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ABSTRACT 

 

eHealth, the use of Information and Communication 

Technology (ICT) in the health sector, enhances today’s 

health care environment. In particular, the use of Multi Agent 

System (MAS) technology, an aspect of ICT, can further 

contribute to the improvement of health care. Exceptional 

integration of this technology requires a Cognitive 

Engineering (CE) approach. Implying that the design and 

implementation of the architecture is done incrementally and 

using multiple distributed agents, which are facilitated by 

easy data entry, management and verification by all involved 

actors. Consequently, we designed a hybrid agent 

architecture, consisting of multiple distributed agents and a 

Virtual Personal Assistant that supervises patients’ self-care, 

with chronic illness, and tested it in a laboratory setting 

according to the Cognitive Engineering approach. Results 

showed that the architecture designed meets with our 

requirements and the functionalities are comprehensible by 

the involved users. We expect that the incremental character 

of the developed hybrid architecture enables further 

development and could be applicable for the supervision of a 

variety of chronic diseases in the eHealth setting. 
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INTRODUCTION 

 

eHealth, the application of Information and Communication 

Technologies (ICT) in the health sector, is radically changing 

today’s health care (Curry et al., 2002). Due to the 

combination of decreasing health care costs, exponentially 

increasing network connection speeds, and the suitability of 

eHealth to support patients’ decisions-making and 

“supervised autonomy”, the application of eHealth has the 

capacity to considerably increase the availability of self-care 

options (Leventhal et al., 2004). Self-care is defined by 

Bhuyan as activities individuals, families, and communities 

undertake with the intention of enhancing health, preventing 

disease, limiting illness, and restoring health, which in turn 

can improve a patient’s lifestyle, medical adherence, and 

future health outcome (Bhuyan, 2004). An example of 

eHealth is the use of ICT in diabetes care. Rule-based 

reasoning is combined with Multi Agent Systems (MAS) 

technology (Sycara, 2001; Wooldridge, 2002) using 

mathematical models of blood glucose regulation for the 

identification of problems and treatment generation. 

Subsequently, treatment can be prescribed, including insulin 

therapy, diet and physical exercise (Blanson Henkemans, 

2006; Haan et al., 2005).  

For people with a chronic disease, eHealth solutions using 

Multi Agent System (MAS) technology can provide the 

following functionalities, concerning the personalized 

assistance for multiple distributed actors, e.g., patients, 

physicians, and other medical specialists (Xiao et al., 2006; 

Tonino et al., 2002; Lindenberg et al. 2003; European 

Commission, 2003). These solutions include improving 

relationships between clients and caregivers, detecting 

adverse trends in health proactively, stimulating a patient’s 

motivation and bring about behavioral change. The latter is 

required for effective self-care, patient’s quality of life, 

information sharing with the involved medical specialists, 

and productive and low-cost self-care. 

To provide the above mentioned functionalities, we designed 

an architecture, consisting of Multi Agent System (MAS) 

technology. The design took place in the framework of the 

SuperAssist project, a collaboration between Delft University 

of Technology, TNO and LUMC (Haan et al., 2005). To 

facilitate computer-supported task performance by increasing 

insight into the cognitive factors, such as reasoning, 

quantitative knowledge, and short-term memory (Carroll, 

1993) of human-computer interaction, we applied a 

Cognitive Engineering (CE) approach (Neerincx & 

Lindenberg, 2007). First, we wanted an architecture that 

enables designing and implementing incrementally, implying 

that the designed MAS architecture should be suitable for 

further expansion, concerning distributed actors, both human 

and machine, tools, e.g., medical devices, and data sources, 

e.g., electronic patient records, and should be adaptable to 



 

 

Figure 1: Multi-Agent System (MAS) working in a smart environment and 

interact with the users through their Virtual Personal Assistants (VPA) 

diverse situations, which too are also dynamic with time. 

Consequently, the intelligence of the system should be added 

step by step. Second, we wanted multiple distributed agents 

that could act both as independent intelligent actors in the 

network managing the data and also as assistants for the 

involved human actors, e.g., patients, medical specialists, and 

technical specialists, by supporting them in their complex 

task environment. Third, we wanted a system that enables 

easy data manipulation, including data entry, management 

and review, because all actors involved should be able to 

perform each of these actions.  

Several projects (e.g., Bellazzi et al. 2003; Camarina-Maots 

et al., 2003; DbMotion, 2005) offer well-founded agent 

architectures, but also have a number of shortcomings, in 

terms of the requirements mentioned above (Table 1). In 

short, the existing architectures apply a one-side centralized 

or decentralized approach. This implies that the data is either 

collected from the actors in a network, converted to a single 

format, and stored in one database that serves all its 

participants, or that the actors maintain ownership of their 

data, which then has to be retrieved by other actors. 

To tackle these disadvantages, we designed a hybrid 

architecture, consisting of a decentralized system with a 

central node. This node can manage data that the actors 

decide to synchronize, e.g., medical test results and the 

medical specialists’ calendar. The same node can contain a 

web server, a communication server and other central 

systems that need a centralized structure. The hybrid 

architecture enables the use of multiple distributed agents 

that both act as independent intelligent actors in the network 

that manage the data and as assistants to the users. 

Furthermore, this hybrid approach makes the architecture 

suitable for further expansion and adaptation. 

In this paper, we will discuss the hybrid architecture 

designed to address the shortcomings mentioned. In addition, 

we will report the results of a qualitative experiment 

conducted to test the hybrid architecture’s functional 

capacity and whether or not it fulfils the requirements of the 

Cognitive Engineering (CE) approach, concerning designing 

and implementing the architecture incrementally, using 

multiple distributed agents, and easy data entry, management 

and checking by all the involved actors. Finally, we will 

discuss the implications of the results. 

 

Table 1: Disadvantages of centralized and decentralized 

agent architectures 

Centralized architecture Decentralized architecture 

Constrained flexibility in 

distributed database 

management 

 

Difficult to integrate and 

interoperate different platforms  

High dependency on difficult 

accessible internal network 

Distributed data sources and 

agents are required to be online 

for data synchronization 

 

All the computation must take 

place centrally 

Indistinctness of who is 

managing the data 

 

 Prone to data redundancy 

 

 

2. A HYBRID ARCHITECTURE IN AN FOR THE 

SUPERIVISON OF DIABETES PATIENTS  

The main goal was to design a hybrid Multi Agent System 

architecture suitable for the supervision of diabetes patients 

in an eHealth setting according the Cognitive Engineering 

approach. In our architecture, agents are working in the 

background providing ambient intelligence to the users who 

reside in the smart environment. A Virtual Personal Assistant 

(VPA) acts as mediator between the users and agents active 

in the smart environment (Lindenberg et al. 2003; Maes, 

1998; Grill et al., 2005). In the intelligent environment, the 

agents communicate with each other and receive information 

through sensors placed in the environment. The multiple 

agents acquire information through sensors, their behavior or 

their communication. The VPA shares data with the agents 

and interacts with the user. To test our architecture, we 



 

 

 
Figure 3: UML case diagram, diagram Virtual Personal Assistant (VPA) software 

implemented a hybrid architecture, consisting of Multi-Agent 

System (MAS) technology and Virtual Personal Assistants 

(VPA) (Figure 1).  Both the patient and the medical 

specialist have a VPA enabling them to interact with the 

Multi-Agent System. The Multi Agent System receives data 

derived from the patient’s electronic patient record, 

electronic diabetes diary, and domestic medical instruments, 

e.g., glucometer. Based on this data, the patient’s Virtual 

Personal Assistant interacts with the patient, e.g., about his or 

her health status and diseases. In addition, it updates the 

medical specialist’s VPA, which in turn informs the medical 

specialist of the patient situation and supports managing 

basic medical data. 

All the data that appears in the Diary is also stored in a 

database. The database is initialized with MySQL and 

managed by the java file DatabaseMediator.java of the 

library agendaDb.db (Figure 2). In the Unified Modeling 

Language (UML) case diagram (Figure 3), we represent the 

main tasks that every actor can perform with the system. 

There are four categories: objects needed for the actual 

communication with the database (agendaDb.db), objects 

needed to store data (agendaDb.util), objects needed for the 

graphical ser interface (agendaDb.GUI), and objects needed 

for the implementation of the agents (agendaDb.agent). 

The software project is structured in five packages according 

to the general use of the classes contained. The 

agendaDb.agenda contains only one class system, which 

verifies if the user is in the database, and according with his 

group initiates a TestMessage object. 

 

2.1 Agent Communication and Database 

 

To enable optimal functionality, different agents run 

simultaneously on the patient and medical specialist’s 

computers and communicate with each other. We have 

implemented two agents using the JADE platform, i.e., the 

PatientAgent on the patient’s computer, and the NurseAgent 

on the medical specialist’s computer. The agent 

communication takes place by sending messages from both 

sides. In order to recognize the different kind of messages, 

the behavior of the agents changes according to the prefix of 

the message. If the message starts with “start”, the chat 

becomes active; if it starts with “chat”, the chat window will 

show the message sent by the medical specialist. The third 

type of prefix is “response” followed by the name of the 

measurement, i.e. blood pressure or glucose level. Also, the 

PatientAgent checks how the new measurements influence 

the status of the patient. 

 

2.2 Virtual Personal Assistant Activities 

 

The Virtual Personal Assistants enable the involved human 

actors to interact with the different agents in the environment. 

This is realized through the performance of three main 

activities: data entry, formulate policies and make 

recommendations. 

The medical specialist enters data regarding patient 

information, e.g., demographic data, medical history, and 

clinical diabetes information. The patient keeps track of self-

care tasks in a personal electronic diabetes diary, including 

current mood, exercises performed, meals consumed, 

medication taken, and blood glucose measurement results. 

The data are entered by the patient and the medical 

specialist, through their Virtual Personal Assistants (VPAs) 

into a MySQL database.  

The Virtual Personal Assistant gives short- and long-term 

suggestions, or so-called policies.  This is based on the data 

in the electronic diabetes diary and electronic patient record. 

The VPA predominantly determines its prescribed policies 

after monitoring the results of the glucose test results, due to 

its importance in diabetes care. 

The connection of the VPAs with the database is done with 

the Java Database Connectivity (JDBC) platform and the 

Application Program Interface (API), a programming 

interface allowing external access to the database 

manipulation and update commands. It allows the integration 

of SQL calls into a general programming environment by 

providing library routines, which interfaces with the 

database. 
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Figure 4: Patient Interface, containing 1. Electronic 

Diabetes Diary, 2. EPR access, 3. Retrieving  tests 

results, 4. Traffic light, 5. Chat service, and 6. VPA 

communication frame. 
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Figure 5: Medical Specialist Interface, containing 1. 

Patient List, 2. Access to Patient Data Management, 

and 3. Chat service. 

In theory, all actors have their database and the database is 

synchronized with a central node. In our architecture, the 

database, containing the electronic patient record and the 

electronic diabetes diary, is located on the patient’s side. 

Thus when the patient is online, the database and current 

patient data is accessible by the medical specialist. When the 

patient is offline, the medical specialist has access to the 

patient’s data retrieved the last time the patient was online 

and the databases were synchronized.  

 

2.3 User Interface 

 

Both the patient and medical specialist have an interface in 

which their Virtual Personal Assistants are integrated. In this 

section we will shortly discuss the interfaces. The patient’s 

interface consists of six fields (Figure 4): 

1. An electronic diabetes diary in which the patient 

logs the performed self-care tasks;  

2. Access to the Electronic Patient Record (EPR);  

3. Entering medical test results and viewing old 

medical results;  

4. A “traffic light” indicating current health status 

based on diary and last measurement results (green: 

healthy, orange: be aware, red: alert!);  

5. A chat service to communicate with the remote 

medical specialist, and;  

6. A frame to communicate with the Virtual Personal 

Assistant. 

 

The medical specialist also has an interface used for remote 

monitoring of the patients. This interface can be divided in 

three main parts (Figure 5): 

1. List of the patients in the medical specialist’s folder 

with the current health status represented by the 

accompanying traffic light.  

2. Access to Patient Data Management, and;  

3. A chat service to communicate with the patient.  

 

- In the UML case diagram (Figure 3), the interface 

classes (GUI.x) are represented by: 

- GUI.Patient: The main window of the interface 

from the patient side;  

- GUI.Nurse: The main window of the interface from 

the medical specialist side;  

- GUI.BloodPressure and GUI.GlucoseLevel are 

linked to agent.PatientAgent through the 

ActionEvent functions. When the user pushes the 

button ‘Measurement done: update agenda’ the 

Patient Agent is announced to start the 

communication with the NurseAgent;  

- Util package: Contains the info that is later stored in 

the database or retrieved from the database. Also in 

the util.Diary class, the thresholds for the 

measurements are verified and according to the new 

status the GUI.Patient shows the correct frames of 

the Virtual Personal Assistant. 

 

3. METHOD: A QUALITATIVE EXPERIMENT 

 

To test the developed hybrid architecture, consisting of Multi 

Agent System technology and the Virtual Personal 

Assistants, according the Cognitive Engineering 

requirements, we conducted a qualitative experiment. We 

invited eleven participants (nine students and two older 

adults) at Delft University of Technology (DUT) and TNO’s 

Experience labs to evaluate the system. These labs enable 

testing prototypes of new technologies by offering a 

comfortable domestic atmosphere and encourage natural 

behavior in an experimental setting, while contextualizing the 

experience (Blanson Henkemans et al., 2007).  

Because we wanted to evaluate the system before actually 

applying it in the field, we tested the system in the lab setting 

and also asked the participants to play the role of the patient 

according to predefined scenarios. A scenario is a description 

that contains actors, background information on the actors, 

their assumptions about their environment, actors’ goals or 

objectives, and sequences of actions and events (Rosson & 

Carroll, 2001). Following the scenario-based design method, 

we used these scenarios as a general representation 

throughout the entire system lifecycle (analysis, design, 

prototyping and evaluation). 



 

 

During the experiment, we observed the participant remotely 

with both an overview camera and a close-up camera. In 

addition, we had access to the medical specialist interface 

and a replica of the patient’s interface. Finally, we logged the 

communication between the two agents. Consequently, we 

received a good overview of the tasks performed by the 

participant, the communication between the agents, and the 

functionality of the two Virtual Personal Assistants.  Finally, 

we surveyed the participants’ opinion on the VPA’s usability. 

 

4.  RESULTS 

 

When both Virtual Personal Assistants were online, they 

could correctly add and retrieve data to and from the 

database, containing the electronic patient record (EPR) and 

the electronic diabetes dairy. In the case of a health critical 

situation or when the patient sent a message to the medical 

specialist, the two VPAs could communicate with each other 

directly. The interaction and communication processes are 

illustrated in Figure 5. In practice, the patient logged self-

care tasks in the electronic diary and based on the data, the 

patient’s VPA made inferences about the patient’s health 

status and gave feedback. The new data, based on the 

interaction between the patient and its VPA, was then sent to 

the database and retrievable by the medical specialist’s VPA. 

During the experiment, we observed that the data were 

accessible and manageable by the authorized actors. The 

patient and its Virtual Personal Assistant could edit the 

electronic diabetes dairy and view the electronic patient 

record. The medical specialist could add new patients to the 

database, edit the electronic patient record, and view the 

patient’s diabetes diary and current health status. The 

medical specialist’s VPA could view the patient electronic 

diabetes diary, electronic patient record and current health 

status.  

When the patient’s VPA was offline, it could still give 

comment on the diary entry and subsequently add the new 

data to the database. When the patient’s VPA was online 

again, the medical specialist’s VPA could synchronize the 

new data. 

The patient’s VPA reacted accurately and quickly to the 

newly added data of the patient electronic diary independent 

of the type of task or the health situation of the patient. The 

data was correctly added to the database and retrieved by the 

medical specialist’s VPA. Also, the communication between 

the two VPAs was instantaneous. According to the usability 

survey, on a scale of 1 through 7 (7 being very usable) 

participants rated the usability of the assistant a 6.5.  

 

5.  DISCUSSION 

 

The results depict that the designed hybrid architecture meets 

with our SuperAssist project requirements, concerning 

designing and implementing the architecture incrementally, 

using multiple distributed agents, and easy data entry, 

management and checking by all the involved actors. These 

functionalities work adequately and are comprehensible by 

the involved users through a usable Virtual Personal 

Assistant. 

However, the system needs improvement on several aspects. 

One aspect we need to improve is the agents’ intelligence 

and awareness of processes. Currently, the Virtual Personal 

Assistants only monitor newly added data and do not take 

into consideration existing data. For example, with diabetes 

patients, but also with other chronic patients, e.g., people 

with asthma, the course of their health is as important as their 

current health state. Another aspect is the necessity to 

elaborate on privacy and security issues, such as risks of 

corporate espionage, consumer/personal privacy validation, 

and location privacy [Xiao et al., 2006]. If we want to deploy 

the hybrid architecture in real practice, we will have to 

further study the problems and restrictions these issues pose. 

Finally, we suggest adding a technical specialist to the 

architecture. The technical specialist, also equipped with a 

Virtual Personal Assistant, could help maintain and 

troubleshoot technical problems with both the system itself 

and the domestic medical instruments used by the patient.  

In conclusion, we expect that the expansive character of the 

developed hybrid architecture facilitates implementing these 

improvements. In addition, it could be applicable for the 

supervision of a variety of chronic diseases in the eHealth 

setting. 
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