability? 

2. How to design and implement these aspects concretely 
in MAS architecture to support diabetic healthcare 
collaboration? 

The research starts with the analysis of the collaboration 
problem in diabetic healthcare. The collaboration problem is 
analyzed and decomposed to several coordination 
problems/tasks, such as information accessing and sharing, 
calendar sharing and arrangement, and decision support. Based 
on Activity Theory, the coordination tasks are defined with the 
context [28]. Agents should be aware of the contexts when 
performing the coordination tasks. Therefore, the first research 
question focuses on how to define agents with social aspects 
based on Activity Theory. The second research question 
focuses on how to design and implement agents with the 
defined social aspects.
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Figure 1. Research questions and activities. Agent technology is 
considered as the conjunction point of the two research activities. Dashed 
lines illustrate that the researchers are connected with the healthcare actors 

via needs specification and system assessment.

The research questions were answered through conducting two 
research activities, MAS design and implementation, and 
MAS application. Agent technology is considered as the 
conjunction point that connects these two research activities. 
The first research activity was conducted based on a literature 
study. The output of the first research activity is a holistic and 
hierarchical agent architecture and MAS coordination 
mechanism. The second research activity is about applying the 
output of the first research activity to the diabetic healthcare 
application. The output of the first research activity should 
satisfy the requirements of the second research activity. This is 
validated by a field study/user needs specification in the 
beginning and an assessment in the end. Details of the two 
research activities are described in the following sections. 

4. RESEARCH METHODOLOGY

Research methodology is the strategies and tactics that will be 
used to answer the research questions. Manstead and Semin 
[29] stated that ‘the strategies and tactics you select in carrying 
out a piece of research depend very much on the type of 
research question you are trying to answer.’ The proposed 
research question one requires a literature study on both agent 
technology and human activity systems.  Research question 
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two requires the design and implementation of an agent 
system, followed by a simulation and assessment of the new 
system in the diabetic healthcare system. Thus, the ‘strategies’ 
of this research consist of the following methods.  

Literature study. The literature study on agent technology 
and Engström’s activity model [30] led to the design of a 
holistic and hierarchical agent architecture, which is revised 
based on Müller’s Vertical Layer Agent architecture [31]. 
Engström’s triangle activity model provides a good 
framework for the re-conceptualization and re-construction 
of Müller’s architecture.  

Simulation. Simulations attempt to carry over the essential 
structural elements of some real world phenomenon into a 
relatively well controlled environment [32]. The diabetic 
healthcare system is abstracted to a model that is built 
around the collaboration problems. Patients, parents, and 
medical staffs are considered as important healthcare actors 
in the system. In such a simulated setting, we implemented 
an agent-based system that is expected to provide personal 
assistant and decision support to the simulated actors.  

Assessment. The purpose of an assessment is to assess the 
effects and effectiveness of something, typically some 
innovation, intervention, policy practice or service [32]. 
Nurses from hospitals and schools were chosen to take 
participant in the assessment of the agent system. Details of 
the assessment will be described later.  

Interviews and survey. Interview and survey are methods 
that run through the whole research. In 2002, we conducted 
a survey among children with diabetes and their families in 
Blekinge in order to get information about the needs of ICT 
(Information Community Technology) support to the daily 
life of a child with diabetic.  This survey consisted of a 
questionnaire, which was designed based on the activity 
model from Engström [30]. About 80 families with children 
in age of 7 to 18 were contacted. 55 of the 80 (69%) families 
answered the survey and returned to us. Interviews with 
nurses were conducted during the whole research process in 
order to verify the research progress. During the assessment, 
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two interviews were conducted in order to get feedback 
from the healthcare actors.  

5. THEORETICAL STUDY ON MAS

DEVELOPMENT – RESEARCH ACTIVITY ONE

Activity Theory, specifically its holistic triangle model from 
Engström [30] and hierarchy thinking [28], provides 
theoretical supports to the design of individual agent 
architecture and MAS coordination mechanism. It is argued 
that the holistic and hierarchical aspects should be considered 
in the design of a MAS when applied to the healthcare setting 
[33].

5.1. Holistic and hierarchical aspects  

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. Activity Theory itself is a 
complicated subject to study. In this research, I only adopt the 
holistic activity model and hierarchy thinking.   

5.1.1 Holistic activity model 
According to Nardi [28], an activity is also understood as 
context. Context is ‘the complexities of particular situations at 
particular times with particular individuals’. An activity is 
considered collective, since it always focuses on complex 
interrelations between the individual subject and his or her 
community [34].

Tool 

Figure 2 An activity, based on [30]

According to Engström [30], an activity consists of six 
components, subject, object, tool, rule, community, and labor 

Subject Object

Labor Div. Rule Community

Outcome 
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division. An activity is carried out by a subject, which is a 
group of individuals. (See Figure 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 refers to the explicit and implicit 
responsibilities to the object within the community. 

5.1.2 Hierarchical thinking 
Activity theorists consider an activity on three layers. The 
lowest layer is an operation, which answers the question of 
how to do a manipulation. An operation is a manipulation that 
we know so well that we do not need to deliberate or plan 
before we do it. As long as the prerequisite or the condition is 
satisfied, the operation can be conducted as a routine. The 
middle layer is an action, which answers the question of what 
to do. Before we do something new to us, we must make a 
plan first. The process of making a plan is deliberation, which 
generates a goal for the action. However, when we get used to 
this action and do not need to deliberate for it, this action 
collapses into an operation. The highest layer is an activity,
which answers the question of why to do it. An activity is 
driven by a motivation. Motivation is the need or desire that 
the subject of an activity should be able to satisfy.

Figure 3 Activity Hierarchy, based on Nardi [28]

Activity

Action Action

Operation Operation Operation Operation

Motivation

Goal

Condition

As Figure 3 illustrates, an activity is driven by a motivation 
and divided into individual or group actions. An action is 
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driven by a goal and divided into automatic operations, which 
are driven by conditions. Several operations can make up one 
action and several actions make up one activity. Nevertheless, 
the same action may belong to different activities. 

5.2. Individual agent architecture design 

Based on the holistic and hierarchical aspects introduced 
above, Müller’s vertical layered architecture [31] is re-
conceptualized and re-constructed in the Control Unit and 
Knowledge Base design. The vertical layered architecture was 
introduced by Müller in his InteRRap agent model [31]. One 
of the key ideas of InteRRap model is the hierarchical 
structure. The Control Unit and Knowledge Base of InteRRap 
agents are divided into three layers, which are responsible for 
agent reactive, goal-directed, and cooperative behaviors. This 
has a good match with the activity-action-operation hierarchy 
in Activity Theory.   

The vertical layered architecture has been detailedly described 
elsewhere [35]. Hereby I will only focus on the aspects that I 
gave from Activity Theory perspectives. Figure 4 is the 
vertical layered architecture that is re-conceptualized and re-
constructed with the holistic and hierarchical aspects.  

Action

Reactivity (Condition) 

Proactivity (Goal) 

Agent C
ontrol U

nits 

Social Activity 
(Motivation)

Cooperation knowledge
Social Context 

Planning knowledge 
Local Plans 

K
now

ledge Base 

Patterns of behaviors 
Environment Model 

Communication Perception
Interface
Layer

Environment EnvironmentAgent Agent

Control Flow Information Access 

Figure 4 Vertical layered agent architecture re-conceptualized with holistic 
and hierarchical aspects 
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Holistic aspects. When applied in a social system, computer 
agents represent corresponding roles in the reality. These 
roles only make senses in corresponding contexts, which are 
the activities of agents. Thus, when defining such a social 
agent, its corresponding contexts/activities should also be 
defined. Based on the triangle activity model, six 
components of an agent activity are defined, namely subject 
(agent), object (agent), tool, rule, community and labor 
division. These six components are correspondingly 
categorized into three parts in the agent Knowledge Base, 
Environment Model, Local Plans, and Social Context. See 
Figure 5. By defining an agent with its activity, we give 
holistic aspects to the individual agent architecture design. 
More details about the Knowledge Base design is given in 
Paper IV ‘Enhance Collaboration in Diabetic Healthcare 
for Children’.
Hierarchical aspects. The Control Unit (CU) of an agent is 
divided on three layers, namely Social Activity, Proactivity, 
and Reactivity. Correspondingly, the Knowledge Base (KB) 
is also divided into three layers, Social Context, Local Plans, 
and Environment Model. The constructions of CU and KB 
are interpreted with the activity-action-operation hierarchy. 
Reactivity in CU is responsible for the agent operations, 
which are the basic functionalities of agents. Agents may 
accomplish operations/reactivities by themselves alone. 
Corresponding knowledge that is needed for a reactivity is 
stored in the Environment Model of KB. Proactivity is 
responsible for the agent actions, which are usually made up 
of series of agent operations. Agents may need coordination 
with others in order to accomplish actions. An agent should 
possess a goal for a specific action. Agents also need 
knowledge about how to make a plan to achieve the goal. 
Such knowledge is stored in the Local Plans in KB. Social
Activity is responsible for the goal deliberation process of 
agents. That is, before adopting a goal, an agent needs to be 
confirmed that this goal will not damage the interests of the 
whole society (MAS). Corresponding knowledge is stored 
in the Social Context in KB.
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Local plans 

Figure 5 a holistic definition of an agent (subject agent)

5.3. MAS coordination mechanism design 

The design of MAS coordination mechanism depends very 
much on the application that the MAS will be applied to. In 
this research, MAS coordination is considered as a part of the 
diabetic healthcare collaboration, because computer agents can 
only take partially the human roles in the diabetic healthcare 
system. Some important human roles, like important decision-
making, must be played by human beings. When designing the 
coordination mechanism for such a MAS, it is important to 
distinguish what agents can do and what they cannot. That is, 
what is the boundary for MAS coordination?  

Figure 6 Diabetic healthcare collaboration – a snapshot

Figure 6 is a snapshot of the designed diabetic healthcare 
collaboration architecture. The collaboration is analyzed on 
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three layers, collaboration, coordination and communication. 
Collaboration happens among the healthcare actors in the real 
world. Coordination and communication happen among 
computer agents in a MAS. Each actor is assisted with an 
agent. The collaboration-coordination-communication 
hierarchy is rather dynamic. At a specific time point, an agent 
may coordinate its actions with other agents. At the same time, 
it can also communicate with other agents by sending and 
receiving agent messages. Some details about the collaboration 
design are given as followings.

The collaboration is the interaction activities of a group of 
relevant healthcare actors. Through user needs specification, 
collaboration activities are defined, such as, glucose 
management, calendar arrangement, task delegation and so 
on.
The coordination stands for the specific actions/tasks of 
healthcare actors in a specified collaboration activity. For 
example, two actors need to coordinate their calendars 
together, in order to make an appointment. The coordination 
is supported by software agents.
Communication stands for the low-level information and 
data exchanging between software agents. For example, the 
medical data, such as glucose level, are transferred via agent 
communication messages. Such communications should be 
organized in a standard protocol. In addition, the messages 
should share a common conceptualization (ontology) so that 
agents will not give different interpretation to the same 
concept. This can be easily realized through some 
predefined Agent Communication Languages, such as FIPA 
ACL [36], KIF [37], KQML [38] and so on.

The collaboration in diabetic healthcare is divided into 
coordination among healthcare actors, who are assisted by 
computer agents. In this way, the design of MAS coordination 
mechanism reflects corresponding social aspects in the real 
diabetic healthcare system.
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6. MAS APPLICATION IN DIABETIC 

HEALTHCARE – RESEARCH ACTIVITY TWO

The theoretical study on MAS leads to the development of an 
agent based diabetic healthcare management system – IMAS. 
IMAS provides diabetic care actors with diabetic monitoring, 
decision support tools in order for them to collaborate better.  

6.1. IMAS

IMAS agent system was developed using Gaia methodology 
[39] on JADE platform [11]. So far, the first prototype of 
IMAS system has been implemented to illustrate the feasibility 
of applying agent technology to the daily healthcare of 
diabetes.

IMAS system adopts the holistic and hierarchical design for 
individual agent architecture. The six components from the 
triangle activity model are built into the design of the 
Knowledge Base. These components enable IMAS agents 
always to consider the context in its deliberation process. And 
the deliberation process is hidden from the end users. Thus, 
users need not to be aware of or interfere in the deliberation 
process.

Three collaboration activities are considered, glucose 
management, calendar arrangement and task delegation. 
Correspondingly, IMAS defines agent services such as, patient 
activity control, glucose monitoring, alarm management, 
meeting proposal and response, and task proposal and 
response. Details of the IMAS agent system is further 
introduced in Paper III ‘Applying MAS Coordination to the 
Diabetic Healthcare Collaboration’ and Paper IV ‘Enhance 
Collaboration in Diabetic Healthcare for Children using 
MAS’.

6.2. Assessment

An assessment was conducted in order to testify whether the 
IMAS system is able to improve the collaboration situation in 
diabetic healthcare.  One hospital nurse and one school nurse 
were chosen to test the IMAS system in order to provide their 
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perspectives form both hospitals and schools. The hospital 
nurse did the assessment in the office of the developer at the 
Soft Center, Ronneby. The school nurse did the assessment in 
her own office in the school. For privacy reasons, their names 
are anonymous here. More details about the assessment can be 
found in Appendix I.

6.2.1 Assessment setup 
There are two components in the assessment, a simulation, 
which contains five simple manipulation tasks, and an 
interview, which contains a question list. The main 
responsibility of the developer is to simulate the medical data, 
glucose level in this simulation, assign tasks to the testers to 
conduct, and give an interview to the testers in the end. The 
testers’ main responsibilities are to conduct the simulation 
tasks, handling alarms that pop up during the simulation, and 
participate in the interview. During the simulation, the testers 
used the ‘think aloud’ technique. Their manipulations on the 
screen and their voice were recorded for archive purpose. The 
assessment report is provided in Appendix I.

Tester

Think aloud 
Screen manipulation recorded 
Voice recorded 
Conduct simulation tasks 
interviewee

Developer

Signal simulation (glucose 
level)
Assign simulation tasks 
interviewer

Figure 7 Assessment setup

6.2.2 Simulation
The testers were supposed to manipulate the system by 
themselves, with enough and necessary hints from the 
developer. The results from the simulation were analyzed in 
three aspects: agent based coordination, decision support, and 
user interaction.
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Agent based coordination. The functionalities that were 
tested in this part were alarming and meeting scheduling. 
The feedback from hospital side was that with such kind of 
autonomy computer agents might help patients taking better 
care of themselves. Functionalities like scheduling will very 
much improve the work efficiency of hospitals. The number 
of patients visiting will be very much decreased, which in 
consequence will save a lot of time and money for hospitals. 
While the school nurse thought that, they were only 
involved in the healthcare, instead of the illness care. Thus, 
the agent-based coordination might provide a better help 
better to patients, parents and hospitals.
Decision support. The functionalities that were tested in this 
part were the decision support tools, e.g., glucose 
monitoring, average glucose report/chart, and patient 
activity record. This part attracted interests from both 
hospitals and schools. Neither of them is fully satisfied with 
their current systems in aspects of decision support. Some 
information, like patient activity record, is very useful for 
them to make diagnosis or give treatments to the patients. 
Some data mining techniques might contribute to such kind 
of decision support. For example, the school nurse 
especially asked that the system should bring the glucose 
average chart and the activity record together and try to 
compare them in order to draw some conclusions that some 
special activities from the patient may lead to some 
consequences in the glucose levels. This kind of ‘knowledge 
mining’ work is conducted by human professionals 
nowadays. Nevertheless, it might be improved or facilitated 
by computer agents.  
User interaction. This part was about how the testers 
interacted with the system. The agent interface was designed 
to be simple, since most of the ‘user direct manipulations’ 
are supposed to be simplified and hidden from users. 
Computer agents take more responsibilities in details 
processing. The first prototype of IMAS still needs some 
improvements on the user interface. Testers, in this case, 
gave suggestions regarding how to improve the interface, 
compared with their current systems. The new system 
should be somehow consistent with their current systems in 
user interactions.
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6.2.3 Interview 
The interview contained discussions in three categories based 
on the simulations, namely communication problem, 
intelligent decision support and privacy. A brief summary of 
the interview result is given below. A full description of the 
interview is given in Appendix I.

Communication problem. The communication between 
patients and hospitals is expected to be simplified by IMAS. 
As one of the testers said, “if you have a system that can 
measure some health related data with something like 
computer chips, and if you can catch the patient before they 
get very sick, you will save a lot of money. Emergency is 
very expensive. Besides, the patient will live much better not 
only physically but also mentally.” The hospital nurse thinks 
that the idea of using agents to simplify the communication 
will save much time and money for hospitals.  

Intelligent decision support. As medical professionals, 
testers brought up many good ideas. They introduced some 
existing projects and applications, for examples, distant 
diagnosis from home in north Sweden, HBA1C diagnosis 
etc. IMAS system will benefit from these projects and 
applications in the future. The nurses were pleased with the 
idea that agents might provide decision supports to them 
with user delegated autonomy. Nevertheless, they think the 
details of decision support should be improved, as they said, 
“with this system, the doctor might need to know about each 
patients… because I need many information to make a 
precise diagnosis. Like, I know that he likes candy; he is 
young and like drinking and so on. So much related 
information is needed. Diabetic doctors need to know their 
patients. How they live and so on. Only if they know their 
patients, they many easier understand the charts.” 

Privacy. The nurses confirmed that the patient privacy 
would not be violated by the IMAS system. As the hospital 
nurse mentioned, the patient record can be legally accessed 
by their corresponding care-providers at hospitals. When the 
patient record is accessed from outside hospitals, a 
permission from the patient must be provided. Such kind of 
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patient permissions can be implemented in the computerized 
system.  

6.2.4 Summary
The assessment received valuable viewpoints from both 
hospital and school nurses. In general aspects, the IMAS 
system has promising future in aspects of simplifying the 
communication work, improving the collaboration in care 
providers, and providing intelligent decision supports to the 
patients.

Still, as the first prototype of IMAS, the system suffers from 
some problems with the user interactions, details of decision 
support functionalities, which should be improved in the next 
version of the systems. 

7. INCLUDED PAPERS

The main results of this research are described in the following 
included papers. See Table 1. Included papers are written 
around the two research questions. Paper I, II, IV and V are 
mostly about the MAS development, Paper III, IV, VI and VII 
are mostly about the MAS application. The asterisk symbols in   
Table 1 indicate the weights of each paper related to respected 
research questions.

Table 1 Included papers

Paper RQ 1 RQ 2 
I **** *
II **** *
III * ****
IV ** ***
V ***
VI ***
VII **

Paper I, “An Activity Systems Theory Approach to Agent 
Technology”, provides the theoretical base for this research. 
Activity Theory, discussed with systemic aspects, is 
introduced to describe Multi-agent Systems. Three principles, 
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namely holism, hierarchy, and feedback principles, are 
introduced to the development of MAS. We argued that a 
holistic view on individual agent should be given during the 
analysis process of a MAS. Hierarchy is used to demonstrate 
how to categorize agents in a MAS. Feedback principle is 
introduced to analyze the interrelations among agents in a 
MAS.

Paper II, “Motivation-driven Multi-agent Systems 
Coordination in Healthcare”, specifically explores MAS 
coordination from Activity Theory point of view. The 
concepts ‘motivation’ and ‘hierarchy’ from Activity Theory 
are used to describe the motivation-driven MAS coordination 
mechanism, which was applied to a healthcare scenario in the 
end.

In Paper III, “Applying Multi-agent Systems Coordination to 
the Diabetic Healthcare Collaboration”, diabetic healthcare is 
characterized by the collaboration problem, which is 
manifested by problems of accessibility and interoperability. 
The interactions among diabetic healthcare actors are 
categorized on three layers, collaboration, coordination and 
communication. Software agents are designed to work on the 
coordination and communication layers, and support the 
collaboration among human actors. An agent systems – IMAS 
– is introduced as a case in the end.

Paper IV, “Enhance Collaboration in Diabetic Healthcare for 
Children using Multi-agent Systems”, presents mostly 
technical details of the IMAS agent systems. IMAS is able to 
resolve problems related to the difficulty to communicate 
between the stakeholders in the problem domain. In addition, 
it gives us an opportunity to use intelligent decision support to 
help the healthcare actors. This has the potential to improve 
the collaboration, and in the long run, the economy for the 
health providers, the work situation of the health care staff, as 
well as the health of the patients. 

In Paper V, “Enhance Flexibility in Human Agent 
Interaction”, we talked about how human users may better 
interact with software agents, compared with an ordinary 
Information Systems. Human Agent Interaction (HAI) is 
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considered as a sub area in Human Computer Interaction 
(HCI), in which the computer systems are specified as agent 
systems. Computer agents are different from traditional 
Information Systems in aspects of autonomy, adaptivity, and 
persona when interacting with human users. The usability 
principles in HCI research should be refined to focus on agent 
special characteristics when designing agent systems. We 
argue that flexibility should be especially enhanced in such a 
case.

Paper VI, “Knowledge Integrated Agent Technology with 
CommonKADS”, describes the Knowledge Engineering issues 
in software agent development. Agents should possess a 
Knowledge Base component in order to perform automatic 
actions. How agents from different platforms communicate 
with each other requires an agreement on the ontology and 
communication protocols. This paper provides a methodology 
to handle the knowledge base related issues on agent 
development.  

Paper VII, “Developing a Semantic Web Services for 
Interoperability in Diabetic Healthcare”, deals with the design 
problems in healthcare information systems on how to adapt to 
dynamic factors and diversities in order to reach the 
interoperability between healthcare actors. Those dynamic 
factors and diversities are caused by, for example, constant 
suggestions from users, changes in the applied technologies, 
and after-learning related stepwise progresses. We suggest 
applying Web Services technology, especially the idea of 
Semantic Web to tackle the problem of diversity in healthcare 
branch. In order to tackle the problem of dynamic changes 
during the design process, we suggest an evolutionary design 
methodology based upon an organic development metaphor – 
embryonic prototyping approach (EmA). We demonstrate our 
idea by the project IMIS that is to design a semantic Web 
service for the diabetic healthcare. 

8. CONCLUSION

Returning to the research questions in the beginning, here I 
will give answers to them and draw some conclusions.  

- 22 - 



Introduction 

Firstly, it is argued that holistic and hierarchical aspects should 
be considered when designing agents in the diabetic 
healthcare. See Figure 8. To design social behaviors of MAS, 
six holistic elements should be included in the agent 
architecture according to the triangle model of Activity Theory 
[30], namely, subject, object, tool, rule, community, and labor 
division.

Hierarchical aspects are illustrated on both collective MAS 
coordination mechanism and individual agent architecture. 
The activity-action-operation hierarchy is, on one hand, 
applied to analyze the diabetic healthcare system into 
collaboration-coordination-communication layers. One the 
other hand, the activity hierarchy is used to re-conceptualize 
the Vertical Layered Architecture [31].  Three layers in the 
Vertical Layered Architecture is re-defined and associated 
with meanings from Activity Theory.  

Figure 8 Social aspects 

Secondly, based on Müller et al [31], a MAS system – IMAS – 
was designed and implemented with the holistic and 
hierarchical aspects considered. The above six activity 
elements are built into the Knowledge Base of individual 
agents. The three layers in agent Control Unit are re-
conceptualized and associated with perspectives from Activity 
Theory. The IMAS system is used to validate the research 
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questions and contributions. IMAS system provides real time 
monitoring, diabetic healthcare management and decision 
supports to the diabetic healthcare actors. A user assessment 
was conducted to test that the quality of the current diabetic 
healthcare system can be improved with the introduction of 
IMAS.

9. FUTURE WORK

This research applies agents to facilitating communication 
between care-providers and care-receivers to increase the 
quality of the self-treatment and home healthcare of patients. 
The main output is developing an agent communication 
platform, which provides many opportunities for following 
studies. In the future, we will focus on the knowledge based 
decision support functionalities of agents. Decision support 
techniques, such as, data mining, will be used to make agents 
more ‘intelligent’. For example, agents may conduct a 
correlative analysis based on the diet and glucose records of 
patients, and give suggestions about the diet to the specific 
patient. In the long run, agents are believed to be able to better 
support the collaboration in the diabetic healthcare.
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Abstract

In the last decade, Activity Theory has been discussed a lot in 
Human-Computer Interaction (HCI) and Computer Supported 
Cooperative Work (CSCW). Activity Theory was used both 
theoretically as an analytical method and practically as a 
development framework for Information Systems. Meanwhile, 
there is a new trench from Artificial Intelligence. Artificial 
Intelligence researchers find that the fruit from Activity 
Theory study may contribute, especially to Agent Technology, 
with socio-psychological aspects.

In our E-health research, we apply Activity Theory both 
theoretically and practically into Agent Technology.  To 
facilitate our research, General Systems Theory is chosen to 
integrate Activity Theory and Agent Technology. On the one 
hand, we consider Activity Theory as specific subject of 
General Systems Theory. On the other hand, General Systems 
Theory contributes to Agent Technology with systematic 
perspectives. As integration, we introduce Activity Systems 
Theory as an extension of Activity Theory. Then we apply it 
into Agent Technology discussion.  

The paper starts with the discussion of systematic perspectives 
of Activity Theory. Then we introduce Activity Systems 
Theory as an integration of systems science and Activity 
Theory. Three Activity Systems Theory principles are then 
applied into the discussion of Agent Technology. In the end, 
we introduce how we apply Activity Systems Theory into an 
E-health application. 
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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 is mainly in two 
approaches: first, Activity Theory was used theoretically as an 
analytical method for systems design from the perspectives of 
cognition [1-3]; second, Activity Theory was used practically 
as the development framework for Information Systems [4-8].  

Meanwhile, Artificial Intelligence researchers explored 
approaches in Agent Technology from various areas,  e.g., 
game theory [9], market-driven approach [10] 
telecommunication theory [11], socio-psychology [12] etc. 
The various approaches give Agent Technology 
complementary perspectives. 

We are doing our research in E-health with both above 
approaches. We consider the health care situation as a 
MultiAgent System (MAS) from the perspectives of Agent 
Technology. Activity Theory supports this system with a 
framework, based on which we analyze the whole system. 
Additionally, Activity Theory also provides system 
architecture for our solution to the E-health.

During the research, we find that the contact point of Activity 
Theory and Agent Technology lies on that both are 
consistency with General Systems Theory. Activity Theory is 
consistent with General Systems Theory in many aspects, for 
example, holism, hierarchy, and feedback (first-order 
cybernetics). We believe that Activity Theory should belong to 
the paradigm of systems science. Agent Technology always 
leads to a complex MultiAgent System, which is perfectly 
suitable for the discussion of General Systems Theory. The 
principles of General Systems Theory should be also true in 
MultiAgent Systems. Thus, General Systems Theory plays a 
role of the ‘integrator’ of Activity Theory and Agent 
Technology.

The paper starts with a discussion of systematic perspectives 
of Activity Theory. As a result, we introduce Activity Systems 
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Theory as an integration of systems science and Activity 
Theory based on three principles. Then we apply Activity 
Systems Theory into the discussion on Agent Technology. In 
the end, we apply our theoretical discussion into an E-health 
scenario with the introduction of the project Integrated Mobile 
Information System in Health Care (IMIS). The sociological 
specifications of E-health partially affect our choice for the 
integration of Activity Theory and systems science.  

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, AIDS, 
politic and war, etc. General systems theory is a theory of 
theories, a law of laws. Kenneth Boulding [13] gave 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 [14-16]: 
interrelationship and interdependence, holism, goal seeking, 
transformation process, inputs and outputs, entropy, 
regulation, hierarchy, differentiation, and equifinality and 
multifinality.  

Besides those properties, the systems scientists also defined a 
set of laws and principles, from which we selected three for 
the discussion on Activity Theory [14]:

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.  
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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 
discussion. We hereby select those that are suitable for the 
discussion on Activity Theory and Agent Technology. In the 
next section, we will discuss those properties and principles in 
details within the scope of Activity Theory.  

3. ACTIVITY SYSTEMS THEORY (AST) 

Activity Systems Theory (AST) is an extension for Activity 
Theory. Based on three enumerated systems principles above, 
we discuss the systematic aspects of Activity Theory. First, we 
introduce Activity Theory briefly.  

3.1. Activity Theory 

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 [2, 17-19]. Activity Theory has its 
roots on the classical German philosophy, writings of Marx 
and Engels, and Soviet cultural-historical psychology. 
Recently, some researchers devoted themselves to mapping 
Activity Theory to models for the use of applying it into 
application areas [20, 21]

Tool 

Figure 1 An activity system, from Engeström [21] 

3.2. Activity System 

The key concept in Activity Theory is 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, 

Subject Object

Labor Div. Rule Community

Outcome 
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division of labor and community. (See figure 1) The object is 
something to be transformed, and is always treated as the 
centre/focus of the activity. Subject is the transformer. Tool 
includes all the artifacts that the subject uses to transform the 
object. During the transformation, the subject must obey the 
rules within a community, while the object decides the labor 
division of the activity. After the transformation, an outcome 
is generated. Community is either the physical place where the 
activity happens or a virtual sphere that includes the other five 
components. These six components interrelate and form an 
activity.  

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 [22].

3.3. Systems Principles in Activity Theory 

As a specific system, activity system obeys the systems 
principles. In this section, we apply three systems principles 
into Activity Systems Theory:  

System holism principle. Activity is the least sphere for 
analysis. Activity is the synonym of ‘context’ in Activity 
Theory. An activity is a holistic system. All the activity 
components together provide a systematic view of the target 
system. Studying activity partially leads to 
misunderstanding of it.  
Hierarchy principle. Subject transforms object though 
actions and operations. An activity composes actions or 
chains of actions, which in turn composes operations [17]. 
Activity, action, and operation are associated with 
motivation, goal, and condition respectively. (See figure 2)  

MotivationActivity

GoalAction Action Action

Operation Operation Operation Condition

Figure 2 Hierarchy of Activity-Action-Operation 
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Feedback principle. Activity systems co-exist in groups. An 
activity always sends its outcome to another activity. The 
destination activity continues to send its outcome to another. 
Finally, the outcome of one 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.  

4. AGENT TECHNOLOGY WITHIN THE SCOPE

OF ACTIVITY SYSTEMS THEORY

We just explained Activity Systems Theory with General 
Systems Theory principles, based on which we will discuss 
Agent Technology in this section.

4.1. Holistic Perspectives of Agent Technology 

Intelligent agents coordinate in an environment/context. An 
agent cannot perform any activities, if excluded from the 
environment/context. We should always consider the agent 
and its context together as a holistic entity. In figure 3, we give 
an example of health care activity. We consider the nurse with 
his/her IT supported tools as a composite agent. The agents 
take care of patients with the help of tools. There are two kinds 
of nurses in the health care scenario, namely staff nurse and 
district nurse, according to the division of labor. To achieve 
this health care activity, the nurses should obey the norms and 
rules. All the agents work within a group called MultiAgent 
System (MAS). With such an activity system considered, we 
may get a complete picture of the health care agent. In the 
systems analysis stage, such picture is necessary for us to give 
a clear and precise definition to the agent. 

Tools 

Figure 3 An E-health activity system

Agent Patient

Labor Div. Norm MAS

Nurse & PDA

Outcome 
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4.2. Hierarchical Perspectives of MultiAgent Systems  

Based on the Activity Theory hierarchy, we classify agents 
into three groups, namely activity agent, action agent, and 
operation agent. (See figure 4).

In figure 4, the hexagon represents the MultiAgent System. 
Each ellipse represents an agent or a group of agents. Within 
the hierarchically organized MAS, the individual agents act on 
three levels – activity, action, and operation. On each level, 
agents have specific responsibilities. The activity agent is 
represented by the composite triangle in the hexagon. Activity 
agent takes charge of the whole activity. An activity agent 
plays a role like the project manager in the real life. Usually 
there are just several activity agents in a MultiAgent System. It 
is responsible for organizing the action agents. The action 
agent is represented by the single triangle in the rectangle on 
the right side. If activity agents are those who make plans, then 
action agents are those who execute the plans. An action agent 
only keeps the knowledge of its tools. The action agent does 
not have to perform the actions itself. The action agent aims at 
a specific task. Based on AST, 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. Usually the tool is neglected in the representation of an 
operation agent. Operation agents are those who are really 
doing things, e.g., the group members.  

Activity agents Action agents Operation agents

Figure 4 MultiAgent Systems hierarchy
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4.3. Feedback Regime in MultiAgent Systems 

Coordination

Based on feedback principle, we consider MultiAgent Systems 
coordination as a network. In such a network, agent’s behavior 
is always scanned and sent back to itself or forwarded to 
others. Feedback is necessary for the systems stability. 
Activity Systems Theory believes that the agents always send 
messages/outcomes to other agents who will send 
messages/outcomes back to the original ones as feedbacks.  

1

2

1
2

2

Figure 5 MultiAgent Systems coordination based on feedback

Figure 5 shows a picture of the feedback regime in MultiAgent 
Systems coordination. The dash lines represent two kinds of 
feedback in MAS. The lines numbered with ‘1’ are the intra-
agent feedback. 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 MultiAgent 
Systems. 

5. ADOPT ACTIVITY SYSTEMS THEORY INTO 

E-HEALTH

We are doing our research in the project Integrated Mobile 
Information Systems (IMIS) in Blekinge, Sweden. The project 
aims at providing a communication platform and IT services to 
both the diabetic patients and their care-providers (doctors, 
nurses, etc). All the stakeholders in E-health scenario 
communicate with each other and form a complex network. 
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IMIS project provides IT service, so-called IMIS agents, to the 
users. The project considers health care as a MultiAgent 
System. With the IMIS agents, the users are considered as 
agents in the E-health MultiAgent System. (See figure 6)  

IMIS 
platform

Figure 6 E-health MultiAgent System in IMIS

5.1. IMIS solution based on Activity Systems Theory  

IMIS solution is designed through a three-step methodology, 
which is based on three AST principles: holism, hierarchy, and 
feedback.

The first step is to define the basic activity for analysis and 
design. Figure 7 illustrates an example of IMIS activity. This 
activity describes Doctor Hans gives treatments to the patient 
Kent with the help of IMIS communicator. In this activity, the 
Doctor and patient are considered as agents that communicate 
on IMIS platform. The activity is a holistic one. The basic unit 
for E-health MultiAgent System is the activity, instead of the 
individual agent. To describe the health care situation, many 
activities need to be defined in IMIS platform, e.g. the activity 
of patients contacting nurses for help, the activity of doctor 
contacting nurse for co-operation, etc.
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IMIS communicator 

Patient:
KentDoctor:

Hans

Rules for 
doctors to 
obey 

Description of 
roles (labor 
division)  IMIS community 

Figure 7 An IMIS activity: doctor gives advices to patients

In the second step, the activity is decomposed based on 
hierarchy principle. As an 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 
Activity Systems Theory. The actions are performed by action 
agents (group leader). Actions are continually decomposed 
into operations. Operations are performed by operation agents 
(group members). In IMIS system, the operation is the least 
unit for programming. Operations are functions of agents, as 
activities are functions of MultiAgent Systems.  

Injection ArchiveExamine Diagnosis

Figure 8 A chain of actions that compose an activity

The last step to define IMIS platform is to define the relations 
among activities. With the introduction of activity, the diabetic 
community is much simplified. (See figure 9) What make up 
the network are not the stakeholders, but the activities. The 
feedback principle of Activity Systems Theory is represented 
by the links that connect activities. According to feedback 
principle, the outcome of an activity must be connected to a 
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destination 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 result 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 for the 
whole IMIS system, the patients also send messages to the 
doctors when the treatments are done. All of these activities 
are automatically realized on IMIS platform.  

Figure 9 Simplified construction of IMS platform

6. DISCUSSION

Systems thinking can help to simplify the problem, especially 
when we design a system for a complex situation. 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 us with a good 
analytical method. In our research, we integrate systems 
thinking and Activity Theory. Principles from both theories 
contribute to a three-step methodology for IMIS 
communication platform design. This integration contributes 
to not only the analysis and design of IMIS platform, but also 
the software implementation. Obviously, the E-health 
MultiAgent Systems can be modeled with CASE tool, e.g. a 
UML editor.  

In the end, this paper mainly approaches Agent Technology in 
systems science. There is a lot of work left to be done in 

IMIS 
platform 

Doctor
Nurse

Patient
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future. First, the theoretical discussion will continue. Some 
systems theories will be applied into agent technology for a 
better design and implementation. Second, the result from the 
discussion will be applied into practice. A web-based 
information system will be designed and implemented in order 
to help the doctors and nurses to improve the quality of their 
work.
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Abstract

This paper explores MultiAgent Systems coordination from a 
socio-psychological point of view. Activity Theory is 
introduced to explain the coordination among intelligent 
agents. The hierarchy and motivation thinking from Activity 
Theory is used to define the motivation driven MultiAgent 
Systems coordination mechanism. Finally, we apply this 
mechanism into a health care scenario. 
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1. INTRODUCTION

Computer agents are believed to be selfish by most of 
researchers, e.g., Game Theorists (Koller and Pfeffer, 1997), 
economists (Gibney and Jennings, 1997), ecologist 
(Tesfatsion, 1998) etc. The selfishness has become a tacit 
property of agents. When selfish agents interact with each 
other, MultiAgent Systems (MAS) coordination appears. 
Coordination is thus considered as an intrinsic property of 
MAS in performing some activities. Coordination includes 
cooperation and competition (Weiss, 1999). Cooperation is 
coordination among non-antagonistic agents, while 
competition (negotiation) 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 (Genesereth and Ketchpel, 1992), 
KQML (Finin, 1993), FIPA (FIPA, 2001) etc. No matter it is 
competition or cooperation, individual agent’s architecture is 
the start point for discussion. From this start point, agents 
firstly agree on one communication language, then start to 
communicate. Individual agents are the focus in this approach.

In many occasions, agents are supposed to work together for 
one common motivation. For example, in health care system a 
group of agents work together to take care of one patient. 
Inside this group, there is no competition but pure cooperation 
among the agents. They must not be selfish to each other. 
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, we introduce 
our approach to start with the whole MAS instead of 
individual agents. We firstly discuss the relationships among 
agents on the collective level. Then we define the roles of 
individual agents. In this paper, we introduce Activity Theory 
to show a socio-psychological view on MAS coordination.

The paper is organized in fivefold: in the next section, the 
coordination problem in health care system is introduced; in 
the third section, Activity Theory from sociology is discussed 
briefly; in the fourth section, we will discuss MAS 
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coordination with the help of Activity Theory; and in the last 
section, a possible solution to the coordination problem in 
health care system is given.   

2. COORDINATION PROBLEM IN HEALTH

CARE SYSTEMS

In this paper, we just focus on the coordination problem in 
health care system. To start our discussion, we would like to 
have a brief introduction to the home health care system based 
on a real story.

2.1. An E-health scenario

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 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 
do some housework. Maria seems not very concerned about 
her diabetes, and 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 some sweet 
cookies. The district nurse checked Maria’s record of her 
recent medical history. Then the nurse went to Maria’s house 
with a device to measure the blood glucose. After asking 
several questions to Maria, the nurse took out the device and 
tried to measure the blood glucose for further decision. 
However, the nurse was not familiar with this device and 
could not understand what it showed. After a phone call to the 
diabetic nurse at the Primary Care Center from 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 1. Information flow in Home Care ServiceFigure 1. Information flow in Home Care Service

  
The scenario is shown in figure 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 
and three kinds of nurses are also called care-providers. 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. This means that they 
should have quite good relations 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 consequence of the 
information flow.  

The scenario is shown in figure 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 
and three kinds of nurses are also called care-providers. 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. This means that they 
should have quite good relations 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 consequence of the 
information flow.  

2.2. The Coordination Problems 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 injections. She/he knows many details 
about the patient. All those details are sometimes important for 
the diagnosis. However, it is impossible to write all of them 
down 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 confusion in her work in future. This implies the 
communication channels between the nurses are not 
established.

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 injections. She/he knows many details 
about the patient. All those details are sometimes important for 
the diagnosis. However, it is impossible to write all of them 
down 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 confusion in her work in future. This implies the 
communication channels between the nurses are not 
established.
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Second, communication problems exist also between the care-
providers (doctors and nurses) and the patients’ 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 to the patient’s records. Besides, there are also some 
problems for different organizations to share information. For 
example, the personal assistants from municipality and the 
nurses from County Council cannot share their databases with 
each other.

We consider these as coordination problems in health care 
system. That is, the doctors and nurses are in some way 
working solely without any formal communication channel. 
Therefore, they are unable to coordinate their work in a formal 
way. In reality, phone calls are the most common way for 
them to communicate and ask for help. When the nurses get a 
problem, they ask for help within their personal social 
network. That is, they will call those who they know. 
However, you cannot guarantee that you may find the right 
person who can help you out within such a small network.  

To improve this situation, we adopt a solution based on 
MultiAgent Decision System. In a research project called 
Integrated Mobile Information Systems for health care (IMIS), 
we aim at providing a communication platform and agent-
based services to the users (nurses, doctors and patients) for 
home care. This communication platform is constructed as a 
MAS environment. The users can access to system through 
IMIS agents on either stationary PC or pocket PC, 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, we introduce Activity Theory, based on 
which we developed a coordination hierarchy. We use this 
hierarchy to define the relationships among the IMIS agents.
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3. ACTIVITY THEORY

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. In Activity Theory, activity is 
also understood as context. Context is ‘the complexities of 
particular situations at particular times with particular 
individuals’ (Nardi, 1996). The activity or context consists of 
six components, namely object, subject, tool, rule and norms, 
division of labour, and community (Kuutti, 1996). The 
introduction to Activity Theory in this paper is very limited to 
hierarchy and motivation, which will be applied into the 
discussion of MAS coordination. For further details, you can 
refer to  (Engeström, 1999, Kuutti, 1996, Kuutti, 1996, Nardi, 
1996).

3.1. The Hierarchy of Activity-action-operation  

An important perspective of Activity Theory is the hierarchy 
of activity-action-operation. (See figure 2) An activity is 
always associated with a motivation. An action is performed 
with 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 
(Kuutti, 1996). Activity, action, and operation can transform to 
each other, when the associated motivation, goal, and 
condition change. When the action is practised 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 an activity and action.  

Activity

Action Action

Operation Operation Operation Operation

Motivation

Goal

Condition

Figure 2.  Activity hierarchy
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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 (Nardi, 1996).  
Leont’ev (Leont'ev, 1974) wrote, ‘behind the object, there 
always stands a need or a desire, to which (the activity) always 
answers.’ Some researcher called the object as ‘objectified 
motive’ (Christiansen, 1996). 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, we 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.

In this paper, we 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. For 
example, the individual agent has its goals to achieve. While 
the whole MAS aims at a motivation. Motivation generates 
and is in charge of goals. Second, motivation considers 
context. Context includes the collective perspectives of the 
environment and gives them to the motivation. However, goal 
does not care about the context. It just cares about individual 
facts.

4. MOTIVATION DRIVEN MAS

COORDINATION

Based on Activity Theory, Ricci, Omicini, and Denti (Ricci, et 
al, 2002) made an approach to discuss MAS coordination onto 
three levels: co-construction, co-operation, and co-ordination. 
These three levels are corresponding to activity, action, and 
operation in Activity Theory. Similar to the activity, the co-
construction consists of chains of co-operations, which in turn 
consists of chains of co-ordinations. In our approach, we map 
Ricci et al’s model with motivation, goal and condition (in 
figure 2), and further define these three hierarchies as follows.   
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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.  

Co-construction 

Co-operation  Co-operation  

Co-ordination  Co-ordination  Co-ordination  Co-ordination 

Goal

Condition

Motivation

Figure 3. Motivation driven MAS coordination mechanism, based on 
Ricci et al. (Ricci, et al, 2002)

The basic idea in this model is hierarchy and motivation 
driven. Individual agents work on the co-ordination and co-
operation level. On these two levels, agents only care about 
their own utilities. Co-operation decides the goal for an 
individual agent to achieve. Co-ordination defines the 
functionalities that can be automated by the 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. In some cases, e.g., health care 
system, a group of agents work in a common activity. The co-
construction in this group is driven by the motivation of the 
activity. The co-construction takes charge of the whole MAS 
coordination. Since the co-construction is motivated, the 
whole MAS coordination is also motivated. Co-construction, 
co-operation, and co-ordination together form the motivation 
driven MAS coordination mechanism.  

5. IMIS COORDINATION MECHANISM

Health care system consists of non-antagonistic agents. These 
agents should cooperate instead of compete within it. Return to 
the question we proposed in the beginning: how to build up a 
motivation driven MAS from selfish agents in health care. An 
agent is selfish; however, the group of agents should not be 
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selfish in 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 
motivated group. This is also how we think IMIS agents 
should work together.

In health care system, if care-providers have a communication 
platform on which they can coordinate their work, the 
efficiency and quality of the home care can be much 
improved. The IMIS agents coordinate based on the 
mechanism discussed above. As figure 4 shows, all the 
stakeholders in the above scenario (figure 1) are connected via 
the IMIS platform. The dash lines stand for the communication 
channels that access to Internet through either stationary PC or 
pocket PC.

Co-construction  
Doctor

driven by 

Co-operation 
MariaDiabetic nurse District nurse

IMIS platform 

Co-ordination 

Staff nurse Personal assistant  

Figure 4. IMIS coordination mechanisms

On IMS platform, the care providers and receivers are divided 
onto three levels based on our 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 the 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., 
distributing the medicine, and giving injections etc. The nurses 
usually are aware of their goals and 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 
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most of the work and have good and long-term relations with 
the patients. The stuff 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 she/he is responsible for the home service instead of 
home care.  

The IMIS system provides different services/agents to the 
users based on the above coordination mechanism. We hereby 
only give a general description to the services provided to 
users, because it is not the focus of this paper to discuss the 
details. The services that are provided to the doctor are those 
that help them to monitor/co-construct the whole E-health 
service.  The doctor monitors the patient’s case; but she/he 
does not have to go to the 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. The services that are 
provided to the staff nurses are those that help them co-
ordinate with others and make their work more autonomous. 
Based on Activity Theory, these three levels are integrated, 
which means the co-construction level consists of the co-
operation level, which in turn consists of the co-ordination 
level.

6. DISCUSSIONS AND CONCLUSIONS

This paper introduces a novel approach on MAS coordination. 
The discussion focuses on the collective aspects of a 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.  
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The purpose of this paper is to give the audience a view from 
the sociology on MAS coordination. 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. We believe that Activity Theory, as an 
additional approach, will lead MAS research to a new 
paradigm. 
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Abstract

Diabetic healthcare is characterized by the collaboration 
problem, which is manifested by problems of accessibility and 
interoperability. To improve the problem situation, we propose 
a Multi-agent Systems approach. The interactions among the 
diabetic healthcare actors are categorized on three levels: 
collaboration, coordination, and communication. Agents are 
designed to work on the coordination and communication 
levels, and support the collaboration among human actors. 
This paper presents a project Integrated Mobile Information 
Systems for diabetic healthcare (IMIS) to demonstrate how to 
apply Multi-agent Systems coordination to the collaboration 
among healthcare actors.   
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1. INTRODUCTION

Diabetes is a multi-disease that may lead to various 
complications. If not treated in time or in a good manner, 
diabetes may lead to serious consequences, including death. 
New technologies are appearing to help diabetic care-
providers improving their work. Various kinds of medical 
devices are available in the market, e.g. digital glucose meters 
and digital scales. The medical data, i.e. glucose level, may be 
measured and sent to the server automatically from the devices 
via modems or gateways. There are already many such 
products in the market, e.g., Omron [13]. However, healthcare 
actors can only handle partial aspects of the diabetic 
healthcare, since the medical devices are still working in 
isolation. There is a need for an integrated system, which can 
provide a holistic view to the overall diabetic healthcare 
system and decision supports to the healthcare actors through 
synthesizing data from various sources, e.g., medical devices, 
nurses, personal assistants, doctors and patients.

Since diabetes can lead to multi complications and needs 
collaboration among healthcare actors, such a holistic view is 
important. It is required that healthcare actors from different 
medical fields collaborate together in the case of one diabetic 
patient.  There is a need to develop a system that can collect 
and share data among those actors (both care-providers and 
care-receivers). In this paper, we present an e-Health project 
Integrated Mobile Information Systems for diabetic healthcare 
(IMIS), in which we introduce Multi-agent Systems (MAS) 
coordination to facilitate the collaboration among healthcare 
actors.

In the rest of this paper, we start by describing the 
collaboration problem in the diabetic healthcare system, and 
propose a MAS solution to it. Then we introduce our research 
project – IMIS to describe how agents are applied to the 
diabetic healthcare system. Finally, we give some discussions 
and a conclusion.
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2. THE DIABETIC HEALTHCARE SYSTEM:

THE PROBLEM OF COLLABORATION

Healthcare system in general, and the Swedish diabetic 
healthcare system in particular, is characterized by being a 
multi-actor, widely distributed, and extremely complex 
system. From the perspective of patients, the system is too 
much segregated to get a holistic point of view. To well 
describe the problems, we would like to present a scenario 
first. 

Linus, twelve years old, has diabetes of type one. One day he 
and his mother went abroad for tourism. The Mother carried 
with her some injectors for the daily insulin injections of Linus 
and some tablets as a backup. When she tried to give Linus the 
insulin injection on the last day before they went home, she 
broke the last injector by mistake. Thus, the Mother had no 
other choices but giving Linus tablets, which he had never 
taken before. She called the doctor whom Linus usually visited 
for suggestions. However, the doctor could not get the 
historical glucose record of Linus, since that record is on the 
database of Linus’ school, which belongs to the County 
Council. So the doctor could not give a precise suggestion. 
For reasons of safety the doctor suggested taking one tablet. 
On his way home, Linus started to feel unwell. And when he 
managed home, he was sent to the hospital immediately.

The above scenario illustrates that the collaboration among 
healthcare actors, e.g., doctors, nurses, patients, relatives etc, is 
still problematic. To be more specified, the collaboration 
problem is manifested by problem of accessibility and 
interoperability of medical services. 

2.1. Accessibility Problem 

Two kinds of accessibilities in diabetic healthcare are 
identified, namely, physical service accessibility and 
information accessibility. Physical service accessibility means 
that medical resources should be available to healthcare actors 
anywhere at any time. To be accessible to the physical service 
no matter where and when, the relevant information must be 
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accessible at that point of need, which is called information 
accessibility. In the above scenario, Linus and his mother were 
unable to reach the pharmacist. That is, the information 
accessibility was unavailable.  

The details of the healthcare system vary from county to 
county. Hereby we take an example of the Blekinge province, 
which is located in the south of Sweden. The healthcare 
system in Blekinge is divided into three parts, namely hospital 
care, healthcare service and primary care. The responsibility is 
divided among two large healthcare actors, the County 
Council that is mainly responsible for medical and surgery 
related healthcare, and the municipality that is mainly 
responsible for elderly, disabled, and non-medical healthcare. 
As Fig. 1 shows, the hospital care is in the charge of the 
County Council. The non-medical related healthcare service is 
in the charge of the municipality. The primary care stands for 
the medical related healthcare that often needs long-term 
observation and cannot be taken at the hospital. For instance, 
the daily care of diabetes belongs to the primary care. After a 
doctor has made a diagnosis to a diabetic patient, the patient is 
transported to the municipality. For example, Linus, as a 
primary school student, stays at school most of the time. The 
school nurse, from the municipality, is in charge of his diabetic 
healthcare. Thus, the primary care is provided by both the 
County Council and the municipality.

The medical record of the patients, in most cases, cannot be 
shared between the County Council and the municipality, even 
though they intend to do so. The inaccessibility of information 
is called ‘Collaboration Zones’, which are indicated by the 
grey area between actors in Fig. 1. The patients live in the 
centre of the ‘Collaboration Zones’.

2.2. Interoperability Problem 

There are needs to harmonize the cross-border standards (both 
technical platform and information platform), terminologies, 
regulations, and business processes in diabetic healthcare. One 
patient often has to be transported among many divisions with 
many care-providers if he or she has more than one category 
of diseases, which is very often the case for diabetic patients. 
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This demands an interoperable healthcare system where 
patients’ relevant information can be accessed in a generally 
accepted standard. However, in the reality the healthcare 
providers have the records of patients in their own standards 
that are not operable by others. Interoperability is even more 
problematic when people are in another country or another 
county in Sweden. There are other issues that barrier 
interoperability, such as legalization of each organization, 
specified labor division, and even different culture and laws. 
In this paper, we touch only the issue of interoperability by 
using MAS technology to remove hindrance of sharing 
information.  

Fig. 1. The information inaccessibility problem in ‘Collaboration Zones’

3. MULTI-AGENT SYSTEM AS A POSSIBLE

SOLUTION

To solve the above collaboration problem in diabetic 
healthcare, we need a solution that may help the healthcare 
actors and healthcare receivers accessing the correct 
information from various data sources (accessibility) in their 
understandable standards (interoperability) despite positions of 
users.
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Agent technology, as our proposed solution, is now gradually 
reaching the front of application in healthcare area [12]. A 
software agent is considered as ‘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 [17].’ Some basic properties well discussed 
in the MAS community such as autonomy and coordination 
[15], are very amenable to the above mentioned problems. 
MAS has been applied to diabetic healthcare by various 
researchers in fields such as glucose monitoring and alarm [4, 
9, 10], biomedical control and management in diabetes 
[1, 2, 8, 11, 14].

3.1. A Holistic Diabetic Healthcare via MAS Coordination 

The accessibility and interoperability problems require a 
holistic view on the overall diabetic healthcare system. The 
information flows in diabetic healthcare are considered on 
three levels, namely collaboration, coordination, and 
communication. The three levels are organized in a way of 
hierarchy. That is, the collaboration consists of and is in 
charge of the coordination, which, in turn, consists of and is in 
charge of the communication.

3.1.1 Collaboration
The problems of accessibility and interoperability that are 
introduced above appear mostly on the collaboration level. 
The collaboration involves human factors. Motivations of 
various organizations are extremely complicated to be 
implemented in software agents. Although the computer agent 
is intended to perform intelligent actions, it is widely accepted 
that the agent intelligence is still far from the human 
intelligence. In general, the agent is considered intelligent if it 
is able to perform reactivity, pro-activity, social activity 
(simple interactions with other agents), and limited autonomy 
[16]. And this certainly cannot satisfy the needs of the reality. 
The collaboration among healthcare actors requires much 
more intelligent aspects than what agent technology can 
provide at this moment, e.g., some qualitative issues like 
motivations behind a series of activities.
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In this research we define the collaboration as the interactions 
among diabetic healthcare actors in the real world. For 
instance, sharing the records of patients between hospital and 
healthcare services is considered as the collaboration between 
County Council and municipality. 

We take as an assumption that the collaboration is done by 
people from healthcare organizations. Software agent only 
provides decision supports to the human actors, instead of 
decision making. When human decision makers decide what to 
do, they will transfer their preferences to agents. Each agent is 
assigned a task that should be performed either by itself or 
through coordination with other agents. When the task is 
finished, paused, or cancelled, agents should report to the 
decision makers or the upper level agents. 

3.1.2 Coordination
The preferences transferred from the collaboration level 
include descriptions of the tasks/goals that agents should 
achieve. Often agents need to interact with others in order to 
accomplish a task. This interaction between agents is called 
MAS coordination. The roles and tasks of the agents are 
decided through coordination. After agents agree on their roles 
in performing the task, they take the responsibility to decide 
what measurable outcomes are expected, and how the 
outcomes are related to the tasks?  

Coordination level is where agents exchange individual goals. 
The goals hereby mean the intentions owned by individual 
agents. Once an agent decides about its goal, it should commit 
to it. Thus, it is very important for the individual agent to 
coordinate their goals to avoid the conflicts to the lowest level. 
A possible solution is to carefully design in advance the sets of 
goals for agents to adopt. In the diabetic health care, this can 
be done through specifying agents’ roles based on the 
healthcare labour divisions in needs specification. 

3.1.3 Communication
The communication level is the technical level where agents 
exchange data and information in order to accomplish tasks. 
MAS coordination is realized through agents exchanging 
messages between each other. Agent messages contain 
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valuable information, such as, agent goals, task information 
and so on. Agents in the same community should agree on the 
same ontology and codec so that they can communicate. 
Communication is considered as the fundamental skill that 
agents should possess.  Some widely discussed Agent 
Communication Languages (ACL), for example, KIF [7], 
KQML [5], are suitable for the communication between 
agents.

4. INTEGRATED MOBILE INFORMATION 

SYSTEMS FOR HEALTHCARE

In out research project Integrated Mobile Information Systems 
for diabetic healthcare (IMIS), we developed an agent based 
systems – IMAS, for the diabetic healthcare for children. So 
far the first prototype of IMAS has been developed with JADE 
[3] framework to make it FIPA [6] compliant. The IMAS 
system works as an information coordinator that collects 
relevant information from various healthcare actors in 
different standards, manipulates them if necessary, and 
represents them back to the human actors in a common 
standard. Information flows in the IMAS contain the processes 
of collecting, manipulating and presenting relevant 
information. The relevant information may be medical data 
from different devices or agents, as well as the preferences that 
human actors transfer to the agents to accomplish tasks.  

4.1. IMAS System: from a holistic view 

Fig. 2 illustrates our holistic view on the diabetic healthcare 
system. In such a view, we distinguish the real world (human 
actors) and the MAS community (IMAS). The real world is 
considered to be on the collaboration level, where human 
actors collaborate in their work. The collaboration problem is 
described by conducting a field study with an outcome of user 
needs specification. The MAS community is on the 
coordination level. IMAS agents are designed to assist human 
actors in their work. The collaboration between human actors 
is enhanced through the coordination between agents. MAS 
coordination is regulated through predefined agent ontology 
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and communication protocols, which are on the 
communication level.

Agent

Communication

Coordination 

Collaboration Human Agent 
Interaction

Real world 

Envir. Model: 
Local Plans: 
Social Context: 

Information flows 

2
IMAS  

Fig. 2 A holistic view on diabetic healthcare

4.1.1 Collaboration
Collaboration is supported through coordination and 
communication in the IMAS agent community – MAS. As 
Fig. 2 shows, the healthcare actors transfer their preferences to 
corresponding agents in the MAS. The MAS performs the 
tasks and reports the results to the actors for decision supports. 
The information flows of preference transferring and decision 
support concerns Human Agent Interaction (HAI), which is 
out of the topic of this paper.
Through user needs specification we defined the collaboration 
level. In IMAS, we defined three collaboration activities, 
glucose management, calendar arrangement, and task 
delegation.

Glucose management. Diabetic patients usually care about 
their glucose level very much. They normally take 
measurement several times a day. With digital glumeters, 
the glucose levels can be read and transferred to a center 
database quickly. When the glucose level is too high or low, 
corresponding treatments must be taken by the patients or 
their care providers timely. Relevant information must be 
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provided to the care providers in order for them to take the 
right actions. This process involves all the diabetic 
healthcare actors.  
Calendar arrangement. In acute situations, patients often 
need to visit the doctors or nurses. Usually the doctors and 
nurses are quite busy in their work. How to find an available 
time for the patients and their care providers to meet is 
another important collaboration activity. This also applies to 
the situation when the patients need to have a routine visit to 
the doctors. For example, small children with diabetes need 
to visit the doctors every three months.  
Task delegation. After doctors or nurses give diagnosis to 
patients, medical treatments are supposed to be taken. This 
can be done either by medical staff or the patients 
themselves, e.g., insulin injections. The medical treatments 
are decomposed to small tasks that are delegated to single 
human actors or software agents. When each task is done, 
results should be reported to the task manager. So far this 
part is partially finished. More efforts will be put on 
analyzing the work process of medical staff so that the task 
delegation will be clearly defined.  

4.1.2 Coordination
In the first prototype of IMAS, we implemented four kinds of 
agents, PatientAgent, ParentAgent, HospitalNurseAgent, 
SchoolNurseAgent. As their names imply, they are working as 
personal assistants to the patients, parents, hospital nurses and 
school nurses correspondingly. IMAS agents have in their 
architecture Knowledge Bases, which stores Environment 
Model, local plans, and social context. The details of IMAS 
agent architecture will be described in another paper.  

Herby we take an example of the glucose management to show 
how MAS coordination may help to enhance the diabetic 
collaboration via patient activity control, glucose monitoring, 
alarm and decision support.  

We provide a new scenario about the same boy Linus. Linus 
now has in his body a sensor that measures his glucose level 
regularly and sends data to a database automatically. Linus has 
a mobile with IMAS Patient Control Panel installed on it. So 
each time Linus eats something or does some exercises, he 
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will use his mobile to make a record, which will also be stored 
on the database. At the same time, on his mobile the 
PatientAgent works all time to monitor the glucose level of 
Linus, through reading the glucose records from the database. 
The glucose data is processed together with Linus’ activities, 
which are recorded by the Patient Control Panel.  

One day the PatientAgent detects that the glucose level is 
rather high (12mmol/l). The PatientAgent reads from the 
activity records that Linus has taken some food that contains 
too much sugar and that he did not have any insulin injected 
lately. Based on the Environment Model stored in the 
Knowledge Base, the PatientAgent chooses two persons, 
Anna, the mother, and Christian, the school nurse, and sends 
them alarm messages with suggestion to give Linus an insulin 
injection, since they are probably close to him in this time. In 
this case, even though there are some other care-providers to 
Linus, for example, hospital nurses, they will not receive this 
alarm message. Nevertheless, a system log message will be 
generated and stored. So later all care-providers can see what 
has happened to the patient, if they want.

When the alarm message is received, the ParentAgent of Anna 
will automatically search for useful information about Linus 
and transform that to charts or other formats to present to 
Anna. She will confirm that the suggestion from the agents is 
convincible. Nevertheless, the decision is made by the human 
actors; the agents only provide relevant information to support 
the human actors in making good decisions.  

4.1.3 Communication
The communication between IMAS agents is very simple. 
With JADE platform, we defined ontology and protocol for 
IMAS agents communicating with each other. The agent 
communication messages can be simple text messages in 
standard format, or be encrypted for reasons of security.    
Besides, IMAS agents also communicate with human actors 
and relevant data sources, e.g., database server of patients’ 
record. In the first case, graphical interfaces are provided to 
the users. Fig. 3 shows how patient may use the mobile to 
record his/her daily activities. Fig. 4 shows how the parent 
Anna receives an alarm from her working computer.  
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Fig. 3 patient control panel (activity)

Fig. 4 ParentAgent receives an alarm

5. DISCUSSION

The IMAS system provides decision support to the human 
actors. We design and utilize computer agents as limited 
intelligent entities that provide their actors with important 
information, and are directly or indirectly engaged in 
collaboration activities.  
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5.1. Facilitate collaboration with IMAS 

The accessibility of medical services can be very much 
improved with the IMAS agent coordination. IMAS agents 
may access to the medical data of patients at any time 
anywhere. Besides, the agents can process the medical data 
and present them as useful information for the actors to make 
decisions. For example, when detected an abnormal situation 
in the glucose level of diabetic patient, the agent will fetch 
relevant data and present to corresponding human actors with 
useful information for them to make a precise diagnosis 
timely.  

Interoperability is another aspect that IMAS agents will solve. 
On the communication level, IMAS agents communicate with 
each other using predefined ontology. The IMAS ontology can 
be understood as a library of relevant concepts that are used in 
medical setting. The concepts are clearly defined and used in 
agent communication. The patient records are transferred 
between agents in the predefined standard – IMAS ontology, 
so that all the agents have will have the same understanding on 
one piece of data. Afterwards an agent will transfer the data to 
the corresponding standard that can be understood in the 
organization that this agent is working in. In this way, IMAS 
works as an interpreter that understands all the standards of 
different information resources. 

5.2. Security/Privacy 

Another important aspect that IMAS unavoidable should 
handle is the security and privacy. Although this is out of the 
main theme of this paper, we would like to give a brief 
discussion to it.

First, the operational security must be guaranteed. In a diabetic 
healthcare environment there are a lot of medical devices 
connected, relying either on human assistance and/or 
automatic registration. Alarm functions should be properly 
functioning and transmitted to responsible authorities. 

Second, in a distributed information system it is vital for the 
system to guarantee an uninterrupted connection where it is 
possible to fully rely on transmitted data. In the healthcare 
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environment the security of the information flow must prevent 
against interception, interruption, modification and fabrication. 
There need to be demands regarding confidentiality, integrity 
and availability regarding the information flow. Normally this 
means protecting data from unauthorized disclosure, alteration 
and destruction combined with verifying the source of data, 
e.g. using complex passwords, IP-Sec protocols and hash 
sums. 

Third, sharing privacy sensitive medical data among various 
authorizations requires an extended security and privacy 
strategy. Normally the hospital or municipality is skilled at 
handling privacy issues within their domain, but what happens 
when new persons are involved and new agent-based 
techniques are introduced? Policies regarding security and 
privacy should be emphasized on and introduced equipments 
and agent-based functions should be examined. 

Handling information sharing in a health care example 
normally involves both multi-level and multi-lateral security. 
In general, a doctor has access to all patient information where 
the primary care personnel only hold part of it. For a specific 
patient all relevant information should be distributed among all 
involved care-providers, i.e. invalidating part of the general 
restrictions. So, the MAS architecture should be designed with 
a proper privacy strategy that allows information sharing in the 
collaboration zone, but denies an outsider to do privacy 
collection.

6. CONCLUSION

We believe that an agent approach can improve the 
collaboration problem in the diabetic healthcare. A holistic 
analysis on the diabetic healthcare provides a three level view. 
On the collaboration level, the accessibility and 
interoperability problems are analyzed. The MAS coordination 
techniques are used to solve the accessibility problem. And the 
agent communication using predefined ontology can improve 
the interoperability problem.  
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Abstract

We developed a multi-agent platform as a complement to the 
existing healthcare system in a children’s diabetic healthcare 
setting. It resolves problems related to the difficulty of 
collaboration between the stakeholders of the problem domain. 
In addition, it gives us an opportunity to support the decision 
making of the stakeholders using Multi-agent Systems. The 
collaboration situation is believed to be improved by the 
agent-based services, such as, diabetes monitoring and alarm, 
scheduling, and task delegation. 
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1. INTRODUCTION

The need to make work more effective and an ongoing 
technical progress illustrate the necessity of coordinating and 
collaborating activities within health care systems. Agent 
technology is believed to be able to alleviate this necessity, as 
Nealon and Moreno stated in [1]: “the basic properties of 
intelligent agents (autonomy, proactivity, social ability) and 
the features of Multi-agent Systems (MAS) (management of 
distributed information, communication and coordination 
between separate autonomous entities) suggest that they offer 
a good option to consider when trying to solve problems in 
health care domains.”  

MAS techniques have been applied in the various health care 
fields of telemonitoring [2], medical monitoring and diagnosis 
[3-5], remote service and scheduling [6], elderly care and 
home care [7, 8] and healthcare coordination [9, 10].  

Especially there are some applications in diabetic health care:  

Diabetic monitoring and alarm: The SuperAssist project 
introduces personal assistants in the care of diabetes 
patients, assisting the patients themselves, the medical 
specialists looking after the patients healthcare, and the 
technical specialists responsible for maintaining the health 
of the devices involved [11]. The SuperAssist framework 
aims to reduce the costs by improving the local, self-care 
capacity of people by efficient employment of remote, 
distributed expertise. The M2DM telemedicine service can 
monitor and receive blood glucose data, pass it to an 
intelligent agent that interprets the data and if needed trigger 
an alarm [12, 13]. The main contribution of the M2DM 
project is combining statistics, rule-based techniques and 
model-based techniques in its Knowledge Management 
agents in order to process the patient data and generate 
alarms automatically.  
Biomedical control and management in diabetes: Amigoni 
et al. introduced MAS to diabetic information management 
with the anthropic agency architecture [14]. The T-IDDM 
project provides telemedicine services to diabetic patients 
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especially the management of insulin dependent diabetic 
patients [15]. The DIABTel telemedicine system 
complements the daily care and intensive management of 
diabetic patients through telemonitoring and telecare 
services [16]. Li and Istepanian proposed a model for 
diabetes management [17] and Tian and Tianfield developed 
a telemedicine system for diabetes based on agent 
technology [18].  

Most of the applications above are focused on decision support 
systems, diagnosis and monitoring, coordination and 
management etc., in the hospitalized settings. In the case of 
chronic diseases, e.g. diabetes, most of the health care is given 
in homes or in other un-hospitalized settings. This paper 
describes how software agents can be used in children’s 
diabetic healthcare in un-hospitalized settings. We argue that 
the agents we have implemented are able to help us overcome 
weaknesses in children diabetic healthcare of today, such as, 
communication problems, poor decision support, etc.

The paper is organized as follows. First, the diabetic 
healthcare management is described, with a focus on children 
diabetes. Then we describe the design and implementation of 
our MAS – IMAS. Short descriptions of the functionalities are 
given and last we discuss the system, draw conclusions and 
line out future work. 

2. DIABETIC HEALTH CARE MANAGEMENT:

CHILDREN DIABETES IN FOCUS

The diabetic healthcare management has been described in 
previous work [19]. Two main characteristics are the 
distribution of patients and the level of multi-care involved. 
Diabetic patients are geographically distributed and the care-
providers (doctors, nurses, parents) are only occasionally 
working together. Diabetes regularly leads to many kinds of 
complications, e.g. for the eyes, feet, skin, heart, kidneys, 
nervous system, celiac diseases, etc. The diabetic healthcare 
normally takes place in un-hospitalized settings, e.g., at 
homes, at work, or during travels. Diabetes cannot be cured 
permanently, so the patients must be able to take care of 
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themselves in the daily life. Corresponding care-providers 
must be involved, e.g., doctors and nurses from corresponding 
fields, dietitians, personal assistants, parents and school nurses 
in the case of diabetic children.  

Fig. 1 The ‘Collaboration Zones’ between hospital nurses, shool nurses 
and parents in the children diabetic healthcare setting. The patient is the 

least common denominator of the interactions.

It has been required by the nurses that this collaboration 
situation must improve. Based on interviews with hospital 
nurses and school nurses, the following problems/issues within 
the children diabetic healthcare were identified.

Communication problems. The computer systems of the 
County Council and the municipalities are not compatible. 
In acute situations in school, the parents and the patients 
have to manually contact the hospital doctors or nurses by 
phones.
Intelligent Decision Support. There is software attached 
with most of medical devices in the market to display the 
measured data in charts. This kind of software is installed on 
the patients’ private computers where the measured data is 
also stored without easy access for nurses. Even if a 
graphical data presentation is available to the nurses, it may 
still be difficult to explain the situation to the patients via 
telephone or mail. A more intelligent computerized system 
is preferable.
Privacy. According to the law in a number of countries, 
medical journals of the patients cannot be transferred to 
anybody without the permissions from the patients or their 
guardians. Thus, neither the municipality nor the County 
Council can freely share a journal. Any new system is 
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forbidden to break this privacy rule. This issue is left out of 
the scope of this paper, although we should be aware of it. 

2.1. Scenario

To better explain the collaboration issues, we provide the 
following scenario.

Linus is a student of the fourth grade in a primary school. 
Unfortunately he is suffering of diabetes of type one and needs 
regular insulin injections every day. One day Linus felt unwell. 
So he went to the school nurse for the glucose measurement. 
The result from the glucometer did not provide enough 
information to the nurse since the nurse did not have the 
history record of Linus. So the nurse made phone calls to the 
parents and the hospital nurses for more information about 
Linus. After several phone calls, it was found that Linus had 
some high carbohydrate food at lunch, and did not take the 
insulin injection on time.  

The above scenario illustrates a typical collaboration situation 
where the following problems can be found: 

1. The glucose records are stored at separate places, e.g., 
hospital, home, schools etc. So it is difficult to access 
all of them from one location, when needed.  

2. In acute situation, nurses have to communicate with the 
other care providers who are related to the patient, in 
order to get a systemic overview of the patient. Some 
of the communications can be automated, if the 
healthcare provider can remotely access part of the 
patient record, e.g., glucose record.

3. Insufficient information is provided to the care 
providers to make decisions. Some relevant 
information, e.g., patient activities, insulin injection 
records, is necessary for nurses in order to make 
decisions. However, that information is not presented.  

3. DESIGN OF IMAS

In order to solve the above problems, we developed a MAS 
based system, IMAS, to support the daily healthcare activities 
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of patients and healthcare staff. The IMAS system provides 
them with real time glucose monitoring and management, 
intelligent decision supports, user task delegation.  

Various agent development methodologies and platforms 
exist. We adopted the Gaia methodology [20] for the system 
analysis and design of IMAS. Gaia was designed to deal with 
coarse-grained computational systems, to maximize some 
global quality measure, and to handle heterogeneous agents 
independent of programming languages and agent 
architectures [21]. The IMAS agents were implemented with 
JADE [22] making IMAS FIPA compliant [23]. In the IMAS 
settings, we assume that each agent is associated with a human 
user in the real world, e.g., a patient, a nurse, a parent, etc. 
Human users are considered to be necessary in this case, 
because we cannot rely on computer agents alone in acute 
situations for healthcare treatments. However, in a daily 
diabetic healthcare setting, computer agents can work by 
themselves without human control. 

3

2

1

1. PatientAgent 
2. HospitalStaffAgent 
3. SchoolNurseAgent 
4. ParentAgent 

4

Fig. 2 The required communication paths of the IMAS architecture

IMAS agents work either on stationary PCs or on mobile 
devices like Pocket PC and Smart Phones. Each agent works 
for a user and provides some predefined services. The 
coordination among agents is realized though predefined 
IMAS communication protocols, i.e., the AlarmProtocol, the 
MeetingProcotol, the TaskProtocol, etc.  Fig. 2 is an overview 
of the IMAS agent system. More details of each agents will be 
given later.
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3.1. Needs Specifications 

There are many miscellaneous tasks in the daily diabetic 
healthcare. Some of them are critical and must be completed in 
a timely and precise fashion. For instance, the diabetic care 
providers (especially the nurses in this case) work on similar 
tasks by routine. They need to check the records of the patients 
before they visit them, and report the new information as they 
finish. The same task is performed several times every day, 
since they need to visit a lot of patients. The task of retrieving 
and reporting the information of a patient is simple but must 
be done in an efficient and correct way, because delayed or 
wrong information may lead to serious consequences. 

Through interviews, surveys and questionnaires with school 
nurses, hospital nurses and parents with diabetic children, we 
worked out the specification [24], based on which we defined 
the functionalities of the IMAS system. The system: 

receives data from medical devices and sends alarms to the 
corresponding agents/users when necessary, 
automatically organizes meetings for users, and  
decomposes predefined tasks and delegate sub-tasks to other 
agents/users. 

3.2. Agent Services 

Since children are not able to take full care of themselves, their 
parents are considered as important actors in the daily diabetic 
care. Various services are defined for the agents to handle. An 
agent may offer more than one services at the same time.  

Patient Manager (PM). The PM receives data from a sensor 
physically attached to the patient. It is also responsible for 
updating the patient record in the database.
Patient Alarm (PA). The PA sends alarms to other relevant 
agents in an acute situation, e.g., if the glucose value is 
outside the allowed interval.
Alarm Receiver (AR). The AR receives alarms and informs 
the human users.  
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Meeting Manager (MM). The MM proposes a meeting to 
other agents, awaits their replies and informs them about the 
result.
Meeting Responder (MR). The MR receives meeting 
proposals and reply to the MM. When a meeting is set, the 
MR also updates the calendar of its user.
Task Manager (TM). The TM proposes tasks to other 
agents, awaits their reply and informs them with the final 
results (success or fail).   
Task Handler (TH). The TH receives task proposals from 
TM, accomplishes the tasks and reports back to the TM.  

3.3. Agent Roles 

As illustrated in Fig. 2, we defined four kinds of agent roles, 
namely PatientAgent, ParentAgent, HospitalStaffAgent and 
SchoolNurseAgent.

The PatientAgent works as a personal assistant to a patient. 
It provides its owner with real time glucose monitoring and 
management. When the glucose level is considered to be too 
high or too low, an alarm will be automatically generated 
and sent to corresponding agents, which continue to forward 
the alarms to their human users. Patients can also use their 
PatientAgents to record their daily activities, e.g., food 
intake, jogging, etc. This information will be provided to the 
medical staff for diagnosis.  
The ParentAgent works for the parents who have children 
with diabetes. It provides real time glucose monitoring, 
making it possible for the parents to access the current 
glucose status of their children.
The HospitalStaffAgents work for the medical staff at 
hospitals,. They manage the diabetic healthcare activities, 
e.g. meeting arrangement, task delegation. 
The SchoolNurseAgent works for the medical staff at 
school, e.g. a school nurse. The HospitalStaffAgent and the 
SchoolStaffAgent are functionally very similar.  

3.4. Individual Agent Architecture 

The design of individual IMAS agent is based on Müller’s 
vertical layered architecture [25]. IMAS agent architecture 
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consists of three components, namely Interface Layer, Agent 
Control Unit and Knowledge Base. See Fig. 3.

Action

Reactivity (Condition) 

Proactivity (Goal) 

Social Activity 
(Motivation)

Cooperation knowledge 
Social Context 

Planning knowledge 
Local Plans 

Patterns of behaviors 
Environment Model 

Communication 

K
now

ledge Base 

Perception
Interface
Layer

Environment EnvironmentAgent Agent

Control Flow Information Access 

Fig. 3 IMAS Agent Architecture, based on Müller et al [25], consists of 
three main components, Interface Layer (IL), Control Units (CU), and 

Knowledge Base (KB).

The Interface Layer (IL) consists of Perception, Action, and 
Communication. Perception percepts the changes from the 
environment or receives orders from users, and updates the 
Environment Model. Action performs the agents’ behaviors 
and Communication is the interface to other agents.

The Control Unit (CU) is designed on three levels, Reactivity, 
Proactivity, and Social Activity, which are connected to the 
levels Environment Model (EM), Local Plans (LP), and Social 
Context (SC) in the Knowledge Base (KB). The CU and the 
KB are interpreted and re-conceptualized with Engström’s 
Activity Model [26]. Therefore, the new architecture, to some 
extent, manifests human activity aspects in the activities of 
software agents.

The Reactivity component is driven by conditions. That is, 
when a specified signal is perceived by the Perception that 
requires action, the Reactivity component will be activated at 
once. The Proactivity component is responsible for local 
deliberation process. When perceiving changes in the 
environment and the EM is updated, the agent will deliberate 
its goals (desires) and generate plans from the KB to achieve 
the goals. The Social Activity component is responsible for the 
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interaction among agents. To perform social activities, agents 
need to learn about the social context from KB.  

3.5. Knowledge Base Design 

One important aspect of our research is the re-interpretation 
and re-conceptualization of Müller’s vertical layered agent 
architecture [25]. The vertical layer agent architecture requests 
that the knowledge base should be structured in order to satisfy 
two criteria: 1) the knowledge base is better to be structured in 
similar layers as the control unit, 2) the knowledge base should 
possess a structure that may cover not only the holistic aspects 
of collective agent activities, but also detailed plans that may 
accomplish individual agent tasks.  We keep the three level 
knowledge base structure from Müller’s model [25], and 
interpret it with the Activity Theory triangle model (see Fig. 
4).

According to Engström’s Activity Model, a human activity is 
composed of six components, subject (activity transformer), 
object (activity transferee), tools (activity media), rules 
(norms), community (relevant stakeholders), and division of 
labor (roles) [26]. We believe that the activities of software 
agents, who represent the human owners, can also be analyzed 
with this model. The agent activities, e.g., reactivity, 
proactivity, and social activity, can also be defined using the 
activity triangle model [27]. 

The agent activity consists of six components:

Subject agent: this is the agent that conducts the activity.
Object agent: this is the agent that may benefit from the 
output of the activity 
Tools: Tools is interpreted as Local Plans of the subject 
agents.
Rules: The norms that the agents should follow when 
conducing this activity.
Community: Community consists of the context of the 
activity. For example, what are the relevant agents that are 
involved in this agent activity?
Division of Labor (DoL): how the subject agents divide 
their work.

- 82 - 



Enhance Collaboration in Diabetic Healthcare for Children using Multi-agent Systems 

Fig. 4 illustrates the six components of an agent activity. The 
six components are correspondingly stored in different levels 
in the KB according to Müller [25].  

The Environment Model/world model is at the lowest level in 
the KB. Three factors are considered to be necessary in 
designing the patterns of agent behaviors, namely rules, 
division of labor, and community. Rules contains constrains 
and permissions that the subject agent has. Division of labor 
contains the information about the agent roles and 
responsibilities of the activity that the object agent benefits 
from. Community contains information about the agents and 
human users who are related to a specific activity. The basic 
analysis unit of such a database is the activity.  

Tool

Rule Community DoL

Subject
agent

Object
agent

Environment Model 

Social Context 

Local plans 

Fig. 4 Activity model used in Knowledge Base design. In a community 
(MAS or holonic agent groups), the subject agent conducts an agent 

activity, which the object agent benefits from. Subject agent and object 
agent are mediated by Tools (local plans); subject agent and community 

are mediated by Rules (norms); object agent and community are 
mediated by Division of Labor (agent roles). The mediation is 

represented by the solid lines. Dashed lines indicate the relations are not 
direct and need mediations.

The Social Context consists of the contacts and the 
relationships between the subject agent and the other directly 
related agents (object agents). That is, how to define the 
relationship and the coordination between subject agents and 
object agents.

The Local Plans/Tools consist of planning knowledge that 
reflects the mental context of the agent. Local Plans store 
agent plans that are basically series of agent actions. Each plan 
is associated with pre-condition and post-condition/goal. 
Agents may choose plans to satisfy their goals at run time.   
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The Knowledge Base is designed as a recursive hierarchy of 
Local Plans, Social Context and Environment Model. The 
design and implementation of the KB require a thorough 
description of the diabetic healthcare field, which is not in the 
scope of this paper and will be described in future work.  

4. IMPLEMENTATION OF IMAS

So far the first prototype of IMAS has been developed with 
functionalities to meet the objectives in the needs 
specifications. Issues about usability, user interface design, are 
omitted since this paper focuses on the agent development.  

4.1. Patient Control Panel 

The patient is provided with a Patient Control Panel (PCP) 
which is a part of the PatientAgent. It may help the patient to 
record diabetes related activities, (food intakes, insulin 
injections, exercises etc.). The recorded activities will be 
provided together with historical glucose data to the care-
providers when an alarm occurs.

The Patient Control Panel has several kinds of user interfaces 
implemented depending on the platform of the users’ devices. 
It can be an application running on Windows Mobile, or a Java 
program running on a Java-supported mobile, or an application 
running on stationary PC. Fig. 5 is an example of the Patient 
Control Panel running in Windows Mobile 5.  

Fig. 5 Patient Control Panel on mobile
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4.2. Real-time Glucose Monitoring 

Software agents make continuous glucose monitoring possible. 
In the testing phase, the glucose level is simulated. In practice 
the glucose level may be measured automatically by a glucose 
sensor which, for example, is a chip built into the body of the 
patient. In this case the glucose level is monitored in real time. 
Traditionally, the glucose levels are measured four times every 
day: breakfast, lunch, dinner and bedtime. Fig. 6 shows a 
situation where the glucose level is too high during a restricted 
amount of time. The real-time monitoring function is provided 
to the patient, the parents and the medical staff.  

Fig. 6 Real-time glucose monitoring where 8.0 mmol/l and 5.0 mmol/l 
represent high and low level of glucose. 

With real-time monitoring, it is possible to provide alarm 
functionality to the patients and their care providers. A 
preferred interval is pre-defined by the patients or their care 
providers based on the specific situation of the patients. When 
the glucose level is detected to be dangerous, i.e. outside the 
preferred interval, an alarm is sent to the corresponding agents 
and human actors automatically. The receivers of the alarm are 
chosen based on an analysis of the KB. Since the KB keeps 
track of the SC and EM, which in turn is based on real world 
measures, it is quite straightforward to choose which 
corresponding care-providers that should receive the alarm.  

- 85 - 



Multi-agent Systems Supported Collaboration in Diabetic healthcare 

Fig. 7 ParentAgent receives an alarm

4.3. Decision support to diagnosis 

When care-providers receive alarms, they are notified that the 
patient is in an acute health state. Necessary actions must be 
taken as soon as possible. But first, a detailed check on the 
health state of the patient is needed. For example, what are the 
daily average glucose levels during the last week or month, 
what kind of food has been eaten in the last week or is the 
insulin injection done properly in time?  

In this case, IMAS agents will automatically generate useful 
diagrams and information for the care-providers, such as daily 
average glucose levels in the last month, patient activities in 
the last week etc. Fig. 8 shows the daily average glucose level 
in the last 30 days.

Fig. 8 Daily average glucose level.

4.4. Meeting arrangement

The healthcare actors often need to meet, e.g., routine meeting 
every three months, or urgent visit when acute situation occur 
etc. Based on the analysis in the KB, the IMAS agents may 

- 86 - 



Enhance Collaboration in Diabetic Healthcare for Children using Multi-agent Systems 

propose a meeting to its human actor with details of the 
meeting participants, length, location, time and so on. The 
human actor may edit the meeting proposal and ask the agent 
to send it to the agents that represent the invited meeting 
participants (see Fig. 9). The responding agents will check the 
calendars of their human actors and reply with reasonable 
meeting configurations. We reuse the  protocol of Heine et al. 
[6], to coordinate the meetings. 

The meeting proposing functionality is only provided to the 
medical staff, e.g., school nurses, hospital doctors and nurses, 
due to the reality that the medical staffs are normally quite 
occupied during their work. So it is better for them to start the 
meeting proposal with their available meeting alternatives. 
And all agents are afterwards able to respond to the meeting 
proposals.

Fig. 9 Meeting proposal

5. DISCUSSION

This research has impacts and further improvement on both 
theoretical MAS development and practical perspectives of 
children’s diabetic healthcare.  

Theoretically, the Vertical Layered agent architecture is 
interpreted and re-conceptualized with the Activity model. 
This is important when the agents are working in a social and 
human-involved environment such as the medical healthcare 
environment is.  
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The initiative to communicate is not only taken by the human 
user but also by the software agent, e.g. reporting exceptional 
measurements of the health state of the patients based on an all 
day around monitoring. Real-time monitoring combined with 
user provided activity recording constitute the core of IMAS. 
By combining new and historical data to appropriate agents, 
the diabetic health care setting should improve both in 
efficiency and quality.

Task delegation is another aspect that the IMAS can deal with. 
Some tasks, e.g., arranging activities like meetings, can be 
delegated to the agents. It is always a problem when arranging 
a multi-person meeting; especially when the participants are 
distributed at different places [6]. With agents provided, such 
activities can be easily delegated to the agents that will 
coordinate the meetings using predefined protocols.  

Fig. 10 Information flows in IMAS. (1) Patient Control Panel records 
activities. (2) Glucose monitoring. (3) Alarm. (4) Decision support to 

human actors. (5) Meeting arrangement.
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Fig. 10 illustrates how the IMAS system helps to practically 
improve the diabetic healthcare collaboration with its agent 
based services. The diabetic healthcare collaboration situation 
that is illustrated by the scenario in Section 2 is believed to be 
improved by the IMAS system.  

1. The glucose records and diabetes relevant information 
are now stored in a centralized database, which can be 
accessed by the care providers from any location. The 
patient now uses a mobile with a Patient Control Panel 
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installed. Whenever there is a new glucose record, the 
Patient Control Panel will store the new record in a 
central database. The storing process is done 
automatically via the connection between the 
glucometer and the Patient Control Panel. Besides the 
glucose record, each time the patient eats anything or 
takes any exercises, he/she will use his/her mobile to 
report the activity, , which will also be stored in the 
database. See Fig. 5.

2. When an acute situation happens, PatientAgent will 
check the glucose record history and the activity record 
of the patient. Based on the Division of Labor, which is 
stored in the EM in its KB, PatientAgent chooses 
corresponding care providers, and sends them alarm 
messages with appropriate suggestions. (See Fig. 7). 
Other irrelevant care providers will not receive this 
alarm message. Nevertheless, a system log message 
will be generated and stored, so that all care providers 
can see what has happened to Linus, if they want to.

3. When the alarm message is received, the agents of the 
care providers will search for useful information about 
the patients and present it with suggestions to the care 
providers, who needs to confirm that the suggestions 
from the agents are convincible. Nevertheless, the 
decisions are made by the human users; the agents only 
provide relevant information to them.

6. CONCLUSION AND FUTURE WORK

The collaboration situation in diabetic healthcare can be 
improved with IMAS. The IMAS provides a formal 
communication channel for all human actors. With predefined 
protocols, much information, such as glucose values, meeting 
details and task reports, can be automatically transferred to 
relevant agents. Some unnecessary visits to the medical staff 
may be avoided, since the software agents can provide 
intelligent decision support to the patients. This obviously 
decreases the communication and coordination burden of the 
diabetic healthcare management and gives the staff the 
possibility to provide healthcare of higher quality to a lower 
cost.

- 89 - 



Multi-agent Systems Supported Collaboration in Diabetic healthcare 

In the future, we will continue working with the details of the 
design of the Control Unit and Knowledge Base. Firstly, the 
KB, especially the EM, will be further developed to model the 
important aspects of the reality. Secondly, the stored 
knowledge should be processed in the Control Unit in a way 
so that the agent can make more effective decision. Principles 
from Activity Theory is hoped to be applied in this case.

With the introduction of IMAS, the quality and efficiency of 
diabetic healthcare can be improved. The IMAS provides 
diabetic healthcare actors, especially the patients, with glucose 
monitoring and decision supports in diabetic diagnosis. From 
care providers’ side, part of their jobs can be accomplished by 
the agents, e.g., arranging meetings, generating, storing, and 
fetching glucose reports, thus saving time for the staff, at the 
same time as the quality is improved.  
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Abstract

Human Agent Interaction (HAI) is considered as a sub area in 
Human Computer Interaction (HCI), in which the computer 
systems are specified as agent systems. Computer agents are 
different from traditional Information Systems in aspects of 
autonomy, adaptivity, and persona when interacting with 
human users. The usability principles in HCI research should 
be refined to focus on agent special characteristics when 
designing agent systems. We argue that flexibility should be 
especially enhanced in such a case. 
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1. INTRODUCTION

Human Agent Interaction is considered as a sub area in Human 
Computer Interaction, in which the computer system is 
specified as agent system. The interpretation of a computer 
agent is different from that of a traditional Information 
System, which may help people to make rational decisions via 
commands and/or direct manipulations. A computer agent can 
collaborate with the user and is engaged in a co-operative 
process in which humans and agents both initiate 
communication, monitor events and perform tasks (Maes 
1994).

The special characteristics of agent, i.e., autonomy, determine 
that the interaction between agent and human is different from 
other computer systems. The usability principles in human 
agent interactions should also be specified to focus on agent 
special characteristics.  

In the rest of the paper, we will first briefly discuss the trend in 
traditional Human Computer Interaction (HCI) development. 
Secondly we argue that flexibility should be enhanced when 
designing the interaction between human users and computer 
agents. Then we compare the IMIS Web based system and 
agent based system in order to illustrate the flexibility in 
human agent interaction. In the end, we give a discussion and 
conclusion.

2. TREND IN HUMAN COMPUTER

INTERACTION

Usability is a buzz word that has been used a lot when 
referring to the topic of Human Computer Interaction (HCI). 
Many researchers have presented their own understandings 
and research contributions in this area. Lauesen (Lauesen 
2005) defined six factors of usability: fit for use, ease of 
learning, task efficiency, ease of remembering, subjective 
satisfaction, and understandability. Dix et al. (Dix, Finlay et al. 
2004) introduced some principles to promote the usability of 
interactive systems.  
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Most of usability principles fall into three main categories, 
learnability, flexibility, and robustness. Learnability indicates 
the ease with which new users can begin effective interaction 
and achieve maximal performance. Flexibility indicates the 
multiplicity of ways the user and system exchange 
information. Robustness indicates the level of support 
provided to the user in determining successful achievement 
and assessment of goals. 

2.1. Towards Flexible Interaction 

The interaction between human users and computer system has 
evolved through three stages:

Command line: A typical example is DOS. Users must 
memorize the commands in order to manipulating the 
computers. The commands have strict grammars, which 
must be followed by the users. Command line interfaces, 
even though offer direct access to system functionality, are 
hard to use. However, command line is still being used by 
some experienced users.  
Text based interface (menu, Question and Answer): for 
example, menu based interfaces offer users some choices in 
hierarchical menus. Users do not have to type in the 
commands, which makes the system easy to use. The 
weakness of text based interface is that the structure is 
designed before the run-time. For example, the structure of 
the menu is static once the system has been put into use.  
WIMP: WIMP (window, icon, menu, and pointer) is 
currently the most popular interface style, e.g., MS 
Windows. With WIMP, users have much freedom in 
choosing the way that they want the tasks to be conducted, 
even though many systems also offer wizards for users to 
quickly finish the tasks.

Clearly there is a trend in the development of the interaction 
between human users and computer systems towards offering 
more and more freedom and flexibility to human users in 
choosing how they wish to manipulate the computers.  
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We believe that this trend will continue and the new 
computing paradigm – agent – will very much influence this 
trend. The autonomy of agent systems indicates that agent 
systems can make plans and decisions on their own behalf. In 
this case, users do not have to bother with some miscellaneous 
information processes. And we believe that agent will 
dominate the computer systems design and bring a new topic 
to researchers – Human Agent Interaction (HAI).  

3. HUMAN AGENT INTERACTION

INTERACTION: FLEXIBILITY IN FOCUS

We argue that flexibility in HAI should refer to not only the 
multiplicity of ways that users and system exchange 
information, but also the multiplicity of processes that users 
and system cooperate to conduct the tasks. 

Software agents work to achieve predefined goals on behalf of 
their users. Using agents to solve real problems has become a 
new trend in many fields, e.g., health care (Nealon and 
Moreno 2003), port management (Henesey, Notteboom et al. 
2003), E-commerce (Arafa and Mamdani 2001), traffic 
simulation (Bazzan 2005) etc. Some unique characteristics of 
software agents should be manifested in their interactions with 
human users, namely, autonomy, adaptivity, and persona.  

3.1. Autonomy

An intelligent agent is considered to be capable of autonomy, 
reactivity, proactivity, and social ability (Wooldridge 2001). 
An agent can quickly response to the environments 
(reactivity), deliberates based on its internal states and general 
new goals (proactivity), and coordinate its activities with other 
agents (social activities).  

Autonomy makes indirect manipulation possible for the users. 
Indirect manipulation means that the user does not need to 
bother with controlling the process that a computer system 
does the tasks.
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To complete a task, corresponding knowledge and capabilities
are necessary. An agent can hide the process of conducting a 
task from the users and release them from miscellaneous 
manipulations. In this case, agent systems are not only a 
system that listens to the commands from users, but also an 
autonomic entity that can positively interact with users.  

Obviously more flexibility is required in HAI, compared with 
traditional HCI which presents detailed task process and direct 
manipulation to the users. Figure 1 illustrates that the direct 
manipulation present all task process details to the users who 
have to handle all the details of accomplishing the task. With 
indirect manipulation agents only ask the users to configure 
their preferences and the expected outcome of the tasks. The 
agents will handle the details of the task process and report the 
outcomes to the users later.   

Agent
Interface 

Direct manipulation

Indirect manipulation

Agent
Function

system user

user 

Figure 1. Indirect manipulation vs. direct manipulation

3.2. Adaptivity

Agents can adapt its interaction with users at run-time, when 
there are changes in the environment. The adaptive interaction 
can be user-initiated or agent-initiated, depending on to what 
extent the user is involved in the adaptations.

User-initiated adaptivity is called customization. In this case, 
the users take initiative to change the system in the way they 
want. Customization enables the users to manually choose the 
style and the functions that they prefer in the system. 
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Agent-initiated adaptivity is called personalization. In 
personalization, the user is seen as being more passive, while 
the system monitors, analyzes and reacts to the behavior of the 
user, although users can still configure some parameters 
(Schiaffino and Amandi 2005). Personalization enables the 
system to change the style and functions based on the users’ 
previous manipulations without the notice to users. That is, the 
users do not need to do anything to make changes. Obviously, 
personalization is more difficult to implement than 
customization. 

3.3. Personas

Agents may represent persona in the reality. For example, an 
assistant agent may accept task delegations from their users. 
When performing these tasks, the agents are considered to 
have the same persona as the human users have in the reality.

The notion of agent prompts the computer system to a level on 
which it may interact equally with human users. The computer 
system is not a purely passive listener any longer. Besides, 
interactions among agents are also necessary and important. 
Since users are partially released from the burden of tasks 
execution, the agent should take their roles instead. When 
coordinating with other agents and users, the agent should 
reflect the role or persona from its human user. 

Agent persona involves social aspects, e.g., social 
categorizations, norms and rules, which should be taken into 
account when modeling the interaction between users and 
agents. Katagiri et al (Katagiri, Takahashi et al. 2001) argued 
that social factors such as affiliation, authority and conformity, 
need to be taken into account in interface agent design, as they 
can have effective and persuasive power in human-agent 
interaction 
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4. CASE STUDY: IMAS AGENT INTERACTION

COMPARED WITH IMIS WEB BASED SYSTEM

In the research project IMIS for healthcare, we developed two 
systems for the diabetic healthcare actors. IMIS Web System, 
as the name indicates, is a Web based information system. The 
other one, IMAS is an agent based system that runs in Java 
compatible environments.  

IMIS Web system was developed as a communication 
platform for diabetic healthcare users. So the users, both care 
providers and care receivers, share a common communication 
channel. The system provides messaging, calendar, diabetic 
related analysis tools etc. The system requires user login for 
authentication. Users are authorized with different roles, which 
are associated with different permissions and restrictions in 
using the IMIS system.  

IMAS system is a further development to the IMIS Web 
systems. Based on the functionalities, the IMAS system was 
developed with Agent technology and aims to provide the 
actors with agent-based services, such as, real time glucose 
monitoring, alarm, calendar arrangement, task delegation etc.  
The functionalities of the two systems are similar. However, 
their ways of interacting with users are very much different. 
Hereby we choose functionalities of calendar arrangement and 
glucose management as examples to compare the two systems.  

4.1. Calendar Arrangement with Indirect Manipulation  

Users may delegate meeting activity to the IMAS agents. 
Figure 2 illustrates that the user tells the agent necessary 
information about the meeting, such as, time, length, location, 
expected participants. Then the agent will automatically 
communicate with the agents of the expected participants. All 
agents negotiate with each other using the predefined protocol. 
After that, meeting alternatives will be present to the users, 
who will finally make the decision to choose one meeting and 
confirm it. Then the agents will put up the meeting activity to 
the calendars of their users.
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Figure 2 IMAS agent proposal a meeting

IMIS took a normal approach of negotiating a meeting. The 
users personally must contact each other via phone, emails or 
IMIS message service to check with each other about their 
calendars. After that they will put up the meeting activity in 
their calendar separately, as Figure 3 shows. The whole 
process takes a lot of time, especially when there are more 
than two participants.  

Figure 3 Actors may book an activity in their calendars

4.2. Adaptive interaction

There is a Knowledge Base component in individual 
architecture of IMAS agents. Knowledge Base stores 
knowledge and information that agents need to perform tasks. 
One important part of the knowledge is the Environment 
Model. Environment Model defines the rules, labor division 
and community (other relevant agents), when the agent is 
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performing a specific task. Take an example of the glucose 
management. IMAS Patient Agent monitors the glucose level 
of the patient. When it detects a possible acute situation, it will 
send alarms to relevant agents. The agents that will receive the 
alarm are chosen from the community based on the rule and 
labor divisions. Preferences in this selection are defined with 
factors such as, relations to the patient, the closest person to 
the patient at a specific time period and so on. Figure 4 shows 
that a parent receives an alarm that tells the glucose level of 
her boy Linus is rather high at this moment. The alarm is sent 
to her since it is around noon on Sunday, so the boy should be 
at home or other places that the parent should be able to reach 
quickly. In other occasions, the alarm might be sent to the 
school nurse, if the boy is supposed to be in school.

Figure 4 Patient Agent decides to send the alarm to the parent by 
processing its Knowledge Base.

IMIS Web system requires the user to manually choose one or 
more care providers to write messages, which can be about 
anything regarding the health status of him/her. See Figure 5.  

Figure 5 Patient has to manually choose a care provider to send 
messages.
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4.3. Persona reflection

The persona of IMAS agent is manifested in twofold. On one 
hand, the agent is able to represent the persona from its human 
users. The persona reflects to some extent the role of its users 
in the reality. For example, the when an agent starts a meeting 
proposal, it represents a role in the reality, e.g., doctor. 
Associated with the role, the agent is authorized to be 
permitted to call up such a meeting.  

On the other hand, the agent is able to understand the persona 
of other agents. That is, the agent knows about the identities of 
other agents. This is realized with the Knowledge Base that is 
built in the agent architecture. For example, the agent is able to 
adaptively choose relevant agents to send alarms or other 
messages. 

5. DISCUSSION

A successful design of the interaction between users and 
computer systems involves many issues. Flexibility is only one 
important aspect when considering the interaction with agent 
systems. Still there are other issues that are necessary, e.g., 
learnability and robustness, trust, security/privacy etc.

Learnability and robustness: other usability issues, i.e., 
learnability and robustness, are still valid and should be 
seriously considered.
Trust: it is important for users to trust a system which will 
directly interact with humans. Agents may be applied to 
perform a simulation of human activities, or perform real 
world tasks for human users. In both cases, how to help 
users trust the agent is both a social issue and a technical 
one in the case how to design the interaction between human 
and agents.
Security/privacy: The introduction of computer agents 
brings improved usability together with some new threats. 
When delegating tasks to computer agents, human users 
should be confirmed that the security and privacy issues, 
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which was under the control of human beings before, are 
now correctly and safely handled by the computer agents 

6. CONCLUSION

We argue that in a specific area of HCI, i.e., HAI, more 
concentration should be put on the flexibility. The intrinsic 
characteristics of computer agents determine that agents 
should provide human users with automatic and adaptive 
services, and reflecting the social status of their human users.  
Thus, a refinement of the view on usability is recommended 
when considering HAI.  The autonomy of agents suggests that 
the indirect manipulation should be manifested via agent 
interface. Customization and personalization in agent interface 
are recommended to improve the adaptive interaction between 
agents and human users. As an intelligent and ‘human-like’ 
entity, agent also possesses social status in a specified settings, 
thus we recommend that agent persona and other social 
aspects should also be manifested in HAI. 
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Abstract

This paper describes the Knowledge Engineering issues in 
software agent development. Agents should possess a 
Knowledge Base component in order to perform automatic 
actions. How agents from different platforms communicate 
with each other requires an agreement on the ontology and 
communication protocols. This paper provides a methodology 
to handle the knowledge base related issues on agent 
development. 
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1. INTRODUCTION

Since the birth in 1950s, Artificial Intelligence (AI) has been 
aiming at both 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). 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) [1]. This implies that the in order to 
understand and mimic human intelligence into computer 
supported system, the realization of a proper knowledge base 
is very important.  

As a new approach in AI, intelligent agents are more 
independent on human experts than ES. 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 [2]. Most of researchers used to 
use a planner instead of knowledge base to generate 
actions/plans for an agent to execute. They argued for that 
knowledge processing only emerges through interactions in 
communities of intelligent adaptive agents. They believed that 
knowledge is not in the operation of a particular agent but 
rather in the social processes whereby agents coordinate their 
behaviors[3-5]. Those researchers focused so much on the 
coordination that sometimes they neglected the intrinsic of 
knowledge.

This essay is organized in such consequence: in section two, 
the role of knowledge within an individual agent is discussed; 
in section three, the discussion is around what is the major 
problem for an agent to possess a knowledge component? And 
what is the theoretical solution for this problem? In section 
four, the methodology CommonKADS is introduced briefly 
and is used to build the theoretical solution into an operational 
approach.
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2. KNOWLEDGE AS THE ENTITY OF AN AGENT

An agent is said to be intelligent if it is capable of three 
behaviors: reactivity, proactivity, and social ability [6]. The 
reactivity and proactivity can be realized through a cybernetic 
approach[7]. With reactivity and proactivity, an agent can be 
automatic, but not autonomous. Luck believes that 
‘autonomous agents possess goals which are generated within 
rather than adopted from other agents.’ [8] To be autonomous, 
an agent should be able of personal social activities, e.g. 
interactions with other agents and the environment. From the 
perspectives of Activity Theory, goals can only be generated 
from the higher level – motivation [9]. Motivation should be 
considered on a knowledge level instead of information 
processing, which usually focuses on the realization of goals 
and neglects the context. This argument 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.”

Figure 1 Motivation and Knowledge (Based on Kuutti, 1996)

In [10], Gaines 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.” 

This statement can be separated into two parts. The first 
sentence implies the intrinsic of knowledge. Knowledge is 
nothing but information in use. There is a widely-used 
argument – ‘there is no clear boundary between knowledge 
and information’. If a piece of information is put into use, then 
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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 no one piece of knowledge, but always a group of 
knowledge pieces. The “information in use” means that a set 
of related information that is considered together, while the 
interrelation among those pieces of information is in focus. In 
this case, knowledge can be defined as a set of interrelated 
information with a context.  

The second sentence in Gaines’ statements brings up a 
question: should knowledge be considered as a given entity of 
agents, or a run-time temporal property? The existence of 
knowledge in an agent’s architecture cannot be neglected 
because it is not being used currently. At run-time, the 
‘emerges’ of knowledge is not a process of generation and 
organization of knowledge itself, but a process of generation 
and organization of the relationships among those knowledge 
pieces. It is those relations that make information into 
knowledge. So the answer to the question is that knowledge 
component should be considered as a given entity of agent. 
And the run-time ‘emergence’ is not the knowledge itself, but 
the relationships among them. These run-time relationships are 
either predefined by the agent’s ontology, or can be learned 
during the agent’s working process. This is going to be 
discussed in the following section.

3. ONTOLOGY IN AGENT KNOWLEDGE BASE 

DESIGN

Based on the above discussion, an intelligent agent should be 
equipped with a knowledge component, which makes it 
operate on a knowledge model level. However, the indulgent 
use of individual knowledge models/components lead to 
conflicts when different agents cooperate. Two kinds of 
conflicts should be separately treated: (1) different agent may 
have different knowledge on the same problem; (2) different 
agents have different ontologies about the same knowledge 
pieces.
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The first kind of conflicts results from the human personality. 
Because of the personality, different designers give agent 
different perspectives, from which agents perceive the 
environments and make decisions. The differences among 
those knowledge bases should be considered as 
complementary rather than conflicts. Weinberg stated “two 
different perspectives (or models) that reveal truths of a 
system are neither entirely independent nor entirely 
compatible. Two different kinds of knowledge on the same 
problem situation may give their solutions from different 
angles [11]. All roads lead to Rome. The relationship between 
two such kinds of knowledge models should be cooperative 
rather than competitive.  

The second kind of conflicts lie on the ontology level, which 
means that two agents use different concepts to refer to the 
same objects, or the same concept to refer to different objects. 
An agent’s ontology consists of the specification of a 
conceptualization, which includes the terms used to name 
objects, functions, and relations in the agent’s world[12].  This 
can be resolved in two ways: first, in the beginning of a 
particular MAS design, all the agents are equipped with the 
same ontology. However, this assumes the neglect the self-
learning capability of agent. Self-learning leads the agents to 
update their ontologies into multi-finality from the same initial 
state, which comes back to our original problem. The first 
solution is also not preferable because it is impossible for all 
the MASs all over the world to agree on a common ontology. 
The second solution is based on the agent’s learning 
capability. The agents are able to learn from others to 
complement and update their own ontologies. This learning 
capability is discussed in the following sub-section.   

3.1. Agent’s learning through DCM 

Williams[13] believes that an agent describes the environment 
through the following steps:

1. Conceptualization construction. The conceptualization 
includes all the objects and their relations that agents 
presume to exist within the environment. This 
conceptualization is done through ‘Distributed 
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Collective Memory (DCM)’. DCM is the entire set of 
concrete objects that exist and is accessible by any 
agent. However, agents don’t need to conceptualize 
every object in DCM. They may selectively 
conceptualize those that they are interested.

2. Ontology construction. The ontology of 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 doesn’t matter, because it will complemented 
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.

3. Learning key missing descriptors. This is used in the 
situation that 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 is 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) [13]. 

With the introduction of Distributed Collective Memory, 
agents share their knowledge based on the same 
conceptualization. This will minimize the conflicts of the 
‘sharing meanings’ among agents. Besides, the three phases 
above give the agents the ability to learn. This three-phase 
procedure is shown in figure 2.
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DCM

Figure 2 Agent and DCMFigure 2 Agent and DCM
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The above two sub-sections provide a theoretical architecture 
for agent’s knowledge intensive reasoning. That is a hierarchy 
of Environment-DCM-Ontology-Individual Agent (figure 2). 
The next step is to design and implement it into an operational 
level. There are many knowledge engineering methodologies 
to use nowadays. The one that will be introduced here is called 
CommonKADS[14, 15]. The CommonKADS enterprise 
originates from the need to build industry-quality knowledge 
systems on a large 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 Programme and becomes 
the standard of knowledge systems design and implementation 
in Europe.
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The next step is to design and implement it into an operational 
level. There are many knowledge engineering methodologies 
to use nowadays. The one that will be introduced here is called 
CommonKADS[14, 15]. The CommonKADS enterprise 
originates from the need to build industry-quality knowledge 
systems on a large 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 Programme and becomes 
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 
knowledge acquisition task or modeling task. The elegance of 
CommonKADS is its well-defined Knowledge Model 
structure, which actually affected a lot of other knowledge 
intensive computer system designs, e.g. PROTÉGÉ[16, 17], 
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KSM[18, 19]. In this essay, only the Knowledge Model in 
CommonKADS will be discussed. For more details of 
CommonKADS you may go to [14].

4.1. Knowledge Modeling (KM) in CommonKADS 

The KM in CommonKADS has two characteristics: the first 
one is representing knowledge assets; the second one is acting 
as the inference engine. These two tasks are realized through a 
three-layer hierarchy of KM (see figure 3).

On the bottom of KM there is a layer called Domain 
Knowledge Layer, which is used for representation of 
knowledge. The representation of knowledge in 
CommonKADS can be considered as a mixture of semantic 
network and Object-Attribute-Value pair[20]. This network is 
organized with UML. The organization of Domain Knowledge 
Layer looks quite similar with the Entity-Relation model in 
relational database system. The word ‘concept’, instead of 
‘object’, is used to describe the entities. ‘Relation’ is used 
instead of ‘link’ in semantic network.  

What’s more, 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.’[14]  

 Figure 3 Knowledge Model in CommonKADS

Task 

Inference Inference 

Rule-type Knowledge Base 

Task Knowledge Layer 

Inference Knowledge 
Layer

Domain Knowledge Layer 

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 consequents and antecedents come from. 
This representation of knowledge in Domain Knowledge 
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Layer is called Domain Schema. The second part of Domain 
Knowledge Layer is the knowledge base. Knowledge base is 
divided into two slots. The first slot ‘imports/uses’ the 
corresponding domain schema. The second slot is full of the 
‘rules’ that use the specific ‘rule-types’ from the specific 
domain schema.  

The other two levels of KM are Task Knowledge Layer and 
Inference Knowledge Layer. Task Knowledge Layer contains 
those knowledge assets generated from knowledge acquisition 
activity, e.g. Organization Model-3, Organization Model-4, 
Task Model-1. Those knowledge-intensive tasks are divided 
into two categories: analytic task and synthetic task. Analytic 
and synthetic tasks are divided into ten sub-tasks. And each 
sub-task has a pre-defined ‘inference-structure’ from the 
Inference Knowledge Layer.  

The Inference Knowledge Layer is made up of inferences and 
transfer functions. Those inference structures are given by 
CommonKADS but not limited. Knowledge engineers can 
adopt, revise, or give up them based on their own preferences. 
Inference Knowledge Layer resembles the inference engine of 
Expert Systems.  

4.2. Design and implementation of knowledge level model  

This sub-section uses CommonKADS methodology to 
implement the theoretical architecture given in section three: 
Environment-DCM-Ontology-Individual Agent.

1. DCM design: the Domain Schema with 
CommonKADS is used to map the environment into 
the DCM. With the introduction of ‘DCM’, this 
Domain Schema should be used not only for one 
individual agent, but also for all the agents within the 
similar area – there is no point for agents from different 
areas to share the same domain schema, e.g. health care 
agent and car-diagnosis agent. And the concept DCM 
will make the Domain Schema accessible to all the 
agents. However, the individual agent doesn’t need to 
know all the objects in DCM. They don’t need to give 
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the same semantic meaning to the same object either, 
because this will 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. However, other approaches, 
e.g. KSM, argue that methods and domain ontologies 
are not totally independent[21]. This depends on the 
designers’ needs and preferences.

3. Individual Agent:  the individual agent represents the 
task level, or together with inference level. The current 
agent architecture is based on the BDI model [6]. 
Basically BDI model solves the plan-generating 
problems, which is how to decompose the one 
inference into actions. This is more or less a question 
of efficiency and effectiveness. However, the 
decomposition from task to inference depends more on 
the context or environment where the agent exists in. 
Besides efficiency and effectiveness, more requisites, 
e.g. elegancy, moral perspectives, are needed to 
consider. This needs a support from knowledge level, 
which cannot be provided with a simple BDI model.  

Figure 4 Agents sharing one DCM
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The three steps are represented by the above picture. The 
agents in a MAS share one Distributed Collective Memory, 
which is the common Domain Schema for all. Individual agent 
has its own knowledge base and inference engine. The strong 
point of such a structure is that the agents may be easier to 
cooperate since their corresponding knowledge bases and 
inference engines have the same roots – DCM.  

5. CONCLUSION

This essay starts from the necessity of knowledge components 
in an agent system, with the arguments that knowledge can be 
considered as a set of interrelated information with a context 
and the existence of knowledge in an agent’s architecture 
cannot be neglected because it is not being used currently. One 
of the important issues of knowledge based systems is the 
sharing meaning among various agents within one MAS. The 
concept DCM provides not only a framework for all the agents 
to share one common domain schema, but also the possibility 
that all agents may learn from each other to complement and 
update their individual knowledge bases. In the final 
discussion of how to design and implement the agents from the 
knowledge level model, a widely used methodology 
CommonKADS is introduced. The researchers may but not 
have to follow the phases of the methodology. The three-layer 
knowledge model structure given by CommonKADS is a good 
choice for us to design and implement the knowledge models 
for agents.

In the end, this essay is basically a literature study for the 
study of knowledge components in agent system. The outcome 
of this paper will lead to a real world approach that may be 
diverse in a lot of area. Besides the agent technology, various 
technologies may be integrated with it, for example, semantic 
web, or a knowledge intensive web service. In some 
knowledge intensive area like health care area, this is desirable 
and feasible. Some discussions of real world approaches will 
follow this essay in future.  
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Abstract

This paper deals with the design problems in healthcare 
information systems on how to adapt to dynamic factors and 
diversities so as to reach the interoperability between 
healthcare actors. Those dynamic factors and diversities are 
caused by, for example, constant suggestions from users, 
changes in the applied technologies, and after-learning related 
stepwise progresses. We suggest applying Web services 
technology, especially the idea of Semantic Web to tackle the 
problem of diversity in healthcare branch. In order to tackle 
the problem of dynamic changes during the design process, we 
suggest an evolutionary design methodology based upon an 
organic development metaphor – embryonic prototyping 
approach (EmA). We demonstrate our idea by the project 
IMIS that is to design a semantic Web service for the diabetic 
healthcare. 
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1. INTRODUCTION

It is a problem to adapt the dynamic factors and wrap the 
diversities in developing service information systems. Those 
dynamic factors are caused by, for example, constant 
suggestions from users, changes in the applied technologies, 
and after-learning related stepwise progresses. There are 
usually different organizations providing similar or related 
services to the same group of users. These various services and 
applications in different organizations lead to the difficulty of 
interoperability among them. For example, in healthcare area, 
hospitals, county councils, municipalities and other social 
organizations cooperate with each other, while using their own 
disparate systems. Therefore, it is very crucial for E-health 
systems designer to find a strategy to deal with the dynamic 
factors and diversities in the healthcare information system 
design process. 

In our application IMIS (Integrated Mobile Information 
System for Healthcare), we aim at building a web-based 
service information system to aid the activities in diabetic 
healthcare. IMIS is to integrate two kinds of users into one 
shared platform: The first group is the patients (healthcare 
receivers). The IMIS is to provide the diabetic patients with a 
mobile-network communication platform for homecare 
supervision, self-treatment, and preparation before face-to-face 
diagnoses. The second group of users is various care 
providers. 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 on the right time for a seamless co-
operative work among organizations and among persons.  

Due to the large varieties of healthcare services, the ‘services 
selection’ in the beginning of the design is very important. It is 
a decision on what functions the system should include. 
However, this decision is usually difficult to make in the initial 
stage of system design. In our approach, we adapt an EmA 
strategy (Embryonic prototyping approach) [1]. In this 
approach, the services selection is the co-operative work 
conducted by the users and designers, and it penetrates the 
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whole process of system development. Thus, the design of 
healthcare information system for diabetic healthcare is a 
dynamic cooperative process between designers and users.  

The diabetic health care is a diverse system that involves 
various actors. We know that diabetes is a serious disease that 
may lead to almost all kinds of complications and bring 
serious consequences including death. Diabetes healthcare 
involves not only many medical organizations but also various 
social organizations, for example, home care center from the 
county council, home service from the municipality etc [15]. 
The diversity of diabetes, the same as other chronic diseases 
(heart diseases, aneuria, and senile diseases) causes serious 
difficulty for the healthcare information systems designers.  

Diversity brings interoperability problem to the diabetic 
healthcare system. The various medical and social 
organizations have implemented their own computer systems 
to aid their work. However, these systems are not 
interoperable. For example, the data and information cannot be 
shared among healthcare actors. In this paper, we will 
introduce our approach to tackle the above problems. 

2. APPLY WEB SERVICES TO WRAP THE 

DIVERSITIES

As a response to the diversity and interoperability problem, we 
introduce Web services technology. Web services models 
provide the designers of service information system with an 
ideal platform to tackle these problems. Web service 
standardizes the way that we access data, instead of 
standardizing the data itself.  This will allow designers to 
integrate the existing data sources from different service 
providers into the designed Web services, and not to reproduce 
the data. Thus, the Web services technology are designed to 
wrap and expose existing resources and provide service-to-
service and application-to-application interoperability [8]. 
Web Services technology has been applied in many areas to 
tackle various problems e.g. construction product catalog [8], 
healthcare domain knowledge [4], security exception 
management [14], Web Map Service (WMS) [12] etc. 
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To reach the automated interoperability of service-to-service, 
we need to introduce the idea of Semantic Web.  A Semantic 
Web is an expansion of the current web, in which information 
is given well-defined meaning, better enabling computers and 
people to work in cooperation. The Semantic Web provides a 
common framework that allows data to be shared and reused 
across application, enterprise, and community boundaries [3].

Facilities to put machine-understandable data on the Web are 
becoming a high priority in healthcare branches. The full 
interoperability among various service providers can be 
realized only if data created by each can be shared and 
processed by automated tools as well as by people. The 
Semantic Web provides a vision: the idea of having data on 
the web defined and linked in a way that it can be used by 
machines not just for display purposes, but also for 
automation, integration and reuse of data across various 
applications.  

Though Web services can wrap the diversities of an E-service 
system through enabling interoperability among services, it 
cannot tackle the dynamic factors in E-service system 
development. This requires a methodology that can take 
dynamic factors into the system development, such as constant 
suggestions from users, changes in the applied technologies, 
and after-learning related stepwise progresses. In the next, we 
introduce Embryonic Approach (EmA) [1] to tackle this 
dynamic problem in design. 

3. EMBRYONIC APPROACH TO DYNAMIC

DESIGN

EmA considers system development as an organic process. 
The system is considered as an ‘embryo’ in the beginning. The 
system development is also the process of the ‘embryo’ 
growing to ‘mature’. In order to start from small and to grow, 
EmA has two vital components to start with: 1) a sustainable, 
expandable, and adaptive system structure, and 2) an 
embedded learning mechanism – online feedback. 
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The sustainable, expandable and adaptive system structure is 
the platform where ‘growing’ can be realized. The system 
should start with this structure to absorb broad social dynamics 
and can expand itself. It can be regarded as a skeleton of an 
organic system. In practice, the effort to find this skeleton 
could lead to each designer proposed category claiming to be 
the most appropriate for one specific domain. However, the 
EmA requires that great effort first should be made in the 
selection of a competent structure or category that is most 
suitable for the purpose at hand, instead of paying attention to 
the content or the power of each function. Perhaps such a task 
is most difficult in social services and administrative 
businesses, because the work in those fields is very poorly 
structured which at the same time being very dynamic. Of 
even great disadvantage is that the social sciences, which 
relate to the service activities, usually do not provide a 
tangible and programmable structure for service information 
system development.  

The embedded learning mechanism – build-in communication 
and on-line feedback is to design a communication tool within 
the designed system. The EmA provides continuous support to 
participants regarding communication and feedback. EmA 
suggests that a communication channel should be built into the 
designed system to provide the users with the capabilities of 
submitting on-line feedback. This channel could be for 
example an input textbox at the bottom of each page that can 
be used to send messages to the designers. On-line feedback 
can provide vision, encouragement, and a feeling to users and 
designers that ‘we are all in the same boat and should work 
together.’ It creates a sense of partnership where users’ 
interests are taken seriously by the designers.

4. A DEMONSTRATION

As we mentioned in the introduction of our IMIS project, we 
are developing Web services to diabetic healthcare. We will 
build up a prototype that is based upon Web services 
technology and we apply EmA approach in design. There are 
some important properties of IMIS prototype that we think are 
necessary to bring up for discussion here: 1) a sustainable 
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infrastructure, 2) the interoperability for healthcare actors; 3) 
the dynamic design based on feedback learning.  

4.1. Sustainable Infrastructure 

The first vital component of EmA is developing a sustainable 
infrastructure to support the interoperability of different 
healthcare information systems through semantically enriched 
Web services. For this purpose, a generic structure of human 
activity system [5] will be applied as Web service ontology to 
describe both the service cooperation and individual messages 
in the decentralized web.  

The human activity system we adopted comes from Activity 
Theory. 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. 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, community, rule, 
and division of labor. For more details about Activity Theory, 
please refer to [5, 6, 9-11]. 

According to the six components of human activities, we 
suggest that the sustainable structure should include the 
following six interrelated databases:  

1. Database of diabetic patients (object database) that 
includes all necessary information about the diabetic 
healthcare, such as contact information, medical 
journal, diet foods, motions habits etc. 

2. Care providers’ database (subject database) that 
includes all care providers’ information, such as 
doctors, nurses, relatives, home services, dietitian etc. 

3. Tools database that includes all kinds of help functions 
for conducting the healthcare, such as appointment 
booking, alarm function, monitoring function, 
prognosing and analyzing tools, communication tools. 

4. Community database that links all related actors such 
as diabetic associations, diabetic advises community, 

- 124 - 



Developing a Semantic Web Service for Interoperability in Diabetic Healthcare 

other related services community, and personal 
contacts community. 

5. Rules, laws, contracts database that includes all legal, 
cultural documents in healthcare. This can also be 
agreements and guarantee about privacy, security, 
economical and service qualities.  

6. Labor division database that specifies who (care 
providers) do what (to the care receivers). This 
specification is to guarantee that all kinds of needs of 
the patients have been completely and seamlessly 
provided by the healthcare communities. 

Based upon the above six databases, we have to build up 
interrelationships between them in order to perform systematic 
functions, since many healthcare activities are conducted by 
cooperative operations among several components. Activity 
Theory has provided us with very rich relationships by linking 
all the components through concept ‘mediation’, 
‘contradiction’, ‘networking’ etc. (details see [2]) 

4.2. Interoperability for Healthcare Actors 

IMIS is to provide interoperability for different healthcare 
actors as a shared platform through Web services. As we 
mentioned above, the diabetes leads to many kinds of 
complications, and it is beyond the medical area. Therefore, to 
share information, it is not only connecting a hospital to its 
branch clinics but to an array of internal and external agencies 
with disparate data sources and applications. Various kinds of 
organizations are involved, e.g. insurance entities, government 
agencies, home service organization from the municipality etc. 
In most cases today, these related organizations are not 
allowed to share the database from the healthcare actors for 
some security and privacy reasons. 

Doctors today are more and more specialized in their own 
medical areas. That means, the diabetic patients’ records (of 
the complications) are kept in many places (hospitals) by 
many care providers (doctors). What is more, there is more 
than one standard to represent these records/information, 
which creates an interoperability problem among healthcare 
actors.
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IMIS approach the above interoperability problem from the 
end-users’ perspective. It focuses on the process of use rather 
than recording and documentation of electronic health records. 
In other words, the approach allows a standard way of 
accessing the data rather than standardizing it. What IMIS 
aims at is not to re-create the database to store the patients’ 
information or to standardize the input documentation, which 
is not a realistic approach. Instead, we will create a meta 
database to cover databases from the different healthcare 
actors, e.g. hospitals, home care center from county council 
etc. This meta database is the ontology that the IMIS Web 
service is based on. A standard way of accessing and 
exchanging data from different databases will be created and 
adopted through the Web services technology.  

Then the interoperability problem among different healthcare 
standards will be handled at the semantic level through 
ontology mapping and semantic mediation. The related 
organizations can access each other’s database/information of 
healthcare actors via the Web service of IMIS. As Fig.  1 
shows, the IMIS Web service provides access channels to all 
the healthcare actors. With Semantic Web of IMIS, all these 
organizations can get their desired information without any 
pre-knowledge of other healthcare actors’ database. Thus, the 
diabetic healthcare actors can work on an interoperable level.

- 126 - 



Developing a Semantic Web Service for Interoperability in Diabetic Healthcare 

IMIS Web Service 

Other services 

providers

Patient home Hospital 

Other Services

Home care 

and service

Medical care 

Home services 

Man-materials flows 

Information flows 

Fig.  1 IMIS Web service tackles the interoperability both within 
healthcare domain and with the related organizations.

4.3. Dynamic Design Based on Embedded Feedback 

Learning

The design of IMIS Web services with interoperability is 
regarded as an evolutionary and learning process. To 
practically implement this learning and evolutionary progress 
in design, IMIS introduces an embedded feedback and 
communication mechanism for all actors involved, especially 
the users (Fig.  2). Technically, the embedded feedback and 
communication is to associate all Web pages of IMIS with a 
user feedback area, where the users can write down their 
feedback about their use of the system (prototype), and click a 
button to send them to the designers. The feedback fields will 
automatically associate the feedback with some other related 
information, e.g. information of the current page, information 
of the users (this requires a login of the users), etc.
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User Feedback Area Prototype Area 

Fig.  2 Embedded feedback and communication mechanism in IMIS 
prototype design. On every Web page of IMIS (prototype), there is a 

‘User Feedback Area’ on the bottom

Another important point of the embedded feedback and 
communication is that the designers should response to the 
users’ feedback in a timely fashion. It is recommended that the 
revision based on the users’ feedback should be done no 
longer than two weeks. Some small bugs should be fixed 
within one or two days. The point is to make the users feel that 
they are making progress in the system development.  

Coupling feedback directly into the designed system, 
misunderstandings and confusion between users and designers 
can be greatly reduced, because all concepts and objects 
mentioned in a feedback message are always related to a 
concrete context presented in the current display. Since users’ 
involvement in design process often implies intensive 
communication and feedback related to development issues 
and therefore this communication must be based on or guided 
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by a sustainable and comprehensive architecture of the 
designed system as mentioned in the above point 1).

This embedded feedback and communication link provides a 
dynamic input to the development of the Web services. It is a 
channel to enable learning from each other in the so-called 
user-centered design, prototyping approach, and participatory 
design. This communication and feedback is perhaps the only 
way to identify users’ dynamic needs [7].  

5. CONCLUSION

Though our project IMIS is still an ‘embryo’, it has the 
potentiality to ‘grow’. We believe that the Web service 
technology has provided the designers of healthcare 
information systems with great opportunity to reach 
interoperability and service-to-service cooperation.  
Nevertheless, technology provides only a tool, and we must 
have a methodology to use the tool to design the targeted 
system.  EMP suggests an evolutionary design methodology to 
‘start small and grow’ [13]. Major questions are raised, such as 
‘where to start?’ and then ‘how to let the system grow?’ EMP 
answers the questions by starting with a sustainable 
infrastructure and an embedded feedback learning capacity 
(self-learning) of the developed system – an embryo metaphor. 
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1. INTRODUCTION

This appendix provides a brief description of the IMAS 
assessment. The assessment was conducted with help from 
selected school nurse and hospital nurse. We wish to give our 
great gratitude to them for their help. For privacy reasons, the 
nurses are anonymous in this report.  

The aims of the assessment are:
To demonstrate the IMAS system to the corresponding 
actors in the diabetic healthcare for children, i.e., school 
nurses, hospital nurses, etc.
To validate whether the IMAS system is able to overcome 
(some of) the shortcomings of the current diabetic 
healthcare system.  
To get the recommendations about the IMAS from the 
participants 
To get suggestions for future improvements.  

Important concepts:
IMAS is a Java based agent system, which is able to 
automatically performing delegated tasks from users.  
The developer of IMAS, Peng Zhang, is a PhD candidate 
from Blekinge Tekniska Högskola.  

Permissions from the participants:
Voice recorded during the assessment 
Notes during the assessment 
Computer screen manipulation recorded during the 
simulation 

Assumptions:
The glucose level of the patient is simulated. During the 
simulation, the developer will be able to affect the glucose 
level in order to provide ‘urgent’ situations for participants 
to handle with; nevertheless all simulated situations actually 
may happen in the reality.   
Due to the time limit, the simulated glucose level changes 
much faster than the real life. The simulated glucose level is 
refreshed every 6 seconds with at least ca 0.1 mmol/l.  
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Participants:
Developer, Peng Zhang,
Nurses (hospital nurse, school nurse).

2. ASSESSMENT SET UP

2.1. Assessment participants 

There are two categories of the participants in this assessment, 
developer and testers.

Tester

Think aloud 
Screen manipulation recorded 
Voice recorded 
Conduct simulation tasks 
interviewee

Developer

Signal simulation (gucose 
level)
Assign simulation tasks 
interviewer

Figure 1 Assessment Setup 

Developer
The developer designed and implemented the IMAS system. 
The developer has background in Computer Science (Agent 
programming, Intelligent Decision Support Systems, Human 
Computer Interaction), Software Engineering (software 
development methodology), and other computer technology 
related knowledge. The main responsibility of the developer is 
to simulate the medical data, glucose level in this simulation, 
assign tasks to the testers to conduct, and do an interview to 
the testers in the end.

Tester
The testers’ main responsibilities are conducting the 
simulation tasks, handling alarms that pop up during the 
simulation, and participating in the interview. During the 
simulation, the testers should take the ‘think aloud’ technique. 
The manipulations on the screen and the voice will be 
recorded for archive purpose.  
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Tester 1 (hospital nurse, T1): the nurse is working at the 
emergency department in the hospital. T1 has some 
knowledge about the medical computer system used in the 
hospital, since he used to be a mentor who taught people in 
the hospital how to use their computer system. T1’s work in 
the hospital consists of two parts. One is to talk with 
patients and try to classify them to corresponding categories, 
such as life, accident, so that the patient will be sent to the 
corresponding doctors for diagnosis. T1 used to work in the 
hospital to teach different department staffs how to use new 
system. Now there are several computer systems used, 
Systeam Cross for documentation, VLA (Vård Logistik 
Administration) used by doctors, which is also a paying 
system. 

Tester 2 (school nurse, T2): T2 is a school nurse. She works 
for the healthcare for the children. As emphasized by her, 
the job is different from the illness care (sjukvård) from the 
hospital, which cures illness. Therefore, as T2 argued, the 
school nurse does not talk too much to the patients 
(children) if they are ill. Instead, the children should be sent 
to the hospitals and be diagnosed over there if necessary. T2 
does not have a good knowledge of computers. She has just 
enough knowledge to manipulate some simple computer 
programs, such as the patient journal systems installed on 
her computer. A new system has been installed for her since 
one year ago. The new system, PMO, takes the place of the 
old ProfDoc (journal system) and other systems (used in 
school). So now she has only one system (PMO) and uses it 
for both journal and school system.  

2.2. Assessment components 

There are two components in the assessment, simulation and 
interview.  

Simulation (around 30 minutes) 
The simulation contains five tasks for the testers to perform. 
The testers are supposed to manipulate the system by 
themselves, with enough and necessary hints from the 
developer.
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Interview (around 30 minutes) 
The interview contains questions in three categories. The 
testers and developer will have some discussions based on the 
simulations.  

3. SIMULATION

The point of the simulation is to let the participants try the 
IMAS system by themselves. The simulation consists of 
several tasks that the participants should accomplish with 
necessary hints from the developer. Important conversations 
during the simulation and short summaries are provided in the 
boxes (dfd) under each task.

Hint and note: 
For the participants, please think aloud. That is, please speak 
out what you think in your mind during the simulation. This 
will very much help the developer to better understand your 
manipulations.  
For the participants, all your manipulations on the screen 
will be recorded during the simulation, if you kindly permit.  

3.1. Task 0 – learn about the settings 

It is assumed that there are four (virtual) persons in this 
simulation, Linus (patient), Jenny (patient), Christian (nurse), 
and Anna (parent). Each person is assisted by an IMAS agent. 
The tester will play the role of ‘Nurse’, the developer will 
temporally play the role of ‘Patient’. The role ‘Parent’ is not 
physically present, assuming that the parent is not reachable at 
this time, while the agent of the parent is working anyway.

Figure 2 there are four ‘virtual’ persons involved in the simulation

Patient
Linus

Parent

Patient
Jenny

Nurse 
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The simulation is based on a scenario. The following scenario 
is what happens in the daily diabetic healthcare reality, which 
is supposed to be improved with IMAS.  

Scenario. Linus is a student of the fourth grade in a primary 
school. Unfortunately he is suffering of diabetes of type one 
and needs regular insulin injections every day. One day Linus 
felt unwell. So he went to the school nurse for the glucose 
measurement. The result from the glucometer did not provide 
enough information to the nurse since the nurse did not have 
the recent glucose level record of Linus. More information can 
only be fetched via phone calls to the parents or hospital 
nurses. Later it was found that Linus had some high 
carbohydrate food at lunch, and did not take the insulin 
injection on time. 

Summary
The testers have not problems in understanding the settings of 
this assessment. And they easily took their roles in it, since 
they are used to be working in similar roles in their work.  

T1: the idea of automatic agent is good. During my work, I need to click 
many buttons to collect the information I need. It will be perfect if the 
agent can bring the information automatically to me. 

3.2. Task 1 – learn about the functionality tabs 

There are five functionality tabs on the interface of a nurse 
agent. Please take a quick look at all of them.  

Meeting. This is where you start proposing a meeting with 
other stakeholders, and fetch the results.  

T1: some fields on the interface should be designed as dropdownlists 
(combo boxes), so that I do not have to manually type in the names.  

Alarm. This is where you see the log messages of alarms 
from various patient agents.  

Glucose monitoring. This is where you see the real-time 
glucose level information of patients. 
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T1: this is very good. It reminds me another test HBA1C, which measures 
the amount of glycosylated hemoglobin in the blood.  

Glucose statistics. This is where you see some statistics of 
the glucose levels, such as daily average in the last 30 days.
Patient Activity Record. This is where you will see the 
history records of the patient activities, e.g., insulin 
injection, food intake, exercise, and so on.

T1:  how this information is stored? 
Developer (D):  that depends. For some medical deveices like medicine 
box, the information about the medicine intake is sent to the server 
automatically, if it is inbuilt with the medicine box. But for other activities, 
like food intake, the patient can use the mobile to simply click a button. 
(showing the mobile interface). 

Summary
The functionality tabs are simple enough for them to get the 
point of each function. And T1 especially give some of his 
suggestions to the interface:  

T1: some fields on the interface should be designed as dropdownlists 
(combo boxes), so that I do not have to manually type in the names.  

3.3. Task 2 – propose a meeting 

Please go to the meeting tab, and start to propose a meeting 
with Linus. Check the log information and tell when and 
where this meeting will be held.  

Summary
T1 was very interested in such an idea, while T2 was not, since 
she though she did not need to have such a scheduling system 
with the hospital nurse in cases of diabetes, since the patients 
(children) are very good at taking care of themselves, or 
brought themselves to the hospitals.  

T2: We do not need to contact the hospital nurse. The patients themselves 
should go to the hospital.  
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3.4. Task 3 – glucose monitoring & alarm 

Please wait and you will see an alarm window popped up. 
Then check the glucose monitoring tab, check the 
corresponding patient’s current glucose level and its trend.

Summary
Results from the glucose monitoring system is promising. 
Both the school nurse and the hospital nurse think that this 
might improve the current situation.

T2. This might help. But the diabetic children are not coming to us often. If 
they do, they actually know much better about their body than I do. And 
the children in my school are between 13 and 16 years old. They are 
growing up quickly in this period. So the body status changes very fast. 
Such a monitoring system might help with other aspects than diabetes.  

3.5. Task 4 – decision support with statistics and activity 

records

After receiving the alarm, please check 
The daily average glucose levels of the corresponding 
patient in the last 30 days.
The activities of the patient in the last 5 days.  

Summary
The simulation illustrated the decision support tools attracted 
much interests from the testers. They provide many ideas for 
what functions and how they should be implemented.  

T2: Similar like the monitoring system. If the system can provide some 
functions like this, the nurse may show two charts to the child and tell 
him/her that, look, in that week, you had too much (some kind of) food or 
did some activities, so that your body was like the second chart tells (data 
mining techniques). In that case this will do some help.  

4. INTERVIEW

The second part of this assessment is an interview, which 
consists of three components, communication problem, 
intelligent decision support, and privacy in the diabetic 
healthcare. The three components are developed based on the 
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previous interviews with the participants. Important 
conversations are included under each question.  

4.1. Communication problem  

Do you think IMAS makes it easier for you to fetch the 
patient records, or worse, compared with the old/current 
system?  

T1:  this is a good idea. One such system might help a lot.  

T2: I have my own system to access to the patient record. And I do not 
need to access to the hospital journal, since I do not make diagnosis.  

Do you think the IMAS can help you to communicate with 
other care-providers, whom you have problems to contact 
with your current system?  

T1: yes. If you have one simple system, easier for the users. The problem 
is now there are so many information which is put on different places. 
But if you have one system that can access to all the information. That 
will be good. For example, if Linus is in Stockholm this weekend. He 
might use such a system for a better treatment when he feels unwell.  

T1:  in north Sweden, you might live 20 miles away from the hospital. 
With such a system, the patient does not need to go to hospital.  

T1:  your idea is perfect. The nurse union’s idea is to put healthcare close 
to the patient, not away from them.  

D: we have similar idea. We say like this, we bring the healthcare to the 
patient, instead of bringing the patient to the healthcare.  

T1: it is much easier to have the healthcare at home.    

T2: In case of diabetes, I do not need to contact them often. I have more 
contacts with other disease carriers. Diabetic children know much more 
than I do in taking care of their bodies.  

Do you think the IMAS system can reduce the visits of 
patients?  

T1:  in such a system, you have a record of your patient.  if you can 
check the sugar level in the daily life. The patient does not need to go to 
the emergency (at hospital). This saves money!  
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D:  the point of this system is to try to monitor the daily life of the patient 
and pre-tell what and when the problem will happen.  

T1: yes, similar to the elderly care. similar like for older people. They 
need to go to hospital from home when illness happens. If you have a 
system that can measure some health related data with something like 
computer chips. If you can catch the patient before they get very sick. 
You save a lot of money. Emergency is very expensive. And besides, the 
patient will live much better not only physically but also mentally.  

T1:  the point is the control the illness before they really happen, before 
it is too late.  

T2: I do not have that many diabetic patients. Most of the children come 
to me for other diseases.  

What do you think should do in the future, in order to make 
the system better?  

T1:  a shared calendar that the whole nurse groups may share will be 
nice.

4.2. Intelligent decision support 

Do you think the decision support tools in IMAS, e.g., 
charts, will help you making a diagnosis?  

T1:  the chart is good. For example, in north, the patient cannot go to the 
hospital after kidney transferring operation, since they live too far away 
from the hospital. So they stay at home, using a camera and other 
medical devices which are connected to the network. So the doctor can 
work in the office and look at the patient and the medical information in 
order to give a diagnosis.  

T1:  with this system, the doctor might need to know about each patients. 
If I have only 10 patients. That will be fine. Coz, I need many 
information to make a precise diagnosis. Like, I know that he likes 
candy, he is young and like drinking and so on. So many related 
information is needed. Diabetic doctors need to know their patients. How 
they live and so on. Only if they know their patients, they many easier 
understand the charts.  

T2: In case of other diseases, it might help. But that much in diabetes in 
my opinion, since I do not work much with these children.  

What is the most important information/chart when you 
make a diagnosis?  
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T1:  see above 

T2: I do not make any diagnosis.  

4.3. Privacy

Do you think the IMAS system will violate the privacy of 
the diabetic healthcare stakeholders? If so, for what reasons, 
technical, social or others?  

T1:  no. the law says that if you are in charge of the patient, you are 
allowed to read the records. And the system always need a password 
from the patient if others need to read the information. Hackers might be 
a problem, but this is not about the privacy. It is technical issues only. So 
I do not think this will break any laws.  

T2: Not relevant, since there should be two systems. This one will be 
better used by hospitals.  

5. ANALYSIS

5.1. Simulation

The result from the simulation can be analyzed in three 
aspects: agent based coordination, decision support, and user 
interaction.

Agent based coordination. This part is about the automatic 
meeting scheduling and alarming system. The feedback 
from hospital side is that with such kind of autonomy, 
computer agents help patients taking better care of them. 
Functionalities similar like scheduling will very much 
improve the work efficiency of the hospital work. Thus, the 
number of visits to hospitals will be very much decreased, 
which in consequence will save a lot of time and money for 
hospitals. While the school nurses think that, they are 
involved in the healthcare instead of the illness care. Thus, 
the most of the coordination should be between patients 
(parents) and hospitals.
Decision support. This part is about the decision support 
tools that are provided to the users, e.g., glucose monitoring, 
average glucose report/chart, patient activity record. This 
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part attracts both the interests from hospitals and schools. 
The current systems that they are using lack the decision 
support aspects. Some information, like patient activity 
records, is very useful for them to make diagnosis or 
treatments to the patients. Some data mining techniques 
might contribute to the decision supports. For example, the 
school nurse especially asked that the system should bring 
the glucose average chart and the activity record together 
and try to compare them in order to draw some conclusion 
that some special activity from the patient may lead to some 
consequence in the glucose levels. This work is conducted 
by the professionals nowadays. But it might be improved or 
facilitated by computer agents.  
User interaction. This part is mainly about how the testers 
are interacting with the system. The first prototype of IMAS 
still needs improvement of the user interface. The agent 
interface was designed to be simple, since most of the ‘user 
manipulation’ is supposed to be simplified. Computer 
agents should take more roles in the details processing. 
Testers, in this case, proposed some questions regarding 
how to improve the interface, compared with their current 
systems. This is good in the case that the new system should 
be somehow consistent with the old system in the user 
interactions.  

5.2. Interview  

The interview consists of three parts, communication problem, 
intelligent decision support and privacy.  

Communication problem. The communication between the 
patient and hospital is expected to be simplified by IMAS. 
The nurse considers the idea of using agents to simplify the 
communication is good and promising.  
Intelligent decision support. Many relevant ideas are 
brought up by the hospital nurse. Examples, such as, distant 
diagnosis from home, HBA1C, are introduced and 
discussed, which can be a good contribution to the IMAS 
system in the future.  
Privacy. The privacy will not be violated by the IMAS 
system. As the nurse mentioned, the patient record is taken 
care by the corresponding care-providers. The access to the 
records can only be done under the permissions of the 

- 142 - 



Appendix I IMAS Assessment 

- 143 - 

patients. The care providers have the permission to access to 
the record, as the law says.

6. CONCLUSION

The assessment has received viewpoints from both the hospital 
and school in case of diabetic children. In general aspects, the 
IMAS system has promising future in case of simplify the 
communication work, improve the collaboration in care 
providers, providing intelligent decision supports to the 
patients.
Still, as the first prototype of IMAS, the system suffers from 
some problems with the user interactions, details of each 
functionalities, which should be improved in the next version 
of the systems. 
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