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ABSTRACT 

Novel information and communication technologies enable the construction of systems that allow the provision of new 

healthcare services anywhere, at any time, and to anyone. Since these healthcare systems may offer their healthcare records in 

different electronic formats, the openEHR foundation developed a dual model to achieve semantic interoperability between 

these systems. In this paper we propose an approach, based on the use of openEHR archetypes, for generating messages to be 

exchanged amongst heterogeneous systems in pervasive healthcare environments so that their interoperability can be 

guaranteed at the syntax and semantic levels. 
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INTRODUCTION 

The use of Information and Communication Technologies (ICT) to support health practices (e-health, (DeLuca et al. 2000)) 
can improve the access to health services, with potential benefits for the users of these services. Pervasive Healthcare 
(Varshney 2003) aims at providing healthcare anywhere, at anytime and to anyone. One of the main challenges of building 
pervasive healthcare environments is to support an efficient and secure health information exchange amongst the caregivers 
and patients. The exchange of health information between heterogeneous Electronic Healthcare Record (EHR) systems in 
pervasive healthcare environments requires the use of communication standards that guarantee the interoperability of these 
systems. Although Health Level Seven (HL7)

1
 is a widespread international standard for the message exchange between 

Health Information Systems (HIS), 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). openEHR

2
 is a virtual community dedicated to the research of interoperable and computable 

EHRs. openEHR defined a health information reference model based on two-level modeling in a service-oriented software 
architecture, which separates information from knowledge, addressing in this way some limitations of HL7. This architecture 
makes use of external health terminologies, such as, e.g., SNOMED-CT

3
.  

openEHR prescribes the use of archetypes for describing clinical knowledge, and defined the Archetype Definition Language 

(ADL) (Beale et al. 2007) and the Archetype Query Language (AQL) (Ma et al. 2007) to enable the definition of archetypes 

and queries on them. An archetype is a clinical model employed by a domain expert to represent a specific concept of this 

domain, allowing health professionals to become directly involved in the development of EHRs. The Clinical Knowledge 

Manager (CKM)
 4
 is a collaborative system for archetype development, management and publishing. 

openEHR has four main programs that focus on specifications, clinical modeling, software, and localization, respectively. 

The development of a new generation of EHR tools is one of the responsibilities of the software program. In this work we 

contribute to the ongoing research in the openEHR software program, by proposing facilities based on the use of openEHR 

archetypes for generating messages to be exchanged between heterogeneous systems in pervasive healthcare environments. 

These facilities are meant to help the caregivers use healthcare standards in their daily working life.  

                                                           

1
 http://www.hl7.org/ 

2
 http://www.openehr.org/ 

3
 http://www.ihtsdo.org/snomed-ct/ 

4
 http://www.openehr.org/knowledge/ 
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Most of current EHR systems do not use any healthcare standard and, consequently, clinical information interoperability has 

not been achieved yet, and clinical information and demographic data remain inaccessible in clinical centers. This is because 

the use of standards for developing healthcare applications requires a deep understanding of them. Hence, our work aims to 

facilitate the use of healthcare standards, by providing novel facilities to integrate heterogeneous legacy HIS. These facilities 

have been implemented in a prototype, and evaluated in a case study performed in a hospital in Marília (SP), Brazil. The 

paper discusses and justifies the message exchange facilities that we designed and implemented, and evaluates them based on 

the results of our case study. 

RELATED WORK 

Many proposals to facilitate the use of healthcare standards can be found in the literature. Below we briefly discuss how 

some of these proposals relate to our work. 

In (Regio 2005), the authors discuss how HL7 specifications can be used to design and develop applications, and how web 

services can be applied to exchange HL7 messages. This work has some similarities with ours, in that it addresses the 

interoperability of HIS using healthcare standards. However, it is targeted to HL7 and, therefore, it does not apply two-level 

modeling nor archetypes. Furthermore, it does not integrate legacy HIS. 

The interoperability of the HL7 and IEEE-1451 standards is discussed in (Kim et al. 2010), where the authors also report on 

the implementation of a new messaging format for exchanging data among HL7-based applications. This work has some 

similarities with ours, in the sense that it employs standards to perform exchange message. However, this work does not 

apply archetypes, and does not consider the integration of legacy HIS. 

In (Duftschmid et al. 2010), the authors propose an approach for extracting data described in archetypes from an Entity-

Attribute-Value-based EHR system developed according to ISO-13606 standard, by mapping source documents to 

archetypes. This work is similar to ours in the use of two-level modeling, but it differs from ours since it does not apply web 

services technologies. 

An approach for the automatic generation of clinical applications from archetypes for the ISO-13606 standard is presented in 

(Tortosa et al. 2012). This work also applies two-level modeling, but the authors do not apply web services technologies, and 

only consider interoperability between their generated applications (no legacy applications). 

 
openEHR 

The openEHR architecture has been developed based on a two-level model, as shown in Figure 1. On the first level, a 
Reference Model (RM) is defined for modeling an EHR structure using a predefined set of classes. On the second level, 
specific concepts are defined by restricting the RM classes in terms of archetypes, which are expressed in ADL and can be 
translated to any implementation language. Data input from users are stored according to the RM, and must also comply with 
the concepts expressed by the archetypes. Since archetypes are designed by health experts and not by ICT professionals, this 
facilitates the interpretation of the knowledge extracted from the messages exchanged by HIS in different applications. 

 

Figure 1. openEHR Reference Model 

Figure 2 illustrates the main RM classes. The COMPOSITION class refers to one or more instances of the SECTION class, 
where each instance contains ENTRY objects. The ENTRY class represents the actual records of clinical data obtained during 
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an observation, examination, or intervention of a patient. ENTRY is an abstract type with four concrete subtypes: 
OBSERVATION represents clinical observations, such as blood pressure; EVALUATION represents assessments that are 
made after a clinical observation, such as a risk assessment; INSTRUCTION and ACTION represent medication, surgical 
procedures, and other clinical interventions, where an ACTION describes what was really done as a consequence of an 
INSTRUCTION. 

 

Figure 2. openEHR RM classes 

A clinical archetype has to be written for a particular information model. Since an ADL archetype is an instance from the 
abstract openEHR AM, it has no information about the RM. Figure 3 depicts an overview of the AM classes, where the main 
ARCHETYPE class is composed by the ARCHETYPE_ONTOLOGY and C_COMPLEX_OBJECT classes. Hence, when 
processing an ADL archetype, a collection of AM objects is obtained. 

The ARCHETYPE_ONTOLOGY and C_COMPLEX_OBJECT classes contain information related to clinical concepts. The 
ARCHETYPE_ONTOLOGY contains attributes, such as terminologies_available, term_codes, constraint_codes, and 
term_attribute_names, which are defined as strings. The C_COMPLEX_OBJECT is a specialization of the C_OBJECT 
abstract class, in which the attribute rm_type_name is also defined as a string. The C_COMPLEX_OBJECT has attributes of 
the C_ATTRIBUTE class, which in its turn contain a value rm_attr_type also defined as a string. 

CKM contains a set of openEHR archetypes that represent clinical concepts to be reused in several kinds of health 
applications. We reused CKM archetypes, such as Person and Clinical Synopsis, but we also developed new archetypes to 
represent cardiology concepts, such as Pacemaker Implantation and Coronary Cardiac Surgery. 

 

Figure 3. openEHR Archetype Model 

An openEHR archetype consists of three sections: header contains an identifier for the archetype; definition expresses the 
restrictions in a tree-like structure that is created from the RM, and constrains the cardinality and the content of the information 
model instances that comply with the archetype; and ontology contains the codes associated to nodes, the constraints on text 
and terms, and the bindings to terminologies, such as, e.g., SNOMED-CT. 
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Figure 4 shows an excerpt of the Pacemaker Implantation archetype defined according to openEHR. The header includes the 
name of the archetype (line 1). The definition (lines 3-13) contains the structure and restrictions associated to the clinical 
concept defined by the archetype. This part defines that Pacemaker Implantation specializes the ACTION class (line 4) of the 
RM, while the CLUSTER part (line 8) refers to the stimulations mode for pacemaker implantation and consists of an 
ELEMENT with a value of type DV_TYPE. The ontology (line 14-20) includes the terminological definitions, and the 
linguistic expression ‘Pacemaker Implantation’ is associated with the code ‘at0000’. 

 

Figure 4. Excerpt of the Pacemaker Implantation archetype 

APPROACH 

The approach we used to develop our message exchange facilities is based on the exchange of message that complies with the 
openEHR standard, to be exchanged amongst heterogeneous EHR systems in pervasive healthcare environments. openEHR 
has an EHR Extract Information Model (IM)

5
 that describes the several ways in which an EHR extract that contains a total or 

partial EHR can be built to support interoperability between EHR systems. 

Since openEHR standard consists of a RM part for delivering the container with the needed EHR information, and an AM part 
for expressing clinical content, the Message Generator schema has also a Reference Model Schema (RM-XMLSchema) for 
representing the constraints in RM, and an Archetype Model Schema (AM-XMLSchema) for representing the clinical 
archetypes. RM-XMLSchema is the concrete model from which the software can be developed. AM-XMLSchema represents 
the concrete metamodels of a domain concept, which are expected to be understandable for a domain expert. Figure 5 depicts 
an overview of the Message Generator schema.  

 

Figure 5. Message generator schema 
                                                           

5
 http://www.openehr.org/programs/specification/releases/1.0.2 
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In the openEHR Extract IM the notion of Request and Extract (the reply) are clearly distinguished. An Extract may include a 

copy of the Request and an indication of its content. The common semantics of Requests and Extracts is modeled in a generic 

way, using a number of specialized Request and Extract types that are based on common classes. Different Extract concrete 

types are employed to satisfy particular groups of requirements instead of applying one kind of Extract to perform all possible 

tasks. Figure 6 illustrates the communication scenario of our approach, where non-openEHR systems, can exchange health 

information using concrete Request and Extract types defined by the model. 

 

Figure 6. Use case for openEHR Extract 

In our approach, the Requests and Extracts are implemented as types in a Web service environment, to support the semantic 

interoperability among distributed HIS. A Request contains a detailed specification of the information from the records of 

one or more subjects. A subject may be a patient EHR or a Person record in a demographic system. An Extract contains 

chapters, which contains folders, which contain content items, which in turn contain all the requested content that has been 

possible to retrieve. Archetypes and templates for the Extract/chapter are used for managing the content within folders in 

each chapter, and across chapters. 

Figure 7 shows the openEHR Extract class diagram, in which the EXTRACT_REQUEST class has an update_spec attribute 

that specifies how the Request is to be processed by the server, and an extract_spec attribute that indicates the required 

information from the target repository. The EXTRACT class has a request_id attribute, an optional participations list, an 

optional specification, and a set of chapters that contain the retrieved content. The participations attribute denotes the 

subjects of the Extracts, which are termed parties, since they are instances of the PARTY class. Participations were 

responsible for creating the Extract. The specification attribute has the same form of the extract_spec of the 

EXTRACT_REQUEST, indicating the actual Extract contents. An Extract content is enclosed within the chapters attribute in 

the form of one or more instances of the EXTRACT_CHAPTER class or of its subtype EXTRACT_ENTITY_CHAPTER. 

Within an EXTRACT_CHAPTER, the items attribute contains a folder structure composed of EXTRACT_FOLDER objects, 

which in turn contain the content items. The folder structure is defined by archetypes, and can be used to separate the parts of 

a health record, or to group items according to some other scheme (e.g., an ‘episode’). The EXTRACT_ENTITY_CHAPTER 

class represents a chapter, which is used to carry content associated with a single entity (e.g., a ‘patient’), since an Extract 

may contain data related to multiple patients. 

 

 
Figure 7. openEHR Extract class diagram 
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Extracts usually include clinical information and demographic data related to participations of the subject and other parties 

in the documented activities in the clinical information. Within an Extract, participations are represented in two places: in the 

EHR_EXTRACT class, participations are used to provide information about parties related to the Extract; and in the 

GENERIC_CONTENT_ITEM class, which represents the EHR actual content, the original structures of participations are 

copied faithfully, including any in-line performer information. GENERIC_CONTENT_ITEM defines metadata that can be 

populated with information from legacy systems. 

We designed the openEHR Extract IM in our approach as a shared EHR system, aggregating data from various existing HIS 

in a standardized way. The logical structure of the source data is completely preserved within the Extract, since only the 

reference is rewritten to the UID values used in the Extract. Figure 8 illustrates the typical structure of the 

EXTRACT_REQUEST (Figure 8(A)) and the EXTRACT (Figure 8(B)). The Extract is organized in chapters that contain 

‘EMR’ and ‘demographics’ information, and folders that enclose ‘patients’ and ‘providers’ data. The content items contain 

the requested content related to ‘COMPOSITION’, ‘PERSON’, and ‘ORGANISATION’ instances. The participations 

represent the demographic content of the Extract, identifying the ‘requester’ and ‘consultant’. 

 

 

 
(A) (B) 

Figure 8. openEHR Request and Extract structure 

Message Generator 

Our main challenge has been to integrate legacy HIS to allow the whole organization to meet the increasing clinical 

organizational and managerial needs. Based on the use of openEHR archetypes, we designed a Message Generator that 

employs the openEHR Java Implementation
6
 for implementing new classes in the RM, and the eXtensible Markup Language 

(XML) for encoding the EHR extracts to be exchanged. The openEHR Java Implementation consists of the following software 

components: 

1. openehr-rm implements all RM specifications, such as Data Types, Data Structures, Common, Support, EHR Extract, and 

Demographics. It maps openEHR data types into Java native data types (e.g., Java String); and implements other higher level 

data types (e.g., DV_TEXT). It also implements path-based queries for finding leaf nodes in a large object tree with single 

crafted paths. All constructors of the RM classes have annotations for its parameters, so the invocation of an object can be 

done automatically. This feature is used by rm-builder to construct RM objects from archetypes.  

2. openehr-aom and openehr-ap provide in-memory representation of archetypes, which are usually authored and transmitted 

in ADL format.  

3. rm-builder, which is grounded on the openehr-rm, openehr-aom and openehr-ap components, provides support to create 

and validate archetype-based objects, and guarantees that the archetype semantics is faithfully reflected when constructing 

and validating RM objects. 

                                                           

6
 http://www.openehr.org/programs/specification/releases/currentbaseline 
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4. adl-parser provides support for parsing ADL descriptions by transforming ADL archetypes in textual format into the in-

memory AM format. The adl-parser is the entry point for the archetype in any EHR system, so it is critical for the behavior 

correctness of these systems.  

5. adl-serializer provides support for the conversion of archetypes from in-memory AM format to the ADL textual format. It 

is often used before the storage and transmission of an authored archetype. 

RM and AM constraints are defined using XML schemas, and we employed the official XML Schema from openEHR. We 
designed the Message Generator as a software application integrating Web services, and we made use of RESTful Web 
services (Richardson et al. 2007), which transmit data directly on top of the HTTP protocol. Figure 9 depicts the following 
layers of our solution: 

 

Figure 9. Message generator layers for interoperable EHR 

- The lower layer employs the MSSQL-Connector driver to access the MSSQL-Databases that store the information through a 
JDBC interface. Based on the requested information received by Web services layer, the connection between the Message 
Generator and distributed HIS is established through the JDBC interface layer. The Database layer is responsible for storing 
information in the Message Generator repository. 

- The Service layer employs the three main back-end services used in the openEHR Java Implementation: the RM service 
(openehr-rm and rm-builder), for understanding the classes of the openEHR RM; the Archetype service (openehr-aom), for 
understanding the format and the syntax of the archetypes; and the Demographic service (openehr-ap), for managing the 
identifiers of all parties involved in the medical procedure. The Service layer is responsible for offering the internal services, 
such as getComposition, getParticipation, getContentItem and setExtract, which allow the manipulation of the records 
gathered into the Message Generator. The Service layer uses XMLBeans, which is a technology for generating Java classes 
from a XML Schema. The generated Java classes can be used to parse or generate XML documents. 

- The ADL layer (adl-parser and adl-serializer) consists of the parser and serializer tools that are included in the openEHR 
Java Implementation for processing archetype instances, and the XML Schemas for reporting the RM and ADL 
implementation technologies.  
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- The upper layer provides a set of services implemented to allow the query and retrieved of the clinical information and 
demographic data contained in an EHR. This layer has interfaces to communicate with the client applications using RESTful 
Web services. The main Web service interfaces we developed are openEHRRequest, openEHRExtract and Retrieve, that 
expose the internal capabilities of the Message Generator. Figure 9 shows the HIS“A” that uses the openEHRRequest service 
to request clinical information about an EHR. The Message Generator processes the Request that contains the detailed 
specification of the content required, such as, e.g., ECG Report (from HIS“B”), Radiology Report (from RIS“C”), and Report 
for Clinical Laboratory (from LIS“D”). All the clinical information are queried and retrieved, and the Message Generator 
serializes one Extract for each HIS that generates messages to be exchanged. The serialized Extracts are transformed in XML 
documents that are forwarded back to HIS“A”. Any healthcare system that uses the proposed Message Generator can request 
clinical information and demographic data through the openEHRRequest interface.  

Figure 10 shows the XMLBeans code (extractXML) generated according to the ‘person_details’ archetype instance. For 
example, birthDate(1) is an attribute that was generated based on the RM, xs:date(2) is the type of this attribute, and the 
required value(3) means that this attribute is mandatory. In (4) the generated DemographicData Java beans class that 
corresponds to the person_details XML Schema is shown. In (5) and (6) the XML instance containing demographic 
information based on the Java beans instance and in conformance to XML Schema is generated. Due to the available XML 
technology (e.g.,XPath), the output handling and generation have been straightforward. The generated code that represents an 
openEHR extract contains data about the patient. These data can be exchanged using RESTful Webservices as representational 
state amongst the components of a distributed HIS. 

    

Figure 10. Generated XML code 

In this way, the legacy HIS can be agnostic with respect to openEHR standard, which has been possible due to the separation 
of the legacy systems and the Message Generator. The legacy systems must access the Message Generator by using the 
provided interfaces, simplifying the use of the complex healthcare standard. 

CASE STUDY 

To evaluate our message generation facilities, we defined an application scenario in the cardiology domain with the 
collaboration of domain experts. The experiment related to this scenario was conducted in the Cardiology Department 
(CCCM) of the Santa Casa Hospital, in the city of Marília/Brazil. The participants of this experiment were 40 caregivers (16 
physicians, 11 medical students and 13 nurses), and the evaluation period was from 1 January to 30 July 2012. We have an 
ethical responsibility to preserve the anonymity of all the participants. IT professionals defined the following scenario, called 
“Management for Pacemaker Implantation”, under the guidance of domain experts: 

Scenario. The CCCM provides ongoing follow-up care for the pacemaker implantation procedure, and has a clinical HIS 
(CCCMSys) to keep track of the care provided to its patients. All the information related to the patient’s EHR must be gathered 
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before the cardiac surgery in a distributed healthcare environment, involving others healthcare providers, such as Cardiology 
Institute (ICM), Heart Center Institute (HCI), Radiology Center (RIS) and Laboratory Department (LIS). Due the complexity 
of the resources involved in a distributed healthcare environment, cardiac surgery requires the full integration of individual 
efforts with maximum efficiency to make sure that the action plan is performed successfully. 

Stakeholders. Dr. Call (Cardiac surgeon) and Dr. Ray (Assistant surgeon), both employees of CCCM; Dr. John 
(Anesthesiologist) from Santa Casa Hospital; Mr. Marden and Mr. Peter (Medical students) from the CCCM; Elienne (Nurse) 
and Mr. Martins (Patient). The health professionals and students are members of the Heart Team, and work together to plan the 
pacemaker implantation of Mr. Martins.  

Solution. The Message Generator provides services through its openEHRRequest, openEHRExtract and Retrieve interfaces. 

In this scenario, Dr. Call requests the patient’s information to plan the pacemaker implantation, as shown in Figure 11(1). 

The Message Generator component processes the Request containing the required contents, such as ECG data (from ICM), 

Echocardiogram data (from HCI), Coronary data (from RIS), and Clinical Analysis data (from LIS). The clinical information 

is queried and retrieved (2a-d), and the Message Generator serializes four Extract generated messages to be exchanged with 

the requester. The serialized Extracts are transformed to XML documents and are forwarded to the requester (3).  

  

Figure 11. Proposed scenario 

The Message Generator component makes it possible to build an interoperable healthcare environment, allowing data transfer 
among EHR systems and healthcare stakeholders. The interoperable environment showed is this scenario improves the 
delivery of healthcare services by making the right data available at the right time to the right people. 

Evaluation 
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In Pervasive Computing, evaluation of new technology is often based on a technical proof-of-concept (a prototype). In 
Healthcare, this kind of evaluation is usually not enough for new health technologies, and a methodology named clinical proof-
of-concept was proposed in (Bardram 2008) for striking a balance between clinical trials and a technical proof-of-concept. 
Figure 12 shows the progression of the research methods as technology develops and matures. 

 

Figure 12. Progression of proof-of-concept 

We applied a clinical proof-of-concept during 3 months with the proposed scenario, to enable the application of the Message 
Generator to support the daily activities of the caregivers. After this period, we applied a clinical trial during 6 months to 
collect evidences from the proposed scenario. We employed the Technology Acceptance Model (TAM) (Davis 1989) for 
evaluating the use of the services provided by Message Generator component. TAM is an appropriate model to explain 
technology acceptance in the healthcare domain. This evaluation involved a limited but relevant set of grouped caregivers who 
work as a team in this scenario. These caregivers score an average higher or equal to 4 (from a maximum of 5) with respect to 
their familiarity with using ICT. The evaluation occurred during the clinical trial phase, when the caregivers interacted with the 
Message Generator to exchange health information in the distributed healthcare environment. 

TAM assumes that the Perceived Usefulness (PU) and Perceived Ease of Use (PEU) can predict the use and Intentions to Use 
(IU) of technology. A structured questionnaire based on TAM was sent to the caregivers. 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). To control for bias, the questionnaire items were randomly intermixed across the constructs (PU, PEU, IU). 
Our analysis was divided in two parts: (1) the validity and reliability of the measurement model were tested by Cronbach’s 
Alpha(Nunnally 1979); and (2) to examine the research model and hypotheses, the data were analyzed using Structural 
Equation Modeling (SEM) (Henseler et al. 2010) using IBM SPSS Amos, which is a statistical method to analyze relationships 
among variables. Table 1 shows the validity tests for this scenario, in which the internal consistency of the constructs were 
conducted using reliability. The constructs have Cronbach’s Alpha values close to the limit of 0.700(Nunnally 1979), which is 
considered acceptable. 

Participants Constructs Number of Items Mean Cronbach’sAlpha 

Caregivers 

PEU 4 4.05 0.773 

PU 5 4.22 0.751 

IU 3 4.49 0.799 

Table 1. Statistics of the Constructs 

Figure 13 shows the research model employed on this evaluation. The arrows are labeled with the hypotheses and the path 
coefficients, which measure the relative strength, indicate causal relationships among variables. R

2
 gives the percentage of total 

variance of the independent variables, and indicates the predictability of the research model. 

 

Figure 13. Research model and hypotheses 

The following hypotheses were proposed and analyzed in this scenario: 
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H1. PU positively affects the IU of the system. 

 Null:H1n:μPU=μIU. 

 Alternative:H1a:μPU≠μIU. 
H2. PEU positively affects the IU of the system. 

 Null:H2n:μPEU=μIU. 

 Alternative:H2a:μPEU≠μIU. 
H3. PEU positively affects PU. 

 Null:H3n:μPEU=μPU. 

 Alternative:H3a:μPEU≠μPU. 

To test these hypotheses, we have chosen Statistical Regression Analysis (Goldin 2010) over the collected data from the 

users. We tested H3a, and the regression analysis results were R
2
=0.53 and p=0.0005, which is highly significant because 

p<0.001 and α=0.05. According to these results, H3n can be rejected, meaning that PEU positively affects PU, and therefore 

H3a is strongly confirmed. We tested also H1a and H2a, and the regression analysis results were R
2
=0.65 and p=0.0007, which 

is also highly significant for the same reason, and therefore H1a and H2a are strongly confirmed, meaning that PU and PUE 

positively affect IU. 

 
FINAL REMARKS 

This paper proposes message generation facilities that enable the interoperability of heterogeneous HIS in pervasive healthcare 
environments. In order to meet the requirements of interoperability between these systems, openEHR standards were employed 
in the development of a Message Generator component. Interoperability can be achieved when there is some level of 
coordination and communication in the exchange of the healthcare information among different HIS. 

The result of this work is a Message Generator component that has been designed based on the openEHR standard, which uses 
Web services interfaces to create a layered infrastructure achieve interoperability in the healthcare domain. The RESTful Web 
services applied in our approach standardize the mechanisms used to describe, discover, and access the resources offered by 
the Message Generator, in which the non-openEHR systems can interoperate by sharing data in form of XML messages with 
others non-openEHR systems with much more flexibility and in simpler way.  

We have also performed a case study in a realistic distributed healthcare environment. We showed that the message generation 
facilities supported by our Message Generator brings distributed HIS closer to plug-and-play (automatic or semi-automatic) 
interoperability, because it hides the internal implementation of the interconnected healthcare systems. The Message Generator 
was evaluated by actual caregivers. This evaluation was performed according to the TAM model, and showed the usefulness 
and acceptance of our message generation facilities by their end-users. 

To the best of our knowledge, the novelty of our work is our contribution to the openEHR Software Program with a Message 
Generator component that can be included in a new generation of EHR tools. As future work, we will evaluate the performance 
and scalability of this component, which are crucial non-functional requirements for realistic healthcare applications.  

Furthermore, in future we intend to design a security layer to enforce role-based access control. Another interesting future 
work is to deploy our Message Generator and its services in a cloud environment. We are also planning to extend our TAM 
models in order to evaluate the effect of others variables (e.g., user experience, job relevance and output quality), to moderate 
the effects of perceived usefulness and perceived ease of use on the intention to use. 
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