
Towards a Reusable Architecture for Message Exchange  
in Pervasive Healthcare 

João Luís Cardoso de Moraes1, Wanderley Lopes de Souza1, Luís Ferreira Pires2 and  
Antonio Francisco do Prado1 

1Department of Computing, Federal University of São Carlos, São Carlos-SP, Brazil 
2Centre for Telematics and Information Technology, University of Twente, Enschede, The Netherlands 

{joao_moraes, desouza, prado}@dc.ufscar.br, l.ferreirapires@utwente.nl 

Keywords: Pervasive Healthcare, Intelligent Agents, Ubiquitous Computing, openEHR Standard, Interoperability 

Abstract: The main objective of this paper is to present a reusable architecture for message exchange in pervasive 
healthcare environments meant to be generally applicable to different applications in the healthcare domain. 
This architecture has been designed by integrating different concepts and technologies of ubiquitous 
computing, software agents, and openEHR archetypes, in order to provide interoperability between 
healthcare systems. The architecture was demonstrated and evaluated in controlled experiments that we 
conducted at three cardiology clinics, an analysis laboratory, and the cardiology sector of a hospital located 
in Marília (São Paulo, Brazil). Three applications were developed to evaluate this architecture, and the 
results showed that the architecture is suitable to facilitate the development of healthcare systems by 
offering generic and powerful message exchange capabilities. The reusable architecture speeds up the 
development of new applications, reducing the number of mistakes and the development time. The proposed 
architecture facilitates message exchanging between caregivers, contributing in this way to the development 
of pervasive healthcare systems that allow healthcare to be available anywhere, anytime, and to anyone. 

 
1 INTRODUCTION 

Current healthcare models in most countries will 
soon become inadequate, due to the increasing care 
costs for a growing population of elderly people, the 
rapid increase in chronic disease, the growing 
demand for new treatments and technologies, and 
the relative decrease in the number of health 
professionals with respect to the population increase. 
Recently, the United States Census Bureau estimated 
that the expected number of inhabitants older than 
65 in the United States will be approximately 70 
million in 2030, twice that in 2000 (Jiang et al. 
2009). In Ontario, the most populous province of 
Canada, healthcare is predicted to represent 66% of 
government expenditure in 2017, and 100% in 2026 
(Skinner et al. 2009). 

The current healthcare model is centred on 
highly specialized people, located in large hospitals 
and focusing on acute cases for treatment. It needs to 
change into a distributed model, in order to produce 
faster responses and to allow patients to better 

manage their own health. The centralized healthcare 
model implies that patients and caregivers have to 
move to the same place (a hospital or clinic) for the 
healthcare services to be delivered, and it is often 
expensive and inefficient. A distributed healthcare 
model that pervades the daily lives of the citizens is 
more appropriate to provide less expensive and more 
effective and timely healthcare, and characterizes 
Pervasive Healthcare. According to (Hansmann et 
al. 2001), the goal of Pervasive Healthcare is to 
enable the management of health and wellness by 
using information and communication technologies 
to make healthcare available anywhere, at anytime, 
and to anyone. 

Ubiquitous Computing (Weiser 1993) 
encompasses a group of technologies that explore 
the advances of wireless connectivity to allow 
information to move along with the user. In 
healthcare, these technologies are being mainly 
employed to build supporting infrastructures for 
Health Information Systems (HIS), and in the 
development of mobile applications that extend the 
functionality of healthcare applications formerly 
limited by traditional computing technologies. 



 

Ubiquitous Computing has enabled new healthcare 
models, such as Distributed and Mobile Healthcare, 
and is expected to be extremely helpful in the 
implementation of the Pervasive Healthcare model. 
However, the Pervasive Healthcare model will only 
be acceptable for realistic scenarios if it supports 
efficient and secure information exchange from 
caregivers to their patients, and vice-versa, which 
requires more research. 

Intelligent agents are software entities that 
employ techniques from Artificial Intelligence to 
choose the best set of actions to be performed in 
order to reach the goals specified by their users. 
They can communicate with each other, and they 
have a set of properties, such as sociability and 
autonomy. In the healthcare domain, intelligent 
agents can help caregivers exchange and use health 
information when caring for their patients. 

The aim of this paper is to demonstrate the 
feasibility of designing and implementing a reusable 
architecture for message exchange to address 
realistic pervasive healthcare scenarios. The 
proposed architecture is based on Intelligent Agents 
and Ubiquitous Computing technologies, and 
complies with current healthcare standards. This 
paper particularly addresses the architectural and 
technical challenges of combining these 
technologies in order to achieve our goals. 

The paper is further structured as follows. 
Section 2 introduces the dual model proposed by the 
openEHR Foundation that we have applied in our 
architecture. Section 3 introduces our proposed 
architecture. Section 4 describes scenarios that have 
been used to evaluate our architecture. Section 5 
discusses our evaluation results, in which we 
assessed the ease of use and perceived usefulness of 
the applications built using our reusable architecture. 
Section 6 discusses some related work. Finally, 
Section 7 presents our concluding remarks and gives 
recommendations for future work. 

2 THE openEHR DUAL MODEL 

The exchange of health information among 
heterogeneous Electronic Healthcare Record (EHR) 
systems in pervasive healthcare environments 
requires communication standards that enable 
interoperability between these systems. Although 
Health Level Seven (HL7)1 is a widely used 
international standard for message exchange 
between heterogeneous HISs, it has some well-
known limitations for representing clinical 
knowledge, such as its combined use of structured 
components and coded terms, which can result in 

inconsistent interpretations of clinical information 
(Browne 2008). openEHR2 is a foundation dedicated 
to the research of interoperable EHRs that fosters the 
development of the openEHR architecture. This 
architecture is based on a dual model that separates 
information from knowledge, thereby addressing 
some of the limitations of HL7. 

The openEHR architecture was developed based 
on the two-level modelling paradigm, as shown in 
Figure 1. At the first level, a common Reference 
Model (RM) was defined in terms of a predefined set 
of classes that model the structure of an electronic 
record; and on the second level, specific concepts 
were defined by restricting the RM classes in terms 
of so-called archetypes, expressed in the Archetype 
Definition Language (ADL) (Beale et al. 2007). An 
archetype constitutes a formal model of a domain 
concept and is expected to be easily understandable 
by a domain expert. At the implementation level, 
archetypes can be translated into any language. In 
accordance with the two-level modelling, data from 
users are stored according to the RM, but should 
also comply with the concepts expressed by the 
archetypes. The archetypes are designed by the 
domain experts, and not by information technology 
professionals. This approach should facilitate the 
interpretation of the knowledge extracted from the 
messages exchanged by health systems in various 
applications. 

 

 
Figure 1: openEHR two-level modelling paradigm. 

In the openEHR RM, the COMPOSITION class 
refers to one or more instances of the SECTION 
class, each containing ENTRY objects. The ENTRY 
class represents the actual recording of clinical 
content during a patient Observation, Examination, 
Assessment, or Intervention. ENTRY is defined as 
an abstract type with four concrete subtypes: 
OBSERVATION, which can be used to represent 
clinical observations, such as blood pressure; 

1   http://www.hl7.org 
2   http://www.openehr.org 



 

EVALUATION, which can be used to represent 
assessments made after a clinical observation is 
completed, such as risk assessment, and finally 
INSTRUCTION and ACTION, which can typically 
be used to represent surgical procedures, medication, 
and other clinical interventions and actions taken. 
The ACTION subclass describes what was done and 
committed to the EHR as the result of an 
INSTRUCTION. 

The Clinical Knowledge Manager (CKM)3 is the 
archetype repository of the openEHR Foundation. 
This repository contains a set of archetypes that 
represent clinical concepts and can be reused in 
various health applications. We have reused some 
available archetypes provided by CKM, such as 
Device, Device Details and Clinical Synopsis, and 
we have developed new archetypes to represent 
clinical concepts from the cardiology domain, such 
as Pacemaker Implantation, Coronary Cardiac 
Surgery, Vascular Cardiac Surgery and Pacemaker 
Evaluation. The Pacemaker Implantation archetype 
has been discussed in (Moraes et al. 2013). 

The two-level modeling approach applied in 
openEHR allows designers to develop software 
systems separately from the domain modeling, by 
specializing and instantiating RM classes. 
Healthcare professionals need to share and exchange 
knowledge, resources and information that pertain to 
the care of patients. In this work, we applied the 
openEHR approach based on the use of archetypes 

for generating messages to be exchanged between 
heterogeneous systems in pervasive healthcare 
environments. Archetypes were introduced in 
openEHR to improve the level of semantic 
interoperability in the message exchange between 
various HISs.  

3 ARCHITECTURE 

The biggest challenge for our architecture is to 
support the mobility and collaboration among 
healthcare professionals when they perform clinical 
tasks. The main problems to be solved are related to 
information overload and the heterogeneity of the 
mobile devices used by such professionals. We use 
context-awareness, content adaptation, and the 
technology of intelligent agents to address the 
challenge and the problems mentioned above. 

Figure 2 gives an overview of our architecture, 
which was developed according to the MVC pattern 
(Model-View-Controller) (Leff et al. 2001) to 
separate the business logic from the presentation 
logic, for the sake of flexibility and reuse. In our 
architecture, the view package contains the mobileUI 
package, which copes with the mobile end-user 
interactions with other components of the 
architecture, and the webUI package, which displays 
information to the end-users. 

 
Figure 2: Architecture overview. 



The controller package contains the CAManager 
package, which manages the exchange of context-
aware messages, the handler package, which 
processes the inputs and outputs and acts as a 
wrapper to a web service, and the helper package, 
which adapts the data model to the view. The model 
package represents the domain models, and contains 
the ontology package, which represents the domain 
knowledge, the agent package, which issues requests 
and notifications within the architecture, and the dto 
and dao packages, which represent the data transfer 
object and data access object design patterns, 
respectively. The architecture has also an external 
package with some additional auxiliary packages. 

Below we discuss the most distinctive aspects of 
our architecture, namely the context-awareness 
support and the use of intelligent agents. 

3.1 Context-aware 

One of the challenges of our architecture has been to 
cope with the different circumstances in which 
health professionals have to perform their tasks, 
including the heterogeneity of their devices. To cope 
with these different circumstances, we defined a 
CAManager package, which includes the context-
Manager package to processes the dynamic context 
information (e.g., end-user’s location) and other 
context information (e.g., identity, user roles) that is 
obtained from various contextual sources. The 
contextManager package interacts with the adapter 
package to handle content adaptation of the message 
containing health information, in order to address 
some of the specific characteristics of the end-user’s 
device. If adaptation is necessary, contextManager 
asks the view package to adapt the graphical 
interface to the particular device.  

When the system interoperates with other HIS, 
CAManager and handler exchange messages that 
possibly contain extracts of an EHR. Such messages 
are represented in accordance with the specification 
of openEHR archetypes, in order to guarantee the 
interoperability with other HISs. The handler 
package also supports both synchronous and 
asynchronous communication between architecture 
agents and HISs. It requests the appropriate content 
from a legacy HIS, and checks if this content has 
messages related to the end-user. 

3.2 Intelligent Agents 

An agent is a software entity with autonomous 
behavior that can achieve its goals through the 

cooperation and coordination with other agents in a 
Multi-Agent Systems (MAS) environment (Jennings 
1999). Our architecture includes static agents, which 
provide the necessary resources to the mobile agents, 
which in turn move through the architecture 
environment in order to achieve their goals and 
communicate with other agents. Agents interact with 
each other by using the Agent Communication 
Language (ACL) (Labrou et al. 1999) to share 
information and knowledge in the healthcare 
environment for which our architecture has been 
designed . 

We also applied the BDI model (Rao et al. 1991) 
in the development of our architecture. This model is 
based on intentionality, and considers Beliefs, 
Desires and Intentions as the mental states that 
generate human action, allowing the agents in this 
way to operate in an environment according to what 
they believe, and to perform plans in order to satisfy 
their desires and intentions. We used JADEX 
(Pokahr et al. 2005) for implementing agents in our 
architecture, because it supports the formal 
description of cognitive agents based on the BDI 
model. The most important agents in the architecture 
are PhysicianAgent, PatientAgent, LocatorAgent, 
DeviceAgent, HISAgent, and ResourceAgent 
components. 

The PhysicianAgent component is a mobile 
agent and is endowed with intentionality. This agent 
is used by the physicians responsible for the 
patient’s healthcare. It helps the medical staff 
monitor the tasks performed during a workday, and 
obtain information about patients and the availability 
of resources, but without requiring the intervention 
of caregivers. Information about bedridden patients 
is obtained by the agent ResourceAgent. Initially, 
any member of the medical staff can use her mobile 
device to trigger the PhysicianAgent, which is 
responsible for achieving the goal determined in 
accordance with the plans, allowing the medical 
staff to deal with any emergency situations. 
PhysicianAgents are endowed with mobility and can 
be dispatched by the network in order to achieve 
their goals. When a PhysicianAgent migrates to 
another container, it keeps its intentionality 
according to its beliefs, so that it can achieve its 
goals. After achieving its goals, a PhysicianAgent 
returns to its origin (the machine from it was 
launched) bringing a message consisting of a string 
value, or a serialized Java object containing an 
extract of an EHR related to an openEHR archetype, 
or an Ontology object containing the description of 
the concepts used by the agents (i.e., in FIPA-
Semantic Language). 



 

PatientAgent is a component that corresponds to 
a static agent. This is an intelligent agent, since it 
has beliefs, desires and intentions and is capable of 
applying plans to pursue its intentions in the 
environment where it resides. PatientAgent is 
responsible for the continuous monitoring of the 
evolution of the patient, and can send and receive 
messages to and from PhysicianAgent.  

DeviceAgent and LocatorAgent are components 
responsible for determining the patients’ and 
caregivers’ locations. Bluetooth Access Points 
(BAPs) has been applied to handle location, namely 
the capability of discovering devices that are 
connected. BAPs are co-located with points of 
interest in the hospitals and clinics, in order to allow 
both people and devices to be located. Based on the 
location agents, PhysicianAgents can move through 
the platform in pursuit of their goals. 

HISAgent is a component that corresponds to a 
static agent, since it does not have the ability to 
migrate between various hosts. This agent analyzes 
various EHRs and has the ability to retrieve 
information from the EHR by extracting openEHR 
archetypes that have been requested by a 
ResourceAgent. The main task of HISAgent is to 
ensure interoperability between various HISs 
through the exchange of messages between agents. 
The messages exchanged between the agents contain 
an extract of an EHR, based on constraints imposed 
by the archetype, and this information is structured 
according to the openEHR reference model. 

ResourceAgent is a static agent that runs on a 
remote server and is responsible for mediating 
access to resources related to HISAgent. This agent 
is static because it does not have the ability to 
migrate between various hosts.  

Each agent in the architecture is endowed with 
specialized capabilities and goals in order to perform 
tasks for the benefit of pervasive healthcare. The 
architecture allows the caregivers to detect 
abnormalities in their patients, to check the 
availability of resources within the healthcare 
environment, and to obtain information about 
patients. Caregivers and patients may use any 
device, anywhere and at anytime. 

4 APPLICATION SCENARIOS 

We defined a set of application scenarios in order to 
identify requirements and define experiments to 
evaluate our architecture. IT professionals, under the 
guidance and assistance of professional medical 
experts, described the usage scenarios. Below we 
briefly discuss three scenarios in the cardiology 

domain that have been used in experiments to 
demonstrate the reusability of our architecture. 

4.1 Delivery of Laboratory Analysis 
Results 

Stakeholders. Dr. Ray (Laboratory worker) and Dr. 
Call (Cardiac surgeon). 
Scenario. Life Institute (LI) is a laboratory that 
provides chemical analysis to the region of Marília, 
and has a unit in the Santa Casa Hospital. LI 
receives and processes daily several requests for 
clinical analysis. In the case of the Santa Casa 
Hospital unit, results of the clinical analyses should 
be directly sent to medical staff of the hospital. 
Solution. In our approach, the daily tasks performed 
by human agents are delegated to software agents. In 
this scenario, once Dr. Ray has finished the analysis 
of specimens requested by Dr. Call, the resulting 
data are stored in the LI Laboratory Information 
System (LIS-LI) database. Figure 3 shows the class 
diagram containing the components of the 
architecture that have been used to support this 
scenario.  

      

 
Figure 3: Laboratory analysis scenario. 

PhysicianActor and PhysicianAgent represent 
Dr. Call, who requests the chemical analysis and 
waits for the results. HISAgent represents the LIS-LI 
and LaboratoryAgent represents Dr. Ray who 
informs the availability of the analysis results to the 
PhysicianAgent through ResourceAgent. The 
LaboratoryCTR modifies the message received in 
accordance with the contextual information, by 
adapting the content to match the capabilities of the 
requesting device and by serializing the extract of 
the EHR related to openEHR archetype containing 
analysis results. A message containing a serialized 
object is enveloped by the agent ResourceAgent and 
represented using the Agent Communication 
Language (ACL). 



 

4.2 Pacemaker Evaluation 

Stakeholders. Dr. Call (Cardiac surgeon) and Mr. 
Martins (Patient). 
Scenario. A pacemaker is a medical device to 
regulate the beating of the heart. People carrying 
pacemakers should be checked at regular intervals. 
The Cardiology Clinic of Marília (CRTB) provides 
ongoing follow-up care for patients with permanent 
pacemakers, and has a clinical HIS (CRTBSys) to 
keep track of the care provided to its patients. To 
schedule of pacemaker evaluation, a call is made to 
the patient’s phone number. During the pacemaker 
evaluation, the physician spends a lot of time 
consulting the information on the medical history of 
the patient. 
Solution. In this scenario, Dr. Call implanted a 
pacemaker in Mr. Martins. Figure 4(a) shows the 
class diagram containing the components of the 
architecture that have been used to support this 
scenario. PhysicianAgent represents Dr. Call once he 
has accomplished the pacemaker implantation. 
PatientAgent represents Mr. Martins, who has an 
appointment for pacemaker evaluation. HISAgent 
represents CRTBSys. PatientActor receives a 
notification in his mobile device to schedule an 
appointment. PhysicianAgent receives a message in 
his device through ResourceAgent containing 
information about the patients’ pacemaker 
implantation. PacemakerCTR modifies the message 
received and serializes the extract of the openEHR 
archetype containing the patient’s data. A message 
containing a serialized object is enveloped and sent. 
Figure 4(b) shows the user interface of Dr. Call’s 
device with the received information. 
 

 
        a) Class Diagram                          (b) User Interface 

Figure 4: Pacemaker evaluation scenario. 

4.3 Medical Staff Meeting for Cardiac 
Surgery 

Stakeholders. Dr. Call (Cardiac surgeon) and Dr. 
Day (Assisting surgeon), both working at the 
Cardiology Center of Marília (CCCM); Dr. John 
(Anesthesiologist) from Santa Casa Hospital; Dr. 
Marden and Dr. Peter (Physicians) from the 
Department of Hemodynamic in Marília; Mrs 
Elienne (Nurse) and Mrs Aline (Perfusionist). These 
professionals form the so-called Heart Team. Mr 
Silva (Patient). 
Scenario. Due to the complexity of the resources 
involved, cardiac surgery requires the full 
integration of individual efforts with maximum 
efficiency to make sure that the surgical action plan 
is performed successfully. 

 
Figure 5: Medical staff meeting for cardiac surgery scenario. 



Solution. The Heart Team works together to plan 
the cardiac surgery of Mr Silva. The notifications 
necessary to plan this cardiac surgery are exchanged 
in two phases. Figure 5 shows the interactions 
between the agents used in this scenario: 
(1) PhysicianAgent requests the resources required 

to perform a surgery; 
(2) ResourceAgent analyzes the conditions for 

performing cardiac surgery; 
(3) ResourceAgentCCCM checks the availability of 

the blood at Blood Bank (BloodBankAgent), 
Intensive Unit Care bed (IntensiveUnitAgent) 
and a Surgical Center room (SurgicalCenter-
Agent); 

(4) Once these resources are available, Resource-
AgentCCCM notifies each staff member to set a 
date for the meeting, by sending a message to 
their mobile devices. In the meeting room, 
which is context-aware, the staff members are 
located by the DeviceAgent and LocatorAgent 
agents. In the first action of this meeting, the 
surgeon registers the patient's name for a team 
discussion; 

(5) ResourceAgentCCCM requests all the 
information related to the patient’s EHR 
through ResourceAgentWS; 

(6) ResourceAgentWS receives the messages from 
the cardiology clinics according to the 
contextual information, and serializes the 
extract of the EHR containing the patient’s data 
based on the constraints imposed by the 
openEHR archetype; 

(7) ResourceAgentWS envelops the message 
containing the serialized object, and sends it to 
ResourceAgentCCCM coded in ACL. Following 
that, the patient's relevant information is 
displayed on a screen for the whole staff. 

The components of the architecture that have been 
instantiated to support this scenario are discussed in 
(Moraes et al. 2013).  

5 RESULTS AND DISCUSSION 

We have conducted a controlled experiment (Hevner 
et al. 2004) at three cardiology clinics, one analysis 
laboratory, and the cardiology department of the 
Santa Casa Hospital of Marília (São Paulo, Brazil), 
using the three scenarios discussed in Section 4. 
Table 1 gives the number of participants of each 
scenario. The evaluation period has been from 1 
January 2012 to 30 July 2012.  

Table 1: Participants in the different scenarios. 

              Participants 
Scenarios 

Caregivers Patients Total 

Scenario 1: Delivery 
Laboratory Result 

10 cardiology 
8 laboratory 

235  253 

Scenario 2:  
Pacemaker Evaluation 

7 cardiology 95 102 

Scenario 3: Medical 
Staff Meeting 

25 cardiology 
18 clinical 
14 surgical center 

122 179 

Total participants 82 452 534 
 
In our study we employed the Technology 
Acceptance Model (TAM) (Davis 1989), which 
assumes that Perceived Usefulness (PU) and 
Perceived Ease of Use (PEU) can predict the use 
and Intentions to Use (IU) of a particular 
technology. TAM is known to be a suitable model to 
explain the technology acceptance process in the 
healthcare sector (Chau et al. 2002). To evaluate the 
effect on technology acceptance, two groups were 
selected for analysis, involving a limited but a 
relevant set of people: caregivers (including 
physicians, medical students and nurses) and 
patients. We decided to assign all the caregivers to a 
single group because they work as a team in each 
scenario. 

Following the implementation of the scenarios, a 
structured questionnaire based on TAM was sent to 
the caregivers involved in each scenario, and a 
questionnaire was also distributed to patients after 
the medical procedure. Respondents were asked to 
indicate their opinion with respect to several 
statements on a five-point Likert scale (Likert 1932), 
ranging from 1 (strongly disagree) to 5 (strongly 
agree). Many empirical studies have demonstrated 
that the psychometric properties of measurement 
scales can be affected by the ordering of items 
within the questionnaire. To avoid this bias, the 
questionnaire randomly intermixed items across 
constructs (PU, PEU, IU), and we conducted a group 
pre-test to ensure that the scales were appropriate. 
About 80% and 73% of the questionnaires 
distributed to caregivers and patients, respectively, 
were duly completed. 

Our analysis consisted of two parts: (1) we tested 
the validity and reliability of the measurement model 
using Cronbach’s Alpha (Nunnally 1979); (2) the 
data were analysed using Structural Equation 
Modeling (SEM) (Henseler et al. 2010) to examine 
the research model and the hypotheses. SEM is a 
statistical method that combines factor analysis and 
path analysis, enables theory construction and 
analyses the relationships among variables. 

Table 2 shows the results of the validity tests for 
all scenarios, in which the internal consistency of the 



 

constructs were further evaluated for their reliability. 
The constructs had Cronbach’s Alpha values at least 
close to the limit of 0.700, which is considered very 
good. Therefore, we concluded that these constructs 
are reliable to be used in our data analysis. Based on 
this analysis we concluded that the mean values 
possessed good validity. 

Table 2: Statistics and reliability of constructs. 

Participant Construct Items Mean Cronbach’s 
Alpha 

Caregivers 
PEU 4 3.01 to 4.05 0.803 to 0.815 
PU 5 3.12 to 4.70 0.851 to 0.860 
IU 3 3.18 to 4.49 0.799 to 0.854 

Patients 
PEU 4 3.10 to 4.33 0.850 to 0.895 
PU 5 3.53 to 4.66 0.862 to 0.923 
IU 3 3.04 to 4.16 0.764 to 0.865 

 
Hereafter, the validated data were analyzed using 
SEM. The users’ intentions to use the 
communication systems in each scenario can be 
explained or predicted based on their perception of 
ease of use and usefulness. Figure 6 summarizes the 
research model of this study. The labels on the 
arrows show the hypotheses and the path 
coefficients that measure the relative strength and 
indicate causal relationships among variables, 
whereas R2 gives the percentage of total variance of 
the independent variables and indicates the 
predictability of the research model.  
 

 
Figure 6: Research model and hypotheses. 

The following three hypotheses have been proposed 
and tested in each scenario: 

H1. Perceived Usefulness positively affects 
Intention to Use the system. 
• Null hypothesis: H1n: µPU = µIU. 
• Alternative hypothesis: H1a: µPU ≠ µIU. 
H2. Perceived Ease of Use positively affects 
Intention to Use the system. 
• Null hypothesis: H2n: µPEU = µIU. 
• Alternative hypothesis: H2a: µPEU ≠ µIU. 
H3. Perceived Ease of Use positively affects 
Perceived Usefulness. 
• Null hypothesis: H3n: µPEU = µPU. 
• Alternative hypothesis: H3a: µPEU ≠ µPU. 

To validate these hypotheses we have chosen to 
apply statistical regression analysis (Goldin 2010) 
over the data collected from the users in each 
scenario. The results are summarized in Table 3. 

For example, in Scenario 1 (participants = 
caregivers), we tested H3a to verify if Perceived 
Usefulness is determined by Perceived Ease of Use. 
The details of the regression analysis were R2=0.53, 
p=0.0005, which is highly significant because 
p<0.001 and α=0.05. From the result of the 
regression we could reject the null hypothesis (H3n), 
meaning that we empirically corroborate that 
Perceived Usefulness is determinant by Perceived 
Ease of Use, and that H3a was strongly confirmed. R2 
indicates Perceived Ease of Use explains 53% 
(R2=0.53) of the variance in Perceived Usefulness. 
Hypotheses H1a and H2a were accepted, and 
Perceived Usefulness was strong determinant of 
Intention to Use, and Perceived Ease of Use was a 
significant secondary determinant.  

Table 3: Statistic regression analysis. 

 Hypotheses H1 H2 H3 
Scenarios Participant R2 p<0.001 R2 p<0.05 R2 p<0.001 
Scenario 

1 
Caregivers 0.65 0.0007 0.65 0.010 0.53 0.0005 
Patients 0.23 0.0000 0.23 0.001 0.55 0.0010 

Scenario 
2 

Caregivers 0.72 0.0001 0.72 0.009 0.61 0.0000 
Patients 0.35 0.0000 0.35 0.007 0.55 0.0002 

Scenario 
3 

Caregivers 0.55 0.0002 0.55 0.020 0.54 0.0000 
Patients 0.49 0.0002 0.49 0.019 0.60 0.0005 

 
Therefore, we could conclude that all hypotheses 
were confirmed in all scenarios at all points of 
measurement. Based on this evaluation, the 
caregivers concluded that the system would be very 
useful for daily tasks and was very easy to use. Most 
patients identified some usability benefits, such as 
the efficient method of notification message. 

However, our data analysis approach has some 
limitations. First, the questionnaire model is not 
completely free of subjectivity for each respondent 
(each respondent reacts in a particular way to a 
questionnaire). Second, we grouped all caregivers 
together and generalized the results, while we could 
have split them in different groups. Third, other 
factors may affect the decision of people of using a 
given technology, such as their prior experience and 
job relevance (Davis et al. 2004), which we did not 
take into consideration in our work. However, in this 
study we considered perceived usefulness and 
perceived ease of use as the most important factors 
to explain the intention to use the system in future. 



 

6 RELATED WORK 

Many applications for ubiquitous computing, 
healthcare standards and intelligent agents in 
healthcare have been reported in the literature.  

A communication system is reported in (Munoz 
et al. 2003) in which mobile devices recognize the 
context in which caregivers perform their tasks. The 
authors propose an extension of the traditional 
Instant Messaging paradigm by using the Extensible 
Messaging and Presence Protocol (XMPP) for 
exchanging XML messages. These messages contain 
context information, including the requirements that 
allow the system to deliver messages. Agents are 
responsible for message exchange. This work has 
some similarities with ours, since both employ 
agents and contextual information for message 
exchange. However, it lacks the definition of a 
language for the communication amongst agents, 
and it ignores healthcare standards and the agents’ 
intentionality. 

An approach to provide interoperability between 
self-care systems when exchanging non-clinical 
information along with clinical data is proposed in 
(Lahteenmaki et al. 2009). SOAP messages were 
defined for transporting the Personal Health Record 
(PHR) contents in so-called Health Diary Entry 
(HDE) structures. This allowed the use of external 
vocabularies and ontologies, in order to achieve 
semantic interoperability. This work has some 
similarities with ours, since they both deal with the 
interoperability of heterogeneous systems by means 
of healthcare standards. However, agent 
technologies are not used in (Lahteenmaki et al. 
2009). 

A Multi-Agent System (MAS) for controlling the 
medicine administration to patients as well as the 
available stock of medicines is proposed in (Baffo et 
al. 2010). This work has some similarities with ours, 
since both use MAS to control clinical tasks. 
However, in (Baffo et al. 2010) healthcare standards 
are not employed for message exchange, and 
contextual information and the agents’ intentionality 
are not considered. 

A proposal for the representation and persistence 
of clinical data of patients as well as context 
information in ubiquitous applications is described 
in (Kashfi 2009). The work is based on the 
openEHR dual model, and the persistence solution 
consists of storing an XML representation of a 
reference model indexed by data paths defined by 
archetypes. This work has some similarities with 
ours, since both use the openEHR dual model. 
However, it does not employ an MAS for message 
exchange. 

7 CONCLUSIONS 

The ageing of the population creates pressure on the 
healthcare systems in various ways. The Pervasive 
Healthcare model can make healthcare more 
effective and timely, and less expensive, but requires 
that the exchange of information between the 
healthcare providers is both efficient and safe. This 
paper has presented a reusable architecture that is 
based on intelligent agents and uses the openEHR 
standard to exchange messages in order to meet the 
requirements of interoperability between different 
HIS.  

Message exchange with other systems is realized 
by integrating extracts of EHRs represented in terms 
of archetypes into ACL messages, which is a 
widely-used standard for information exchange 
between agents.  

In our architecture, the intelligent agents are 
capable of performing human tasks that have been 
delegated to them, because of their cooperation and 
coordination capabilities combined with their ability 
to communicate.  

We have also performed case studies to evaluate 
the reusability of our architecture, and also the 
usefulness and ease of use of pervasive healthcare 
technologies inside healthcare environments. We 
have presented the scenarios that demonstrated the 
reusability of the architecture and showed the 
acceptance of our applications by end-users, which 
reacted positively in terms of their usefulness. 

In further work, we will evaluate the 
performance of our architecture, especially its 
scalability, which is a crucial non-functional 
requirement for realistic applications and for the 
simultaneous support of multiple scenarios. We will 
also measure the improvement of patient safety 
during the medical procedure. We are planning 
future experiments to extend the TAM models to 
investigate the effect of other variables – such as, 
user experience, job relevance and output quality – 
to moderate the effects of perceived usefulness, 
perceived ease of use on the intention to use.  
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