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General Introduction 

Introduction 

This study describes the development of the HERMES integrated medical workstation for 

the support of patient care and clinical data analysis. Tbis development proceeded in two 

steps. First, a prototype integrated workstation was developed for the limited domain of 

support for clinical data analysis. Second, insight resulting from experience with the 

design and implementation of the prototype, and from the outcome of its formal user 

evaluation were used as input to design the new HERMES architecture, also intended to 

encompass the support of patient care. 

HERMES offers a solution for the urgent problem in medical informatics of integrating 

different applications on different hosts. Our approach combines the client-server paradigm 

with a graphical user interface to provide user-friendly access to the clinician. Its 

application domain includes both patient care and clinical data analysis. 

In this introductory chapter, we will briefly introduce the idea of providing integrated 

computer support to the clinician and the recent progress made in computer science that 

enables this novel approach to workstation integration. 

Why Integrated Medical Workstations? 

Although many hospitals now have a large installed base of PCs and other computers that 

are connected in a network. and though many powerful applications are available, the 

computer support for clinicians themselves is still not satisfactory. For many tasks, 

clinicians have to rely on the assistance of a special staff that has experience with the 

applications, the communication through the network and the exchange of data between 

applications. 

The problems that clinicians have with the current computer support for their tasks is 

primarily caused by the following reasons: 

2 

Not all tasks are covered by one single application; frequently, different applications 

(from different vendors) are involved in the support of a clinical task. 

Not all applications can be accessed from one station; for some applications. the 

clinician has to move to another station. due to the fact that either the network 

connection does not exist or is too difficult to use by clinicians. 

If~ however. all applications can be accessed from one station, data exchange between 
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the applications is the next problem that a clinician has to face; differences in the data 

file format used by the applications can prohibit a smooth and simple data exchange 

between the applications. 

The clinician has to remember the command languages and must hzow how to use the 

various applications. Differences in commands, terminology and output presentation 

force the clinician to concentrate on the applications rather than on fulfilling a clinical 

task. 

In summary, the hardware, software and network is available in many hospitals, but the 

support of clinical users reqnires an approach that bides the differences between the 

applications and the complexity of network access. 

This problem has been recognized by many researchers, and various approaches have been 

proposed to improve this situation. Our solution to this problem is the development of an 

integrated medical workstation. In this study, an integrated medical workstation is defmed 

as a workstation that enables clinicians to access computers in the network without having 

to know all network details, and that automatically arranges the needed data exchange 

between applications (e.g., between a hospital information system and a statistical 

application). Operation of the application is handled through a uniform user interface at 

the workstation that provides the necessary mapping between high-level functions visible 

to the user and what is required by the application, and between the outcomes of 

applications from some computers in the network, and the graphical representation on the 

user's workstation. 

Historical Background 

In the late Sixties, medical informatics started as a discipline to investigate the possibilities 

of computer applications in health care. This eventually resulted in information systems, 

for example, for hospitals, specialists or general practitioners, in applications such as those 

for interpreting ECGs, to analyze images, in expert systems etc. Several of these 

applications are now available to clinical users for support of their practice and research. 

This first generation of support systems offered by medical informatics and the biomedical 

industry can be characterized as being limited to a specific problem domain and not 

supporting a clinical domain in its entirety. In the present study, we investigated the 

3 
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possibilities of relatively new technologies for starting, what might be called, a second 

generation of medical informatics support systems that makes a variety of applications 

directly accessible by clinicians for their tasks in both patient care and clinical research. 

This second generation of support systems combines new developments such as network 

communication technology [1,2], user-friendly interface technology [3,4,5,6], and 

computer-based patient records [7,8] on an integrated medical workstation 

[9,10,11]. In this approach, the medical workstation can be seen as the assistant of 

the clinician that takes care of interaction with all the various applications dispersed 

through a network, while in principle human support staff is no longer required for routine 

tasks. 

Developments that influence and contribute to integrated medical workstations are: 

decentralization; large central systems are more and more replaced by net\Vorks of 

servers, workstations, and PCs. These provide the user with an interface that is often 

graphical, window-oriented and that can be operated by pointing with a mouse. These 

computers also facilitate display of images and signals. Such solutions often have a 

hierarchical structure. 

4 

network technology; the change of network use from conventional data 

communication. such as E-mail and file transfer. to interprocess communication has 

opened possibilities for distributing applications into processes running on different 

computers (distributed or network-wide computing) [12] and synthesizing processes 

into new applications (integration). This distribution of applications into several 

processes can also be automatically arranged by operating systems [13,14]. 

open systems technology; increasingly, computing environments consist of hardware 

and applications from different vendors. Connecting these different computers and 

applications requires standardization and a different view on software, the so-called 

open systems technology. 

object orientation; this software construction technique provides mechanisms for 

programmers to abstract from the data, and implementation of functions in objects. 

Similarly, object orientation can be used to abstract from the data and implementation 

of functions in applications. 

standardization; in order to link systems from different vendors. it is necessary that a 
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standard is defined for data exchange [15,16] and for accessing functions. 

Recently, a reference model for distributed computing was proposed [17]. 

Difficulties with Integration 

All these developments together make it technically possible to consider the development 

of a truly integrated medical workstation environment. The technical problems that have to 

be faced are the following: 

problems related to the integration of applications 

Most applications are not suited for integration in a medical workstation as they are; 

they do not provide entrances that can be accessed by other applications, and do not 

offer automatic data exchange facilities. 

The differences that exist between the applications can be considerable. Parameters 

derived from the data may vary between applications; transferting these parameters 

from one application to another assumes techniques to rewrite or derive parameters. 

Sometimes, however, this is hardly possible. 

Standard, transparent network communication between computers of different vendors 

or even from one vendor is hardly supported yet. 

Standards for data storage, command languages and user interfaces are still not 

available. 

problems related to an integration architecture: 

An integrated workstation has to be flexible enough to support all different 

applications on the one hand and. on the other hand, provide easy extensions for new 

applications. 

Both within and outside medical informatics, there is hardly any experience with 

integrated workstations and their architectures. 

The data formats used by applications are sometimes not documented and cannot 

directly, i.e., without interference of the application, be accessed or generated. 

Interpretation of graphical output from an application is a laborious task and often 

requires large programs. 

The aim of the HERMES architecture as described in this study is to alleviate all these 

problems. We will, however, first discuss the various approaches that are possible to solve 
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the problem of integration described above. 

Different approaches to Integration 

The variety of applications and the fast and frequent changes in knowledge and 

applicarions, make healthcare one of the domains that can most benefit from integration in 

workstations. 

During the last five years, various integration projects have been started both in the health 

care domain and outside. These projects can be distingnished along many different axes, 

such as mechanisms employed and properties. We will now discuss some of these: pre

faCto versus post-facto integratio~ abstraction mechanisms1 integration levels1 and 

communication mechanisms. 

Post-facto versus pre-facto integration 

Again, a distinction can be made between types of the projects in how applications have 

been adapted so that they can communicate with each other. Two approaches can be 

followed: 

pre-facro integration. The applications are modified so that they can understand the 

commands generated by other applications [18]. 

post-facto integration. The applications remain unmodified and a layer around the 

applications provides translations between the communication instruction and the 

applications equivalent instruction(s) [19]. 

Abstraction mechanisms 

The abstraction mechanism used for distributed databases is the integrated data schema. 

Through this schema, data from different databases can be combined [20]. Greenes 

[21] showed in his Explorer-IT system how heterogeneous knowledge sources can be 

integrated into one supportive system for the clinician using different browsing modes for 

the various knowledge sources. Wiederhold [22] proposed mediators as a mechanism 

through which a database can be integrated with an expert system. 

When multiple applications have to be integrated, the research is more directed towards 

6 
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the integration architecture. Typical properties of such architectures are flexibility and 

extensibility. The HELlOS project [11] (in health care) and the MlNI Software Factory 

(software development) [23] use a software bus to which all applications are attached. A 

special piece of code in the application takes care of interaction with the software bus. 

Communication paths between a client and a server are predefined in these projects. The 

Common Object Request Broker Architecture of the Object Management Group [24] 

uses a broker-concept. All applications send their requests to a central broker, which 

dynamically determines from the request which application can solve it. Another approach 

is the broadcasting method. A client broadcasts its request to all known servers in the 

network. Only the servers interested in the request will process it, the others will throw it 

away [25,26,27]. 

Integration levels 

Applications can differ on various levels. Integration can be seen as an attempt to reduce 

the differences between applications. Consequently, integration research projects can be 

categorized according to what type of difference they try to eliminate. 

Solving differences between data formats is the category of integration most often present 

when linking various applications. Data integration offers applications the possibility to 

transparently exchange data The Integrated Acadentic Information Management System 

(IAIMS) study [28] is an example of a project that integrates various clinical 

information systems into one large integrated system. Related to this topic is the effort on 

developing protocols for standard data exchange. These standards evolve for the contents 

of information exchange [15,29] and for the syntax of information exchanges [16]. 

When the aim of the integration is also to eliminate differences in command language and 

to call procedures in other applications, one speaks of functional integration. Although a 

de-facto standard Remote Procedure Call [30] is currently available, many research 

projects chose to have their own functional integration methodology. Examples of this type 

of integration are the software development environment FIELD [25] and the HELlOS 

environment [11]. 
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Only a few projects related to integration of applications focus on the semantic differences 

that exist between applications. This ambiguity in semantics is manifest when data from 

different databases are combined for a particular variable; in each of the databases the 

meaning of the variable can be different, and combining the data will result in arnbignous 

data The Unified Medical Language System [31] proposes a meta-thesaurus that links 

different terminologies ( codings) as used in different databases nowadays. Increasingly, 

research is devoted to adding semantics to the data Van den Heuvel et al have proposed 

a semantic data model that can be used both for clinical data entry and for clinical data 

analysis in an integrated medical workstation [32]. 

Communication mechanisms 

Six different approaches [25] have been followed for communication between applications: 

re-linking, file/pipe, database, shared memory, client-server and broadcast: 

re-linking; the source code of the applications is adapted and they are linked into one 

large application. 

file/pipe; applications communicate by writing and reading from a file or a pipe. 

Synchronization among the applications is important for having a read following a 

write. 

database; the applications store their data and requests in a database. The database 

management system takes care of the synchronization between the applications. 

shared memory; an application writes in a common memory segment its data and 

instructions together with the addressee. The application addressed will read the data 

and instructions and process it, and the results will be returned in a similar way. 

Semaphores are used for synchronization of the write and read operations. 

client~server, a network is used as the communication channel between a client and a 

server. The client writes its instruction which is routed by network software to the 

server [33]. 

broadcast; in this schema, a server declares what events it is interested in and a client 

broadcasts its request to all servers [25,26]. 

The file/pipe integration (typical a UNIX feature) and the client-server integration styles 

are the one most frequently used. 
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Aim and Contents oftbis Study 

In this study, two main questions are addressed: (I) how to build a flexible and extensible 

architecture for a medical workstation that integrates existing applications within a 

network, (2) are clinical users supported in their tasks - in this study for clinical data 

analysis - by this type of integration, and how can this be assessed objectively and 

quantitatively. 

Little initial experience with integrated workstations made us decide to use the approach 

of prototyping, since this is more adequate for such a new problem, rather than to follow 

the traditional structured software development paths of analysis-design-implementation

testing. In addition, for the prototype we decided to limit the application domain to clinical 

data analysis. 

We started with the development of a prototype integrated workstation for clinical data 

analysis that supports data collection, data retrieval, data analysis, data inspection and 

graphical presentation of results. By choosing this whole trajectory as the aim of the 

prototype, a representative and yet manageable task was set to investigate and demonstrate 

the workstation's architecture and capabilities. The first part of this thesis (Chapters 2, 3 

and 4) reports on the protorype. This prototype has as much as possible been based on 

existing applications, and its design and implementation are presented in Chapter 2. The 

prototype only supports a limited set of statistical and graphical presentation functions, but 

from the integration of these applications that supported these functions, insight in the 

problems of post-facto integration has been obtained. Chapter 3 sketches the applications 

and databases now accessible from the workstation. 

A formal user evaluation of the prototype workstation was done for its support of clinical 

users for clinical data analysis. The evaluation results are described in Chapter 4. An effort 

was made to measure as objectively and quantitatively as possible the benefits of an 

integrated medical workstation to the user. A basic difficulty in evaluating integration is 

that no "zero situation" exists. for comparison with the integrated environment of the 

workstation. It appeared that the existing literature is very sparse as to this type of 

evaluations. From this evaluation and our experience with the prototype, the new 

architecture for its successor, HERMES, has been developed, as described in the second 

part of this thesis. 
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1bis second part of the thesis starts with Chapter 5. An object-oriented framework is 

presented, the accessor framework, which is the basis of the HERMES architecture. 

Connections from HERMES with applications are established through these accessor 

objects. The role of the accessor objects is to bide the workstation from the 

implementation and access to the applications. The accessor framework is the backbone of 

the client-server approach as followed in HERMES. Through the accessor framework, 

clients residing on the workstation can access services that encapsulate the existing 

applications. The benefits and the impact of the new architecture for support of clinical 

tasks are shown in Chapter 6, where the connection with current developments in network

wide computing is made. Finally, Chapter 7 shows the new architecture of HERMES with 

its clients and services. We discuss the communication interface between the clients and 

services and the realization of the accessor framework as the basis of our new integrated 

medical workstation environment. 
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Abstract 

In this paper the requirements, design, and implementation of a prototype integrated 

medical workstation environment are outlined. The aim of the workstation is to provide 

user-friendly, task-oriented support for clinicians, based on existing software and data The 

prototype project has been started to investigate the technical possibilities of graphical 

user-interfaces. network technology, client-server approaches, and software encapsulation. 

Experience with the prototype encouraged discussion on both the limitations and the 

essential features for an integrated medical workstation. 

keywords: workstation, graphical user-interface, encapsulation 
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Introduction 

Last decade's information technology is now rapidly iogressiog health care. Professionals 

are challenged to employ personal workstations, graphical user-ioterfaces, network 

technology, relational database management systems, and a wide spectrum of data 

processing applications. However, many clinicians cannot take full advantage of this new 

information technology, since its use demands considerable operational knowledge. Stated 

differently, the current approach of information technology is still primarily tool-based, 

while the professional~s focus on this technology tends to be task-oriented. Consequently, 

most clinicians favor the paper record because it is less time-consuming, certainly easier to 

use, although systems now provide medical data, signals, and images. The data stored io 

most hospital information systems are still foremost iotended for administration, billing, 

scheduling, and resource allocation instead of health care support. 

The Medical Workstation project (called HERMES-MW2000) ultimately aims at providing 

the clinician a personal workstation from which all data, knowledge, and functions can be 

accessed io a user-friendly way for research and patient care. This workstation should 

provide the operational knowledge to access the data for various tasks: patient care, 

clinical research, and education. Startiog with existing applications and databases, the 

workstation acts like a shell around all already existing and future software systems 

through which clinicians can uniformly address all these data and functions in a network. 

In the following sections, the various levels at which integration can be obtaioed will be 

outlined. Related research will be discussed according to the levels of integration involved 

and the ability to deal with existing applications. This is followed by an outlioe of the 

iotegration architecture implemented in the workstation and the applications initially 

selected. The Conclusion section will elaborate on the usability and the necessary 

modifications of this architecture and ends with an evaluation of both the integration 

methodology and the prototypiog approach. 

1 Levels of integration 

The software process outlioed above is often referred to as iotegration: bringiog together 

different, heterogeneous resources at one location, thereby eliminating the inter-resource 

differences. The differences can be clustered in different categories of integration. For 
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each category, an abstraction layer can be defined that hides the dissimilarities from the 

user. For HERMES-MW2000 five categories can be distinguished. For some (parts) of the 

abstractions, current standards are available and the workstation has adopted these 

standards as much as possible. The five integration categories constitute a subdivision of 

the application communication layer of the OSI/ISO seven-layer network-communication 

model [1] (Figure 1). The following integration categories have been discriminated. 
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FigUre 1. The Integration Model as extension to the OSI Communication Reference Model. The f:!EID..1ES
:M:W2000 defines a communication protocol at application level for the various components of an application. 

1.1 Hardware integration 

This overall integration category conceals the differences between the computer systems in 

a network. These differences are most profound in the distinction between local and 

remote processing, and local and remote file access. Basically. one has to utilize a network 

protocol for starting remote jobs and accessing remote files. Ideally, a commercially 

available network protocol should eliminate these distinctions. offering one virtual 

processor (or processor pool) and one virtual file system. Although some commercial 

network protocols nowadays do offer file system integration, these protocols are limited to 

only a small range of hardware. Our integration project adopted a standardized network 
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protocol (Arpa/Berkeley) that in itself also does not offer this abstraction [2]. Therefore, 

an abstraction layer has been defined which, based on the standard network protocol, 

eliminates these local-remote discrepancies. 

1.2 Data integration 

The second abstraction category deals with the various coexisting data formats. When 

using a range of applications to solve a particular task. it is necessary to have facilities for 

exchanging data between the applications. This exchange of data is hampered by the 

different data formats of the applications and the lack of common data interchange format 

that can be used by all applications. Therefore, many clinicians need to re-enter the data in 

the proper format. 

In addition, some data are not available as data flies but can only be accessed through a 

database management system. Exchange of data from a database management system to an 

application requires the database query to be stored as part of the data format. For 

HERMES-11W2000, a common data storage format has been defmed that contains entries 

for storing database queries. This data format is used as an intermediate storage format 

(!SF); exchange of data between applications then always goes in two steps: from the 

source format to ISF and from the latter to the target format. A software data manager 

takes care of the translation of data between the !SF and the application formats. 

1.3 Software integration 

Each application has its typical command syntax and commands. For a clinician 

interacting with several applications at the same time, these differences are annoying and 

confusing. Moreover, for a clinical task one would prefer to issue command sequences 

rather than individual commands. The software integration abstraction defmes one 

command structure with a unique collection of command sequences, which can be 

expanded to batch programs or series of keystrokes. 

1.4 User-interface integration 

Each application produces output, either in a file (batch mode) or on screen (interactive 

mode). The first achievement of this integration is to abstract from the typical terminals 

required by the various applications. Each application runs on the same display, 

independently from the typical terminal or graphics adapter. To support this, the 
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workstation provides terminal emulators that simulate these devices. In addition, the user

interface has to handle camouflage of the different output formats and yield a consistent 

output format. Difficulties arise when integrating interactive applications. Interpretation of 

generated device control codes and translation to the general output format is a 

cumbersome and complex task. In our integration project, the latter abstraction has been 

limited to batch~oriented applications, while each interactive application runs in a window 

on one display. 

1.5 Nomenclature integration 

The reduction of inter-application distinctions immediately introduces the danger of 

semantic misinterpretation. Many terms and headings are interpreted in the (application) 

context in which they appear and elimination of this visible context may cause errors. The 

nomenclature abstraction maps the different vocabularies to a general uniform vocabulary, 

which is preferably standardized. This general vocabulary includes a data dictionary and a 

medical data model. Such data dictionaries can be user defmed. 

2 Related research 

Although much research has been directed towards integration [3], primarily only a 

subset of all integration categories was covered. Data integration has gained much 

attention lately; multidatabase management systems and distributed database management 

systems combine hardware integration with data integration [4]. The topics covered in 

this area are more related to schema integration and query optimization than to abstraction 

mechanisms. Wiederhold [5) and Greenes [6) focus on access of data from within 

applications and provide common data abstraction mechanisms such as mediators or daxels 

(data access elements), accomplished by adapting existing applications or developing new 

software. The Helios project [7) aims at network, data, and software integration and 

employs a software bus as the communication interchange channel among applications; 

individual applications have to be adapted to connect to this software bus. The main 

research focus of IAIMS (Integrated Academic Information Management Systems) is the 

inter-connection of existing systems [8). The first phase accomplishes a network, 

connecting various computers and offering clinicians access to all these systems from each 

workstation (i.e., the first level of user~interface integration). The next phases aim at data 

integration, software integration, and nomenclature integration and will be mainly achieved 

in new software [9,10]. 
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3 Development model 

The HERMES-MW2000 project aims at facing all categories of integration, starting with 

existing applications and avoiding any modification of the applications. Critical to this 

process of integration is the strategy through which it is achieved. Two opposing 

approaches can be pursued, i.e., a top-down approach starting with a common integration 

mechanism and working down to applications and data, and a bottom-up approach, starting 

with applications and constructing hierarchies of abstraction layers around these 

applications until one ends up with one top layer. The first approach starts with a sound 

theoretical mechanism, but the danger is that it lacks a practical reflection. The second 

method commences with a typical application domain, but there is a danger that the end 

solution might be constrained to integration of those specific applications only. Both 

strategies tend to have a breadth-first, or total solution orientation, making corrections 

awkward and a waste of time. For HERMES-MW2000, a depth-first approach has been 

utilized by implementing only a limited but representative set of applications according to 

a general integration mechanism. Deliberate selection of the applications prevents a too 

specialized and narrow solution, whereas the common integration mechanism can probably 

be utilized and tested for other applications as well. In the next sections, both the 

architecture (integration mechanism) and the applications initially selected will be 

discussed. The Conclusion section will elaborate on the general usability and the necessary 

modifications of this architecture. Finally, both the integration methodology and a 

prototyping approach will be discussed. 

4 Architecture 

Current integration research mainly focuses on new developments that obey the practice of 

open-systems technology, network dispersion, and modularization. Unfortunately for 

integration, the medical milieu already has a vast amount of software, data, and knowledge 

resources available in closed, often isolated systems that can not fulfil new software 

requirements. The advent of powerful workstations enhances the possibilities to bridge this 
gap between what is offered and what is desired. The architecture of the HERMES

MW2000 enhances existing applications with the possibility to cooperate with new 

applications that satisfy criteria of openness, network dispersion, and modularization. In 

addition, the architectttre can easily be extended with new (existing) applications. 
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Our integration project has been arranged around a client-server mechanism. The client. a 

graphical user-interface. sends high-level commands to a server. These commands are 

stored in a database, together with associated parameters, a full (medical) name and a 

specification of what groups of users are entitled to use it. When activated, the command 

is transmitted to the server, and the server will properly address the application. 

In order to address existing applications that are not immediately able to respond to the 

higb-level commands and cannot utilize HERMES-MW2000's !SF data files, two facilities 

were added: a data translation facility (DTF) and a command generation facility (CGF). 

The DTF translates data from the workstation's !SF to the application's format and vice 

versa, and the CGF expands a macro command to a series of keystrokes or batch

commands for the application. Both facilities employ the network facility (NF) to address 

files on distant computers and to start applications remotely. Both DTF and CGF 

encapsulate an existing application, equip it with a standard interchange interface and free 

the outside world, i.e., the user, from its internal details (Figure 2). 

The medical data model can be used by all applications (or encapsulators) to provide the 

user (and the application) with a standard vocabulaty. The workstation's data model has 

been organized according to a relational structure in which information about each 

individual attribute can be stored. This information includes a data dictionaty, code lists 

(and their associated meaning), and descriptive names for the attributes. The model has no 

entries for specifying a computational relation between two attributes. nor has it 

synonyms. The pretty names can be changed independently by the users, and permit a first 

level of nomenclature abstraction. 

4.1 Applications 

The prototype HERMES-MW2000 has mainly been accomplished with already existing 

applications. A representative range of different applications was selected to test the client

server concept, the DTF and CGF encapsulation, and the !SF defmition. Part of the 

applications may reside on remote computers. linked with the workstation by way of the 

NF. The idea of a medical data model has been tested in cooperation with existing 

applications. 
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medical 
data 

model 

Figure 2. Overview of the architecture of the prototype HERMES-MW2000. Via the user-interface facility. a user 

can order a function and activate the executive management facility to solve the request. Subsequently, the 

executive management facility (EMF) will activate the data-translation facility and the command-generation 

facility to create a data file in the proper format and a command file with the correct instructions. Via the 

network facility, this is sent to remote computers and the application is activated. The medical data model is used 

to translate descriptive names of data attributes to the different attribute names used in the various applications. 

4.2 Databases 

The workstation has been developed primarily with the aim to support clinical research. 

The large data sets involved in clinical research and the preferred interactive response, led 

to the requirement of a rather static clinical research database on the workstation, for 

which INGRES was selected. During its analysis, a research database should not be 

changed and no new data should be added (static), in contrast to a clinical database that is 

continuously updated. Before the analysis, data are most often transferred and mapped 

from dynamic clinical databases to this static research database. During this data transfer 

process, the data dictionary part of the medical data model is automatically constructed. 

The user is prompted to specify the codelists and to identify the keys. All other 

information is obtained from the data transfer. Currently, data can be imported from a 

Hospital Information System, from the cardiology departmental information system, from a 

general practitioner's information system (such as ELIAS [II]) and from widely known 
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systems as dbaseill, Lotusl23 or SPSS. SQL-based databases can also be imported 

directly into the research DBMS. For the prototype, eight clinical databases were 

constructed on the HERMES-MW2000 for different research projects. 

4.3 Analysis 

The statistical package BMDP has for a major part been encapsulated in the HERMES

MW2000 [12], wltile it is operational on a different computer in the network. BMDP is 

a batch-oriented application that has an extensive and very specific command language. Its 

output is written into a file and transformed into graphical output (using OSF/.Motif) by 

HERMES-MW2000. BMDP's descriptive statistical modules and survival-analysis module 

are currently operational in this way. Additional statistical modules cover the graphical 

exploitation of cross-tables and confidence intervals with P-values. The former module has 

been especially developed for the HERMES-MW2000 users and directly accepts high-level 

commands and ISF data files, rendering encapsulation superfluous. The latter was 

developed by our department of Epidemiology and has been encapsulated. 

4.4 Presentation 

The interactive use of the HERMES-MW2000 demands graphical presentation of results. 

Two approaches have been followed: utilization of an existing application and specific 

innovative developments. The existing application selected for graphical presentation is 

Harvard Graphics. In an MS-DOS emulator, this interactive application has been made 

accessible in the HERMES-MW2000. The CGF expands macros such as for histograms 

and pie-charts to the keystrokes necessary for Harvard Graphics, even when the 

application runs under MS-DOS, and the CGF under UNIX. The second approach has 

been employed for the data inspection module, which includes histograms and tables. 

4.5 Images and sigrutls 

Besides ASCII data, the prototype also contains facilities for displaying 2-D or 3-D images 

(CTs, MRJs, Angiograms, nuclear images) and siguals (ECGs). The integration of these 

modules has been limited to the user-interface level: on each workstation these facilities 

can be called and the output is shown in a window. All facilities have adopted the 

OSF/.Motif user-interface. 
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5 Implementation 

Each of the integration layers is based upon a regular interchange definition for data and 

commands. These definitions are the common interface for the applications and provide a 

means for uniformly accessing data, knowledge. and functions. 

5.1 Intermediate storage format 

The data format has been defined under the name internal storage format (ISF). This 

format consists of three files, one containing an SQL command, another containing the 

format itself, the number of variables and the variable names in the data model, and the 

third file containing the actual data. The command language contains a set of macro 

commands together with parameters. This set of macro commands can be extended with 

new commands; its parameter-passing mechanism complies with the UNIX convention. 

Each existing application is encapsulated by two drivers: a data translation facility and a 

command generator. These drivers are activated by the HERMES-MW2000 to transform 

the data from the ISF format to the application format and vice versa, and to expand a 

macro command into a series of keystrokes or commands for the application. Activation of 

a macro command automatically activates the data translation driver and the command 

generator, which in their tum activate the application. The network layer supports 

network-wide activation of these drivers and the application. Translated data files are 

transferred through the network while the command generator is started remotely by the 

HERMES-MW2000 itself. 

Macro commands can be activated graphically on the workstation display screen. In an 

Xll-based OSF/Motif user-interface, the descriptive names of the macro commands are 

depicted by button widgets that can be activated by pressing a mouse button. The 

command buttons are organized in a hierarchy of menus. The definitions of macro 

commands and their hierarchical organization in menus is stored in a database. New 

macros can be added by editing the database. Activation of a button causes the associated 

command to be transmitted to the HERMES-MW2000 server. The server then will search 

its database to obtain the executable shell script. 

This server software, called the executive management facility (E11F), accepts the macro 

commands through a shared memory segment. The user-interface client inserts the 
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command in the shared memory segment and sends an activation signal to the EMF. Tbis 

EMF then reads macro command and starts an associated UNIX script, which contains 

commands for obtaining the data file, possibly througb the network, and for (remotely) 

activating the command generator and the application. These UNIX scripts contain the 

necessary commands for testing the presence of already transformed files. 

5.2 Standards 

For the development of the workstation, it was decided to adopt current standards as much 

as possible. The following standards have been adopted in the HERMES-MW2000 

environment: 

(I) UNIX system Vas the workstation's operating system, 

(2) Arpa-Berkeley network standards, 

(3) XII OSF/Motif as the graphical user-interface management system, 

(4) ANSI-C progranmting language for new developments, 

(5) SQL for expressing data selections to a database management system, 

( 6) ASCII storage format to facilitate easy transmission to other computers. 

Starting with these standards, migration of the HERMES-MW2000 approach to different 

hardware containing a UNIX environment can be accomplished with a minimal effort 

[13]. 

5.3 Tools 

The HERMES-MW2000 environment has been developed with a number of standard 

software tools. These tools are mainly directed at the construction of data-translation 

drivers and command generators. With the UNIX system V 'awk' tool [14], data 

translation programs can be developed at a higb conceptnal level. The 'awk' programs 

specifies a series of rules that can be activated conditionally. Command generators use a 

template command script and an associated UNIX system V 'sed' program, which replaces 

the variable parts of a template script with the aetna! parameters. 

In addition, a graphical editing tool has been developed to compose a data model. Two 

separate tools are available: a simple tool for modifying the pretty names associated with 

the attributes and an advanced tool for specifying a complete object-oriented data model 

[15]. 
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6 Conclusion 

The strategy of encapsulating existing applications in a network environment can be 

followed successfully: current workstations are powerful enough to overcome the overhead 

caused by the encapsulation layers. Despite the power of present workstations, the success 

of this approach is limited unless tools are developed that support the developer for 

creating and modifying the necessary data translation and command generation facilities; 

since the core of existing applications changes over the years, as necessarily do their 

application interfaces, the workstation developer should be able to rely on graphical tools 

to adjust the encapsulation layer adequately. 

Preferably, these tools should maintain a database in which all access details of the 

applications are stored. Updating the encapsulation layers would require a tool to update 

the contents of that database. Current research in the HERMES-MW2000 project aims at 

the provision of these tools, making the encapsulation layers more widely and easier 

available. 

In addition to the support for the development of tools, the client-server architecture could 

be extended to a multi-client/multi-server architecture. Currently. standards are evolving 

for network-wide client-server communication, such as the TCP/IP-based Arpa-Berkeley 

sockets. Utilization of this type of client-server architecture could diminish the current 

problems with hardware integration and offer a virtual one-machine concept. The 

application-specific information currently stored in scripts and accessible by the central 

EMF server, could in this architecture be deferred to the application's encapsulation server 

and dramatically reduce the management complexity. 

Current experience with the ISF has learned us that this format should be extended to 

contain a variety of other data formats as well: binary data files and free-formatted data 

files should also be covered by the ISF. Preferably, the three format files should be 

combined into one file, reducing the chance of incorrect ISF data files. Although the 

HERMES-MW2000 offers users a higher level of support for their tasks than originally 

provided by the individual applications, future research should be directed at the definition 

of a user model for the various tasks of a clinician. This research is strongly related to the 

desk-top metaphor applied, and various different approaches should be investigated [16]. 
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The effort, necessary to establish a user-friendly interface around existing applications, is 

considerably less than the development of these applications from scratch; evaluated 

software is precious and its maintenance is even more precious. The performance of 

current workstations is reasonable to surmount the overhead involved with the extra layers 

for software integration. 

Although the technical integration layers have been established and provide an open, 

integrated workstation environment, research should be directed towards how to 

accomplish true clinical task-orientation and to establish which user-interface best fulfills 

the user's needs. 

Extra attention should be paid to solutions that manage changes and provide dynamic 

extensions, New applications should be incorporated in the HERMES-MW2000 without 

modifying the already existing applications or encapsulation layers, 

Finally, the integration architecture should be extended to have entries for other integrated 

architectures: bridges that transform messages between the various systems that currently 

evolve. 
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Abstract 
Clinicians are more and more confronted with a wide variety of databases and programs. 

Often. there are large differences between the commands the databases use for retrieving 

data and the commands that can be used to start programs. In addition, databases are 

located on different computers and networks are used to transport data between different 

computers; access through the network is in general a very complex task for end-users. 

The HERMES integrated medical workstation aims at hiding from the user all these 

differences between databases and programs and provides a user-friendly access tbrough 

the network. Research has been directed towards a flexible and extensible architecture for 

linking all these databases and programs. Central in the architecture is a medical data 

model that facilitates multi-database data retrieval and supports data entry. The first 

prototype of HERMES has been realized for use in Cardiology. 

keywords: integration, workstation, clinical research 
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Integration 

Monday night, 8.00 hrs p.m, Department of Cardiology. Assistant X has found some time 

to continue his research study on survival of hypertrophic myocardiopathy. While at home 

during the weekend he has updilted his diltabase of some I 00 patients with the latest 

findings on mortality from the municipality and findings from the paper medical record. 

The updilte must be imported into the Workstation for analysis. He has brought the 

dBasel/1 files with him logs onto the Workstation and gets access to his own research 

directories. After typing in the name of the file, the diltobase is copied into the 

Workstation research database, and the analysis can start. First, X makes a selection from 

the database of the variables and patients related to follow-up. The variables are 

presented on the screen by their usual medical name; and conditions are entered by 

selecting from code lists that are stored in the system, so X does not need to remember 

them. The selections are made by means of a "mouse", a device that allows one to point at 

spots on the screen. Subsequently, a contingency table is created of "Syncope during 

Follow-up" against "Status" (Le., alive or deceased). By simply "pointing and eliciting" 

with the mouse at one of the appropriate "menus", a program is started that computes and 

shows the corresponding P-values and rate ratios. Because X is to present his results at 

the next staff meeting, he uses another Workstation facility to prepare slides of the 

contingency tables in Harvard Graphics. Again, this is done automatically, without the 

need for retyping the dilta. 

In the earlier intermediate analyses, the mortality rates were surprisingly low. X is 

interested to know what a formal survival analysis reveals. X selects the "Life table and 

Survival analysis" option from the "Analysis" menu, and the Workstation automatically 

starts up module JL of the BMDP Statistical Package. Subsequently, the Workstation 

graphically presents the result on its screen. X decides to consult the Department's 

statistician Y for fi<rther analysis, but right now he makes a printout of the graphs. Maybe 

Y needs to make a more extensive analysis of the dilta, using the full functionality of 

BMDP. At least these initial results can be communicated to Y. X drops a message in Y's 

electronic mailbox, which Y will read next morning when he logs onto the Workstation 

through the terminal on his desk. 

After "playing" with some other "views" on his data, X decides to stop and go home. It is 

Mondily night, 9:00 hrs p.m. [1]. 
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What is integration? 

Nowadays, computers are a common appearance in hospitals, but they are mainly used for 

administrative purposes. The use of computers for storage and retrieval of patient data, for 

clinical data analysis, biosignal interpretation, image presentation, etc. is increasing in 

hospitals. Although researchers in medical informatics have started to investigate problems 

of how to store clinical data and knowledge in a computer [2,3], a more basic problem 

fJrSt of all has to be dealt with: how to integrate. As the paper medical record consists of 

data from various sources (different departments. laboratories, catheterization laboratories, 

ultrasound imaging, ECG recording equipment, CT, etc.), the computer-based medical 

record can also be seen as consisting of data from different computers and different 

databases. This bringing together of data from different electronic sources is called 

integration (see Figure 1). 

Figure 1. Overview of typical computer organization in a hospital. 

One way to integrate all the sources into one computer-based medical record is to transfer 

all data directly after collection to one fairly large central database that contains all data of 

patients. Requests to see a patient's medical record are taken care of by this central 

database. A second approach postpones the integration of data until the patient's medical 
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record is requested for inspection. In this approach. a workstation is often used as the place 

where the data is combined to one computer-based medical record. The first approach is 

the traditional one, followed by most hospital information systems and, if succeeded, 

integration is then relatively easy to achieve. However, it lacks the flexibility of the second 

approach. The second approach allows users to add to the set of databases that together 

form the computer-based medical record, newly developed databases with specific data, 

e.g., collected for research problems. These new databases can be added without changing 

the other databases. Moreover, the second approach allows for integration of databases 

with images and biosignals. as well as medical equipment. Powerful personal computers 

can be used to present this medical record in a more user-friendly way. together with the 

presentation of images and signals. These computers are often equipped with large displays 

that can show images and signals (graphics) together with text. Such graphical computers 

can also be used to provide a more friendly access to databases and programs, and are 

often called graphical workstations. 

Similarly, programs to interpret ECGs, to search medical literature databases, to provide 

medical decision support, etc., can be linked to the computer-based medical record. Since 

these programs are not necessarily operational on a central system, but are running on a 

host of different computers such as the ones offered by industry, this allows clinicians to 

take advantage of the newest developments and to use their own preferred prograrus for 

processing (for instance, a specific text editor). 

Why is integration so difficult? 

When integrating different databases and programs, one is confronted with the following 

problems. 

Firstly, to access data in a database, one has to know the commands that should be entered 

to extract data from the database. In general, databases from different vendors use different 

commands to retrieve the data, and their organization and representation (= data format) is 

different for each database. Integration of various databases requires methods that support 

all these different commands to the different databases and that access the data in different 

data formats. 
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Secondly~ various databases often reside on different computers. A connection between 

these computers, a network. can be used to transport data between these computers. Many 

different networks exist, each with their own commands and data formats to transport the 

data. Consequently, integration also includes the ability to cope with (different) network 

data transport between computers. 

Thirdly, the commands to start a program and to select a function within a program vary 

from program to program. Not only the commands themselves, but also the syntaxes of the 

command languages show great differences. Data used by some program has to be 

provided in a particnlar data format and, again, these data formats differ between 

programs. 

Evidently, integration is difficult because of the diversity of commands, command 

languages and data formats. The distribution of databases and programs over different 

computers can be solved by using a network that connects these computers with each 

other. Again, this adds to the complexity of the problem of integration. 

Is integration still worthwhile? 

Why bothering to solve integration problems if a central system with all programs included 

solves all problems? As already mentioned, a central system is not as flexible as an 

integrated system; new databases, new programs. new computers can be integrated using 

the second approach without having to install a completely new system. Moreover, data 

can be stored at places where the data logically belong: typical cardiological data are 

stored in the computer of the cardiology department, laboratory data in the computer of the 

laboratory, etc. If authorized, data from all these (departmental) databases can be combined 

into one integrated computer-based medical record. Furthermore, software industries 

deliver a host of different systems (for the CCU, the catheterization laboratory, cardiac 

surgery. etc.) that cannot run on one central system. 

Integration is also required because the data are used for many different purposes. Besides 

for patient care, data can also be used for clinical data analysis, quality assessment, 

education, etc. For instance. a cardiologist may use a dataset for further analysis and may 

apply statistical programs and presentation programs running on different computers. 
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Integration of commercially available software reduces the development and maintenance 

of local software, and enables hospital computer groups to give more support to the 

specific medical programs and databases. 

Last but not least, the price-performance ratio of a decentralized system is much higher 

than that of a centralized system; a collection of small computers providing a particular 

amount of processing power is much cheaper than one machine with the same amount of 

processing power. Especially when one wants to use the graphical capabilities of 

workstations or PCs, a decentralized system is much more adequate. 

The HERMES integrated workstation 

Since 1987, experience with integration has been obtained from our software integration 

project. This resulted in the development of a prototype integrated workstation for support 

of clinical data analysis. The prototype integrates various databases with statistical 

programs (e.g., BMDP [4]), graphical presentation programs such as Harvard Graphics, 

and a statistical pattern recogoition system (ISP AHAN [5]). In addition, programs to 

display images (CTs, scintigrarns, ultrasound images) and biosignals (ECGs, Holter signals, 

monitoring data) have been included. Insight in the integration problems has been obtained, 

and various approaches have been tested as to their feasibility. The prototype workstation 

was extensively evaluated by users [6). 

One of the main research questions has been the development of a general method to 

combine flexibility and extensibility with minimal software maintenance; it should be 

possible to have new databases and new programs easily integrated into the HERMES 

environment without having to rewrite the complete system, and to provide mechanisms to 

have new program releases easily installed. This methodology, often called "plug-and

play", requires a different organization of access to databases and programs than normally 

done; our HERMES project is aiming at such an approach [7]. The prototype phase was 

successfully completed, and in cooperation with other partners the next generation of 

HERMES is now being developed. 
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Related research 

Integration is not only a problem for the medical discipline. Office automation. computer

aided design and manufacturing (CAD/CAM [8]) are all facing the same problems. 

However, the solutions in these fields tend to be more directed at rewriting the programs 

and databases that have to be integrated rather than leaving them nntouched. In the medical 

field, the mass of different databases and programs is so large, that such a solution canoot 

be followed. 

The research projects in medical informatics on this topic can be roughly divided into three 

main streams: 

(I) To start new dl'!lelopment of databases and programs that can be inlegrated 

This approach starts with the definition of the data format and command langnage. 

According to this specification, new databases and programs are developed. This 

approach does in principle not use existing databases or programs and assumes 

hospitals to start all over again. An example of this approach is HELlOS [9]. 

(2) Proper selection of databases and programs that have similar command 

languages and data formats. 

If one selects databases and programs with respect to the presence of already 

available links and nniformity, one can reduce the integration problems and, at the 

other hand, still use commercially available products. The DeSygner workstation 

of Greenes [10,11] is an example of a proper selection of databases and 

programs for medical decision support. However, for many tasks, this approach 

canoot be followed due to the fact that most of the time there is already an 

installed base of databases, programs and medical equipment. 

(3) To use existing databases and programs and dl'!lelop an integration methodology 

that links these databases and programs in a workstation. 
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This approach has as starting point already existing databases and programs, and 

defines integration layers around them that handle the differences. This approach 

is restricted in the sense that (1) not all programs can be integrated, (2) that the 

integration is sometimes not very efficient, and (3) it sometimes only covers part 

of the program or database functionality. Examples of this approach are the 
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Integrated Academic Information Management System project (!AIMS) of the 

National Library of Medicine in the USA [12] and the HERMES project [13]. 

The !AIMS project initially focuses more on using existing databases only, whereas 

the HERMES project alms at integrating programs as well. Hewlett Packard's 

Physicians Workstation project lies in between (2) and (3). It integrates an 

existing database with newly developed programs [14]. 

Database integration in tbe IIJlRMES prototype 

Current clinical databases are not very well suitable for support of clinical research: firstly, 

the storage and retrieval is optimized for one patient and it lacks methods for searching the 

databases for patients satisfying a particular search criterion, and retrieving data for large 

sets of patients is not supported. Secondly, keeping a dataset stable for the period of the 

clinical research cannot be required. For the HERMES prototype, the decision has been 

made to have data from clinical research databases copied into a research database. 

Searches are applied to that research database only and no changes are allowed duting the 

course of the research project. This approach has also as benefit that patient data can be 

made anonymous, i.e., there is no possibility to deduce the data to a particular patient. In 

the HERMES prototype, the following databases (not all from Cardiology) have been 

obtained from clinical information systems, in order to test the flexibility of dealing with 

different databases and data formats: 

(1) Import of data from a hospital information system (BAZIS database). Data were 

obtained from the andrology department, including laboratory data. 

(2) Data from d.Basem: 

(a) A database that contains data about Somatostatine scans. 

(b) A database from the Thoraxcentre with data about the follow-up of 

hypertrophy patients. 

(3) Import of data from a departmental information system (the Thoraxcentre TUS 

database), containing follow-up data for patients with an myocardial infarction. 

( 4) Import from a statistical database. 

(a) SAS: data about occurrence of myocard infarcts of students. 

(b) SPSS: follow-up data about colon-cancer patients. 

(5) Import of data from a primary care information system: 

data about drug prescriptions for general practitioners, collected in the general 
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practitioner information system ELIAS, e.g., containing data on hypertension 

treatment. 

Data from these databases can be used directly in statistical programs and graphical 

presentation programs. However, combining data from different databases is not supported 

in the prototype, but is currently being developed in the next generation of the HERMES 

workstation. 

Patient care 

The concept of integration was explained with the above examples of databases. Likewise, 

various kinds of data, such as medical images and siguals, can be integrated for the 

support of patient care. In clinical practice this is an obvious and much needed facility. A 

prototype of such a facility has been developed within the prototype HERMES workstation. 

This program anticipates the integration of different equipment from different vendors 

(ECG recording equipment, Echo systems, Angio systems, CT scanners, etc.) now used for 

patient care. Within the patient care facility of HERMES, all data from such equipment can 

be presented to the user (see Figure 2). These sources of data are represented by self

explaining icons. In the next generation of HERMES. the network links with these databases 

will be established and the functionality of this patient care program will be further 

extended. 

Medical data model 

One of the lessons learned from the HERMES prototype is the importance of a medical data 

model. A medical data model describes all data that are somewhere present in a database. 

This data model contains descriptive information per data element, i.e., its type, its valid 

range, its pretty name, synonyms, valid codes, etc. This data model can be used to 

formulate retrieval commands for multi-databases. Besides, the model can be used by 

programs for all kinds of purposes: entering data can be controlled with information from 

the data model, graphical presentation programs can use the pretty names for presentation, 

statistical programs can use the type and validity ranges for selecring the statistical model, 

etc. In the HERMES project, a knowledge editor [15] has been developed that supports 

such a medical data model. The knowledge editor supports the defluition of medical 

relations between data in the databases (see Figure 3). 

38 



Chapter 3 

Figure 2. Presentation of data and programs at the HERMES prototype. 

User friendliness 

The HERMES integrated workstation offers users a friendly access to all databases and 

progratnS. Tbis friendliness can be seen at a number of levels. First of all, all databases 

and progratnS can be reached from any one workstation. Secondly, HERMES bides from the 

user all the differences that exist between data formats, command languages and network 

communication; the user does not have to remember all these differences. Thirdly. data are 

automatically translated to the data format of the program selected by the user. The 

Hermes prototype covers most integration problems that may exist in clinical practice1
• 
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Figure 3. Part of a data-model with relationships between the data attributes. 

In addition, the medical data model is used to help users with various programs that need 

information about the data or information about the relationships between medical data. 
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Conclusions 

Integrated workstations can be built with existing databases and programs rather than 

having to rewrite them. A flexible and extensible architecture has been developed to 

achieve this. The integration methodology limits the dependence on the commands and 

data formats of the integrated databases and programs. Our methodology supports the 

integration of data from different medical equipment for the support of patient care. 

A medical data model is essential for formulatiug commands for multiple databases and for 

entering correct data about the patient. This data model will be the core of the next 

generation of HERMES. 

The next generation of :HER!.1ES will include network links with the hospital information 

system (BAZIS) and the information system of the Thoraxcentre (TUS). Data from these 

systems will be directly available for clinical research and for integration in the computer

based medical record at the clinician"s desk. The facilities for clinical data analysis will be 

extended in this next generation. as well as the facilities for displaying images and 

biosignals. 

1The prototype runs on Hewlett Packard HP9000 series workstations and on 80386/486 PCs running 

SCO-UNIX. Both run with UNIX system V and uses the OSF/Motif Xll window system for the graphical user

interface. For database queries the standard language SQL has been used. Arpa/Berkeley network software is used 

to communicate through the Ethernet running the TCPIIP protocol with other computers. 

References 
[1] Timmers T, Van Mulligen EM. Van den Heuvel F. Van Bemmel J H. MW2000- a workstation for 

the support of clinical research and patient care in cardiology. The Thoraxcentre journal. 3(4);1991:8-
11 

(2} Blois, M.S. Information and medicine. University of California Press. Berkeley. 1984. 

[3] Blum. B.I. The dynamics of a clinical information system. In: Proceedings of the Seventh World 
Congress on Medical Informatics. Geneva Amsterdam: North-Holland Publishing Company. 1992:168-
73. 

[4] Dixon. W J. BMDP statistical software manual. University of California Press, Berkeley, 1981. 

[5] Gelsema E S. ISFAHAN: an interactive system for pattern analysis: structure and capabilities. In: 
Gelsema E S, Kanal L N. eds. Pattern Recognition in Practice. 1980. Amsterdam: North-Holland 
Publishing Company. 1980:481-91. 

41 



Applications and Databases In An Integrated Medical Workstation 

[6] Van Mulligen E M, Timmers T, Van Bemmel J H. Evaluation of a Medical Workstation. (submitted 
for publication). 

[7] Van Mulligen EM, Timmers T. Van Bemmel J Hand Van den Heuvel F. functional requirements for 
an integrated medical workstation. In: Proceedings of the Seventh World Congress on Medical 
Informatics. Geneva. Amsterdam: North-Holland Publishing Company. 1992:1261-6. 

[8] Hsu C. Skevington C. Integration of data and knowledge in manufacturing enterprises: a conceptual 
framework. Journal of Manufacturing Systems 1986;6:277-85. 

[9} Degoulet P, Coignard F C J, et al. The HELlOS european project on software engineering. In: 
Timmers T. Blum Bl., eds. Proceedings of the !MIA Working Conference on Software Engineering in 
Medical Informatics. Amsterdam. Amsterdam: North-Holland Publishing Company. 1990:125-37. 

[10] Greenes R A. Promoting productivity by propagating the practice of "plug-compatible" programming. 
In: Proceedings of the 14th Symposium on Computer Applications in Medical Care. Washington DC. 
New York: IEEE Computer Society Press. 1990:22-6. 

[11] Greenes R A. "Locators", "Constructors'' and "Trackers": meta-level tools for supporting health-care 
professional information needs in a distributed computing milieu. In: Proceeedings of the Seventh 
World Congress on Medical lnfornuztics. Geneva. Amsterdam: North-Holland Publishing Company. 
1992:2-7. 

[12] Lunin L F, Ball M J. Perspectives on Integrated Academic Information Management System (IAIM:S). 
In: Journal of the American Society for Informaticn Science, 39, 3 (1988) p102-12. 

[13] Van Mulligen E M, Timmers T and Van den Heuvel F. A framework for uniform access to data, 
software and knowledge. In: Proceedings of the 15th Annual Symposium on Computer Applications in 
Medical Care. Washington DC. New York: McGraw-HilL 1991:496-500. 

[14] Tang P C. Annevelink J, et al. Physicians' workstations: integrated management for clinicians. In: 
Proceedings of the 15th Annual Symposium on Computer ApplicatWns in Medical Care. Washington 
DC. New York: McGraw-Hill. 1991:569-73. 

[15] Van den Heuvel F, Timmers T, Van Mulligen E M, Hess J. Knowledge-based modeling for the 
classification and follow-up of patients with congenital heart disease. In: Proceedings of Computers in 
Cardiology Conference. Venice. Los Alamitos: IEEE Computer Society Press. 1991:737-40. 

42 



CHAPTER4 

User Evaluation Of An Integrated Medical Workstation 

For Clinical Data Analysis 

E.M. van Mulligenu, T. Timmers', J.H. van Bemmel' 

'Dept of Medical Informatics, Erasmus University Rotterdam, The Netherlands 

'University Hospital Dijkzigt, Rotterdam, The Netherlands 

Accepted for Methods of Information in Medicine 

43 



User Evaluation Of An Integrated Medical Workstation 

Abstract 

Results are presented of the user evaluation of an integrated medical workstation for 

support of clinical research. Twenty-seven users were recruited from the medical and 

scientific staff of the University Hospital Dijkzigt, the Faculty of Medicine of the Erasmus 

University Rotterdam, and from medical institutions outside the Erasmus University and 

all were given a written, self-contained tutorial. Subsequently, an experiment was done in 

which six clinical data analysis problems had to be solved and an evaluation form was 

filled out. The aim of this user evaluation was to obtain insight in the benefits of 

integration for support of clinical data analysis for clinicians and biomedical researchers. 

The problems were divided into two sets, with gradually more complex problems. In the 

flrst set users were guided in a stepwise fashion to solve the problems. In the second set 

each stepwise problem had an open counterpart. During the evaluation, the workstation 

continuously recorded the user's actions. From these results significant differences became 

apparent between clinicians and non-clinicians for the correctness (means 54% and 81%, 

respectively, p=0.04), completeness (means 64% and 88%, respectively, p=O.OJ), and 

number of problems solved (means 67% and 90%, respectively, p=O.OI). These differences 

were absent for the stepwise problems. Clinicians tend to skip more problems than 

biomedical researchers. No statistically significant differences were found betv:leen users 

with and without clinical data analysis experience, for correctness (means 74% and 72%. 

respectively, p=0.95), and completeness (means 82% and 79%, respectively, p=0.40). It 

appeared that various clinical research problems can be solved easily with support of the 

workstation; the results of this experiment can be used as guidance for the development of 

the successor of this prototype workstation and serve as a reference for the assessment of 

next versions. 

Keywords: Integration, Evaluation, Workstation 
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1. Introduction 

In the last decade, powerful graphical workstations and network technology were among 

the main developments in the computer industry. The fall of hardware prices and the 

standardization efforts at the network level enable the introduction of the personal 

computer (PC) at each clinician's desk. Despite their processing power, PCs are often only 

used as a terminal window on applications residing on a central host and for text 

processing. The computer experience of the clinician determines to a large extent whether 

different applications either on a PC or on the central computer are used. 

The problem addressed by the HERMES• integrated workstation is that there exists a wide 

range of applications with different user-interfaces, data formats and command languages. 

located on various hosts with different hardware and operating systems. The approach 

taken to solve this problem is the one of encapsulating the applications with a software 

layer that provides a uniform network access to those applications [1,2]. In addition, 

automatic data translation and command generation is provided by these encapsulators. In 

fact, the client-server paradigm with open distributed processing has been followed [3]. 

We implemented the encapsulators as network services that can be accessed from the 

workstation's graphical user-interface, which incidentally is a client itself. 

Although the architecture is of a general nature, we developed the workstation for the 

support of both clinical data analysis and patient care by clinicians. From this follows our 

particular choice of applications and design of the user-interface. However, we believe that 

the organization of the assessment study as presented in this paper is not restricted to our 

target domain or our approach to workstation integration. 

To the clinical user, the user-interface of the HERMES workstation gives access to all 

functions that are provided by the applications on a point-and-click basis. For example, 

after identifying data from a general data model, a statistical function can be requested 

from a pull down menu and the results are shown graphically in a separate window. 

Functions of the following applications have been integrated in HERMES: access to the 

database management systems !NGRES and dBaseiii, to a hospital information system and 

a departmental information system, to the statistical functions of BMDP and locally 

''HERMEs is an acronym for HEalth Research MEdical System. 
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developed statistical applications, and to the graphical presentation functions of 

HarvardGraphics and the XU-environment. 

Our approach of leaving databases and applications unchanged by encapsulation and 

combining data on demand has some advantages as compared with building one large 

integrated database [4]: (1) data can be stored at places that are best suited (e.g., close to 

where the data are collected and used), (2) commercially available applications can be 

used without modifying them. This latter feature was recognized by Andrews and Power 

as an important new approach [5,6] that is consistent with the ISO distributed processing 

model [7]. 

Although HERMES has been initially developed for support of clinical data analysis, its 

architecture has also been applied for the support of patient care. With clinical data 

analysis, data of many patients are transferred between the applications and the diversity 

between the applications is much larger. The problems tackled for clinical data analysis 

are in fact a superset of those of integrating databases and applications for patient care. 

User evaluation 

Although much research has been devoted to developing methods for evaluation of 

applications [8,9], these methods cannot be applied directly to our situation. First of all, 

we do not intend to evaluate the applications themselves. but rather to evaluate whether 

clinicians could independently solve their clinical data analysis problems with an 

integrated medical workstation. Secondly, no quantitative comparison could be made with 

the current support of clinical data analysis for clinicians; most clinicians can rely on a 

statistician and/or a database manager for solving their problems. Therefore, we included 

biomedical researchers in the study as a reference for comparison with the results of 

clinicians. 

The formal, quantitative evaluation was motivated by the fact that for most clinical users 

this was the first time that they solved a clinical data analysis problem at their own. The 

lack of a comparison makes qualitative remarks difficult to understand. Secondly, 

sometimes the clinician was not aware of making errors and still judged the workstation to 

be of excellent help. We included only two qualitative statements that clinicians could 

make about the expected time savings of HERMES (as compared with the tedious path they 
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have now) and whether they prefer HERMES to the current siruation of support (e.g., by a 

statistician or a database manager). 

Six clinical data analysis problems were presented to the users and all interactions with 

HERMES were logged. From these logging data, evaluation parameters bave been derived 

and a list of errors has been compiled. A profrle of the errors can be used to adjust the 

design of HERMES so that these errors will not occur anyway. 

In this paper, the assessment study and its results are described. In the next section we 

describe the organization of the assessment study. The results section presents the 

statistical evaluation of the measurements obtaiued from the logfile. Finally, we discuss 

the implications and results of this assessment study for furore developments of integrated 

medical workstations. Background information on HERMES has been published elsewhere; 

see [1,2] and the references therein. 

2. Material and Methods 

The evaluation by clinicians was intended to assess the possibility of the workstation in 

providing enough support for representative, though not very complex clinical research 

problems. The seamless integration of applications used for clinical research can also be 

helpful for biomedical researchers, such as statisticians. Therefore, together with clinicians 

they were invited to participate in the user evaluation to test the workstation for its ability 

to solve clinical research problems. 

The clinicians were recruited by personal invitation, as much as possible from different 

medical specialties. Most clinicians were in some way already involved in clinical 

research, albeit not necessarily working themselves with computers. The biomedical 

researchers were invited to evaluate whether they regarded the HERMES integration concept 

positively since they are already used to solve their problems with the current, non

integrated computer environments. 

In addition to measuring the differences between clinicians (Cl) and biomedical 

researchers (NCl), we also looked at differences between users with and without clinical 

data analysis experience (E and NE, respectively). The division of users in experienced 

and non-experienced just on the basis of what they stated themselves seemed to be rather 

subjective. Therefore, we used a more objective division in experienced versus non-
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experienced on the basis of the number of publications indexed in MedLine from 1987-

1992. No book reviews, letters to the editor, or other secondary publications were taken 

into account in the search. If a publication as a first author was found in this period, or 

one or more publications per year as co-author, the user was assigned to the group of 

experienced users (E). 

2.I Introductory Course and Experiment 

A written, self -contained tutorial lastiog about two hours introduced the principles of the 

workstation and the interaction with some of the most frequently used modules: data 

selection, data inspection, cross tables, p-values, and a graphical presentation module. The 

course ended with two typical clinical research problems which were presented in a 

step-by-step fashion guided by the tutorial. Finally, two other problems were included that 

users had to solve alone, i.e., without guidance, in order to test whether users were able to 

use the workstation unaided. During the course, interaction with the supervisor of the 

evaluation study was restricted to situations where the user was not able to continue; users 

were asked to solve the problems as much as possible independently. 

After the course, the assessment study was done with six clinical research problems using 

a database of patients with colon cancer. The data about patient identification, surgeries, 

consultations, location and staging of cancer, other types of cancer, and survival were 

collected and studied at the Leiden University Hospital by Bloem et a!. [10]. One of the 

goals of this research database was to investigate the relation between the progression of 

cancer (the so-called Dukes stages), gender, age, and duration of symptoms on the one 

hand, and period of survival and mortality on the other hand. The data in this database 

were completed and a medical dictionary that contained the mapping between medical 

terms and database attributes, relations, and codes was available on the workstation. Users 

could select data from this database by pointiog with a mouse at the terms of the 

dictionary and by specifying search criteria by using an interactive query program. ln our 

departmental setting. both the cancer database and the statistical functions were remotely 

accessed from the workstation through the network. 

The problems to be solved were presented on paper and no interaction with the supervisor 

was allowed (see Appendix A for research problems). The six problems (in Table 2 

numbered I-VI), dealing with data from the colon cancer database, were arranged into two 
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groups of three problems each. The first group (I-III) was organized in a step-by-step 

mode: all individual subproblems to be taken were listed and users had to solve all steps 

sequentially before proceeding. The second group (IV-VI) consisted of open questions: no 

information was given about the data and the statistical tests necessary to solve the 

problem. Each problem in the first group had a counterpart in the second group regarding 

complexity. All three problems had a different level of complexity: the first problems had 

an unconditional data selection combined with descriptive procedures (e.g., cross tables or 

histograms). The second problem in each set required a repeated conditional selection in 

conjunction with more advanced statistics, such as chi-square tests and cross-table 

manipulation functions. The third problem in each set was included to assess the user's 

response to a test not presented in the introductory course. It was assumed that 

confrontation with survival analysis would not be a problem when users were accustomed 

to the interface-style of the workstation. Problems ll. IV and V consisted of an A and a B 

part (e.g .• the A part related to males and the B part to females). 

After the assessment study. users completed an evaluation form to indicate their general 

experience with clinical research. the frequency of their solving research problems, the 

scope of their research, and their impression of the workstation: whether it saved time, 

how it compared with current processing support, etc. 

Workstation Expansion 

To get an impression about the support provided by the workstation, the actions that the 

user should carry out for problem I are shown in Table I together with the actions the 

workstation actually performs bidden for the user. These actions include translations of 

data. transmissions through the network. and generation of commands, together with 

starting applications. 

2.2 Measurements 

In the assessment study. all user actions were logged in a logfile. This included all events 

that caused something to happen in the workstation. For each event. the time of 

occurrence and the time of completion were recorded. Two buttons on the screen were 

included for the experiment to stop and resume the logging clock, e.g., for coffee breaks. 
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Table 1. User actions (left hand column) as expanded and carried out by the HERMES prototype workstation 

(right hand colunm). The whole sequence is a typical example of how data can be selected from the 

database, inspected, displayed as a cross table, and printed. 

User request 

Select medical terms Age. Gender, 

Dukes stages from a list. 

Specify search condition. e.g.. Age>SO. 

Give coll'l.m.lUid to execute t:ISk. 

Inspect results. 

Save results. 

Construct cross-t:lble. 

Print results. 

Hidden workstation operoti.ons 

Trnnslate the selected attributes to the relation 

attribute names of the d:u:abase, 

Trnnslate the selection and the condition to a correct DBMS query. (The 

workstarion knows per medical term what values or codes are :illowed.) 

Send the query through the networlc to the computer that holds the d::lttJ.bnse. 

Stnrt the query interpreter of the DBMS. 

Retrieve the outrome through the network to the user's workstation. 

Tr.mslate the data to a common form:tt. 

Tmnslate the data to the inspection module format. 

Stnrt the grnphic:U inspection program. 

SAve the data in the workstation· s lntermecfulte 

Storage Fonnm: (ISF), together with inform:~.tion about thC query and the format 

of the data. 

Send the data to the computer that holds the cross-table module. 

Trnnsbte data to the form.:J.t of the cross-table module. 

Start the computltion of the cross--table module. 

Tr.mslate the results to the ISF format 

Retrieve results through the network to the user"s workstltion. 

Generate a postscript output of the gmphsltables. 

Send the output to a postscript printer. 

These logging data could be inspected later to assess the correctness of answers and to 

determine the time spent in working with specific modules by summation of the time of 

individual steps. The logging data of the expetiments were compared with logging data of 

a correct solution that did not include any unnecessary steps. This solution was verified 

against an optimal sequence of interaction steps that was determined by the creator of 

HERMES and the results were compared with those presented by Bloem eta!. [10]. 
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2.3 Users 

Twenty-seven users (13 biomedical researchers and 14 clinicians) participated voluntarily 

io the evaluation; one clinician followed the course but did not fioalize the experiments. 

All clinicians were recruited from clinical departments of the University Hospital Dijkzigt 

and most of them were involved in some clinical research project and were not totally 

ioexperienced with computers. The biomedical researchers were recruited from the Faculty 

of Medicioe of the Erasmus University Rotterdam, from clinical departments of the 

University Hospital Dijkzigt, and from medical iostitutions outside the Erasmus University. 

3. Results 

All 27 users completed the course and answered correctly the problems io the fioal test at 

the end of the introductory course. None of the users had previous experience with the 

workstation. Table 2 presents the most pertinent data collected during the assessment 

study, together with the results of the problem solviog, subjective assessment data, and the 

number of publications iodexed io MedLioe during 1987-92. 

Column Cl shows whether the user is a clinician (involved in patient care) or not(+ or-, 

respectively). The user's self-assessment of his or her own estimated degree of experience 

with clinical data analysis is presented io colunm Cld. Code 5 iodicates expert level, 4 

much, 3 normal, 2 little, and I no experience. The total number of publications iodexed in 

MedLioe over 1987-92, P •• is given for each user. This was also done for publications io 

which the user was the first author (P1). The distribution of the time for each of the six 

clinical data analysis problems (TJ is shown io Figure I, for experienced (E) and non

experienced (NE) users. Each user was requested, at the end of the study, to give his/her 

opinion about the usability of the workstation, presented io columns Cp and Tsa. Cp 

contains a subjective comparison of the workstation with current support for clinical data 

analysis: code 3 iodicates that the workstation is better, 2 that it performs equally well, 

and 1 that it is less supportive. Tsa contains a subjective estimation of the time saving of 

the workstation usiog the same codes as for Cp. 
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Table 2. Raw data, as collected during the assessment and as obtained from an evaluation fonn and MedLine. 
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+ 
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+ 

4 

4 

4 

4 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

2 

4 

2 

4 

4 

4 

4 

4 

4 

4 

4 

2 

4 

4 

4 

4 

3 

4 

3 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

3 

4 

4 

4 

3 

4 

4 

4 

3 

4 

4 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

I 

4 

4 

4 

4 

4 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

a = clincian, directly involved in patient care. 
I-VI =status per question 

4 

4 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Od Cp Tsn 

3 

4 

4 

4 

4 

3 

3 

4 

2 

4 

3 

4 

3 

4 

4 

3 

2 

4 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

3 

2 

3 

3 

2 

3 

3 

2 

3 

2 

2 

I 

3 

3 

3 

3 

2 

3 

3 

2 

2 

2 

2 

2 

2 

3 

2 

2 

2 

3 

3 

2 

3 

2 

2 

I 

2 

3 

3 

3 

3 

9 

20 81 

5 19 

8 

5 

6 

0 

0 

14 

13 

19 

3 

3 4 

I 23 
5 14 

13 43 

6 10 

4 11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

56 

0 

0 

0 

0 
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0 
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0 

(4=correct completed.3:::incorrcct completed.2---incom:ct and incomplete,I=not done. -=quitted) 

(. and b p:uts are equiv.:llent questions for different patient selections), 

Cld ""clinical data. 3IUl.lysis experience (5=expen.4--rnuch.3--normal.2=little,l=none), 

Cp =subjective comparison with current support for clinical da.t:l. aruJ.iysis (3=better.2=equnl.I=worse), 

Tsn = subjective estimation of time savings of workst:J.tion approach (3=better.2=equal.l=worse), 

P1 = number of publications MedLine 1987-1992. if first author. 

P. =number of publications Med.Line 1987-1992. if author. 

The results of the six problems to be solved by the users are provided in columns I to VI. 

Three problems contained an A and a B part. The B part is a repetition of the A part, but 

for a different group of patients, e.g., females instead of males. The type of data analysis 

of a B part, however, is identical to that of an A part. Answers to the problems have been 
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scored both for correctness and completeness. The codes provided in columns I-VI 

represent five possible outcomes: 4 indicates a correct and complete answer, 3 an incorrect 

but complete answer, 2 an incorrect and incomplete answer, 1 indicates that the user 

skipped the problem. and a "-" that a user had alteady stopped before he could start that 

problem. Note that the last user did not tackle any problem. although the tutorial was 

completed correctly; these results were excluded from further analysis. 

Tl Tll Tlll TIV TV TVI 
problem sequence 

Ill experienced (E) 

lim non-experienced (NE) 

Figure 1. Histogram of the mean time (with standard error of the mean) per problem for experienced and non

experienced users. A division is made according to whether users are experienced (E) or non-experienced (NE) in 

clinical data analysis. T1 is the time used for problem L etc. 

3.1 Analysis 

For the two different groupings of users, i.e .• Cl versus NCI, and E versus NE, the results 

are shown in Table 3, where mean values are shown for the different groups. Score S1 is 

computed as the fraction of all correctly and completely solved problems; S2 includes S 1 

and all problems that were not correctly solved but completed; S3 includes S2 and all 

problems that were solved but were not correct and not complete; S4 contains the fraction 

of all problems that were not tackled. For the three step-wise problems (I-III), the 

correctness score S1 is shown in column S1a and for the last three problems (IV-VI) in S18• 
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# 

a 8 

NO 18 

E 13 

NE 13 

CIINO 

EINE 

# 

s, 
s, 
s, 
s,. 
s,. 
s. 

Table 3. Summary table for results derived from the initial raw data. 

S, s, s, s,. s,. 

054 0.64 0.67 0.69 0.43 

0.81 0.88 0.90 0.82 0.81 

0.74 0.82 0.83 0.82 0.68 

0.72 0.79 0.82 0.73 0.71 

involved in patient crue/not involved 

research experience as derived from Med.Linelno experience 

number of users 

s. 

0.33 

0.10 

0.17 

0.18 

mean frocti.on of conect :md complete questions (question..; with code=4), 

me:m fraction of complete questions (questions with code=4 or 3). 

mean fraction of answered questions (questions with code=4. 3 or 2), 

mean frncti.on of co=t and complete questions in I-III (questions with code 4), 

mean fraction of correct :md complete questions in IV-VI (questions with code 4). 

mean frnction of unanswered questions (questions with code= I or '·') 

3.2 Differences 

To test the statistical significance of the differences in the answers, the non-parametric 

Mann-Whitney (Wilcoxon) test has been applied. Statistically significant differences 

between clinicians and non-clinicians are found for the correctness score S1 (p=0.04), the 

completeness score S2 (p=O.OI) and the answered score S3 (p=O.Ol). Also the correctness 

of the open problems s .. was different (p=O.Ol) which did not apply to s,. of the stepwise 

problems. The fraction of problems not tackled was significantly higher for the clinicians 

than for the researchers (p=O.Ol). There is no statistically significant difference in any 

score between E and NE. 

The results for the subjective comparison Cp and time savings Tsa showed for the groups 

clinicians versus non-clinicians and experienced versus non-experienced no statistically 

significant differences. The majority of the users (18 out of 27) preferred the workstation 

to their current working environment (values above 2 indicate a preference for the 

workstation, less than 2 a preference for the current situation). All 8 clinicians preferred 

the workstation to their current working environment. 

Table 4 presents an overview of the errors users made during the assessment study. The 

number of the most common errors is presented for clinicians and non-clinicians. Non

clinicians showed considerably less errors than clinicians. Most errors occurred in the data 

54 



Chapter 4 

selection, the local saving of a data set and the specification of parameters for creating the 

survival table. Note that some errors are due to lack of knowledge about the domain, some 

due to the sequence of operations that the workstation required, and some due to lack of 

statistical experience. 

Table 4. Compilation of errors as registered during the experiments for clinicians (Cl) and non-.clinicians (NCl). 

Type of Error a NCl Tornl 

N F, N F, 

(%) (%) 

Errors in data 40 2.6 24 0.7 64 

selection 

Wrong vnriables for 13 0.9 17 OS 30 

cross-table 

More than 2 outcomes 24 1.6 18 OS 42 

for chi-square test 

No saving of data 45 2.9 71 :u 116 

No table for computing 

p-values 8 OS 7 0.2 15 

Variables of cross-table 7 OS 4 0.1 II 

intetchnnged 

No variables in 22 1.4 26 0.8 48 

cross-table selected 

Wrong par.uneters specified 33 2.1 25 0.7 58 

for surviWII ttlble 

Tornl 192 125 192 5.6 384 

a clinicians. involved in patient care 

NCI not involved in patient care 

N number of errors 
F, percentage of errors per clinician 

F, percentage of errors per non-clinician 
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4. Discussion 

The first goal of this study was to test the usability of our approach of workstation 

integration for the support of clinical data analysis for clinicians. The second goal of this 

evaluation was to establish new design criteria for a next version of HERMES. Although the 

actual number of users in this evaluation study was small (26 real users), some 

conclusions can be drawn. 

Clinicians and non-clinicians are statistically significantly different for S1 (correctness), S2 

(completeness), S3 (problems solved), and S, (problems not answered). This was primarily 

caused by the fact that clinicians skipped 33% of the problems, whereas the non-clinicians 

only skipped 10%. Clearly, this influenced the correctness and completeness scores of the 

problems solved. For the fraction of correctly solved problems there was no statistically 

significant difference (p=/).06) berween clinicians and non-clinicians. Apparently, 

clinicians are equally well able to solve problems with the workstation as non-clinicians. 

However. from the assessment it seems that they are less inclined to repeat a test once 

they have seen how it can in principle be solved. 

When the scores of the three stepwise problems are compared with those of the three open 

problems, it can be concluded that there seems to be no significant difference berween Cl 

and NCI for the stepwise problems, but for the three open problems there is a significant 

difference. Therefore. we conclude that clinicians were supported by a stepwise protocol 

for solving the problems in this assessment. This finding could have consequences for the 

design of the successor of the prototype workstation. No significantly different scores are 

obtained for the groups of experienced and non-experienced users. From the differences 

berween the means of both groups and their corresponding 95% confidence intervals, it is 

reasonable to expect that these results will also apply when the user groups would have 

been larger. This finding implies that for the material of our assessment study the 

workstation was able to "upgrade" the group of non-experienced users to the level of the 

experienced users. 

For the time T0 spent on solving the problems, no statistical difference was obtained 

between any of the groups. nor for the time spent on the course Te (on average 120 min.). 

The 95% confidence intervals for the differences in the means are wide; the values for 

each of the groups show a considerable dispersion. However, the average time for solving 
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one problem is about I 0-13 minutes, which is reasonable. The time necessary to learn and 

understand the operation of the workstation is about two hours, including the tutorial and 

explanation of the window-oriented and mouse-controlled environment It implies that 

after only a short introductory course users are able to operate the workstation and are 

further learning by doing. 

All groups preferred the workstation above the current support (such as a PC and/or a 

terruinal to a central computer) for clinical data analysis. Possibly, the reasons why 

clinicians were positive might have been caused by the fact that, in general, they were not 

nsed to much computer-supported research by themselves. But also the biomedical 

researchers, who all have their own computer support environment, preferred on average 

the workstation approach better than their conventional environment. 

From Table 2 it can be seen that there were seven users who clearly did not succeed in or 

were willing to solve all problems. The reasons why they did not succeed may vary: a few 

could possibly not solve the problems; or a few did, in spite of the course, still not fully 

understand the philosophy behind the user-interface and the operation of the workstation, 

when confronted with open-ended problems; or some possibly stopped because it took 

them too much time. The real reason for early stopping is difficult to obtain, although it 

would be interesting to know. We assume that the only user who quit directly after the 

tutorial without completing any answer, had remaining problems with understanding the 

user-interface of the workstation. In future assessments, attention should be paid to having 

more users finalizing the assessment, or at least registering the reason why they quit. 

Besides, it underlines that the workstation should support users for all new functions with 

on-the-scene short introductory tutorials; clinicians particularly are used to a very 

pragmatic approach, such as learning by doing or show and tell. 

From the list of errors as depicted in Table 4, an impression can be obtained about the 

strength of support of HERMES for the various integration aspects. The high error rates for 

clinicians are caused by only a small number of clinicians. From these figures, it can be 

seen that selecting the data is one of the aspects that remains difficult. These problems 

were most frequent when the question consisted of two groups and users bad to submit the 

query twice with different search criteria, but tried to express it as a single query. Another 

frequent error was the saving of data. In the design of HERMES, we assumed that users had 
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to explicitly request that data were locally saved on the workstation before further 

processing. Although explained in the introductory tutorial, users forgot to do so and 

worked with old data. Such errors can only be avoided by both redesigning certain parts of 

the workstation and by implementing more help-functions and warnings in the workstation, 

telling the users not to forget certain actions if the workstation detects a possible omission. 

The lack of help for statistical modules was most felt when specifying parameters in the 

statistical user interfaces. For instance, the p-value module did not provide information 

about why no p-values could be computed when the table consisted of more than two 

outcomes. When providing more statistical tests, a future workstation should apparently 

offer an advisory module to help users in making correct choices among the various 

possibilities of statistical parameters and tests. 

After these considerations, we want to present some concluding remarks: 

From the assessment study, it appears that the evaluation of a system such as the 

prototype workstation with its high user-interaction is very complex. We also realized that 

references in the literature on quantitative rather than qualitative assessments are very 

sparse if not totally absent. Yet, we were convinced, and still are, that progress in the 

further development of these and similar systems can only be made when the evaluation of 

such systems is done in a quantitative and objective as possible manner. The evaluation of 

our prototype integrated workstation can serve as a reference model for the assessment of 

future developments in this domain. Getting insight in the type of errors users make, may 

help in developing new user-interfaces and desktop metaphors, and user support modules. 

It allows to repeat this evaluation for new developments and to compare the outcome with 

the current results. 

To our satisfaction the woikstation was able to support users who had no experience 

themselves with clinical data analysis, to the extent that there were no differences between 

experienced and non-experienced users for correctness and completeness scores. 

Clinicians had many more problems in solving open problems than non-clinicians; for 

stepwise problems, no difference was found. Both clinicians and biomedical researchers, 

and experienced and non-experienced users preferred the workstation to their current 

processing environment and concluded that it saved time. 
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Appendix A 

Problems as presented to the users in the assessment study 

Stepwise problems 

L Determine the distribution of the Dukes stages A, B, Cl, CZ and D for men and women above 

the age of 50 years. 

Select the oncology database 

Create a new data-set with the variables gender, age and Dukes stage. 

Limit the set to patients with age > 50 

Inspect the data~set 

Create a cross-table for Dukes stage against gender 

Print both the histogram and the table. 

II. Determine for two groups, patients operated between 1958 and 1968 (A) and patients operated 

between 1968 and 1978 (B) the relation between localization of the tumor and post-surgical 

death. 

Create a new data-set with the variables: year of surgery, localization and post-surgical death. 

Restrict year of surgery to the period of 1958 to 1968 

Create a cross-table of localization against post-surgical death. 

Compute a confidence interval by applying 'Contingency Statistics'. 

Select the 99% confidence limits option. 

Print all tables and graphs. 

Repeat these steps for the second group of patients 

m. Determine the survival curves for the different Dukes stages. 

Create a new data set. 

Select the variables: Dukes stage, survival and status. 

Create a survival table Oife table and survival analysis). The time-to-response variable is 'survival'. 

the response condition is: 'status' = 'death'. The unit of the time variable is months. 

Select the 5 Dukes groups in the list of groups. 

Create the curve (Draw) and print (Print) it. 

Open problems 

IV. What is the relation between the localization of the tumor and the 5 Dukes stages? Determine this for 

both men (A) and women (B) separately. 

V. Is the mortality different for the group that had a surgery at the age between 59 and 68 years (A) and 

the patients that has a surgery at the age between 69 and 78 years (B)? Determine this for the 

different Dukes stages with a 90% confidence limit. 

VI. Determine the survival curves for men and women with an age less than 60 years. Select patients with 

Dukes stage B as the group of interest. 
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Abstract 

An object-based software integration architecture is described which provides communica

tion within a network between applications according to the client-server model. Each 

object in this object-based architecture is called an accessor and bides the details for 

accessing data and functions. This architecture has been designed to also integrate existing 

applications. A request for data and functions directed to the accessor framework is served 

by an accessor server that analyzes the request. completes it with essential parameters, and 

forwards it to the application service object. This application service object bides the 

access to the data and functions available in an application. For existing applications, this 

application service object is served by a separate application service process that converts 

the accessor requests into instructions for the application. Newly developed applications 

can directly accept requests to the corresponding application service object. A sequence of 

accessor requests can be stored as a named program and processed by the accessor server 

upon request. The accessor object-base can be edited so as to contain the most recent 

information about the available data and function. The accessor framework has been made 

operational in a network with servers and workstations. 

keywords: integration, workstation, distributed processing, object-orientation 
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1 Introduction 

The advent of networked, graphical workstations has brought a host of data, knowledge, 

and software within the reach of end-users. In spite of this development, the potential of 

network technology has largely been limited to individual, closed, and stand-alone existing 

applications together with user-controlled network file transfer. A review of this lack of 

software integration was given by Meyers [1]. Opposite to this closed attitude of software 

is the open systems concept [2]. This concept ideally covers the following issues: 

1. Exchange of data among applications without a need for user intervention, 

2. A view on applications that regards them as repositories of data and functions tha:t 

can be utilized by other applications, 

3. Contribution of newly developed applications to the set of available functions in 

the network computing environment, 

4. Inter-connection of applications through the network, exchanging request 

messages from a client application to a server application. 

To accomplish these goals we developed an architecture for software integration and inter

application communication. The architecture has been designed according to the open 

systems concept to allow for the incorporation of existing applications virtually without 

the necessity of any modification. In our definition, integration is the piociss of intef..: 

connecting autonomous software applications within a network, enabling the automatic 

transfer of data, functions and knowledge without human intervention. 

1-1 Application domain 

Applications of computers - especially those in medicine - are characterized· by a wide · 

variety of different software packages, covering direct patient care, health administration, 

and research. Clinical users are increasingly confronted with the fact that their data are 

distributed among various databases. Furthermore, a wide range of systems for. statistical 

analysis, graphical presentation, signal or image analysis, and interpretation or decision 

support is available on mainframes, PCs, and workstations. In order tO take full advantage 

of these existing applications, a user-friendly environment is required that integrates 

existing databases on central computers with PC or workstation applications and tliat 

provides a mechanism to invoke data processing on all computers in the network. TI:iis 
requires inter-application communication and should give users processing sUpport aiid 
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reduce their involvement in managing data and accessing individual databases and 

applications. In addition, it should allow them to use functions within an application 

without them having to know what application must he called. 

In general, existing software applications are not suited for inter-process communication. 

Differences between the views of vendors and software developers on the data 

representation and the command interface, and the inability to communicate with the 

application through a network restrict the use of existing applications in an open system's 

environment. Modifying applications to adhere to a common interchange format is 

laborious for large systems, such as hospital information systems, and increases the 

maintenance. Furthermore, modifications to consolidated software, such as statistical 

applications, endangers its reliability. 

The ultimate goal of our software integration project is to give the end-user, who typically 

is no software specialist, support that better suits his requirements. In this integrated 

environment, the data flow between the applications is fully automatic, and a common 

applications command interface and a user-interface provide the user with a simple and 

intuitive view on data and functions. In a prototype, an integration architecture was 

developed, and this integration concept was tested for its feasibility [3]. The potential of 

this integrated prototype has also been assessed in a user evaluation. 

This integration architecture also offers a software platform for newly developed 

applications that follow the open systems concept: independent modules or services in the 

network are designed as to contain functions that may he shared by different applications. 

For passing requests from a client to a service, a special accessor language was defined. 

Each service takes care of a specific set of requests, provided by the application, and 

responds with an answer. Together. the services collaborate to provide the total 

functionality of an application. 

1.2 Accessor framework 

For our software integration project, an Accessor Framework was developed that controls 

the delegation of requests to the vatious application services (see Fignre !). This Accessor 

Framework is necessary to make a request from a client. independent of the service that 
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resolves it: the accessor object representing the request is linked with an application 

service object. This Accessor Framework provides the following support: 

I. It binds a request to a particular application service at run-time, thus allowing 

flexible incorporation of new services and new functions. 

2. Since an application service object is associated with an application service 

process. the Accessor Framework translates the request into the proper invocation 

of the function in the service. and reformats data provided with the request into 

the application data format. This application service process returns results in the 

Accessor Format. 

3. The Accessor Framework concentrates the application dependencies in one overall 

model and explicitly specifies the linking of a request to a service accessor and of 

the service accessor to the application service and finally to the application. 

Di= in~on for newly d""c!oped 
applie:nions 

Figure 1. Overview of the accessor environment. From a workstation. accessor programs can be activated and 

passed to an Accessor Server, that will search the Accessor Framework for an accessor object that corresponds 

with the accessor request. A method associated with the accessor object will either forward the request to other 

accessor objects, or will directly forward the request to an Application Service Accessor. These Applications 

Service Accessors are located on various hosts and hide the interaction details with an application. Applications 

can be either existing applications embedded in an Application Service or newly developed applications that are 

suited to directly interact with the Application Service Accessor. 
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The Accessor Framework functions as an additional integration layer. Its flexibility is a 

prerequisite for a rapidly changing application domain, such as medicine; changing 

database definitions, new application releases, and new developments demand an 

environment that can easily and dynamically cope with latest developments. The Accessor 

Framework can be graphically edited to reflect the computational environment. 

1.2.1 Five integration layers 

In our software integration project, five levels of integration have been described [4]: 

integration of hardware, data, functions, user~interfaces, and nomenclature. These five 

levels define communication at osrs application communication layer [5]. These 

integration levels should be covered by the Accessor Framework. The hardware 

integration level connects different computers with different operating system on the 

application level. Requests are routed by the Accessor Framework from the client process 

through the network to the server. The requests contain specifications of data and/or 

functions that are supported by the applications. The requests are expressed in an Accessor 

Framework Language that defines a common data-interchange format. Via this data

interchange format, applications exchange data, thus supporting data integration. The 

Accessor Framework Language is augmented with an Accessor Framework Command 

Language that is used to express function requests together with a uniform parameter

passing mechanism. Commands of this common Language are translated into application

specific instructions. The Accessor Framework also supports two user-interface integration 

paths: (1) communication at Xll level and (2) through a set of user-interface function 

requests that can be passed to an Xll user-interface server. The Accessor Framework 

provides, finally. integration at the semantic level by definition of a nomenclature that 

contains a common data dictionary and a vocabulary for coding. The data dictionary and 

vocabulary are managed by the Accessor Framework. 

1.3 Related research 

Software integration research is still at its very beginning. This makes it difficult to have 

all the different research projects described in the literature categorized along a number of 

comparable features. Consequently, some integration research projects are reported here 

just to show the different approaches to integration. To relate our present research project 

with those of other investigators, we summarize closely related projects. 

66 



Chapter 5 

Distributed object-based programming systems have been a research topic for some years 

[6]. This research has been directed at environments that allow the development of 

applications consisting of a set of interacting modules. These different modules are usually 

assigned to different processors and provide a natural concurrent programming mechanism. 

Examples of these systems are Tanenbaum's Amoeba project [7] and the Chorus system 

of Banino [8]. The remote procedure call (RPC) mechanism has been investigated by 

others to support open distributed processing [9]. 

1.3.1 "Tight" and "Loose" integration 

Some approaches stress the interconnection of applications in a network and focus less on 

the programming language. This approach can be divided into two main streams: (1) the 

definition of a common integration layer between the applications~ i.e .. "loose" integration, 

and (2) connecting the applications directly, i.e., "tight" integration. Though a common 

integration layer allows extension with other applications. its integration bandwidth is 

limited, because it cannot use all properties of the applications. The latter approach 

maximizes the inter-operability of the applications but requires a stable, not changing 

environment. An example of the "tight" integration approach is multi-database research as 

reported by Landers et al [10] and Bertino et al. [11]. The limited domain of 

database management systems enables a very direct connection without additional 

integration layers. Other examples are the integration of CAD-CAM systems [12] and of 

databases with knowledge bases [13]. 

Barsalou and Wiederhold [14] explored the use of mediators as a mechanism to abstract 

from the access to data. Their Penguin system combines an expert system with a database 

management system via these mediators. Although this example of "loose" integration is 

restricted to data, the mediator concept proves to be powerful and accessible for many 

application views. A similar abstraction has been desigued by Greenes who proposes a 

"daxel", data access element [15]. These daxels support an environment that permits 

applications to access data without having to know the details of where and how data are 

stored. 
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Hewlett Packard's Physician's Workstation is an attempt to couple existing datahase 

applications in a general client-server architecture [16]. A similar strategy has been 

followed by the Field environment that integrates software development tools as services 

[17], Such a connection is limited, however, to the exchange of information about the 

status of the various tools. The Hellos software bus architecture is one of the research 

projects that focuses on new applications/services that can be inter-connected at the data 

level in a client-server model [18]. This research is primarily directed at an object-based 

connection mechanism. 

Large-scale integration projects have been started to integrate a broad range of databases 

with applications. The Integrated Academic Information Management System (IAIMS) 

project of the National Library of Medicine aims at connecting various information 

systems so that clinicians can access them from any workstation in the hospiral [19]. 

Primary attention has been paid to the realization of a network topology and protocol that 

allows all hardware to communicate. 

In the remainder of this paper, the requirements for this integration architecture will be 

defined, and the elements of the Accessor Framework are described. Various classes of 

accessors will be presented together with a language that can be used to address the 

accessors and an accessor server that manages the accessor objects. 

2 Further requirements 

Experience with the development of a prototype of a software integration environment 

[3,4] taught us that the following elements should be covered in our integration 

architecture: 

1. Encapsulation. Existing applications should be embedded in an application service. This 

service translates common requests to the specific formats used by the application. 

Typically, a data translation facility transforms data between the common interchange 

format and the application format. A command generator expands a function request 

into a series of keystrokes or commands for the application. Communication at the user

interface is either arranged via the Xll communication protocol or via a Xll user

interface service. Each application has its own specific application service. 
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2. Shareability. Applications should be shared by various clients at the same time. This 

requires application services to activate applications more than once at the same time. 

The application service should always be ready to accept requests. 

3. Connectivity. The connection between a client and a server should be established 

dynamically. A router should consult a database to find a service somewhere in the 

network that can handle the request. New applications can be added by editing the 

database and completion with the information of the new application service. Clients 

never directly address an application service, but should always utilize the Accessor 

Framework to establish a connection, in order to take advantage of the most recent 

developments. This database also contains information about additional parameters and 

defaults a request should be completed with. 

4. User Configurability. The Accessor Framework allows users to specify for each type of 

request the preferred application service and for each service the preferred host that 

contains the service. Changing or adding request parameters can be specified by each 

user independently. 

5. User Friendliness. Although this is outside the scope of the integration architecture, 

attention should be paid to how the functionality is presented. The Accessor Framework 

allows different user-interface services for each of the user groups. Depending on tasks 

and experience, a user can select a particular type of user interface that best fits his 

view on the computing environment. 

3 Accessor framework model 

The Accessor Framework consists of (1) an Accessor object-base that contains information 

about the access to data and functions, (2) operators that handle requests for objects, and 

(3) various types of accessors for the different elements available in the enviroruuent: 

hosts, applications, parameters, requests (data, functions. presentation forms, and 

knowledge). In addition, (4) an Accessor Language is described that can be used to 

uniformly specify requests to all accessor objects, and (5) an accessor server that accepts 

these requests, searches the object-base for (6) an application service that accepts the 

requests, and forwards the request to an application service that translates the request to 

the application-specific instructions. 
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3.1 The accessor object base 

The Accessor Framework is organized as an object-based environment, an object being an 

entity that encapsulates information and associated operators. The information and the 

implementation of the operators is in general completely protected, and hidden from other 

objects and the outside world. Information can be obtained by invoking a special operator, 

associated with the object. According to the object-oriented paradigm, these operators 

create a well-defined interface that hides the object's information and the operator 

specification [20]. 

Objects are grouped in classes. A class also defmes a template from which objects can be 

created. Each object is an instance of one class only. A group of objects that possess the 

same information and the same set of operators belong to the same class. Information 

fields of an object are called aspects. New classes can also be defmed by specifying how 

the new classes differ from the original class. Aspects specified in the original class are 

then inherited in the new classes. The new class is then a subclass of the original base 

class. The relation between the classes is sometimes referred to as an "is-a" or a "is-a

kind-of" relation. The Accessor Framework permits classes to have one base class only, so 

mnltiple inheritance is not supported. Operations applied to a class are applied to all 

instances in that class and to all instances of each subclass. 

Objects can be linked to each other to represent certain relationships. Typical relationships 

represented by these links in the Accessor Framework are: "is_provided_by", 

"is_resident_on", and "consists_of_parameters". Each object in the Accessor Framework 

corresponds with requests, services, hosts, and parameters. A request object is linked with 

the services that can handle the request. Each service is in its turn linked with the hosts 

that provide that service. Each request object is also linked with the parameter objects 

representing the parameters that can be provided with the request. 

In Figure 2, an Accessor Framework is shown. The bold terms represent the classes or 

concepts available in the Accessor Framework. The terms below a class represent the 

instances that can be found in the Accessor Framework. The lines between the classes 

indicate the "is-a" or "is-a-kind-of' relation between classes. 
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Figure 2. The object-oriented Accessor Framework editor with an example Framework. Bold terms represent 

concepts. the terms below concepts represent instances and the lines between concepts represent "is-a" relations. 
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All accessor objects have an aspect containing the names of the services that can respond 

to the request, i.e., an aspect for the pretty name of the accessor; for the name of the class 

it belongs to; for the creation, the last access and the modification time; for the author's 

name; for access-control information; and for storing the operations allowed. In addition, 

each accessor class can add its own specific aspects. 

3.2 Operators 

When addressing a request to an object, an operator is needed to handle the request. The 

Accessor Framework allows three levels that can contain operators. First, each object can 

have a list of associated user-defined operators. The accessor server will search the list of 

associated operators for the requested operator. Operations that are identical for all objects 

in a class can be specified at class level by the user. If an operation is not available at 

object level, the class and subsequently its superclasses are searched for the specified 

operator. If the operator is not specified at object and class level, the built-in operators of 

the accessor server itself are employed. 

A set of built-in operators is always accessible to all objects. These operators include a 

print operator for printing the contents of an object, an edit operator for changing the 

contents, a create and destroy object operator, a create and destroy class operator, a set 

aod get aspect operator to edit the values of object aspects, aod a get_subclasses, 

get_superclass and get_objects operator. In general, these built-in operators are powerful 

enough to resolve the request. However, sometimes it is necessary to provide alternative 

operators that provide an alternative resolution algorithm. For instance, if the resolution 

algorithm uses distance as a measure to select an application. an alternative resolution 

algorithm could try to optimize for response time. 

All accessors and operators can be accessed through an accessor language that is also 

described in this paper. 
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3.3 Accessors 

3.3.1 Host accessor 

The host accessor contains per accessible computer in the network an accessor object. This 

accessor object contains aspects that specify the network protocol used by the accessor 

server for communication. Two operators are associated with each host accessor. a send 

and a receive operation to transport requests between the Accessor Framework and an 

application service on that host. The built-in send and receive operator assumes a TCP/IP 

Ethernet connection. The host accessor can also contain abstraction of emulated hardware. 

The send operation to services that run on emulated hardware initiates the emulation and 

opens a communication channel using this emulation process. 

3.3.2 Application service accessor 

Application service accessors hide the access to the services available in the network. A 

service accessor contains operations to compose a request to the service that is present and 

to decompose a received request to the standard request format of the Accessor 

Framework. User-defined compose and decompose operations enable incorporation of 

services in the workstation that have a deviating request syntax. The built-in compose and 

decompose operations assume application services to accept common Accessor Framework 

requests. The service accessor contains a reference to a host accessor that can transport the 

request to the application service. 

3.3.3 Parameter accessor 

This class of accessors is used to specify the parameters that can accompany a request. 

Each parameter accessor contains an aspect specifying whether the parameter is mandatory 

or optional, an aspect that contains the default value for the parameter. and an aspect that 

contains the valid values for this parameter. 

An "obtain" operation can be attached to each parameter accessor to query the user about 

the actual parameter value. This operation is only executed when the value is required and 

not specified. 
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3.3.4 Request accessor 

A request accessor corresponds to a request that can be sent to the Accessor Framework. 

The name of the request is identical to the name of the corresponding request accessor. 

The request accessors are divided into the following groups: data accessors. function 

accessors, presentation accessors, and knowledge accessors. A request accessor is always 

linked with a service accessor. Depending on the request, the accessor server determines 

which service should be used to resolve the request. 

3.3.4.1 Data accessor 

A data accessor corresponds to a data attribute in one of the databases. The data accessor 

contains information to access the attributes in the various heterogeneous databases and 

files that correspond with the data attribute represented by the accessor. In addition to the 

information necessary for obtaining the data, the data accessor also contains dictionary 

information such as the minimum and maximum values. the valid codes, the type and size 

of the data, etc. Data accessors are grouped in classes according to a data model. This data 

model allows users to select classes of data rather than data of the individual data 

accessors. 

For each attribute in a database that corresponds with the medical datum represented by 

the accessor, an address is stored. This address specifies a tuple <database management 

system, database, relation, attribute> that identifies the data and a list of the keys that 

should be selected when joining the data When the address is not specified in the request 

and the same data are available in multiple databases, the user is requested to indicate 

what database should be used. Selection of data at class level will result in individual 

requests for the objects in that class (or subclasses), followed by a join operation of the 

individual results. 

The accessor server determines from the database management system part in the attribute 

address parameter of the request, which service linked with the data accessor should 

provide the data. The request is then forwarded to the specific service accessor. 
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Each request for data can be completed with a selection condition. A condition specifies 

criteria the data should fulfiL In case of a conditional selection, the condition-evaluation 

service is called with both data and the selection condition(s), or with a uniqueness 

constraint. The condition-evaluation service filters the records according to earlier defined 

criteria, and the uniqueness constraint specifies how records with identical keys have to be 

removed. The condition-evaluation service responds with data that fulfil the condition and 

uniqueness criteria. Subsequently, the data are returned to the client that invoked a request 

to the Accessor Framework. 

Data accessors have the following additional aspects containing: 

L the type of the data, i.e., numerical, textual, coded, 

2. the format of the data, i.e., the size and the structure, 

3. the corresponding codes in the various classification systems necessary for matching 

coded data from different databases with different classification systems, 

4. a list of the valid codes for the corresponding data attribute, 

5. a list of addresses and keys; these addresses can be used to locate the data attribute 

and the keys to uniquely address the records, 

6. the lower and upper bound for numerical data, 

7. triggers; the names of function accessors that have to be accessed when retrieving or 

inserting data. These function accessors test the data for fulfilling particular criteria, 

8. uniqueness; this aspect specifies whether records can occur with the same keys. A 

maximum, minimum. average. or time criterium can be used to select a particular 

record from the set of records with the same keys, 

9. a list of service accessors corresponding with the database management systems 

specified in the addresses, 

I 0. synonyms for the name of the data accessor; references to data included in the 

synonyms list are also mapped to this data accessor. 

Operations associated with a data accessor are a select, insert, and update operation. These 

operations compose an SQL query that can be forwarded to the service. The service will 

subsequently translate these SQL queries into the proper instructions for the database 

management system and reformat the data in the proper format. Retrieval results are 

reformatted to the common data interchange format and returned to the Accessor 

Framework. 
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Temporary data accessors can also be created. These temporary data accessors facilitate 

the abstraction of files that have been created as a computational result. The address 

aspect of the data accessor contains for these accessors the name of the file. These 

temporary data accessors are put into a specific data accessor class according to the 

application by which they are generated. A set of operations allows applications to extract 

data from these files or to translate them to the standard data storage format. This set of 

operations depends on the type of temporary data that should be accessed. 

3.3.4.2 Fnnction accessor 

The applications accessible from a workstation contain a wide range of data processing 

functions. Through function accessors, each of these functions can be accessed as an 

individual function and the corresponding application is automatically started. Similar to 

the data accessors, function accessors are grouped into classes accordiog to the type of 

functions they represent. The function accessor contains a list of application services that 

may respond to the request. 

The function accessors contain a link to a list of parameters that are required for the 

function. A complete request is forwarded to an application service accessor that is linked 

with the function accessor. The service accessor will then forward the request to the 

application service, translate any results to the common data interchange format, and 

create temporary data accessors to control the access to that result file. 

The application service will accept the request from the service accessor and 

correspondingly generate a script of commands or keystrokes. Subsequently, the 

application is started and the script or the keystrokes are entered into the application. The 

results are captured. translated into the common data interchange format. and redirected to 

the Accessor Framework, which in turn. returns the results to the client that invoked the 

request. 

The Function accessors aspects that are defmed are the following: 

I. synonyms allowing functions to be referred to by other names, 

2. password required, specifying whether a request should contain a password, 

3. application name, containing the name of the application that provides the function, 

4 version/release, specifying the version number or the release date of the application. 
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There are two types of function accessors: for presentation and for knowledge 

incorporation. 

3.3.4.2.1 Function accessor for presentation 

Presentation accessors are special function accessors; in contrast to function accessors, 

presentation accessors do not return any result other than visible on the screen. 

Presentation accessors are grouped into classes according to the input format they accept: 

lists, nxn tables, 3D tables, textual information, signals, images, etc. 

The presentation accessor is linked with presentation services, each of them providing a 

set of presentation functions and residing on a particular host. The presentation services 

create an Xll interface that displays data via the network on the user's workstation. 

The presentation accessors provide a uniform access to graphical windows on the screen. 

A request for a presentation form contains the data in the common data interchange 

format. Each presentation accessor specifies whether data updates should be passed to the 

same presentation form, or should be handled by a new presentation form. 

For particular functions, it is necessary to set up a stream mode. Presentation accessors 

that run in stream mode, continuously accept information and update their presentation 

with the new information. Typically, this mode is used for a monitoring function (e.g., for 

signals) or when the data used in the presentation form is not available in one request. The 

latter situation occurs when the selected dataset is too large to be stored on the user's 

workstation or to be contained in one request. 

The presentation accessors also provide virtual terminals on various hosts. Through these 

terminals, the user can interact with the operating system, or start specific functions. 

Although currently the presentation accessors provide access to functions that obey the 

OSF/Motif style guide and run on the XII protocol, new developments could also utilize 

other user-interface management systems. For platforms following other graphical user-
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interface systems, new presentation services can be defined. and the selection of the 

presentation service is then influenced by the available system. Additional graphical user

interface systems include Windows 3.0, Sun's OpenLook, and Macintosh's tool-box. 

Presentation accessors contain the following aspects: 

I. synonyms, allowing requests with alternative names to be mapped to this accessor, 

2. user-interface management system, specifying what window system is used for 

presentation, 

3. input format, defining what type of input is expected (e.g., table, array), 

4. stream mode, specifying whether this accessor can be run in stream mode. 

3.3.4.2.2 Function accessor for knowledge 

Knowledge accessors abstract the access to expert decision rules that can be used, e.g., for 

assessing the data. These knowledge accessors provide access to a range of services that 

encapsulate expert systems and inference engines. Knowledge accessors compose an evoke 

instruction for an application service. This application service will subsequently translate 

the evoke request to commands that activate the inference engine with the appropriate 

rules or frames. The knowledge accessors abstract the client from the implementation of 

the expert system and the knowledge representation. 

The knowledge accessors can be grouped in classes according to the type of problems they 

deal with. For some classes, multiple knowledge accessors can be defmed. This allows the 

consultation of more than one rule or frame for the specific problem. 

Knowledge accessors can be evoked indirectly as triggers by data accessors to test 

particular conditions of the data. Each knowledge accessor can also be directly evoked by 

a client. An attribute aspect specifies what data should accompany the request to the 

service. When the knowledge accessor is invoked as a trigger, the data are automatically 

passed in the request. If the knowledge request is directly specified by a client, the 

knowledge accessor will send a select request to the data accessors specified. 
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The knowledge accessor contains the following aspects (additional to the standatd accessor 

apects): 

1. synonyms, specifying a list of names that can be used alternatively for referring to this 

knowledge accessor, 

2. data required, containing a list of data accessor names that should be accessed before 

a knowledge accessor can be activated, 

3. name of expert system, specifying the name of the expert system application or of the 

knowledge base that contains the knowledge, 

4. release/version. containing the release and/or the version of the expert system 

application. 

3.4 Accessor language 

The accessor language specifies the conventions that are used within the Acessor 

Framework. It consists of the common data interchange format, and the command and 

parameter mechanism. Requests can be directed to the accessor server. 

Each parameter specified in a request overrules the parameters defined in the Accessor 

Framework. This allows users to tailor the behavior of the system according to their own 

preferences. The accessor language contains data in an Intermediate Storage Format (ISF). 

This ISF bas been defmed for the prototype software integration system and contains data 

in ASCII, together with a format specification. This format can be a string specifying the 

type and the size of the data records, or it can contain a field separator. The format also 

contains the names of the data accessors for each of the variables. 

Requests can be simply specified by the accessor language. Each request begins with the 

keyword begin and ends with the keyword end. The request is specified as a list of 

parameters with a value. The following parameters are mandatory for a request: 

1. message. This parameter is followed by the name of the request, 

2. user. This contains the name of the user that issued the request, 

3. display. This specifies from what display the user is working. All interactive responses 

are directed to that display, 

4. from. This parameter specifies the name of the client that composed the request, 

5. message id. This is a unique number identifying the request. All results directed 

towards this request use the same number. 
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In addition to these mandatory fields, the client can specify parameters that overrule the 

parameters available from the Accessor Framework. An example of a request is outlined in 

Figure 3. 

begin 
~select data 
ysg:Van Mulligen 
~mwi:O.O 
.fi:Qm:sqlselect 
message j¢sqlselect#001 

Accessor Request 

query:select patientnr. sex, name from his.regist.andro where sex= ~M" 
end 

begln 
~save data 
ym;Van Mulligen 
.sful?Jm::mwi:O.O 
fmm.:sqlselect 
message jd·sqlselect#002 
hosr.ote.mi.fgg.eur.nl 
ft!ename:"first_selection" 
arzimri!:t.a: 12-08-92 

end 

F"IgUre 3. An example Accessor Request. This example specifies a request to select data from any database 

that contains the data, followed by a request to save the results in a file on a particular host in the 

network. 

~: 

italic: 

wulerline&italic: 

bold: 

required fields for a message, provided by the application, 

required fields provided by the user or the Accessor Framework, 

optional fields, provided by the user, 

message keywords. 

Sequences of requests can be stored as workstation programs. These workstation programs 

can be sent to the accessor server and provide the user with typical tasks: e.g. daily 

overviews, such as reports of the patients that were treated, trend analysis, risk analysis, 

graphical presentations, etc. Each user can record his actions during a session as a new 

workstation program. This new program can be activated and performs as a high-level task 

for the user. 

3.5 Accessor server 

The accessor server is the process that accepts invoking requests and passes them on to 

the application service. The accessor server interacts with its accessor base to complete the 

request, find an application service that best fits the request, and forwards the request to 
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the application service. If the accessor server cannot resolve the request, it will forward 

the request to a next accessor on a different host. If this accessor can resolve the request, 

it will return to the initial accessor server a completed request, together with the name of 

the service that can accept the request. The accessor server will consecutively interrogate 

all known accessor servers in the network until one responds with a resolution. If no 

server responds with a resolution, the request cannot be solved and the initial accessor 

server will inform the user about this. 

3.6 Application service 

Each application service encapsulates an existing application. The application service 

consists in general of three drivers: a data-translation driver that translates data from the 

ISF to the application specific format, a driver that translates results to the ISF, and a 

driver that expands commands to the application-specific command or keystroke 

sequences. 

4 Evaluation 

One of the main reasons for developing the accessor framework is to reduce the work 

involved in maintainiog an integrated software environment that is based on various 

applications. The progranmting effort to develop software links between applications for 

exchange of data and commands can be reduced significantly through a common data 

interchange and command language (as the accessor framework is). When developing links 

between applications, the number of interfaces to be developed for N applications is N(N-

1). The accessor framework reduces this number to N interfaces. When the number of 

applications is large, the additional effort introduced by the accessor framework is easily 

compensated by the gain in developing interfaces. 

The overhead introduced by the accessor framework has been tested in the prototype on a 

Hewlett Packard HP9000/385 computer. The accessor framework did not add to the delay 

caused by the network communication between the applications. For the prototype, 

however, the accessor framework was not fully completed nor did the progranmting 

environment contain all final features. 
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The prototype integrated medical workstation has been developed in which support of 

clinical research was provided by integrating various databases with statistical and 

graphical presentation applications. Although the prototype was not developed with the 

accessor framework as described in this article, it is from a functional/user perspective 

equivalent to the accessor framework integration environment. The evaluation of this 

prototype was accomplished as follows. 

After an introductory course, 26 users (II biomedical researchers and 15 clinicians) 

attempted to solve 6 representative clinical research problems with the integrated medical 

workstation. During the experiment, all actions were logged and timed and all intermediate 

and fmal results were stored. After the experiment, users were also asked to complete a 

form to express their experience with the integrated workstation. For each question, its 

status was determined, being one of: correctly completed, incorrectly completed, not 

completed and not done. In Table I, the results are shown for all users. Note that a 

number of users did skip questions not because they could not answer them, but because 

of other reasons (time, repetition etc.). 

Table 1. Results from the user evaluation. Per question, the number of correctly completed. incorrectly 

completed, not completed and not performed questions is shown for all users. 

Questions for clinicians and biomedical researchers (N=26) 

Question Completed&Correct Completed&Incorrect Not Completed Not Done 

I 22 4 0 I 
2A 19 4 4 I 
2B 17 4 0 6 
3 23 0 I 3 
4A 22 0 0 5 
4B 19 I 0 7 
5A 17 5 0 5 
5B 13 0 0 14 
6 19 0 0 8 

Total 171 18 5 50 

Footnote Table 1: A number of questions exists of two parts (A and B). These are shown separately, and one 

can clearly see that B parts are often skipped. 
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The biomedical researchers were not convinced about the time savings resulting from 

using the system, but they found the workstation approach on the average better than their 

current environment, which is in general a collection of stand-alone applications. 

Clinicians were clearly more positive about the system and judged the time savings 

significant and liked the system better than their current support. Novice users clearly 

appreciated the integration more than experienced users, such as biomedical researchers 

(see Tables 2 and 3). 

Table 2.. Results from the user evaluation. Subjectively estimated time savings for biomedical researchers and 

clinicians as compared to current support. 

Time savings Investigators Clinicians Total 

Poor 3 0 3 
Reasonable 5 7 12 
Good 3 8 11 

Total 11 15 26 

Table 3. Results from the user evaluation. Rating of subjective appreciation by biomedical researchers and 

clinicians of the workstation, as compared to current support. 

Comparison Investigators Clinicians Total 

Poor 1 0 1 
Reasonable 7 1 8 
Good 3 14 17 

Total 11 15 26 

5 Discussion 

The Accessor Framework as described in this paper offers a general integration 

architecture that can be used to dynamically connect clients with services in a network. 

The object-base containing the access details of all available data and functions can be 

consulted by the Accessor Framework to select an application service that can handle the 

request. 

Although experience with integration in our prototype taught us that the client-server 

model is most appropriate for inter-connecting applications, a complete client-server model 
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bas only recently been implemented. Attention should be paid to performance aspects of 

this architecture. All requests are efficiently handled by the accessor server, but the 

dynamical binding of a request to an application service also requlres overhead. 

Concurrent accessor servers can. however. be implemented on various hosts to improve 

the performance and allow applications to connect to the closest available application 

service rather than possibly starting a long-distance connection. In principle, therefore, the 

limiting factor is the communication network and not the servers. The Accessor 

Framework allows for multiple, and even parallel servers in the network. When 

independent, requests can be forwarded by the Accessor Framework without wairing for a 

reply, thus making parallel actions possible. 

Experience with redundant resources is still limited. Currently, the user has to specify 

which application service to use in case of multiple choices. Research should be directed 

at models that allow a more advanced algorithm in resolving redundancy, perhaps using 

context information to guide the selection of services. 

Although the Accessor Framework provides a flexible integration architecture for existing 

applications, the construction of application services remains a research issue. Current 

research focuses on the development of tools that allow easy construction of the necessary 

drivers. 

This Accessor Framework is a successful proposal that underwent evaluation in a 

prototype, to defme an inter-process communication protocoL Currently, an architectural 

approach is used to standardize the Open Distributed Processing protocols [21]. This 

international standardization effort defines a unifying framework that ensures 

interoperability between existing and future computational resources. It is still to be 

investigated how these standards can also be incozporated in the Accessor Framework. 
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Abstract 

Medical workstations are increasingly introduced as the integration center of various 

information streams. This paper describes the intrinsic features for integration as proposed 

by Greenes [1] and others, connectivity, modularization, shareability, abstraction and 

encapsulation, and their impact on an integration architecture for a medical workstation 

that integrates existing applications. Using these features as an onset, a new vision on a 

medical workstation will be outlined. The description of these features and the deduced 

requirements are followed by an example of a new architecture for such an integrated 

medical workstation. 

keywords: workstation, integration, encapsulation, abstraction 
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1 Introduction 

Medical knowledge and information is growing so rapidly that clinicians, medical 

researchers, and students of medicine are increasingly beset by the problems of data 

management and the organization of the vast amounts of data collected during patient 

encounters and by various medical devices. Paradoxically, this data overload causes 

clinical information underload for most clinicians. 

Attempts of medical computer scientists to adopt information technology to alleviate these 

managerial and organizational problems of medical professionals lack a fundamental 

coherent approach to the key issues of information integration. Use of existing resources 

(data, knowledge, and sofuvare), dispersion of data through a network environment, 

heterogeneity of resources, distributed processing, graphical user-interfacing, and dynamic 

extensibility are rather treated as separate problems rather than as a coherent issue. 

Although the technologies of networks and graphical user-interfaces have matured to an 

extent where standards have evolved, research addressing integration technology has 

received much attention only recently [2]. In spite of the diversity of software and the 

predominance of the traditional paradigm of stand-alone, isolated software tools, impeding 

integration of existing applications, the undervalued profits of this perspective are 

innnense: a host of data and functionality, no reinvention of the wheel, no repetition of 

software development errors of the past, and truly task-oriented support for the clinician. 

Our initial experience with a prototype medical workstation and related research have 

constituted the recognition of the intrinsic features necessary for this paradigm shift to 

integrated, open software environments, and consequently, for an integrated medical 

workstation. In the following, these features are described with their derived functional 

requirements, and a new architectural vision satisfying these features is discussed. 

Although these features do not necessarily imply task-oriented support, they can be 

regarded as the essential ingredients for an integrated workstation for the clinician (Figure 

1). 

2 Prototype medical workstation 

In spite of the presence of large-volume databases, extensive reliable software, powerful 

graphical workstations, and network connections. most clinicians are unable to 

satisfactorily solve their clinical research tasks with this environment. The skills required to 
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Figure 1- The relation between the architecrural components and the integration features. 

extract data, to address the functions in miscellaneous software packages, and to exchange 

data among various hardware platforms, surpasses the capabilities of most clinicians. The 

aim of the prototype medical workstation is to offer a user-friendly graphical environment 

that connects existing databases and data processing functions in a network, liberating the 

user from access and management details [3]. 

In this prototype, existing applications were encapsulated to realize the intrinsic integration 

features discussed above. The integration architecture that supports clinical research has 

been obtained by providing each application with an individual encapsulation module that 

accommodates a data translation facility and a command generator. 

The data translation facility supplies translation between a standard intermediate data 

storage format (ISF) and all application-specific formats; the command generator expands 

macro functions of a common command language to the specific command or key-stroke 

sequences for the application. These facilities were all added without altering the 

applications. 

A central server interfaces with the application-encapsulation module for the appropriate 

data translators and command generators and activates the applications with the correct 

parameters. The user-interface behaves as a client, sending high-level instructions to the 

server. Data are transferred through the network by a standard file transfer protocol 

(Berkeley's remote copy: "rep") and remote applications are initiated with the remote shell 

("remsh") command. All applications employ the Xll-server network communication 

protocol to output to a window on the workstation. 
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Both batch-oriented and interactive applications were encapsulated by the workstation. 

Interactive applications accept key-strokes from the command generator and display their 

response within a window on the workstation screen. The data-translation facility outputs 

results from batch-oriented applications in a standard file format; a graphical display 

facility grabs these results and shows them graphically. 

Besides testing encapsulation techniques, a user-evaluation was started to analyze the 

response of clinicians to this type of graphical task support. In addition, other aspects, such 

as the reliability and validity of data from clinical information systems have been tested 

during the prototyping phase. Insight was gained into the set of tools required for data 

validation, inspection and analysis in the medical field. 

3 Current related research 

Research into methods for integration was predominantly focussed on integration of data in 

a nev.vork (4,5]. This research leads to environments that uniformly access data in 

different database management systems. ALTTiost all research in this field focuses on 

schema integration: an integrated DBMS with a central overall schema that accesses the 

underlying databases. Dependent on whether that access goes via autonomous sub-DBMSs, 

the integrated DBMS is called a federated DBMS or a distributed DBMS. Heterogeneity is 

a special research issue that aims at accessing distinct database management systems from 

several vendors. To provide network-wide access, most DBMSs have a server that accepts 

(SQL-) queries from the network and returns the data. However, in general these servers 

are only accessible from database applications and their interfaces are not intended for 

foreign applications. 

A second principal research topic is the separation of data access and management from 

the application. This approach seeks for generally applicable strategies to offer a loose 

coupling between data and application, allowing different applications to have a distinctive 

view on the data. The mediator concept of Barsalou and Wiederhold [6] is an attempt to 

separate the application from the database. An object-oriented layer hides the data access 

details from an expert system [7]. The objects once defined, exactly match the view of 

the expert system. This study showed that one can share the data among various 

applications, each application having its own mediator layer. The pursued approach is 

dedicated to the integration of one expert system and one database system on a single 

computer, and has no pretention to offer a general architecture for software integration. 
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In some ways, a generalization of this concept comes from the Helios consortium [8]. 

The basic architecture is built around a client-server concept, each client sending messages 

via a software bus to the server. Starting with a software bus, each application can put 

messages on the network with requests for data Similar to a hardware bus, 

peripherals/applications can be plugged on the bus and receive instructions. Applications 

that contain the desired data, return it by sending the data object as a message back to the 

. caller. The data message can contain any complex data object, ranging from textual data to 

intages. New applications can be added to this bus by specifying its message interface in 

the Helios envirorunent. The Helios architecture requires new applications to adhere to the 

Hellos message structure. The technical layers show a sound concept, but their application 

is still restricted to individual tools rather than to an environment that provides task 

support for clinicians. 

Hewlett Packard defines a Physician's Workstation as a graphical user-interface on top of 

an object-oriented DBMS [9]. This DBMS accesses data in various databases and offers a 

uniform access to e.g. a MUMPS database [10]. Alerts and tests are activated by the 

object-oriented DBMS by activating a knowledge base. This knowledge base contains a 

physiological model that tests for drug-drug interactions and drug-dosage. The architecture 

complies with open system technology: network messages are exchanged between the 

components and a broadcast message server routes the messages from caller to addressee. 

The focus of the system is mainly on data integration and the concept does not define 

possibilities for applications to address their functionality. 

The National Library of Medicine (NLM) has initiated a research program designated as: 

Integrated Academic Information Management Systems (IAlMS) [II]. This program 

defines several different integration phases. Its initial phase covers institution-wide 

installment of a network. The main research objective is to extend the existing information 

systems with new functionality. Current research focuses on a central data entity dictionary 

[12] and the role of relational database technology in this integrated environment [13]. 

The Unified Medical Language System (UMLS) of the National Library of Medicine fits in 

this concept as the semantic link between the incorporated systems [14]. 

Greenes proposed [2] a new paradigm that is based on a heterogeneity of resources. He 

introduces "daxels", data access elements, that should hide the data access details from the 

applications. The Explorer-IT system [15] addresses various access modes for knowledge 
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resources in a coherent knowledge browse environment and exemplifies how heterogeneo~s 

knowledge resources can be interfaced in a user-friendly system. The approach followed is 

to adapt access of the resources to the Explorer-IT specifications. The daxel approach is a 

logical continuation of Greenes' research to provide a multi-resource knowledge browser. 

These examples demonstrate that the use of integration technology can have a large impact 

on the medical professional. To summarize, the following features can be distinguished in 

these systems: abstraction or a shift from procedural ("how") to declarative ("what") 

interfaces, combination of multiple data resources in one environment [5], addition of 

semantics to the database systems, and object-oriented techniques to obtain abstraction 

from access details. 

4 Principal integration issnes 

Our concept of integration can be defmed according to a five-layered model. Similar to the 

ISO seven-layered network-model reference, each layer is dependent on the lower layers 

and provides support for the upper layers. Our five-layered integration model fits into the 

OSII!SO application network layer and defines at what levels applications can exchange 

information. 

4.1 Def'tning OSI's 7th Communication Layer 

The lowest layer consists of hardware integration or physical integration. At this level, 

various computers are connected in a network and behave as virtually one machine. The 

components may run different operating systems with different file systems, but to the 

application the environment acts as virtually one system; remote files are addressed 

similarly to local files and remotely executing applications are handled as if they run 

locally. 

The second level of integration treats the different data sources uniformly: although 

scattered over various database management systems or file systems, the data can be 

addressed as having one format and being stored in one file. Differences in data 

organization and representation are transparent to the upper layers. 
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The third integration layer deals with software or functions. All functions available in a 

network environment compose one large virtual application. Workstation applications and 

users can address the vatious functions to data without having to know the typical 

commands to call that specific function. 

The fourth layer of integration links the different user-interface styles of the integrated 

applications and presents the user with a uniform interface. All user-interfaces are available 

from one screen at the same time. 

The top layer shields the semantic heterogeneity of the integrated components. A semantic 

model unifies the different meanings and nomenclatures in one universal model. 

Ultimately, this is the model for total integration of existing resources. This multi-layer 

integration model is designed around a number of elementary features as discussed in the 

following sections. The model is shown in Fignre 2. 

4.2 Connectivity 

Data, knowledge, and functions are regarded as the resources for a medical workstation. 

The medical workstation defines a uniform view on these resources, which are inter

connected. All integration layers support this connectivity issue. At the lowest level. a 

network connects the resources when residing on different hardware. The network 

connection consists of a medium and a protocol. The network protocol is required to 

provide high-level support for resource connection and be operating system independent. 

For connecting data and function resources, the Internet protocol can be used; for 

connecting the user-interfaces to one display the Xll client-server network provides a 

sound multi-vendor standard protocol. For those components missing software that supports 

these protocols, a protocol-convertor has to be defined. For example, an Ethemet-RS232 

protocol-converter acts as a connection with more traditional RS232 network environments, 

and an XU-converter to translate interface requests to equivalents for an XU-server. 
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Figure 2. The location of the Integration Model in the OSI Communication Reference Model. 

To master the complexity of dissimilarities between the interfaces of the existing resources, 

a common interchange language has to be defined. Tbis language contains syntactical 

constructs for addressing data, functions (including data presentation functions), and 

knowledge. Although some standards evolve for data communication among different 

resources [16], they principally lack capabilities for activation of functions and triggering 

of knowledge. The interchange language has primarily to be founded on standards, such as 

SQL for accessing data, and HL 7, Medix. or Edifact for transferring data. In addition, 

access to new resources has to be easily assimilated as part of the language. Each resource 

is equipped with an interpreter that accepts instructions of this general interchange 

language and translates them to the resource-specific instruction(s). Results ate translated 

from the resource format to the general interchange format. 
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The connection of data from different databases requires additional research; when linking 

records from several databases in order to perform a multi-database join, one should be 

able to specify a medically-meaningful time-orientation for the join; one is not interested in 

performing an ordinary Cartesian join based on a key (linking each record of resource A 

with all corresponding records of resource B), but only in those joins where a record of 

resource B is in a certain time interval of a record of resource A [17]. The interchange 

language should contain commands for specifying this medically-oriented record linkage. 

Similarly, the join should normalize to a particular nomenclature (fifth integration layer): 

complementing the missing data fields, committing normalization functions, and checking 

for validity and/or plausibility of the values are implicitly associated with the join 

operation. 

4.3 Modularization 

Modularization has been a software development issue for many years. When developing 

large systems, one divides the system into independent modules and for each module an 

interface is defined hiding its implementation. These modules can be developed and tested 

separately from the others and can be linked together in the final system. The interfaces 

are in general composed by a set of functions that can be executed. The various modules 

are available as libraries and are linked at compilation time into the fmal system. Each 

modification in a module requites the system to be linked again. This modularization 

focuses on the development aspect and is not valid during run-time. To extend this 

modularization notion, dynamic linking libraries (DLL) have been invented: at application 

load time, the associated libraries are identified and also loaded. At run-time, changes to 

the library have no immediate effect. 

For the medical workstation, the level of modularization should go beyond what is offered 

now, by dynamic linking libraries while many of the existing resources are not available as 

libraries but as autonomous entities. In addition, many applications can use the same 

resource at the same time, and consequently changing a resource requires all related 

applications to restart. The distribution of libraries over different processors remains a topic 

for research and has not been solved satisfactorily [18]. 

A commonly used approach to exchange information between autonomous resources that 

complies with the modularization issue, is the message mechanism. Each resource accepts 

a specific set of messages and returns results as messages to the caller. The messages are 
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expressed in a common interchange language. Changes to resources can be effected 

directly in this environment without modifying the other resources as long as the resource 

obeys the same set of messages. 

4.4 Shareability 

In the previous sections, it was tacitly assumed that resources are dispersed in a network. 

The notion behind this assumption is to leave the central system concept where all 

resources are available on one machine and to focus on a computing-network that appears 

to be virtually one personal machine. From this network approach it is evident that the 

resources should be shared among the various users in the network. Each user should - if 

permission is granted - have complete access at all times to all resources supported in the 

network. 

This network approach supports the integration of resources that demand a variety of 

specific hardware, operating systems, or file systems. Through the network, these resources 

are accessible from any personal workstation. The advantage of this approach is that one 

can distribute the different resources around various processors, allowing to take full 

advantage of both the specificities of the hardware and the available processing power. 

Each resource can be assigned to a particular personal workstation. Addressing a resource 

activates a remote processor and in this way distributed processing can be obtained. 

Shareability does not necessarily imply the absence of private resources. Although these 

private resources should comply with the notion of sharing, they might require a password 

to accompany a message. Only clinicians who have a password may have access to the 

specific resource. 

4.5 Extensibility 

In order to take full advantage of the latest developments in software development, the 

workstation should be capable to be dynamically extended with new or changed resources. 

As described in the section on modularization, uuless the message defrnition changes, the 

modularization constraint abstracts from any change to the intrinsics of the resources. 

Extensibility covers integration of new resources not previously contained and 

modifications of the message definition. 
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A well-known strategy to cope with a dynamically changing environment is the indirect 

referencing mechanism: applications do not directly forward messages to the destination 

resource, but send the message to a system-wide message router [19]. The router 

consults a database and fills out the name of the resource and the defaults if necessary. 

The clinician can specify his own private defaults to overrule the system defaults. This 

indirect referencing allows the router to use new resources without changing the 

application. For instance, in addition to a t-Test message of the statistical package BMDP, 

a t-Test message of SAS can be defined. The router decides which resource (SAS or 

BMDP) is going to resolve the question. This decision is based on the user's preferences, 

the load of each resource and the other features. Each new resource can be inserted in the 

router's database with a special resource editor. 

4.6 Encapsulation 

Having outlined a number of features essential to the resources. the question arises how 

existing resources can conform to these specifications without adapting the code. The 

remedy is called encapsulation. With encapsulation, a front-end is attached to existing 

resources that decodes the standard interchange messages into resource-specific instructions 

or data This front-end layer incorporates in general two modules: a data translation part 

and a command generation part. The data translator accepts messages containing data and 

rewrites the data in the format acceptable by the resource. Output from the resource is 

intercepted by the data translator, composed into a valid reply message and returned to the 

caller. The command generator accepts messages that specify a function and expands them 

into a series of commands or key-strokes for the resource. 

The workstation environment should provide tools for building these data translators and 

command generators. For data translators, one could think of a tool generating a translation 

prescription for the UNIX "awk" data processing editor. Two approaches for command 

generation or macro expansion exist. Frrstly, one can use a macro recorder to record 

keystrokes. To each registration, a high-level name can be assigned. Specification of this 

high-level command in a message causes the macro-recorder to play the associated 

keystrokes. Each macro script may contain variables that are bound at run-time. These 

variables have to be specified as part of the message and are filled out by the macro 

expander. 

98 



Chapter 6 

The second approach is more lexically oriented, and consequently more suitable for 

extensive command languages. The command structure is defined as a grammar. which 

describes how high-level functions should be expanded into elementary instructions for the 

application. 

4. 7 User-friendliness 

The advent of graphical workstations enables to offer clinicians a friendly user-interface. 

Two aspects of friendliness are described here: (I) the control and organization of the user

interface and (2) the medical model behind the workstation. 

The graphical environment facilitates display of signals, images, and text on one screen. A 

windows system better suits the concept of browsing through a network of data resources. 

Initially, the most relevant data for a specific clinical task should be displayed. 

Successively, the clinician can decide to acquire more detailed information from a certain 

resource. A windows environment provides new pop-up windows showing these additional 

data and refrain the initial window from updates. With a mouse pointing device, one can 

zoom in on data and move the various windows. All functions can be designated with the 

mouse, with a minimal use of the keyboard. 

The MW2000 workstation project has chosen the XII OSF/Motif user-interface as its 

typical window environment. All hardware should administer an Xll server for 

presentation of the results on the screen. For MS-DOS PCs, Xll servers are available 

under Windows 3.0. In this way, the XI! user-interface protocol is the most common 

approach that is currently available on an extensive range of hardware. 

Initially, the user-interface uses a medical model for its decision on what to display and 

how to expand data. This model can be customized for each user and contains a 

comprehensive data model for all available data All resources have to inquire this medical 

model about data-specific information. For each data this model contains its location, 

pretty name, type. code-list. plausible and possible ranges, synonyms, relations with other 

data, and so on. The model can graphically be edited by a clinician and is applied for 

modelling terminology and data in the area of congenital hean diseases and andrology 

[20,21]. 
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Although more aspects of friendliness can be defmed, it is thought that a system fulfilling 

the requirements outlined in this paper could serve as a basis for further research in this 

field. Current experience with task-oriented user interfaces for medical professionals is 

limited by the fact that no system is yet able to support a complete task. Our prototype 

user-evaluation has shown that covering these two basic aspects of user-friendliness is 

already a giant leap forwards. 

5 Potential pitfalls and problems 

In the previous sections, the key issues for a new integration architecture have been 

outlined, together with some of the most important related requirements. In this section, the 

technical problems involved with this approach will be discussed, together with their 

potential solution. 

5.1 Object-oriented management of complexity 

Typically, a workstation is attached to a realm of resources. One of the first problems is to 

create structures for managing complexity. The workstation should offer both an easy-to

use environment for the clinicians and an advanced platform for new software 

developments. The object-orientation paradigm is applied to simplify access and 

management of the resources [22]. 

Each resource, i.e., application, database, or knowledge base is represented as an object. 

This object hides the access to private data and private functions from the outside world. 

Objects that shield the same type of resource are aggregrated in a class object. Besides a 

private part, it also contains a public part that contains functions and data. The public 

functions and data can be accessed by sending messages to the object. These messages 

specify what public function or data should be accessed. All objects have the same 

message structure. Existing applications have an object associated that specifies which 

functions and data are accessible for the application. These functions are high-level macro 

functions that are expanded by a command generator to the actual application instructions. 

When accessing the public data, a data translator will take care of translating the data from 

the application-specific format to the workstation's internal storage format of the data. 

Class objects also accept messages but route the message to one of its children. The 

decision to what child is based on information from the medical data model. The class 
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object inquires the medical data model for specific information and uses this to route the 

message. For instance, all objects that shield data belong to a particular database object. 

All database objects ate children of a multi-database object. Messages requiring data can 

be sent to this multi-database server. This server will then query the medical data model 

for the right database server. The message will then be routed to the appropriate object that 

shields data for that particular database management system. 

The operator-overloading feature also minimizes the complexity for the workstation 

applications. Different resources or objects can respond to identical messages. For instance, 

the objects associated with the statistical software packages BMDP and SAS both accept a 

message called "t-Test". These messages are not application-specific. but are specified as a 

general message. Consequently, the message scheme allows a more declarative ("what") 

attitude and leaves the transformation to a procedural approach to the object associated 

with the application. 

5.2 Idiosyncratic messages with different meatting 

The feature of operator overloading introduces the risk of ambiguity: idiosyncratic 

messages that have a different meaning. The router uses the message name to look up the 

resources that accept that message. Consequently, the meaning of the message should be 

unambiguous. This ambiguity can be avoided by having a tool for registration of the 

messages. This tool checks for consistency and ambiguity of the messages. 

Ambiguity in the message fields can be handled easily. The interpretation of the message 

fields is performed by the object (server); this provides an interpretative context for the 

meaning of the field. 

Not all message fields have to be specified. Three types of fields are discriminated: (I) 

essential fields, i.e., fields that have to be specified by the caller, (2) necessa.ry fields that 

have to be filled up either by the caller or by the router, and (3) additional fields that can 

be specified but are not necessary. 

The router checks messages for completeness, i.e., essential fields, against information 

stored in the database a.n.d additionally, it adds all necessary fields not specified with the 

associated default value. For appending the necessary fields, the router inspects the user's 

default settings and preferably uses this default. Otherwise, it uses the default values 

specified in the system's database. 
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5.3 Reliability and performance 

While the architecture is based on a network-wide message-passing scheme, it is essential 

that the network protocol used provides a reliable point-to-point communication and that 

failures and errors are detected and reported. Evidently, in a medical environment, it is 

essential to discriminate between data not beiog registered and those temporarily not 

available. The Internet protocol provides a reliable point-to-point connection with error

reporting facilities. In addition, the protocol also provides synchronous (i.e., messages 

arrive in order) and asynchronous connections at the same time. 

The performance of the workstation is dependent on its reliability: a high retransmission 

rate reduces the performance [23]. Worse even. if a particular task depends on a number 

of resources, a high connection refusion will prohibit a successful termioation of the task. 

Experience with the prototype has shown that our network topology is reliable enough and 

provides an acceptable performance. 

In order to improve the availability of resources, it can be decided to incorporate redundant 

resources in the network. The message-routing algorithm could detect connection refusions 

and assign an alternative resource automatically. Consequently, attention should be paid to 

synchronization of the resources. For function resources, the possibility of introducing 

redundancy is easier to control than for patient -care databases. 

In addition to the supervised introduction of redundancy, some resources might have a 

coincidental overlap. Class objects might use this feature to gain a better performance. 

Firstly, the response time varies among the resources. The class manager could benefit 

from this when alternative resources are available, by addressing the resource with the 

shortest response time. Secondly, series of requests can be combined to a single request 

when all individual requests are resolvable by one resource. Again, thls might imply an 

abduction from the resources that are used by default, and the user is requested to specify 

hls preferences related to the procedure. Attention should be paid to the fact that routing 

decisions directly influence reaction times of the resources. The class object routing 

algorithm should dynamically consider the alternatives and continuously measure the 

response times. 
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Although one can take advantage of this coincidental overlap between resources, caution 

should be paid to the following caveats: 

1. When data resources have an overlap in the variables stored. one needs to be sure that 

the populations covered in the data resources are identical and that the registered variables 

contain the same information. Stated differently, results should be repetitively obtained 

whatever the consulted resources are. Concerns about quality of data might have an 

influence on the decisions what to treat as overlapping resources. 

2. Dead-locks might occur in the access of resources. This is only the case when resources 

can be locked for access. Dead-locks can be solved by providing each resource with an 

automatic release feature: after a certain lock time, the application that seized the resource 

is requested to unlock the resource. In general, resources are only locked during the 

execution of a message. As soon as this processing terminates, the resource is released and 

other messages can continue. 

3. Attention should be paid to the overhead caused by the message mechanism and the 

message router. An alternative approach for the message router would be to return the 

name of the resource capable of solving the request to the sender of the message. This 

sender could then start directly communicating with the resource. 

5.4 Secnrity :mel protection 

As already discussed in the section on shareability, in principle all resources can be 

addressed by all users. Access, however, can be restricted to private resources by requiring 

a password. Each private resource should have its own password-checking procedure. 

There are two mechanisms for obtaining a password: ( 1) by requiring a password field in 

the message, and (2) by interactively asking the user for his password. The latter 

mechanism can be extended to ask a login name as well. 

When sending messages containing private data, an encryption procedure can be applied to 

the data contents. Both the caller and the target resource should agree upon the encryption 

key used. 
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5.5 Synchronization 

Each application sending a request for data, gets a local copy of the data, For some of 

these applications, it is essential that they keep track of the updates of the original data, 

This feature, i.e., synchronization of data, is also referred to as hot-linking. Each 

application can enable hot-linking by processing update messages for those particular data, 

Each data resource sends updates of the data to the router when modifications are applied. 

The router then broadcasts the updates to all open (i.e., connected) applications and 

resources. Consecutively, each application and resource decides to accept or discard the 

update message. 

In general, the router will start an application when an initial message arrives for the 

application. Consequently, a user might start an application several times, resulting in a 

series of windows on the screen. However, each user might specify per application how 

many open application windows are allowed on his desk-top; a decision to restrict the 

number of identical open applications to one user forces the workstation to use existing 

open application windows, a zero value disables the application to appear on the user's 

desk-top. For example, this feature can be used for an application that displays a 

histogram, and forces update requests to be directed to the same histogram application, 

resulting in an update of the open histogram window. 

The workstation also contains possibilities for editing data, To avoid changes in the local 

copies of the data, most of these editors compose an update message for the original data 

resource. This message is then sent, the data resource updates the data, and the data 

resource sends an update message to all open applications, including the editor. The editor 

facilitates processing of this update and displays the changed data. This scenario shows 

that the features discussed in this paper, provide a clear approach of editing local copies of 

data. 

All data resources return data upon request in a message format. However, the return 

message can be read by the application in a stream mode. This means that not necessarily 

the complete message has to be read before starting processing. The stream mode delivery 

of the data prevents storage of datasets that may be too large for the workstation disk. This 

stream mode processing features parallel processing, i.e., one process collects the data and 

puts it on the network while simultaneously another process for retrieves the data from the 

network and processes it. 
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6 Putting the modules together: a hypothetical example 

In the previous sections, the basic features of the workstation have been presented together 

with solutions for some of the problems. In this section, the object-oriented approach will 

be outlined in the context of an example. From the prototype for clinical research, the 

following example can be presented. A clinician wants to have a clinical overview of all 

patients that had a sudden death. The new architecture should then provide him the 

following support. 

1. The user has to log in the system. A graphical desk-top is initiated. 

2. He then selects the task he is interested in, in this case clinical research. 

3. Accordingly, the user-interface renders him with all the functions able to perform, as 

well as a collection of queries designed in previous sessions. 

4. The clinician decides to create a new query. The user-interface generates a message 

"select data" and sends it to the router. 

5. The router searches its database to locate a service that accepts this message. It decides 

to forvvard the message to the data selection service. 

6. Before actually forwarding it, the router activates the data selection service if it was not 

yet accessible. 

7. The data selection service accepts the message and shows an output window on the 

display of the user. 

8. At the same time, the data selection service sends a message to the medical data model 

service (again by way of the router) to obtain the clinician's data model. 

The model contains a hierarchy of concepts like clinical overview, risk factors, laboratory 

data etc. The terminal tree nodes are the actual data stored in the various databases (Figure 

3). 

The clinician selects the node 'clinical overview' of the data-model tree in the data

selection service. This node is the top node of a subtree, containing all the data that 

correspond with a clinical overview: risk factors, laboratory data, other patient information 

such as history data, etc. The clinician specifies a search criterium and affirms the 

selection. Succeedingly, the data-selection service composes a "select" message for the 

multi-database server (via the router) with an SQL-query as its argument, containing the 

variable names, their addresses (relations and databases) and the search clause. The multi

database server will subsequently disseminate the query into SQL subquery messages for 

all database management systems involved. Responses from these subqueries are joined by 

the multi-database server and retu..rned to the data selection server. The data can be saved 
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by sending it as a message to the data manager (this service might actually reside on a 

different host). The clinician might start the graphical presentation service. select the 

named data set and interact with a histogram settings window. select the variables and 

specify groups for the histogram. pie chart or other graphical presentation. To obtain a 

print of this graph, the graphical presentation service forwards a message for the print 

service containing the necessary data. Finally, the clinician can save the system's state (for 

next sessions) and log off. 

7 Conclusions 

In this paper, the key issues for an integrated medical workstation have been described. 

Current experience with a prototype medical workstation taught that the technical 

provisions for this architecture are available; both network technology and graphical 

display systems have evolved to reliable components for a medical workstation. The 

object-oriented approach, realized in a client-server scheme, enhances new systems with a 

modular, shareable and extensible platform. Moreover, the declarative style of questioning 

resources shields both clinicians and applications from access details and specificities. This 

declarative approach reduces the complexity and defers the actual work to the resource 

service itself. Supplementary, existing applications can be encapsulated in order to obey 

the standard interchange language defined for the workstation. A central message router 

uses a database to assign resources to a particular request. New applications/resources can 

be dynamically added in the router's database and other resources do not require updates 

before being able to take advantage of this new resource. 

Although the proposed architecture is more related to the technical layers of integration 

and less explicit about semantic integration, experience with the prototype learned that this 

approach is already valuable for novice users. Furthermore, this architecture can be viewed 

as a powerful operating system for integration. Although the basic elements are covered for 

providing a truly task-oriented support for clinicians, it is recognized that new research 

projects should be started to see how clinical contexts can best be defmed and to 

investigate what parts and how the medical data model can be edited by end-users. 

However, before being able to primarily focus research on task support, it was felt to be 

essential to offer the tools for integration and acquire a new vision on software 

components. 
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Part of this new architecture has already been realized in a next generation workstation. 

Both the message router, the medical data model, and various database services have been 

established. Current developments focus on the incorporation of data analysis services. 
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Abstract 

An architecture is described that integrates existing applications in a network~wide system. 

The architecture follows the new open software paradigm, and defines kernel and 

application services that collaboratively solve the tasks of end-users and provide them with 

an intuitive user-interface. This paper describes the message language and the kernel 

mechanism for addressing application services. The architecture has been developed as 

much as possible to conform with current standards. 

keywords: integration. client-server, connectivity. workstation 
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1 Introduction 

The appearance of mature network technology and standardized graphical user-interface 

systems has not offered much benefit to the professional end-user. Notwithstanding the 

introduction of networks and powerful workstations, the benefits remain limited: a 

tradition of isolated, stand-alone applications that ignores the network and bypasses any 

present graphical user-interface system limits this technology to the operating system level 

only: file transfer, terminal sessions, sometimes remote execution, and a graphical user

interface that is used for multiple terminal windows on one display only. 1n addition, 

many current software applications do not provide standardized data import and export 

facilities and offer only the software elements necessary to fulfil a single task. 

Consequently, this demands that the domain expert be a computer expert as well, and to 

master all applications required for solving his questions. 

1.1 Prototyping an integrated medical workstation 

Starting with the development of the prototype of an integrated medical workstation for 

the support of clinical research, the project has been directed towards how network 

technology and graphical user-interfaces can be applied to existing applications, to obtain 

an integrated enviromnent that maximizes the support for the clinician [1]. User 

validation was carried out to test the benefits for the clinician in a typical and wide 

application spectrum such as clinical research, i.e., a variety of different database 

management systems, statistical applications, presentation software, and word-processors. 

1.2 Integration reference model 

The integrated medical workstation defines an integration reference model with five 

integration or abstraction categories: 

(!) Hardware category. A hardware and operating system integration category hides 

the differences between addressing local or remote files, and between local or 

remote execution. 

(2) Data category. The differences in data storage format are abstracted on this level. 

The user can access all data from within each application. The data are 

automatically translated to the application-specific format. 

(3) Command category. The functions of all applications can be accessed through a 

macro command langnage. This language is uniform for all applications and frees 

the user from knowing the application-specific instructions. This macro language 
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is translated by an expander to the appropriate application instructions, either 

keystrokes or batch commands. 

(4) User-interface category. This category consists of two aspects. Firstly, each 

application is presented in a separate window on the display. Secondly, each 

application uses the properties of the user-interface system to interact with the 

user. 

(5) Nomenclature category. The nomenclature category abstracts from the application

specific vocabularies. 

1.3 Integration issnes 

Experience with a protorype medical workstation has been used as input for the definition 

of a new, more general, workstation architecture for an integrated workstation as follow-up 

of the protorype that supports the integration categories as defined above. This new 

medical workstation architecture has been defmed with a series of issues in mind: 

connectivity, shareability, modularization, user-friendliness, extensibility, and 

encapsulation. These aspects are briefly outlined below, followed by the general outline of 

the integrated workstation architecture. 

1.3.1 Application integration paradigm 

The new vision on software no longer considers applications as a complete, closed set of 

functions that run in isolation from other applications. but rather as a software component 

that contains some new functions and refers to functions of other components. Typical 

functions such as file access. printing. help. etc. are not contained as a function in each 

separate software component, but are accessible in one component that is shared by many 

other components (shareability). This approach is often referred to as open distributed 

processing, or as group-ware [2,3]. Referencing functions of other components demands a 

standardized mechanism to deliver parameters and data These software components 

comply with open software technology, and each application can hook into these 

components to have a particular function performed. 

Typically, these software components can be dispersed through a network, offering the 

possibility to assign software components to computers that are best suited for that task: 

computers with a huge mass storage contain data-intensive software components, whereas 

statistical and computational components are available on number crunchers. User-
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interface modules typically run on workstations or PCs. This network-wide distribution of 

components requires each software component to be able to connect to other software 

components via the network (connectivity). 

One of the research aims of the medical workstation project has been the combination of 

this new vision on software with existing software. Typically, the medical application 

domain contains a range of applications (hospital and departmental information systems; 

laboratory, radiology and pharmacy systems; systems for analysis of ECG, EEG, etc.; 

systems for patient monitoring; image processing systems; statistical packages; decision

support systems; etc.) that cannot easily be replaced by software components that obey the 

new open software paradigm. Moreover, to make this integration architecture successful, a 

critical mass of applications has to be available as software components within the 

network. Consequently. the maintenance and support of such an environment would be 

immense and clearly diminish the advantages of this integration architecture. 

Software components should be inter-connected according to the client-server model. The 

client software component composes a request and delivers this request to the server. The 

server will respond to this request and return a message containing the results for the 

client. 

To re-use existing applications and incorporate them as open software components in the 

workstation, an encapsulation layer has been introduced. Each software component has its 

own layer that converts the request to an application-specific data format. For instance. 

references to functions are expanded to a series of keystrokes or batch commands that are 

specific for the application. Output of the application can be shown interactively or written 

to a flle. The Y anus project at our department [ 4] aims at developing a methodology for 

analyzing both graphical output and output files, and translating them to a standard output. 

Management of complexity 

The inter-module dependencies increase the complexity of management. To minimize this 

management, two mechanisms are incorporated. The first mechanism is that the 

communication between components has been restricted to contain only declarative 

information (specifying "what") and requires the accepting software component to translate 
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the declaration into a procedure ("how"). Secondly, no components are required to specify 

the target software component when addressing foreign functions. The system can consult 

an accessors database [5] to search for a software component that can solve the request. 

New components can be added by editing the database. 

This database accommodates for each user group, i.e., manager, clinician, stattstlclan, 

developer, and demonstrator, and for each individual user separately the components that 

can be accessed. Through this database, different views can be defined for the various 

users. The user-interface is provided as a separate component in the architecture. For each 

user group, a user-interface component can be created and tailored to the specific tasks of 

that group. 

Issuing commands 

The integrated workstation offers the users an environment in which they can request any 

function to be applied to data anywhere in the network. These requests can be sequentially 

stored as a program that can be invoked via the user-interface. For example, a clinician 

might defme a data collection, analysis and presentation program that allows him to 

quickly obtain a daily report about the status of his patients. These macros can be obtained 

with a macro recorder and stored as workstation programs. 

Another type of support is the medical data model available for the clinician. In this 

model, all data available from the workstation have been described, together with their 

inter-relationships. This data model contains a hierarchy describing the data (Figure la,b). 

The data model contains the mapping from the data terminology provided to the user for 

the specific variable names of the database(s). 
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Figure la. Overview of an example data model for andrology. The concepts are organized into two main 

branches: one for the medical data model as presented to physicians. and one for the data management. For some 

concepts, instances are shown in a list below the concept name (e.g., concept Attribute with instances Patient ID, 

etc.). 
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Figure lb. Linking between the instances. Links is_a_database_of, is_a_relation_of and is_a_anribute_of are 

shown for the database management system Ingres. From within the medical data model. links are defined to the 

attributes that are related to the medical concepts. 
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Software components can have their own user-interface for interaction. All components 

use a similar user-interface management system with a typical style guide. Other 

components that do not have a graphical user-interface of their own, can address special 

components that provide user-interface functions. 

1.4 Related research projects 

Some of the issues outlined above have also been addressed by others. The integrated 

Academic information Management System (IAlMS) facilitates data access to all existing 

information systems from each workstation [6]. The primary focus is the development of 

an institution-wide network that inter-links all systems, and a methodology to access these 

information systems. Future developments will focus on the integration of data with 

applications. 

Hewlett Packard's Physician's Workstation covers integration at all categories described 

above [7]. However, the main interest is the integration of databases; incorporation of 

computational software components has not yet been addressed. A Broadcast Message 

Server has been implemented to match messages with message patterns stored in the BMS 

database. Associated with each pattern is an application that can handle the message. 

The Helios project utilizes a software bus to achieve integration [8]. A mechanism 

exchanges messages between the various components. However, these components are 

limited to those that are specially developed for interaction with the software bus. 

Barsalou and Wiederhold [9] limit their integration to the data category. Their main 

interest is to investigate abstraction mechanisms for access to a database by so-called 

mediators or view objects. 

The Explorer-IT project of Greenes is an example of how different knowledge components 

can be combined into a consistent system [10]. This research focuses on the different 

knowledge access modes. Currently, one subject of research is on "daxels", data access 

elements, as an equivalent of the mediator concept [3]. 
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The Field software development enviromnent [ 11] connects software development tools. 

It supports the exchange of messages hetween the existing and new tools. The protocol 

used to fol'VIard messages from a client to a server process is selective broadcasting. All 

messages are forwarded to the message server. and this server will direct the message to 

all services that have a message template registered that matches with the message. Before 

one of the tools is started, it will notify the message server about the messages in which it 

is interested. 

Other researchers have investigated the use of an open distributed programming 

environment. This environment can be used to distribute applications around various 

processors, and facilitates inter-connection among the application modules [12,13]. 

2 Methods 

2.1 Prototyping 

To test the integration concepts outlined above. a prototype was developed to support 

clinical research, directed at integration for all categories. The prototype consists of one 

central server that addresses all applications and data. This server accepts (macro) 

instructions from a user-interface and activates the corresponding scripts. Those scripts 

transfer data through the network and activate functions in components. The 

communication was performed on the operating system level with Arpa-Berkeley's file 

transfer protocol (ftp) and remote execution (rexec). 

The primary aim of the prototype was to test whether the support for users was improved 

by an integrated environment. A user evaluation was designed addressing six clinical 

research problems, to be solved with the prototype. After a one-hour introductory tutorial, 

most clinicians were able to solve all problems correctly within two hours. Their response 

to the system was mainly positive and they thought the system to be useful. 

Both the input from the user evaluation and the experience with the development of the 

prototype resulted in a refinement of the integration architecture. This architecture includes 

multiple services and communicates on the application level rather than on the operating 

system level. Furthermore, the user interface has been completely separated from the 
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functionality of the workstation architecture, allowing each user group to have their own 

view on the functionality. 

2.2 Concepts 

The communication between software components can be seen as functioning on the 

seventh layer (application layer) of the ISO/OSI communication reference model [14]. 

Each component communicates with another component through the network. The 

communication between the components is expressed by messages. Each component 

behaves like a server: any message on the network that is addressed to the server is 

removed from the networlc, analyzed and executed by the server. Results are returned to 

the component that composed the message. In this way, the network software provides a 

synchronous, reliable point-to-point communication, and messages arrive correctly at the 

server. For the workstation. the Berkeley socket mechanism bas been selected as being the 

most widely used Internet network protocol that runs under TCP!IP with Ethernet. 

2.2.1 Server 

Each server contains a wait loop for connection requests. Upon acceptance of a connection 

request, the server forks a new process that creates a new socket connection with the 

caller. Through this socket, messages can be exchanged. Messages can be obtained by 

reading from the socket, and messages can be returned by writing on the same socket. A 

server can, in turn, also act as a client and send requests to other components. 

2.2.2 Client 

When a client wants to address a function in a foreign component, it flrst sends a 

connection request. If the connection is confirmed, a socket descriptor is returned through 

which messages can be passed to the server. Subsequently, the client composes a message 

and writes it onto the socket. The connection mechanism is depicted in Figure 2. 
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Client 

Open Connection 
Stan connection with Gcnernl Listen Socket Service 
Send Open Request to General Listen Socket '---..._ 

---.......Read from General Listen Socket 

/ 

S=SorurePro= 
Return Communication Socket 

Read from Gcner.ll Listen Connection 
Close Connection on Genetal Listen Socket 
Stan Connection on Communication Socket 

while requests to semi 

begin -------------.~ Write Request Read Request 

Read Answer 

""' 

Pro<= 

-------------------------~dArumet 

Send Request to Close Communication -----
-----..._ Accept Close Request 

------

Send Confirmation Oose 
Close Connection 

Close Communic:uion 

Figure 2. A schematic representation of the actions necessary to establish a connection between a client and a 

server, to exchange infonnation and. finally. to close the connection. The General Listen Socket is a service· 

specific socket that is used by all clients to order a connection. The actual connection goes through a new pair of 

sockets. 

2.2.3 Messages 

Messages are defined according to a standardized language. This language mainly contains 

ASCli tokens, except for fields that contain binary data. These ASCII messages can easily 

be exchanged with many services on many hardware platforms without causing problems. 

Message fields can be presented in any order. The message language can be extended with 

new keywords by any application. In fact, each application is free in specifying extra 

keywords. The only restriction is that five fields need to be present: 

(1) message. A field specifying the name of the function or message. 

(2) user. The name of the user issuing the function. 

(3) from. The name of the component that composed the message. 

(4) workstation. A unique identification of the display the user is working from. 

(5) message id. A unique string that can be used for reply messages and 

confirmations. 
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The fields valid in a message can be divided into two classes: optional and mandatory 

message fields. Mandatory fields have to be completed when the message arrives at the 

server, optional fields can be specified but are not necessary. The definition of the 

message language is shown in Figure 3. 

request:= (message)+ 
message := "BEGIN" value-part "END" 
value-part:= (keyword":" value)+ 
value :=list-of-values I raw-data I structure I single-value 
list-of-values:="(" single-value("," single-value)*")" 
raw-data:="<" NUMERIC ">"#bytes 
structure := " {" value-part "}" 
single-value:= STRING I "STRING" I NUMERIC 

Figure 3. Syntactical definition of the message language as used by HERMES. An asterisk indicates zero or 

more occurrences. and a plus means at least one occurrence. The raw-data value type is followed by exactly the 

number of byteS specified by the predecessing numeric. S1RING and NUMERIC can be replaced by their 

ordinary definitions. 

Each server has a message interpreter that reads the messages and checks them against the 

syntactical rules. These interpreters were developed with the yacc and lex tools of UNIX 

[15]. 

The macro recorder to define a series of instructions as one major command, consists of a 

tool that writes a series of messages to a file. This named file can be executed at any time, 

resulting in sending the messages to the corresponding services. 

2.3 Kernel services 

In the subsequent paragraphs, the different services of the new architecture will be 

outlined. The services are divided into two groups: the kernel services and the application 

services. The kernel services are essential for the client-server architecture and basically 

act as the operating system for the integration architecture. The application services 

provide the system with functionality and are not essential for the overall system's 

operation. 
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2.3.1 Message router 

As already discussed in the Introduction, messages are not directly sent from a client to a 

server. There are a number of reasons to introduce a so-called message router, i.e .• a 

server that accepts all messages and forwards them to the appropriate destination server. 

Firstly, to make the system flexible and dynamically changeable, the link between a 

particular function or message and the server that can resolve it, is not stored in the 

individual components but resides in the router's database. This enables to influence the 

behavior of the system by changing the database. Moreover, new components can be 

added by defining a link between the message and the new component. New requests for 

that particular function can then be directed to the new component. 

Secondly, the router can complement a message with its missing essential message fields. 

In this way, new components with new essential fields can still be dealt with. In addition, 

the message composition at the client's side can be limited to only those fields that are of 

interest. For each message field, the router database contains a default value. 

Thirdly, the router records per service a preferred host and a list of alternative hosts. If a 

host does not respond to a connection request, alternative hosts can be tried. The router 

database contains per service a field that specifies whether the user should be prompted 

for confirmation of an alternative host. The same mechanism is used for messages. Each 

message contains a preferred server and a list of alternative servers. Upon failure to access 

the preferred server, the message router can decide to try an alternative server. 

Fourthly, the router can be used to implement a broadcast mode. In this mode, the 

message is forwarded to all services on all hosts. Any service interested in the message 

can use it and perform the necessary actions. None of the components is aware of all the 

services that are available in the network. Therefore, the only component that can perform 

a broadcast is the router. With each message, a flag tells whether it is a broadcast message 

or a selective message. 

Other aspects stored in the message router database are whether a server can have several 

sessions running for a single user. This field forces messages to a single session. However, 

the typical socket connection does not allow for easy reconnecti.on with other components. 
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In addition, the router contains per service the name of the input format of data This 

format restricts file selection requests from the service to files of a particular format, 

2.3.2 Resource manager 

Each user gets a personal resource manager assigned when logging in on a workstation. 

The typical name of this resource manager is the name of the user's display [e.g., Xll 

convention, mwi:O.O, meaning screen 0 at the console (also indicated by a 0) of machine 

mwi]. The router forwards all messages first to the personal resource manager. The 

personal resource manager will then adjust the message to the user's personal settings. 

This includes completion of optional message fielda, overruling the host, and service 

assignment of the router. 

The resource manager allows applications to connect with open servers. Tbis feature is 

essential for servers that are limited to one server per user. A request for this type of 

server will activate the personal research manager to search its connection list for an open 

connection. If found, the message is forwarded on the associated socket descriptor, 

othenvise a new connection is established. The maximum number of open connections is 

limited to the number of open fJ.!es an application can have. 

The resource manager maintains per user a list of all open connections with servers. The 

resource manager registers per connection how many clients refer to the connection and 

the socket descriptor in a connection count. Connection-close instructions decrement the 

connection count. If this count is zero, the resource manager will send a close instruction 

to the corresponding server. When the resource manager gets a close instruction, it will 

first close all open connections. 

The personal resource manager can also be used to forward a broadcast message to all its 

open socket connections. This mechanism allows servers that use data from a database to 

be hot-linked; any change to the original data will be broadcasted to the resource 

managers and consequently to the servers. Servers that are using the data directly reflect 

the change in their presentation. 
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2.3.3 User-interface server 

When the user starts a session, the user-interface server will provide an interface on the 

screen. This server reads the user's service-info file and creates a user-interface on the 

screen. This user-interface contains the pretty-names of services that can be addressed 

from within the user-interface. Each service can be started and stopped from within the 

user-interface. One typical server is the macro recorder that can be used to play a macro 

sequence of messages. The macros are stored as a file containing this sequence of 

messages. 

Typically, for a user-interface server for clinical research, the names of the following 

services could be presented: 

(1) data collection. A service through which a database can be defmed and new data can 

be entered. 

(2) data selection. After having collected the data, one wants to make extractions for 

analysis. The data selection service is explained below. 

(3) data inspection. A service that allows the user to inspect data graphically. 

(4) data manipulation. Often, data selections have 10 be manipulated and rearranged to 

make t.oern suitable for data analysis. 

(5) data analysis. A service through which, e.g., statistical applications can be activated. 

This service provides the user with fill-up forms. 

(6) data presentation. A service that makes graphical presentations of the data for 

inclusion in scientific papers, or for preparing slides or overhead sheets. 

(7) macro service. A service that allows the storage of macros. 

The service-info file contains per service an entry that specifies whether the service should 

be automatically started. Usually, the file server, print server, and message server are 

automatically started. 

2.3.4 File server 

The file server is the service that maintains the user's files. Independent of the computer 

on which the user logs in, the file server for that user will always be started at the 

computer where the files reside. This can be obtained by having the host specified for the 

file server as a resource manager's default; any request for the file server is forced to the 

desired host. 
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The file server can run in two modes: desktop mode and selective mode. Initially, the user 

interface will start the file server in desktop mode. All user files are shown as icons on the 

screen, and upon selecting a file, a pop-up menu is shown with all services that accept the 

file (type). In addition, services may have a file selection option. This option will send a 

message to the file server to show all files of a particular type, i.e., in selective mode. In 

this mode, files can only be selected, but not forwarded to other services. Whenever a 

server sends a request for files to the file server, its mode will temporarily change to the 

selective mode. Selection of a file returns the file server to desktop mode. 

The file server allows the creation of new folders and the interactive management of the 

user's files. Each file is represented by an icon, and the icon depends on the type of the 

file. The file server interrogates the router about the services that are applicable to a 

particular file type. From this information, the file server is able to create pop-up menus 

with the services that can accept the file. 

Upon selection of a file, the file server will send a message to the requesting service 

together with the data When selecting a server associated with a file in desktop mode, the 

file server will first send a start message to the selected server, and secondly transmit the 

data 

A second option of the file server is to save flies. Each server can send a store message to 

the file server with the data to be saved. The file server will store the data in the user's 

directory and update his file-info base. This file-info base contains per file additional 

information, such as the type of the file, the expiration date, the name of the server that 

produced the file and, if the file was derived from other data, the name of the original file. 

In addition to this file-info base, the file server also uses a type-info base, that describes 

the different file types. It contains per file type the name of the type, the icon associated, 

and the drivers to send and store the data. These drivers are activated by the file server 

whenever data have to be sent as a message or have to be translated from the message 

format into a data file. New types can be added by using a special option of the fl.le server 

to edit its type-info base. For each new type, a store-and-send driver has to be created. 
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2.3.5 Data model server 

In addition to having data in files, data can also be stored in a datahase management 

system. The data model server contains a description of the data attributes of all databases 

accessible from the workstation (see Figure la,b). The data model server contains a data 

dictionary and an organization of the data along medically interrelated concepts and 

instances [ 16]. Instances represent the actual variables stored in the databases, and 

concepts are used to define commonalities of the instances. 

For coded variables, the data model contains all possible code values with their associated 

meaning. Relationships between instances can also be modelled in this object base. These 

relationships represent the medical relations that exist between the variables or the entities. 

For instance, a relation: "has abnormality or dysfunction" could link, e.g., the entity: "right 

ventricle" with the entity "Right Ventricular Hypertrophy". 

The objects (concepts and instances) are stored in an object-oriented base that is accessible 

through the data model server. This data model server accepts request messages for 

information about data. An interactive graphical tool can be used to edit the objects. 

2.3.6 Data selection server 

New data files can be obtained by selecting data from the databases. A data selection 

server provides the user with an interface that allows the user to select data in a friendly 

way: the data selection server obtains from the data model server the organization of the 

data and displays them on the screen. Data can be retrieved by selecting either the 

individual variables (e.g., blood pressure) or aggregations of data (e.g., laboratory data). 

Variables and concepts are presented to the user with pretty names. 

Specification of selection criteria is also provided by this server. The data model server 

provides the selection server with the type and the possible values of the variables. Code 

lists can be shown as flat files or as a hierarchically organized structure. Criteria that use 

the medical relationships among the codes can also be used. For instance. a question such 

as: "select the age and name of all patients that have an abnormality or dysfunction of the 

right ventricle" can be solved with information from the data model server. 
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After having completed the specification of the selection, the server will compose a 

message with an SQL+ query. This SQL+ query contains per variahle an extended 

address. Standard SQL is limited to a relation-attribute tuple. SQL+ extends this notion to 

a quadruple of dbms-database-relation-attribute (see Figure 4). The selection clause is 

extended with expressions for joining records from different relations. This SQL+ message 

is forwarded to the multi-database server. 

select 
iogres.andro.semen.volume, his.regist.andrology.diagnosis 

from 
iogres.andro.semen, his.regist.andrology 

where 
iogres.andro.semen.volume > 5.1 and 
his.regist.andrology.diagnosis" ="unknown diagnosis" and 
ingres.andro.semen.patid = his.regist.andrology.patientid 

Figure 4. An example of an SQL+ scripL The specification of attributes is extended with the name of the 

database management system. the database name. and the relation name. This enables to define SQL scripts that 

use data from different databases and database management systems. 

2.3. 7 Multi-database server 

The multi-database server accepts messages contammg an SQL+ query. The server 

expands an SQL+ query to individual standard SQL queries for the various database 

management systems involved. Selection criteria are analyzed by the server and, if 

possible, passed to the specific datahase server. Variables that are used in the expressions 

but not contained in the variahle part of the SQL+ message are also required from the 

specific database servers. With all these variables available, the multi-database server is 

capable to evaluate conditions that involve data from various databases. 

Subsequently, the SQL queries are passed to the specific database management servers. 

Data obtained from these servers are joined by the multi-database server to contain one 

data set and the conditions are evaluated on this dataset. Finally, ouly the data of the 

variables requested in the SQL+ message are returned to the caller. 
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2.3.8 Database service 

Each database management system is encapsulated by a database service that controls the 

access to the database management system. This database service accepts standard SQL 

and translates it to the database-specific query language. Results from this query are 

returned to the caller. When the database management system does not provide an 

evaluation of conditions, the database service has to take care of it. In that case, variables 

referred to in the condition should also be retrieved from the database management 

system. Obvious examples of database services are those for INGRES, ORACLE, and 

dBaseill. In addition, the power of our approach is shown by a service under development 

which allows similarly uniform access to databases residing on a Hospital Information 

System. In that project, links to both a database pertaining to the Department of 

Andrology and a (part of) the database of the Laboratory for Clinical Chemistry are 

developed. 

2.3.9 Presentation server 

Many application services require a graphical presentation for their data To avoid 

implementation of this functionality in each application service, a presentation service has 

been added to the workstation environment. This server accepts messages containing data 

with a request for a particular presentation format: histogram, table, pie-chart, line-draw, 

etc. With this service, manipulation functions for the presentations are directly available. 

The presentation server also contains facilities to export the picture to other (commercial) 

packages such as Harvard Graphics or Slide Write. 

2.3.10 Print server 

All print operations of any service are not directly sent to the printer, but passed on to the 

print service. This server will display a printer icon on the user's desktop while busy. This 

icon can be opened to give more information about the print queue and the status of the 

print job. 

2.3.11 Help server 

Requests for help information are not solved individually by applications, but are passed 

on to a help service. This help service provides the user with a hypertext interface; a help

text block contains words that are marked. Selection of these marked words gives the user 

access to detailed information about that subject. This service allows the user to go 
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beyond the scope of the help information about one service and discover the relation 

between the services. New services are obliged to provide their own help files according 

to a specified format. 

2.3.U Message service 

Any error occurring in a service is reported to the message server. This server will use the 

user's language to report the error on the display. Besides errors, this service can also be 

used to display any information from the applications. The message service uses catalog 

files to translate an internal message number to textual information. The message service 

provides the user with options to inspect a logfJ.le of messages according to a specific 

filter. 

2.4 Application services 

The workstation's integration architecture allows new applications to be incorporated very 

easily: the router base has to be updated with information about the new application 

service, and a help file has to be stored with the help service. New data types can be 

defmed by updating the file server's typeinfo base. 

Often, data obtained ftom database management systems have to be manipulated before 

they can be used for statistical tests. A data manipulation service provides the user with 

an interactive tool for manipulating the data. This includes restriction of a Cartesian 

product to time-interval criteria (e.g., not all combinations of recorda of relation A 

containing a laboratory test, with all records of relation B containing information about a 

visit are relevant: there is a certain time interval that relates lab data with a visit). Other 

manipulation functions are max, min, avg, sum, etc. The manipulation service allows the 

user to define his own manipulations as a front-end to the UNlX awk interpreter. 

The statistical application server of the workstation runs as an encapsulated service for 

BMDP. The server accepts requests for statistical operations and returns analysis results in 

a standardized format. The server translates the incoming message to a valid BMDP 

command script and transforms the associated data to the specific format of BMDP. The 

server hides the typical structure of BMDP from the workstation, allowing BMDP to be 
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replaced by any equivalent statistical package, such as SPSS or SAS. Other statistical tools 

include a service that encapsulates the ISP AHAN statistical pattern recognition program 

[17]. 

For the medical domain, typical services such as an X-ra:y image server or an ECG 

interpretation server can be added that can be applied to typical data files. The image 

server provides the user with a tool to manipulate images (e.g .. 3D reconstruction or 

video) that is resident to dedicated image analysis hardware. The ECG server allows the 

user to automatically obtain an interpretation of an ECG [18] and to inspect the signal 

graphically. 

2.4.1 Protection and security 

The architecture philosophy of the workstation is to provide an open systems environment. 

Each new application can use the existing services for typical functions (new data, open 

file, save file, ptint, make graph, help, etc.). However, this open environment should not 

deny the security and protection schemes necessary to protect data and software against 

illegal use. Therefore. a number of protection and security rules have been defined that 

can be distinguished at the following levels. 

The first level of security is the UNIX login mechanism. Each user has to login and 

provide the system with a secret password. This is checked against information stored in 

an encrypted file. The second level is provided by the Internet daemon. This daemon 

extracts messages from the network and passes them on to the required services. The 

daemon inspects a security file to see whether the computer where the message originates 

from is allowed to address the service at that time. The protection can be specified by the 

system manager in the daemon's database. The third level of protection can be forced by 

the service itself. Any start request can be checked by the service for authority. The 

service can also prompt the user for a specific password (e.g., the database service may do 

so). 

2.5 Standards 

The workstation has been developed as much as possible along presently available 

industrial standards. This standardization concentrates on two aspects: (1) portability of 

services to different platforms and (2) communication between services. 
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The major developments follow the UNIX System V standard and are programmed in 

ANSI C. The services use Berkeley sockets to communicate with each other through a 

TCP/IP Ethernet protocol. Graphical user-interfaces are developed with the Xll 

OSF/Motif environment. Messages are mainly ASCII formatted. Database queries are in 

the messages expressed as ANSI SQL. 

2.6 Tools 

In order to increase the standardization of the services and to ease their development, a 

number of tools can be used: the Lex and Y ace tool [18] provide the message interpreter 

for each service. To stimulate encapsulation of existing applications, tools are available 

that give high-level support for the creation of a data translator and a command generator. 

A front-end to the UNIX facility, awk [19], allows specification of a data translation 

facility. A macro recorder in combination with the stream editor sed [20] supports the 

generation of a command generator. 

Libraries are available to send and accept messages and to easily access object-oriented 

databases. 

Graphical user-interfaces can be constructed with a graphical user-interface management 

system; the constructed user-interface can be written as C-code and be used in all kinds of 

applications. Hewlett Packard's Encapsulator is used to encapsulate the access to existing 

applications. A source-code management system together with an integrated debugging 

environment is also provided. 

2. 7 Integration of PCs 

The availability of X-servers for Windows 3.0 allow the integration of PCs in this 

architecture. These PCs can either access a user-interface service developed for OSF/Motif 

or can have their own Windows 3.0 user-interface service. This Windows 3.0 service 

addresses through the network the other services which can provide their interactive output 

through the PC X-server on the user's desktop. 
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3 Conclusion 

The maturing of network and user-interface technology provide us with environments that 

can link computers of various vendors in one network. The integration architecture 

outlined in this paper extends this notion of communication to the application or service 

level. The architecture is developed around a message router and personal resource 

manager that allow new applications to be added dynantically. In addition, these two 

services reduce the inter-dependencies of the services, thus limiting the complexity of 

managing these environments. 

The message format has been chosen to be suited for addressing functions in other 

services. Typical standards such as HL7, Medix or Edifact still concentrate on data 

communication and do not provide facilities for addressing functions [21]. However, the 

arcbitecture described in this article could be extended easily with services that translate 

these standards into the workstation format and vice versa. In addition, bridges can be 

defined to exchange messages with other client-server environments such as those of 

Helios [9] and Hewlett Packard's Physician's Workstation [8]. 

Cooperation should be established with other groups working in the same direction to 

standardize message formats and message contents; for data operations, SQL could be 

selected as a standard, for statistical and grapbical operations no standards are as yet 

available. Research should be directed towards how nomenclature and terminology could 

be standardized, for instance according to ICD-9 or 10 or UMLS. 

Future research, based on these open system environments, can be directed towards other 

task domains, such as direct patient care, quality assessment, and education. Typically, 

research should focus on user modelling and desktop metaphors that are best suited for 

clinicians. Before establishing such an open system environment for supporting 

professional tasks, the following problems have to be addressed: 

1. Vendors of medical information systems and equipment should be required to make 

their systems open, i.e. accessible by other applications. 

2. Standards should be defined and used for exchange of medical data, for addressing 

processing procedures, for medical terminology and for network connectivity. 

3. A number of vendors and groups should participate in order to provide within a 

reasonable time an open system environment with a critical mass of functionality. 
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4. The open approach requires systems to be more spread around several workstations 

instead of on one central system; this decentralized organization of hardware has an 

immediate impact of support and maintenance. 

5. In the meantime, a first step to having a more open system environment is the 

encapsulation of existing applications, as suggested in this paper. 
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Summary and Conclusions 

Summary 

This thesis addresses two main questions: (I) How to build a flexible and extensible 

architecture for a medical workstation that integrates in a network existing applications 

that are not to be modified, and (2) how to support clinical users by systems integration in 

a network for biomedical research and patient care. 

The first part of this thesis describes the development, design and evaluation of a 

prototype integrated medical workstation, for the support of clinical data analysis. The 

second part presents a new architecture for an integrated medical workstation. 

In Chapter 1, the Introduction, the issues related to the development of an integrated 

medical workstation are outlined: decentralization of hardware, network technology, user 

interface systems, and standardization efforts. In this chapter, the various approaches to 

integration, such as post-facto, pre-facto, data integration, functional integration and 

semantic integration are presented. 

The prototype integrated medical workstation 

In Chapter 2, the requirements for a prototype integrated medical workstation for the 

support of clinical data analysis are specified. In addition, the design and the 

implementation of this prototype are outlined. The technical possibilities of graphical user 

interfaces, network technology and the client -server model for the development of an 

integrated medical workstation are investigated. and its limitations are discussed. 

Clinicians are more and more confronted with a wide variety of databases and programs. 

Often, there are large differences between the commands the databases use for retrieving 

data and the commands that can be used to start programs. In Chapter 3, the databases 

and applications integrated in the prototype workstation are presented. Attention is paid to 

the central data model that is used for multi-database data retrieval and data entry. 
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Evaluation of the prototype integrated medical workstation 

In Chapter 4, the results are presented of the user evaluation of an integrated medical 

workstation for support of clinical research. Twenty-seven users were recruited from 

medical and scientific staff of the University Hospital Dijkzigt, the Faculty of Medicine of 

the Erasmus University Rotterdam, and from medical institutions outside the Erasmus 

University. 

For instruction of the users, a written, self-contained tutorial was given. Subsequently, an 

experiment was done in which six clinical data analysis problems had to be solved, and an 

evaluation form was filled out. The aim of this user evaluation was to obtain insight in the 

benefits of integration for support of clinical data analysis for clinicians and biomedical 

researchers. The problems were divided into two sets, with gradually more complex 

problems. In the first set users were guided in a stepwise fashion to solve the problems. In 

the second set each stepwise problem had an open counterpart. 

During the evaluation, the workstation continuously recorded the user's actions and these 

recordings were used as raw data for the evaluation. Significant differences became 

apparent between clinicians and non-clinicians for the correctness (means 54% and 81%, 

respectively, p=0.04), completeness (means 64% and 88%, respectively, p=O.Ol), and 

number of problems solved (means 67% and 90%, respectively, p=O.Ol). These differences 

were absent for the stepwise problems. 

Clinicians tend to skip more problems than biomedical researchers. No statistically 

significant differences were found between users with and without clinical data analysis 

experience, for correctness (means 74% and 72%, respectively, p=0.95), and completeness 

(means 82% and 79%, respectively, p=0.40). Our main conclusion was that the 

performance of a clinician was raised to the level of someone experienced in clinical data 

analysis and that various clinical research problems can be solved easily with support of 

the workstation. 

The results of this experiment have been used for the development of a general 

architecture for the successor of this prototype workstation. From the assessment study. it 

appears that the evaluation of a system such as the prototype workstation with its high 

user-interaction is very complex. We also realized that references in the literature on 
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quantitative rather than qualitative assessments are very sparse if not totally absent. Yet, 

we were convinced, and still are, that progress in the further development of these and 

similar systems can only be made when the evaluation of such systems is done in a 

quantitative and objective as possible manner. The evaluation of our prototype integrated 

workstation serves as a reference model for the assessment of future developments in this 

domain. Getting insight in the type of errors users make, may help in developing new 

user-interfaces, desktop metaphors, and user support modules. It allows to repeat this 

evaluation for new developments and to compare the outcome with the current results. 

HERMES: a generalized architecture for an integrated medical workstation 

An object-based software integration architecture is described in Chapter 5 which 

provides communication within a network between applications according to the client

server model. Each object in this object-based architecture is called an accessor and bides 

the details for accessing data and functions from other applications. 

This architecture has been designed to integrate existing applications. A request for data 

and functions directed to the accessor framework is served by an accessor server that 

analyzes the request, completes it with essential parameters, and forwards it to the 

application service object. This application service object hides the access to the data and 

functions available in an application. For existing applications, this application service 

object is served by a separate application service process that converts the accessor 

requests into instructions for the application. 

Newly developed applications can directly accept requests to the corresponding application 

service object. A sequence of accessor requests can be stored as a named program and 

processed by the accessor server upon request. The accessor object-base can be edited so 

as to contain the most recent information about the available data and function. The 

accessor framework has been made operational in a network with servers and 

workstations. 

Medical workstations are increasingly introduced as the integration center of various 

information streams. In Chapter 6, the intrinsic features for integration, such as 

connectivity, modularization, shareability, abstraction and encapsulation, are described 
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together with their impact on an integration architecture for a medical workstation for 

existing applications. Using these features at the onset, a new vision on a medical 

workstation is outlined. An example of a new architecture for such an integrated medical 

workstation is sketched. 

In Chapter 7, an architecture is described that integrates existing applications in a 

network-wide system. The architecture follows the new open software paradigm, and 

defines kernel and application services that collaboratively solve the tasks of end-users and 

provide them with an intuitive user interface. This chapter describes the message language 

and the kernel mechanism for addressing application services. 

Concluding remarks 

From the results presented in this thesis, it is clear that an integrated medical workstation 

can be developed on top of existing applications, without the need to modify them. 

This integration frees users from having to know how to connect through the network, 

how to exchange data between applications and how to operate those applications. The 

user interface of the workstation hides all the inter-application differences and provides 

users with a medically-oriented interface. 

The user evaluation showed that clinicians can benefit from such an integrated approach 

and are able to solve most of six representative clinical data analysis problems within 

about one and a half hour with the integrated workstation after a short, self-contained 

tutorial of two hours. 

Users with no clinical data analysis experience solved the problems with a performance 

comparable to those with experience. 

The refinement of the architecture according to what has been found during the user 

evaluation and from the development of the prototype has led to a generalized architecture 

for an integrated medical workstation. This generalized architecture can be easily extended 

with new applications without any consequence for the applications already integrated. 
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Given the increasing number of medical informatics applications in the clinical 

environment, both as industrial products and as products of matured research, there is an 

increasing problem of how to combine these different applications and how to make them 

accessible to the clinician. We believe to have shown that our workstation architecture 

provides a flexible and extensible solution to the needed advanced level of integration. 
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Samenvatting 

Dit proefscbrift richt zich op twee vragen: (!) Hoe kan een flexibele en uitbreidbare 

architectuur voor een medisch werkstation gemaakt worden zodat bestaande applicaties 

zonder aanpassingen in een netwerk geiiltegreerd kunnen worden, en (2) hoe kunnen 

clinische gebruikers door systeem integratie ondersteund worden bij hun clinisch 

wetenschappelijk onderzoek en hun patientenzorg. 

Het eerste dee! van dit proefscbrift beschrijft de ontwikkeling, het ontwerp en de evaluatie 

van een prototype medisch werkstation ter ondersteuning van clinische gegevens analyse. 

Het tweede deel beschrijft een nieuwe architectuur voor een gelntegreerd medisch 

werkstation. 

In Hoofdstuk 1, de inleiding, worden de aspecten die gerelateerd zi jn aan de ontwikkeling 

van een medisch werkstation beschreven: decentralisatie van hardware, netwerk 

technologie. gebruikers-interface systemen en bet streven naar standaardisatie. In dit 

hoofdstuk worden ook de verschillende benaderingen van integratie uiteengezet, zoals post~ 

facto en pre-facto integratie, functionele integratie en semantische integratie. 

Het prototype gei"ntegreerd medisch werkstation 

In Hoofdstuk 2, worden de voorwaarden voor een prototype geYntegreerd workstation ter 

ondersteuning van clinische gegevens analyse gespecificeerd. Daarnaast worden bet 

ontwerp en de implementatie van dit prototype beschreven. De teclmische mogelijkheden 

van gra:tische gebruik.ers-interfaces, netwerk technologie en bet client-server model voor de 

ontwikkeling van een gelntegreerd medisch werkstation worden onderzocht, en de 

beperkingen ervan worden besproken. 

Clinici worden in toenemende mate geconfronteerd met een grate verscheidenheid van 

gegevensbestanden en applicaties. Er zijn dikwijls grote verschillen tussen de commando's 

die gegevensbestanden gebruiken voor bet ophalen van gegevens en tussen de commando's 

waarmee applicaties kunnen worden bediend. In Hoofdstuk 3 worden de 

gegevensbestanden en applicaties beschreven die in het prototype medisch werkstation 

geiiltegreerd zijn. Er wordt aandacht gegeven aan het centrale data model dat gebruikt 

wordt voor het ophalen en invoeren van gegevens in verschillende gegevensbestanden. 
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Evaluatie van het prototype ge'integreerd medisch werkstation. 

In Hoofdstuk 4 worden de resultaten van een gebruikers-evaluatie van het ge'integreerde 

medische werkstation ter ondersteuning van clinische gegevens analyse beschreven. Zeven~ 

en-twintig gebruikers van de medische en wetenschappelijke staf van het Academisch 

Ziekenbuis Rotterdam, de faculteit der Geneeskunde en Gezondheidswetenschappen en van 

medische instellingen buiten deze werden gevraagd om aan de evaluatie mee te doen. 

De gebruikers volgden een geschreven zelf-instructie cursus. Hiema werd een experiment 

uitgevoerd waarin zes clinische gegevens analyse problemen opgelost moesten worden, en 

een evaluatie formulier ingevuld moest worden. Het doel van deze gebruikers-evaluatie 

was het verkrijgen van inzicht in de voordelen van integratie voor de ondersteuning van 

clinische gegevens analyse van clinici en biomedische onderzoekers. De problemen werden 

in twee groepen ingedeeld, waarbij de complexiteit van de problemen toenam. Bij 

problemen uit de eerste groep werden de gebruikers stapsgewijs geleid naar de oplossing. 

Voor elke stapsgewijs probleem was er een vergelijkbaar open probleem in de tweede 

groep. 

Tijdens de evaluatie registreerde bet werkstation voortdurend de acties van de gebruiker en 

deze registraties werden als ruwe gegevens voor de evaluatie gebruikt. Tussen clinici en 

niet-clinici werden significante verscbillen gevonden bij de open problemen voor wat 

betreft de correctheid (gemiddelden van respectievelijk 54% en 81%, p=0.04) en de 

compleetheid (gemiddelden van respectievelijk 64% en 88%, p=!l.OI) en het aanral 

opgeloste problemen (gemiddelden van respectievelijk 67% en 90%, p=O.O!). Deze 

verschillen werden niet gevonden voor de stapsgewijze problemen. 

In bet algemeen sloegen clinici meer problemen over dan biomediscbe onderzoekers. Er 

konden geen significante verschillen tussen gebruikers met en zonder clinische gegevens 

analyse ervaring voor wat betreft de correctheid (gemiddelden van respectievelijk 74% en 

72%, p=0.95), en de compleetheid (gemiddelden van respectievelijk 82% en 79%, p=0.40) 

vastgesteld worden. Ooze hoofd-conclusie was dat de prestatie van een clinicus verhoogd 

werd tot die van iemand die ervaring beeft met cliniscbe gegevens analyse en dat 

verschillende cliuische onderzoeks-problemen gemakkelijk met het werkstation opgelost 

kunnen worden. 
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De resultaten van dit experiment zijn gebruikt voor de ontwikkeling van een opvolger van 

het prototype workstation. Het blijkt uit deze studie dat de evaluatie van zo'n prototype 

workstation met een sterke gebruil::ers-interactie ingewikkeld is. Het was ook duidelijk dat 

er nauwelijks of geen literatuur is die een kwantitatieve in plaats van een kwalitatieve 

evaluatie bescbrijft. Toch waren we overtuigd, en dat zijn we nog steeds. dat er alleen 

maar vooruitgang geboekt kan worden bij de ontwikkeling van zulke systemen als de 

evaluatie ervan op een zo kwantitatieve en objectieve mogelijke manier gebeurt. De 

evaluatie van ons prototype gelntegreerd werkstation dient als een referentie model voor de 

evaluatie van toekomstige ontwikkelingen op dit gebied. Het verkrijgen van inzicht in de 

soorten fouten die gebruil::ers maken, kan bijdragen tot de ontwikkeling van nieuwe 

gebruil::ers-interfaces, beeldscherm-metaforen en gebruil::er-ondersteunende modules. Het 

stelt ons in staat deze evaluatie te herhalen voor nieuwe ontwikkelingen en de resultaten 

ervan te vergelijken met de huidige. 

HERMES: een gegeneraliseerde architectuur voor een ge'integreerd medisch werkstation 

In Hoofdstuk 5 wordt een object-gebaseerde software integratie architectuur beschreven 

die de communicatie tussen verscbillende applicaties in een netwerk verzorgt volgens het 

client-server modeL Elk object in deze object-gebaseerde architectuur wordt een accessor 

genoemd en verbergt de details om gegevens en functies te benaderen voor andere 

applicaties. 

Deze architectuur is ontwikkeld om bestaande applicaties te integreren. Een aanvraag voor 

gegevens en functies wordt gericht tot het accessor systeem dat beheerd wordt door een 

accessor server die de aanvraag analyseert. essentiele parameters toevoegd en het 

doorstuurt naar een applicatie service object Zo•n applicatie service object verbergt de 

toegang tot gegevens en functies die beschikbaar zijn in een applicatie. Bestaande 

applicaties worden bediend door een apart service proces dat de aanvraag van de accessor 

vertaalt naar instructies voor de applicatie. 

Nieuw ontwikkelde applicaties kunnen direct reageren op aanvragen van het applicatie 

service object. Een aantal accessor aanvragen kan worden opgeslagen als een programma 

dat, wanneer nodig. verwerkt kan worden door de accessor server. Het accessor systeem is 

operationeel gem.aakt in een netwerk met servers en werkstations. 
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In toenemende mate worden medische werkstations geintroduceerd als het integratie 

middelpunt van verschillende informatie brounen. In Hoofdstuk 6 worden de intrinsieke 

eigenschappen voor integratie, zoals connectiviteit, modularisatie, gemeenschappelijk 

gebruik, abstractie en encapsulatie bescbreven met hun effect op de integratie architectuur 

van een medisch werkstation. Uitgaande van deze eigenschappen wordt een nieuwe visie 

op een medisch werkstation beschreven. Een voorbeeld van een nieuwe architectuur voor 

zulke geintegreerde werkstations wordt geschetst 

In Hoofdstuk 7 wordt een architectuur beschreven waarmee bestaande applicaties in een 

netwerk ge"integreerd worden. De architectuur volgt het open software paradigma en 

definieert kernel en applicatie services die gezarnenlijk eind-gebruiker taken oplossen, 

waarbij deze services met een intuYtief gebruik:ers-interface zijn uitgerust. Dit hoofdstuk 

bescbrijft de berichten-taal en het kernel mechanisme voor het benaderen van de applicatie 

services. 

Msluitende opmerkingen 

Uit de resultaten zoals ze in dit proefscbrift gepresenteerd worden, komt duidelijk naar 

voren dat het mogelijk is om een gelntegreerd werkstation te ontwikkelen uitgaande van 

bestaande applicaties, zonder dat deze aangepast hoeven te worden. 

Deze integratie vermindert de noodzaak voor gebruikers om te weten hoe men via het 

netwerk verbindingen kan maken, hoe gegevens tussen applicaties uitgewisseld kunnen 

worden en hoe de verschillende applicaties aangeroepen dienen te worden. De gebruikers

interface van het werkstation verbergt aile verschillen die er tussen applicaties bestaan en 

biedt de gebruiker een medisch-georienteerd interface. 

De gebruikers-evaluatie toont aan dat clinici geholpen worden door een dergelijke 

ge"integreerde aanpak en dat ze in staat zijn de meeste van de zes representatieve clinische 

gegevens analyse problemen binnen ongeveer anderhalf uur op te lossen met het 

gefutegreerd medisch werkstation, dat zij na een korte zelf-instructie van ongeveer twee 

uur te hebben gedaan. 

Gebruikers zonder ervaring met clinische gegevens analyse Josten de problemen op met 

een resultaat vergelijkbaar met dat van personen met ervaring. 
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De verfijning van de architectuur ten gevolge van wat uit de gebruikers-evaluatie naar 

voren kwam, heeft geleid tot een generalisatie van de arcbitectuur voor een gelntegreerd 

medisch werkstation. Deze gegeneraliseerde architectuur kan gemakkelijk uitgebreid 

worden met nieuwe applicaties zonder enig gevolg voor de applicaties die al gelntegreerd 

zijn. 

Gegeven het toenemend aantal medisch informatica applicaties in de clinische omgeving 

(zowel industriele producten als producten die bet resultaat zijn van uitgekristalliseerd 

onderzoek), word! het probleem steeds nijpender, hoe deze verschillende applicaties kmmen 

worden gecombineerd en voor de clinicus toegankelijk gemaakt. Wij denken aangetoond te 

hebben dat onze werkstation architectuur een flexibele en uitbreidbare oplossing biedt aan 

het hiertoe noodzakelijke geavanceerde niveau van integratie. 
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Table 1. Raw data, as collected during the assessment and as obtained from an evaluation form and MedLine, 

Uid Cl Md Tc T, I II,. II,. ill IV, IV, V, v, VI Cld Sta Cp Tsa CI, C1, P, P, 

I + + 53 10.2 4 4 4 4 4 4 4 4 4 3 3 3 3 0 33 I 9 
2 + + !56 12.9 4 4 4 4 4 4 4 I 4 3 3 3 3 104 399 20 81 
3 + + 145 9.0 4 4 4 4 4 4 3 4 4 3 3 2 20 99 5 19 
4 + + 140 8.4 4 4 4 4 4 4 3 4 4 3 2 51 76 8 14 
5 + + !50 8.0 3 3 I 4 4 3 4 4 3 2 30 53 5 13 
6 + + 120 14.0 3 2 4 2 3 2 26 82 6 19 
7 + + 179 11.7 44 4 4 4 4 3 3 2 3 2 0 7 0 3 
8 + + 141 29.5 4 2 3 2 3 2 0 2 0 I 
9 144 9.0 44 4 4 4 4 4 4 4 I 4 2 I 22 22 3 4 
10 170 8.4 44 4 4 4 4 4 4 4 4 4 2 3 7 117 I 23 
11 155 11.9 4 4 4 4 4 4 4 4 2 4 3 2 24 53 5 14 
12 - + 101 12.4 4 4 3 4 4 4 4 4 4 4 2 2 59 199 13 43 
13 - + 67 6.5 4 4 4 4 4 4 4 4 4 I 3 3 2 30 45 6 10 
14 - + 113 7.5 4 4 4 4 4 I 4 4 4 3 3 3 3 29 56 4 11 
15 106 10.4 4 4 I 4 4 3 3 I 4 4 5 2 1 0 306 0 56 
16 103 12.0 3 4 4 4 4 4 4 4 3 3 3 3 0 0 0 I 
17 - + 117 15.5 3 2 3 2 4 4 3 3 0 9 0 I 
18 120 6.3 4 4 4 4 4 4 4 4 4 4 4 2 2 0 0 0 0 
19 93 6.7 4 4 4 4 4 4 4 4 4 3 3 3 3 0 0 0 0 
20 104 8.4 4 4 4 4 4 4 4 4 4 2 4 2 2 0 0 0 0 
21 81 6.8 4 4 3 4 4 4 4 4 4 2 2 2 0 0 0 0 
22 157 8.6 4 3 4 4 4 4 4 4 4 4 4 I I 0 0 0 0 
23 - + 88 9.3 4 4 4 4 4 4 4 4 4 2 2 3 2 0 0 0 0 
24 161 6.7 4 3 4 4 4 4 4 4 4 2 3 3 3 0 0 0 0 
25 108 11.8 44 3 4 4 4 4 4 4 3 2 3 3 0 0 0 0 
26 - + 60 30.7 4 3 4 3 3 3 3 0 0 0 0 
27 154 - 2 2 3 0 0 0 0 

Uid = user identification number, 
Cl = clincian, directly involved in patient care. 
Md = Medical doctor. 
T, = time course (min.), 
T, =average time per question answered (min.). 
I-VI = status pet question 

(4=correct completed,3=incorrect completed,2=incorrect and incomplete.l=not done,-=quitted) 
Ca and b parts are equivalent questions for different patient selections), 

Cld =clinical data analysis experience (5=expert.4=mucb,3=normal,2=little,I=none), 
Sta =statistical experience (5=expert.4=much,3=normal,2=little,l=none), 
Cp =subjective comparison with current support for clinical data analysis (3=better.2=equal,l=worse), 
Tsa =subjective estimation of time savings of workstation approach (3=better,2=equal,l=worse), 
CI, =citation index summed over MedLine 1987-1992. if first author, 
CI, =citation index summed over MedLine 1987-1992, if author. 
P, = number of publications MedLine 1987-1992, if first author, 
P. = number of publications MedLine 1987-1992, if author. 
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Table 2. Summary table for results derived from the initial raw data. 

# T, T, s, s, s, s •• s .. s, c CI, Cl, P, P, CI11P1 CIJPn 

C1 8 136 13.0 0.54 0.64 0.67 0.69 0.43 0.33 0.69 28.9 93.9 5.6 21.1 3.2 
NC1 18 114 105 0.81 0.88 0.90 0.82 0.81 0.10 0.87 9.5 44.8 1.8 9.1 2.0 

E 13 125 9.9 0.74 0.82 0.83 0.82 0.68 0.17 0.83 30.9 1185 5.9 25 4.8 
NE 13 116 12.6 0.72 0.79 0.82 0.73 0.71 0.18 0.80 0 1.4 0 0.46 

SE 11 133.1 9.8 0.73 0.83 0.85 0.77 0.70 0.15 0.80 17.5 75.9 3.2 15.27 0.50 
NSE 15 I 112 12.4 0.73 0.79 0.81 0.78 0.69 0.19 0.83 13.9 48.2 2.8 10.27 0.31 

Md 14 116 13.3 0.58 0.67 0.71 0.70 0.50 0.29 0.72 24.9 75.7 4.9 16 
NMd 12 125 8.9 0.90 0.96 0.96 0.88 0.92 0.04 0.93 4.4 415 0.8 82 

CIINCl = involved in patient care/not involved 
E1NE = experience of data analysis derived from publications MedLine/no experience 
SEINSE = statistical experience as stated in the evaluation fonnlno experience 
Md/NMd = having a medical degree/no medical degree 
# = number of users 
T~ = time of course (min.) 
T. = average time per question answered (min.) 
S1 = fraction of correct and complete questions (questions with code=4), 
52 = fraction of complete questions (questions with code=4 or 3). 
S3 = fraction of answered questions (questions with code=4. 3 or 2), 
S1a = fraction of correct and complete questions in I-m (questions with code 4). 
S18 = fraction of correct and complete questions inN-VI (questions with code 4), 
$4 = fraction of unanswered questions (questions with code= I or 0). 
C = fuu:tion of correctly answered questions of all questions with an answer (Sl I S3) 
CI1 = citation index summed over MedLine 1987-1992, if first author, 
Cl, 
P, 
P, 

= citation index summed over MedLine 1987-1992, if author. 
=number of publications MedLine 1987-1992, if first author, 
= number of publications MedLine 1987-1992, if author. 

3.1 
1.6 

4.0 
2.4 

4.8 
1.0 

0.45 
0.31 

3.9 
1.7 
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Table 3. P-values for the different groups. 

T, T, s, s, s, s,. s, c 

CI-NCI 0.18 0.09 0.04 0.01 0.01 0.90 0.01 0.01 0.06 
-10.17-53.63 -3.44-8.38 -0.57-0.03 -0.52-0.02 -0.46-0.00 -0.46-0.20 -0.68-0.10 0.().0.46 -0.46-0.08 

E-NE 0.50 0.94 0.95 0.40 0.40 0.19 0.41 0.40 0.61 
-20.56-37.18 -7.67-223 -0.24-0.30 -0.20-026 -021-0.21 -0.16-0.34 -0.34-0.29 -0.21-0.21 -0.2().0.24 

SE-NSE 0.15 0.60 0.96 0.96 1.00 0.98 0.98 1.00 0.91 
-47.91-4.13 -!.83-7.03 -0.26-0.28 -0.25-0.19 -0.22-0.14 -0.26-028 -0.31-0.31 -0.14-022 -0.20-0.26 

Md-NMd 0.55 0.08 0.09 0.02 0.02 0.98 0.02 0.02 0.17 
-37.13-19.65 -0.11-8.79 -0.53-0.09 -0.48-0.10 -0.41-0.11 -0.40-0.04 -0.64--0.18 0.11-0.41 -0.40--0.02 

P-value :s; 0.05 indicates that the values are not from the same distribution. and thus are statistically significant different. 

CI/NCI 
FiNE 
SFJNSE 
Md/NMd = 
# 
T, 
T, 
s, 
s, 

involved in patient care/not involved 
experience of data analysis derived from publications MedLine!no experience 
statistical experience as stated in the evaluation form/no experience 
having a medical degree/no medical degree 
number of users 
time of course (min.) 
average time per question answered (min.) 
fraction of correct and complete questions (questions with code=4). 
fraction of complete questions (questions with code=4 or 3). 
fraction of answered questions (questions with code=4, 3 or 2). 
fraction of correct and complete questions in I-ill (questions with code 4). 

s, 
s,. 
s., 
s, 
c 
CI, 
CI, 
P, 
P, 

= fraction of correct and complete questions in IV-VI (questions with code 4), 
fraction of unanswered questions (questions with code=l or 0), 
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fraction of correctly answered questions of all questions with an answer ($1 I $3) 
citation index summed over Med.Line 1987-1992, if first author, 
citation index summed over MedLine 1987-1992. i.f author, 

= number of publications MedLine 1987-1992. if first author. 
number of publications MedLine 1987-1992. if author. 
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mean 

Cl 3.00 
NC1 2.47 

E 2.67 
NE 2.44 

SE 2.00 
NSE 2.91 

Md 2.86 
NMd 2.36 

Compare 

Time Savings 

CI/NCI 
EINE 
SEINSE 
MdJNMd 

Table 5. Subjective evaluation data. 

Compared Time Savings 

p--value mean p-value 

2.67 
2.27 

0.15 0.36 

2.33 
2.33 

054 1.00 

1.86 
2.64 

0.002 0.02 

2.43 
2.27 

0.09 0.77 

Subjective judgement of workstation functionality compared with current support 
(l=less.2=equal.3=more). 
Subjective judgement about the time savings of the workstation compared with current support 
(l=less.2=equal,3=more). 
involved in patient care!not involved 
experience of data analysis derived from publications MedLinelno experience 
statistical experience as stated in the evaluation form/no experience 
having a medical degree/no medical degree 

!51 





APPENDIXB 

The Introductory Course Medical Workstation 

!53 



The Introductory Course Medical Workstation 

course 

test 

the project 
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Introduction Course 

The purpose of this course is to familliarize you with the Medical 

Workstation. You should get to know two aspects: 

- What functions can it perform 

- How the system should be used. 

The system is meant to support physicians with their clinical scientific 

work. Both functionality and use (user-interface) should help to 

achieve this. 

At the end of this course, a test is given. This test is intended to see 

whether you are reasonably familiar with the workstation. After this 

course you will be asked to do some experiments with the 

workstation. These experiments help to give us an impression as to 

how well the system's functionality and use relate to physician's 

wishes, and to get feedback about any bottlenecks. During this course 

you can consult your supervisor for any question. 

Introduction Medical Workstation 

The project 'Medical Workstation 2000' started in 1987. The project's 

aim is to research methods and techniques, in order to give a 

user-friendly access to existing and frequently used computer 

programs. Especially the physician with less computer experience 

should profit from such a user-friendly access. 

The first prototype was made to support clinical scientific research in 

cardiology. This was followed by the development of identical 

environments for other application areas. 
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support 

data 

data selection 

The workstation's user-interface minimizes keyboard input. It also 

automatically handles many actions: 

- interchanging data hetween programs 

- starting functions of programs 

- gaining access to other computers using a network 

In most cases the user will not even notice these actions. 

Where possible actions are performed with a graphical user-interface; 

a so-called mouse. 

Data analysis consists of certain phases. The following phases will be 

described: 

database selection 

data selection 

- data inspection 

descriptive statistics 

presentation 

The workstation contains several research databases. Any data that 

logically belong to each other is called a database. The following 

databases can be accessed using the workstation: 

- a database from the Paediatric Sophia Hospital Rotterdam 

IMPETUS, a database which contains a part of the data from the 

Thorax Centre Utility System (TUS) 

a somatostatin database 

an oncological database 

Subsets can be made from these data. Such a selection can be made 

by: 

- choosing variables 

- choosing only certain values of a variable. 

A selection can be made, for example. by choosing the variables 'age' 

and 'diagnosis' from the Sophia database. One can then only select 

those children whose value of the variable 'age' is less than 365 days. 

After selecting the variables and criteria the data are loaded in the 
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data-set 

data inspection 

descriptive 

statistics 

presentation 
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computer's working memory (from another computer, through the 

network) by the command 'submit'. Tbis phase is called 'data 

selection' in the workstation, and can be executed by choosing 'New 

data selection'. 

The workstation transforms these data into a 'data-set'. The data are 

now present in the workstation and ready to be used. Names of the 

database and data-set can always be found in a rectangle at the bottom 

of the screen. 

After having selected the data, they can be inspected. Tbis inspection 

is automatically started after the selection phase. While in the 

inspection phase, data can be checked. Minimal and maximal values 

of variables can be looked at. One can inspect the distribution of 

values, or one can just 'go through' the data Inspection of the data is 

necessary to see whether the selected data are indeed those that we 

intended to select in the first place. Data inspection can., at any time 

during a data analysis, be performed by choosing 'inspect Current 

Selection'. 

After the data inspection. several descriptive statistical operations can 

be performed on the data-set. Again, most statistical procedures can be 

executed by just clicking the mouse-button once. The data-set will be 

automatically translated into a form needed by the statistical program. 

The result of most statistical procedures can be visualised. These 

graphics can be looked at and changed with the program Harvard 

Graphics. Tbis graphical presentation program is available in the 

workstation under the name 'Harvard Graphics'. 

A paper printout can be made during each phase. 
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graphical 

interface 

mouse 

screen saver 

keyboard 

Graphical interface and mouse-control 

The Medical Workstation has a graphical user interface. This means 

that computer output (what you see on the screen) is not only limited 

to alphabetical characters, and input is usually done with the mouse. 

Functions can be called and results can be shown by means of this 

interface. It "hides" the real computer commands, while the user only 

sees the names of the functions. One of these functions, for example, 

is called 'contingency tables'. This function can make cross-tables or 

frequency tables from the data. When a user chooses this function, he 

will see only the result. What the computer really does is this: It 

selects the needed data, it transforms the data into the required form, 

executes the program that can calculate the tables and eventually 

shows the table. 

The most important tool for operating the workstation is the mouse. It 

can be moved on the table. The computer then moves an arrow 

(cursor) on the screen. Cursor movements correspond to mouse 

movements. The mouse has two buttons. The workstation only makes 

use of the left button. If we want to choose a name, we have to place 

the cursor on that name, and then press (or click) the left button. 

Clicking is necessary to let the computer know that we have not 

accidentally placed the cursor on a name, but that that name was the 

goal of our movement. 

Should the screen turn completely black, then the screen-saver has 

become active. This program makes sure that the screen is not active 

unnecessarily. Moving the mouse makes the screen active again. 

Sometimes, however, the keyboard is still necessary for input. It is, for 

example, the most suitable way to type a name. Whenever this is 

needed, the keyboard will be available for use. These cases will be 

clearly described in the tutorial. 
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scroll~window 
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Course 

We will now go through some stages of data analysis, to give you a 

good impression of the possibilities of the workstation. 

The workstation is a multi-user environment. This means that several 

users can use the computer at the same time. First of all, a user has to 

'log in'; he is asked to give !tis name and !tis "secret" password. 

Access will only be given if they are both correct. 

On the screen you will see a list of names surrounded by a rectangle. 

A rectangle like this is called a 'window'. 

If you now move your cursor to the bottom arrow. and press the left 

mouse-button, you will see that the list of names goes downward. The 

list goes upward if you place the cursor on the top arrow and press the 

left mouse-button. Another way to move the list is pressing the left 

mouse-button while you have placed the cursor on the block between 

the two arrows. Moving a list up or down is called scrolling; therefore 

this is a scroll-window. 

The rectangle you have just used to scroll through the list is called a 

'scroll-bar'. Another scroll-bar can be found at the bottom of the list. 

This scroll-bar can be used to scroll a text to the right or left. If you 

see the name 'Tutorial 1'. select it using the mouse. 

Select the name 'Tutorial 1'. 

You will now see a rectangle underneath the list of names. Tltis 

window should be used to type in the 'secret' password. Move the 

mouse to this window and press the left button. A 'text cursor' will 

appear. Any time a cursor like this appears, it means that you will 

have to type something using the keyboard. 
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password You can now type the secret password 'tutorial'. Note : because this 

is a secret name, you will not see what you have just typed! When 

you have finished typing the password, press <RETURN>. 

Type the secret password 'tutorial' and press return. 

The workstation checks whether the chosen name matches the access 

name. If it doesn't you have probably made an error while typing. A 

window with a message will appear. If it does, select 'OK' with the 

mouse, and the message will disappear. Then reselect the name 

'Tutorial 1' out of the list of names. 

log in information After having typed the access name correctly some lines will appear in 

the window. These give information about: 

initialisation 

where the programs are 

- when you were first known to the system 

when your permission to use the system ends 

which type of user you are 

etc. 
If you agree with the text you can select 'Accept'. 

Select 'Accept' 

The workstation will now be working for some time. All the necessary 

knowledge for using networks, programs and data are being read and 

loaded into memory. This will take some time. Meanwhile text-lines 

will flash on the screen. When the system is ready. a few lines will be 

written on the screen. Construction and purpose of the system will 

now be explained in a brief intermezzo. 
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lay-out 

Intermezzo 

The user-interface is built up as follows. On screen, the top line 

consists of names: About, Data, Analysis etc .. This line is called the 

'menu-bar'. Move the cursor over to this line. Each word is a button. 

If you click the left mouse-button while on a word, a new list of 

names will appear. You have just chosen a function. The cursor 

becomes hand-shaped. 

drop-down menu This is called a drop-down menu. So long as a drop-down menu is on

screen the cursor will be hand-shaped. There are two ways to make 

this drop-down menu disappear. Firstly by placing the cursor outside 

the menu and clicking the left mouse-button, and secondly by 

selecting another function (that is: placing the cursor on another word 

on the top line). In the latter case, the old menu will disappear, while 

the menu belonging to the newly chosen function will appear. It is 

also possible to keep the left button depressed. and then move the 

cursor over the menu-bar. Now menus will appear and disappear. An 

arrow on the right- hand side of a name in a menu means that there is 

another, new drop-down menu on that position. Every name in a menu 

without such an arrow is a function. 

!60 

Summarizing, there are two ways to select a function: 

- by choosing a drop-down menu and then selecting a name. This 

means clicking the mouse button twice. 

by pressing the mouse button (and keeping it depressed), move 

to a function in the menu-bar, move to a function in the 

drop-down menu, and THEN releasing the mouse button. So in 

this case we have pushed the button only once, while releasing it 

meant that we were making a choice. 
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status-bar 

working space 

active windows 

At the bottom of the screen, a line can be found which contains 

messages and indicates the system's state: the status bar. Here you can 

see who is using the system, which database and data-set are currently 

in use and what the system is doing. 

The area between menu- and status-bar is the working space. All 

windows created by prograntS will be shown in this area 

The window's colour indicates whether or not the window is active. 

Green means active, yellow not active. A window can be activated by 

placing the cursor on it. Keyboard input can only be performed in 

active windows. 

Example 1 

database selection Choose 'Data' in the menu-bar. You will now see a list containing 

functions. The function 'New database' has another drop-down menu. 

In this drop-down menu you can see where the data come from. From 

the list of functions under 'Data' you should select 'Select Database'. 

Select 'Data' in the menu-bar. 

Select 'Select Database' in the drop-down menu. 

This function enables you to select the databases you want to use. 

After you have chosen this function, a message appears in the 

status-bar, after the word 'status'. It gives information about the status 

of the function. A new window will appear on the screen after some 

seconds. It contains a list with all the possible databases you can 

choose from. Select the database 'Somato'. A description of this 

database can be obtained by selecting the button 'Give Information'. A 

new window appears with the description and information about who 

has made the database. This information-window can be exited by 

selecting 'OK'. 
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Select 'Give Information' 

Select 'OK' in the information-window 

The Somato database contains information about somatostatin-scans. 

During each scan several variables have been measured. Choose 

'Select' in the database selection program. Choose 'OK' in the 

'current research setting' window. If you now look behind the word 

'database' in the status-bar you will see that the name of the database 

has been changed. 

Choose 'Select' in the database selection program 

Select 'OK' in the next window 

selection from database: 

data-set The data-set is now put to 'unknown'. A data-set is a selection from 

the database. One can select the variables in which one is interested 

(not all the variables in the database are necessary), or one can select 

only a number of patients (not all the patients meet certain criteria). 

existing data-sets If you had made a data-set during a previous session, then you now 

could have selected 'select data-set' in the menu under 'Data'. 

new data-set 
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Because this is the first time you are working with this database, no 

data-sets are available. Therefore you will now have to start creating a 

new data-set. This is done by selecting the function 'New data-set' 

under 'Data'. This function enables you to make a data-set from the 

database by just making selections. Usually databases use cryptic 

names for their variables. While using the medical workstation you 

will see that all variables have specific medical names. 

Select 'New dat-set' under 'Data' 
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frequency table The first thing we would like to know is what the frequencies are of 

certain diagnoses in our population. No restrictions are made. Select in 

the 'Sqlselect' window the function 'Variables' and in the drop-down 

menu the function 'get Variable'. 

relation 

Select 'Variables' in the sqlselect program 

Select 'get Variables' in the drop-down menu 

This function reads the medical names of the variables from a 

'dictionary'. Some data can be grouped. Administrative data for 

example are grouped under the name 'Administrative data'. 

Such a group of data is called a relation. The somatostatin database 

uses only one relation, namely: Somatostatin research. If you choose 

this relation (by selecting its name) you will see a list containing the 

variables/data that belong to this relation. You can now select the 

variables that you would like to use. In this case ouly select 

'diagnosis'. Go to 'Actions' and then choose 'Select'. The variable 

'Diagnosis' will appear in the first window. Now go to the first 

'sqlselect' window, and select the function 'Submit' which you can 

find under 'Options'. This function makes the workstation create a 

program which is to be used by the database system. It is then sent to 

the database. 

Select the relation 'Somatostatin research' 

Select the variable 'Diagnosis' 

Select the function 'Select' under Actions' 

Select, in the 'sqlselect' window, the function 'Submit' under 

'Options' 

other computers This program is then sent, through a network, to the computer where 

the database is stored. This task will take some seconds. Meanwhile, 

the workstation will show a message saying that it is busy getting the 

data If this message appears then select 'OK' in the 'Message' 

window. 
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inspection of 
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Select 'OK' in the 'Message' window 

After some time a small window containing the selected variable will 

appear. The window's name is 'Inspect current selection'. The data 

can be presented as a table or as a frequency distribution. Missing 

values can be detected and simple descriptive information like mean 

and median are given. This graphical inspection possibility is started 

automatically after the data are read. However, this function can also 

be started at any other time by selecting the 'Inspect current selection' 

function which can be found under 'Analysis' in the menu-bar. 

Select in the 'Inspect current selection' window the variable 

'Diagnosis' and select under 'Options' (in this window) the function 

'Table'. 

Select the variable 'Diagnosis' 

Select the function 'Table' under 'Options' 

A window will appear in which the data are presented as a table. You 

can go through the data using the scroll-bar. After the data inspection, 

the window can be closed by selecting the variable name above the 

table. Now, select the function 'Exit' under 'Options' in the 'Inspect 

current selection' window. A new window named 'DATA-SET 

SAVER' appears. 

Select the variable name above a column of the table 

Select the function 'Exit' under 'Options' in the 'Inspect current 

selection' window 

This function translates database data into the workstation's general 

storage structure. Because of this structure, data can be sent to other 

programs in a fast and easy way. This local storage structure is called 
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default action 

iconising 

a data-set. You can give the data-set a name. which is done by typing 

it. The name can have up to 14 characters. Special characters (like 

'@ ') are not allowed. A suitable name would for example be 

'smsOOl'. Typing <RETURN> after the name has the same meaning 

as selecting the 'Save' button with the mouse. 

Type the name that you would like the database to have 

Either type <RETURN> or select the 'Save' button 

If a button has an additional outline, like the 'Save' button here, then 

in general this is the default action. This function can also be executed 

by pressing the <RETURN> key. 

The 'DATA-SET SAVER' window disappears. Three windows will 

remain, namely the 'sqlselect' ,'relations' and 'Somatostatin research' 

window. We will now show you a special feature of the workstation. 

A window always has a title-bar. This is the rectangle with the 

window's name at the top of each window. In the top-right comer of 

the window t\Vo squares are delineated on the right-hand side of the 

title-bar. 

One of the squares contains a dot. If you select this square, then the 

window will be replaced, as a small picture, to the bottom-right comer 

of the screen. A picture like this is called an icon. The window will 

reappear after clicking on the icon twice, quickly after each other. In 

general, any window that has a square with a dot in the top right 

comer, can be 'iconised'. 

Select the square with the dot, in the 'sqlselect' window. 

After having placed the mouse cursor on the icon, push the 

mouse button twice quickly 

165 



The Introductory Course Medical Workstation 

enlarging to 

screen-size Next to the square with the dot. is a square with another square in it. 

When you select this square, the window will enlarge to the size of 

the screen. Reselecting the square will return the screen to its original 

size. Now~ iconise and de-iconise the window. Enlarge the screen to 

screen-size, and bring it back to the original size. 

Select the square with the square in a window 

Reselect this square in the enlarged window 

moving a window Wmdows can also be moved. This is done by selecting the rectangle 

that contains the name, keeping the mouse button depressed while 

moving the mouse. 

Select the window's title-bar. 

Keep the mouse button depressed. 

Move the mouse. 

enlarging and reducing 

a window 
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There are more possibilities than the above mentioned, to change the 

size of a window. If you slowly move the mouse over the edge of a 

window. you will see that the arrow will briefly change into some 

other shape. The shape depends on whether you move the mouse over 

an edge or a comer. The window's size can be changed by depressing 

the mouse button just when the arrow has changed its shape. Keep the 

mouse button depressed, move the mouse and release the button. Try 

this on every edge and every corner. 

Move the mouse slowly over the window· s edges and comers 

Press the mouse button as soon as the cursor changes 

Move the mouse 



Appendix B 

window-menu 

overlapping 

windows 

There is one square left to explain: The square with the line on the 

left side of the title-bar. Selecting this square will make a menu 

appear. Several functions are listed in this menu, the most important 

one being 'Close'. This function, will close a window. Try it! The 

window will disappear. Usually, within a function, there is also a 

button containing a text like 'Quit' or 'Exit'. Using those to close the 

window is easier and preferred to using the 'Close' function. 

Select the square with the line 

Select the 'Close' function in the drop-down menu 

If a window is partly covered by another, then there are two ways to 

make the covered window visible: 

iconise the front window 

Select a visible part of the covered window. Tills will make the 

window come to the front. 

frequency table We will now continue the analysis. We would like to know what the 

frequencies are of the diagnosis in our data-set. To get an overview 

we will have to select the function ·Contingency tables • which can be 

found under 'Analysis'. Using this function, both frequency- and 

cross-tables can be made. 

determluant 

Select the function 'Contingency tables' under 'Analysis'. 

A new window appears. This window allows you to select a 

determinant. The row-variable is the determinant. This data-set 

contains only one variable, namely 'Diagnosis'. Select this variable. 

Then, select the function 'Create frequency table', wbich can be found 

under 'Actions'. 

Select the variable 'Diagnosis' as the determinant 

Select the function 'Frequency table' under 'Actions· 
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zero-rows 

histogram 

After the calculations are finished, a new window will appear, 

containing the table that we have asked for. The window is a 

scroll-window. Therefore we can use the scroll-bar to scroll through 

the table. Instead of scrolling, it is also possible to enlarge the 

window, so that we can see a larger part of the window at once. This 

reduces the need for scrolling. 

Use the scroll-bar to move to the top of the list. Because the table 

function considers all possible values that can be given to the variable 

'Diagnosis' in the database, it may be that some diagnoses do not 

exist in our selection. These are called 'zero-rows'. They can be 

removed by selecting the function 'Remove Zero Rows', which can be 

found under 'Defaults'. 

Select the function 'Remove Zero Rows' under 'Defaults'. 

The table can also be presented graphically. Select the function 

'Histogram' under 'Graphics'. A new scroll-window will appear, in 

which the table is presented as a histogram. Make such a histogram 

and then close this histogram window. 

Select the function 'Histogram' under 'Graphics' 

Select the function 'Quit' under 'Quit' in the histogram window 

pictures for Harvard 

Graphics 
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It is also possible to create a histogram that can be used by the 

program 'Harvard Graphics'. This MS-DOS program has many 

features to create and adapt histograms, pie-charts etc .. After selecting 

the function 'Harvard Graphics', a window will appear where you will 

have to name the picture that is going to be created. By giving 

different names, several pictures belonging to one data-set can be 

saved. Ma'l(e su..re that the cursor is placed on the window that is 

asking for the na..~e (you are on the window if the colour of the 

window's border differs from that of the other windows). Name the 
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Harvard 

Graphics 

picture. Use up to 14 characters, special characters are not allowed. 

Select 'OK' or press the <RETURN> key. Move the 'Contingency 

table' window, so that it is possible to iconize the 'cross' window. 

Select the function 'Save for Harvard Graphics' under 

'Graphics' 

Name the picture 

Select 'OK' or press <RETURN> 

Move the 'Contingency table' window and iconize the 'cross' window 

Now select the function 'Harvard Graphics' which can he found under 

'Presentation' in the menu-bar. 

A scroll-list appears containing the names of all the existing scripts of 

Harvard Graphics pictures helonging to this data-set. Select the name 

that you have just given to your picture and then select 'Use Script'. 

You will now have to wait some seconds hecause an MS-DOS PC is 

going to be emulated on the UNIX workstation. Then a window will 

appear in which this emulated PC is going to be started. Just let the 

station work. 

Select the function 'Harvard Graphics' under 'Presentation' in the 

menu-bar 

Select your script out of the script list 

Select 'Use script' 

All the necessary information will automatically be given to Harvard 

Graphics by the workstation. The histogram will appear without 

having to give commands or type names. Harvard Graphics can now 

be used as if it is running on an MS-DOS PC. By pressing the <ESC> 

key, for example, data can be changed. We could for example change 

the texts below the histogram, because they overlap. But, because this 

course is not intended to teach you how to use Harvard Graphics, 

we'll leave the texts this way and just continue. Press the <ESC> key 
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twice. Use the arrow keys to go up to the function 'Create New 

Chart'. Press <RETURN>. Use the arrow keys to go to the 'Pie' 

option and press <RETURN>. Harvard Graphics will then ask whether 

we want to use the same data. Because we do, press <RETURN>. 

Then press the key marked <F2>, and we'll see a pie-chart instead of 

a histogram. This way we are able to make all kinds of graphs of the 

results of our analysis. We now end our first example analysis and 

select the 'Close' function which can be found in the drop-down menu 

after you have selected the square with the line. 

Press the <ESC> key twice 

Use the arrow keys to go to the function 'Create new chart' 

Press the <RETURN> key 

Use the arrow keys to go to the function 'Pie' 

Press the <RETURN> key 

Press the <RETURN> key 

Press the <F2> key 

Select the square with the line 

Select the 'Close' function 

A second example We've just finished the first example, but we'll give you a second 

example. You may, and hopefully you will, also try out other features 

of the workstation during this example. 
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data selection 

conditions 

Example 2 

Select the 'Contingency table' icon and close the 'Contingency table' 

window. Select the function 'New data-set' under 'Data'. Select the 

function 'Get Variable' under 'Variables', and select, in the 

• Somatostatin research • window, the variables 'Diagnosis', 'Histology 

result', 'Sex', 'Alpha-subunit measurement' and 'Scan result'. Select 

'Select' under 'Actions'. Then close all the windows, except for the 

'sqlselect' window, by selecting 'Exit' under 'Actions'. Select 

'Unmark' under 'Variables'. 

Select the 'Contingency table' icon and close the window 

Select the function 'New data-set' under 'Data' 

Select the function 'Get Variable' under 'Variables' 

Select the variables 'Diagnosis', 'Histology result', 'Sex', 

'Alpha-subunit measurement' and 'Scan result' 

Select 'Select' under 'Actions' 

Close all the windows, except for the 'sqlselect' window 

Select 'Unmark' under 'Variables' 

You are now going to set some selection-criteria for this data-set. First 

of all, we want only those patients whose diagnosis has been 

confirmed by histology. Select the variable 'Histology result' out of 

the list and select the function 'Enter search condition' under 

'Patients'. A new window appears. If you select the condition 'is 

equal to', then you will see the other possible condition, namely: 'is 

not equal to'. The workstation 'knows' that this variable can only be 

equal or not equal to something (and not, for example, be smaller than 

something). If you select 'is equal to', and then move the mouse, 

while keeping the mouse button depressed, to the other possible value, 

then the workstation will assume that you have selected the condition 

on which you have released the mouse button. Select 'confirmed'. 

Move the mouse to 'not confirmed' and release the mouse button 

there. The button will now say 'not confrrmed'. Reselect this button 
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combining 

conditions 
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and put the value back to 'confirmed'. Select 'OK', and you will see 

that the list now holds the first condition. Now, reselect the variable 

'Histology result' in the top list, although this variable is already 

selected. Reselecting it will in fact deselect it. Select the variable 

'Sex' and select 'Enter search condition'. Indicate that you are only 

interested in male patients. 

Select the variable 'Histology result' out of the list under 

'I want to see .. ' 

Select the function 'Enter search condition' under 'Patients' 

Select the condition 'is equal to' 'confirmed' 

Select 'OK' 

Reselect the variable 'Histology result' 

Select the variable 'Sex' 

Select 'Enter search condition' 

Select 'Is equal to' 'Male' 

Reselect the variable 'Sex' 

A second condition line has appeared in the lower scroll-list. On the 

left side of this scroll-list you will see a button saying 'OR'. This 

means that patients either meet condition 1 or 2, or conditions 1 and 

2. But what we really want is only those patients who meet both 

conditions. Therefore we would like to change the 'OR' into 'AND'. 

This is done by selecting the 'OR' button. Now deselect the variable 

'Scan result' and select 'Diagnosis'. Furthermore, we are only 

interested in those patients whose diagnosis is either 'Apudoma', 

'Carcinoid', 'Tumour of the lung' and/or 'Hodgkin's disease'. 

Select the 'OR' button 

Select the variable 'Diagnosis' 

Select those patients whose diagnosis is either 'Apudoma', 

'Carcinoid', 'Tumour of the lung' and/or 'Hodgkin's disease' 
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grouping 

conditions 

data inspection 

After you have entered these conditions, a problem has occurred. We 

are not interested in the patients who have all the diagnoses (if they 

exist), but in those patients who have one of these diagnoses. To 

overcome this problem, you select in the condition list all conditions 

that relate to a diagnosis. Then set the button to 'OR' and select the 

function 'Group' under 'Patients'. By doing so, all diagnosis 

conditions will be grouped in one expression. The window that now 

appears offers the possibility to name the grouped condition. Just 

select 'OK'. You will now see that there is only one line left with 

conditions relating to diagnoses. Set the button to 'AND', and send 

this command to the computer where the database resides. This is 

done by selecting the funetion 'Submit' under 'Options'. 

Select the conditions that relate to diagnoses 

Select the 'AND' button (hecomes 'OR') 

Select the function 'Group' under 'Patients' 

Select 'OK' 

Set the button to 'AND' 

Submit the selection command 

Select 'OK' in the 'Message' window after this window has appeared. 

inspect the data which will be presented as a table in the 'inspect 

current selection' window. To do so select all variables and select 

'table' under 'Options'. Now deselect all selected variables and select, 

once again, the variable 'Alpha-subunit measurement'. Select the 

function 'Histogram' under 'Options'. You will now get a good 

impression of the distribution of the data in this data-set. Select 'Quit'. 

If you wish you could now make histograms using other variables. 

Select 'OK' in the 'Message' window 

Select all variables in the list 

Select 'table' under 'Options' in the 'Inspect current selection' 

window 
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data-set saver 

cross-table 

outcome 

determinant 
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Select the name of a variable above a column in the table 

Deselect all selected variables 

Select the variable 'Alpha-subunit measurement' 

Select the function 'Histogram' under 'Options' 

Select the function 'Quit' in the latest window 

Repeat this histogram function using other variables 

When you have finished the inspection, select the function 'Exit' 

under 'Options' in the 'Inspect current selection' window. Name the 

data-set in the 'Data-set saver' window. Then iconize the 'sqlselect' 

window and select the function 'Contingency tables' under 'Analysis'. 

Select the function 'Exit' under 'Options' in the 

'Inspect current selection' window 

Name the data-set 

Iconize the 'sqlselect' window 

Select the function 'Contingency tables' under 'Analysis'. 

Because several variables have now been selected. the 'Contingency 

table' window will let you select as well a determinant (=rows) as 

well as an outcome (=columns). 

The outcome is the variable in the column. 

Select the variable 'Alpha-subunit measurement' as determinant and 

'scan result' as outcome. Select the function 'Create cross table . .' 

under 'Actions'. In the window that now will appear, we'll have to 

group the values of the variable 'Alpha-subunit measurement'. 

Select the variable 'Alpha-subunit measurement' as the 

determinant 

Select the variable 'scan result' as the outcome 

Select the function 'Create cross table . .' under' Actions' 
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cut-off points 

confidence 

interval 

The variable 'Alpha-subunit measurement' is a continuous variable. 

You will have to indicate the cut-off points. There are two ways of 

doing this. Either you move the slider directly underneath the graph to 

the left or right, or you can use the field under this slider. If you use 

the slider then, after you have chosen a certain value, you will have 

to select the function 'Accept cut-off' under 'Accept' to confirm the 

cut-off point. If you use the field then you can use the keyboard to 

type the desired value. You take the second option and type the value 

1.1. Now, select 'Accept'. A vertical black line will now appear in the 

distribution graph. Although we could select more than one cut-off 

point, one suffices for the example. A value up to 1.1 is the normal 

value of an 'Alpha-subunit measurement' in healthy men. If you now 

select 'Quit' then a table will be presented in which the 

'Alpha-subunit measurement', divided into normal (<=1.1) and 

abnormal (>1.1), will be plotted against the 'scan result'. 

Type 1.1 to indicate the cut-off value 

Select 'Accept' 

Select 'Quit' 

What we would like to know now is whether the distribution of scan 

results in the 'Alpha-subunit <=1.1' group differs significantly from 

the distribution of results in the 'Alpha-subunit > 1.1' group. Therefore 

we have to calculate the confidence interval. This is done by selecting 

the function 'Contingency statistics' under 'Analysis'. Confidence 

interval and p-values will now be presented in a window. If you like 

you could also try other methods of calculation or other confidence 

Iintits. After this, close the window. 

Select the function 'Contingency statistics' under 'Analysis' 

Also try other methods of calculation and calculations using other 

confidence lintits 

Close the window by selecting 'Exit' 
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histogram 

test 

data selection 

data Inspection 
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There are some more default settings that can be changed under 

'Defaults'. Under 'Transform' more actions can be found, which can 

be carried out on the table. These actions include deleting and 

grouping categories. Histograms can also be made. Every table can be 

printed out on paper by selecting the function 'Print'. Ask the 

supervisor for the location of the printer. Close all the windows, 

including any iconized window. 

Select 'Print' 

Close all windows 

We hope that these two examples have made you sufficiently familiar 

with the workstation's potentials. We'll now continue with a small test 

in which you will be asked to answer two questions. This will be 

followed by the evaluation experiment 

Concluding test 

Question 1 

Select the 'Somato' database. We would like to make a new data-set 

out of this database. Select the variables 'Diagnosis', 'Age' and 

'Histology result' out of the 'Somatostatin research' group. We're not 

interested in all possible values, so we're going to add some selection 

conditions (by selecting the 'Unmark' option under 'Variables'). The 

'Diagnosis' has to be equal to 'Carcinoid' AND the 'Histology result' 

has to be 'Confirmed'. 

Retrieve these data (Submit) out of the database. Inspect the data, 

using the data inspection program, for example by making a histogram 

of the variable 'Age'. Write down the mean and median of the 

variable 'Age' 
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cross table 

histogram 

data selection 

data inspection 

Mean age: 

Median age: 

Close the 'Inspect current selection' window and save the data-set. 

Use this data-set to make a cross-table in which the 'Diagnosis' is the 

detenninant, and age is the outcome. The patients have to be divided 

into two gtoups: patients whose age is 50 years or less, and patients 

older than 50 years. Remove the zero-rows in the table. Write down 

the number of patients younger than or equal to 50 years AND 

diagnosed as having a 'Carcinoid'. Also write this number down for 

patients aged over 50 years. 

Carcinoid and 50 years or younger: 

Carcinoid and over 50 years: 

Make a histogram using these data and make a paper print. Close all 

opened windows, if any, leaving the screen in the starting state. 

Question 2 

The Somatostatin database is used again to make a new data-set. 

Select the variables 'Alpha-subunit measurement', 'scan result', 'Age', 

'Histology result', 'Diagnosis' and 'Sex'. You only want patients 

whose diagnosis is one of the following: Apudoma, Carcinoid, 

Tumour of the lung or Acromegaly. (Group using 'OR'). The patients 

should also meet the following conditions: Confirmed histology result, 

male, positive scan result. (Use 'AND'). Retrieve the data. 

Write down the mean and median age. 
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cross table 

histogram 

ready 
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Mean age: 

Median age: 

Make a cross-table in which the age is plotted against the 

Alpha-subunit measurement. Let the cut-off point of the Alpha-subunit 

measurement be the normal value J.l. Use four age groups of which 

the cut-off point are 25, 50 and 75 years. Create the table and make a 

paper printout. 

Calculate the confidence interval. Create the corresponding histogram 

and make a paper printout 

Close all existing windows. This is the end of the test 
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Abstract 

The full potential of computer applications in clinical research and practice is not yet in 

the hands of the clinician. There are two main reasons for this unfortunate situation. First, 

most existing systems have been developed separately and cannot communicate with each 

other. Second, individual programs have widely differing user interfaces which are usually 

not medically oriented. The MW2000 Workstation aims at solving these problems by 

offering a user-friendly integration of databases, statistical packages and other programs in 

a network for the integrated support of clinical research and patient care. Its flexible 

architecture allows the smooth integration of a wide range of software packages and other 

resources. 
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Introduction 

Monday night, 8.00 hrs p.m., Department of Cardiology. Assistant X has found some time 

to continue his research study on survival of hypertrophic myocardiopathy. While at Jwme 

during the weekend he has updo.ted his database of some I 00 patients with the latest 

findings on mortality from the municipality and findings from the paper medical record. 

The update must be imported into the Workstation for analysis. He has brought the 

d.Baselll files with him, logs onto the Workstation and gets access to his own research 

directories. After typing in the name of the file, the do.tabase is copied into the 

Workstation research database, and the analysis can stan. First, X makes a selection from 

the database of the variables and patients related to follow-up (Figure 1). The variables 

are presented on the screen by their usual medical name; and conditions are entered by 

selecting from code lists that are stored in the system, so X does not need to remember 

them. The selections are made by means of a "mouse", a device that allows one to point at 

spots on the screen. Subsequently, a contingency table is created of "Syncope during 

Follow-up" against "Status" (i.e., alive or deceased) (Figure 2). By simply "pointing and 

clicking" with the mouse at one of the appropriate "menus", a program is started that 

computes and shows the corresponding P-values and rate ratios (Figure 2). Because X is 

to present his results at the next staff meeting, he uses another Workstation facility to 

prepare slides of the contingency tables in Harvard Graphics (not shown here). Again, 

this is done automatically, without the need for retyping the do.ta. 

In the earlier intermediate analyses, the mortality rates were surprisingly low. X is 

interested to know what a formal survival analysis reveals. X selects the "Life table and 

Survival analysis" option from the "Analysis" menu, and the Workstation automatically 

starts up module 1L of the BMDP Statistical Package. Subsequently, the Workstation 

graphically presents the result on its screen (not shown here). X decides to consult the 

Department's statistician Y for further analysis, but right now he makes a printout of the 

graphs. Maybe Y needs to make a more extensive analysis of the do.ta, using the full 

ftmctionality of BMDP. At least these initial results can be communicated to Y. X drops a 

message in Y's electronic mailbox, which Y will read next morning when he logs onto the 

Workstation through the terminal on his desk. 

After "playing" with some other "views" on his do.ta, X decides to stop and go home. It is 

Monday night, 9:00 hrs p.m. 
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A future fantasy? Not at all. At the Department of Medical Informatics, this clinical 

research is currently done on the Medical Workstation 2000, and its principal researcher is 

being trained to use the Workstation [1]. The MW2000 has more to offer, including, e.g., 

facilities for the display of biomedical signals and images, such as ECGs and angiograms 

(e.g., Figure 2). 

More facilities could be mentioned, and undoubtedly the reader can suggest extensions 

supporting his particular needs. However, rather than going into more detail, let us step 

back and look at how computers have been used for the support of clinical research and 

patient care until now, and how this might radically change in the near future by the 

advent of Workstations such as the MW2000. 

Design Medical Workstation 

Figure 3. Software architecture of the MW2000, showing its basic components. 

1. User-Friendly Interfaces and Integration of Resources 

Over the past 25 years, Medical Informatics has matured to the point where several well

established and validated computer programs. systems and methods exist. For example, in 

Cardiology methodologies and systems exist for the storage and retrieval of patient data 

(departmental and hospital information systems); for signal processing (ECG analysis and 

interpretation) and image analysis (assessment of obstructions in arteries). Recently, 

systems have been developed for the purpose of intelligent consultation. 

The ideal is to be able to combine the specific capabilities of these systems, and 

maximally profit from the many years of effort spent in their development. In practice, 

there is a need to easily retrieve data from a Hospital Information System CHIS), and to 

combine those data with those from a Departmental Information System and other sources. 
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However, in clinical research and patient care one is confronted with the fact that these 

systems often run on different types of computers, which are also not interconnected. This 

entails laborious transfer of data from one system to another; moreover, programs also 

operate in widely differing ways. Most user interfaces are not immediately understandable. 

and the novice user needs much time to acquaint himself with a specific program. 

Several authors identified the solution to these problems as paramount to the next 

generation of computer support in medicine. Greenes [2] points at modularity, sharing, and 

integration as the key issues. He describes the modem clinical user of computer resources 

as a typical "problem-solver", who needs to be able to quickly move from one resource to 

another, rather than limiting himself to just one task. 

Currently, several research groups are developing approaches to alleviate these problems. 

For example, some deal with institution-wide integration using networks such as in the 

!AIMS project [3], others aim at building various kinds of connections between resources 

[4]. Many of these projects require that existing systems and programs are rebuilt to make 

integration possible. 

In contrast, the starting point of the 11W2000 project is to use existing software avoiding 

the necessity of costly adaptation. It aims at developing and implementing a new 

Workstation architecture which offers a user-friendly, medically-oriented interface, and 

consistent integration of existing software and other resources. We will discuss what this 

means, using the example of the research described in the introduction. 

User-friendly interface 

User-friendliness in the MW2000 works at various levels. For starting-up a particular 

computer program, the user only needs to "point and click" at the appropriate entry in one 

of the menus. The user need not remember the name of the program. This level of user

friendliness is well-known, e.g. in the world of MS-DOS this is achieved by the MS

Windows environment. 

A more powerful level of user-friendliness is shown by the survival analysis user

interface. Because of its reliability. and because it was already in use at the Thoraxcentre, 

BMDP was chosen as the statistical package. Any other statistical package can easily be 

incorporated. In the Workstation, the user need not know anything about the relatively 

complex command language that B1IDP employs. Most of its options can be entered 
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through clicking at specific fields, just as one ticks entries on a form. The appropriate 

command language is generated automatically and sent to the appropriate module of 

BMDP, which may run on any other computer in the network, without the user being 

aware of it. Subsequently, the tabular output is interpreted and redrawn. 

Medical orientation through a medical terms dictionary 

In the above example, the user selects variables by choosing from a list with the full 

medical names of those variables. The user need not know that "Effect of Betablocker on 

LVAO gradient" is represented in the database by the attribute name "LVAOBB". Nor 

does the user need to remember that in this case. the code value "1" signifies "increase". 

The Medical Terms Dictionary takes care of the translation of the name. In the near 

future, this dictionary will also contain information such as valid and plausible ranges of 

variables. 

Integration of existing programs and resources 

This aspect is also expressed at various levels. Integration is achieved at the level of the 

institution by offering transparent access to other systems through a network. For example. 

at the Department of Medical Informatics, BMDP and Ingres run on machines other than 

the MW2000 itself, but the user remains unaware of that. 

Integration at yet another level is achieved by "encapsulating" different programs and 

packages and offering automatic data translation between different data formats. This is 

shown in the above example where data are extracted from the research database Ingres, 

and automatically translated into the appropriate data format for BMDP. In the MW2000 

this is done through the use of a common Intermediate Storage Format. Adding another 

program to the system only requires addition of another data translator. 

The power of this approach is also shown by the integration of Harvard Graphics into the 

MW2000 (Harvard Graphics is a program which is widely used at the Tboraxcentre for 

the preparation of graphs, and runs on MS-DOS computers). The Workstation has UNIX 

as its operating system. However, it is possible to emulate MS-DOS programs in the 

Workstation UNlX environment. Transporting data from. e.g .. contingency tables to the 

appropriate Harvard Graphics format is done automatically and transparently. 
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2. Current Status of the MW2000 

To summarize, the Workstation currently offers the following facilities: 

o The integrated use of data from various databases such as the Hospital 

Information System, dBaseill, Lotus123, etc.; 

o Use of medical terminology rather than idiosyncratic names of variables; 

o Quick visual inspection of the data, contingency tables, descriptive statistics and 

graphical representation; 

o Support of statistical analysis; 

o Transparent access from the Workstation to programs and data located on other 

computers; 

o Retrieval and display of sigrtals and images. 

The software packages presently available on the Workstation are: 

o Ingres as the central research Database Management System; 

o BMDP as the main statistical package; 

o Harvard Graphics as a graphical presentation package; 

o WordPerfect for text processing; 

The following packages that have been developed at the Department of Medical 

Informatics are also available: 

o MEANS, an ECG analysis and interpretation system; 

o ISP AHAN, a package for interactive statistical pattern recognition; 

o KNEW, a multi-porpose knowledge editor developed on the MW2000 for the 

support of knowledge-based applications, such as medical vocabularies, command

language generation, etc. 

In the future, many other software packages will be integrated on the MW2000. The 

Workatation runs on a HP 9000/380 UNIX graphical workstation with a 17-inch color 

monitor. Networking is done through Ethernet with the TCP/IP protocoL The user 

interface has been written using the OSF/MOTIF Toolkit. Recently, a down-scaling to a 

'386-based system was accomplished, which runs under the SCO-UNIX operating system. 

A brief overview of the MW2000 architecture is shown in Figure 3. Details have been 
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described elsewhere [5]. All user interaction is handled by the User Interface. The options 

and commands chosen are translated into messages which are sent to the Executive 

Manager, which controls applications and other facilities. Data format translation is done 

by the Data Translator, while the Network Facility handles all network communications. 

The Medical Dictionary allows the user to address the database through familiar medical 

terms. Finally. the Command Generator creates the proper command sequences. as in the 

example of the BMDP survival analysis described before. 

3. MW2000 Projects 

It should be noted that the MW2000 is not only supportive for existing clinical reseach 

and patient care. It also stimulates a wide range of research and development in medical 

informatics itself. For completenes. we briefly mention on four examples: user evaluation, 

further development of the architecture, modelling medical knowledge and terminology, 

and linking with the HIS [6]. These developments will be discussed in more detail in 

subsequent issues of the Thoraxcentre Journal. 

User evaluation. Currently, a formal user evaluation is done, in which a protocol is 

defined to objectively asses usability and usefulness of the Workstation. After a tutorial 

introduction. the user is requested to solve a realistic problem of biomedical data analysis. 

The results of this evaluation will contribute to the further design of the Workstation. 

Architecture. Although already in use, the present version of the MW2000 is basically a 

prototype. Extensions are needed in the areas of data validation. exploration and statistical 

analysis. Most importantly, the architecture of the Workstation will be gradually 
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Figure 2. Creation of contingency tables. In the upper left window, two variables are chosen. and in the upper 

right window, the corresponding contingency table is displayed. Below, the P·values and Rate ratios are displayed 

pertaining to this table. 

redesigned to be more consistently based on the client-server model [7]. It seems that this 

kind of approach is a prerequisite for the much needed institution-wide integration of 

resources. Plans are being made to introduce the MW2000 on a network into the 

Thoraxcentre. 
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Figure 1. A Workstation screen showing data selection by means of graphical selection from a list of variables. 

The top menu bar presents the main menu, while the bottom bar indicates the current status of the Workstation. 

For data selection, three windows are shown: on the upper right hand side, a group of variables has been sleeted, 

and the list of variables appears on the right hand side below. Mouse-clicking on the names of the variables 

makes them available for selection, as shown in the upper left window. 

In the lower left window, an ECG multilead recording is displayed. together with fiducial marks as determined by 

the ECG interpretation system ::MEANS. 

Modelling medical knowledge. Clinical applications will be more knowledge-oriented. 

For example, a research project has been started in which the knowledge editor KNEW is 

used for the development of a controlled vocabulary and support of clinical research in the 

area of Congenital Heart Disease [8]. This may lead to a better defmed standard for 
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diagnoses, examinations and interventions in this complex area in Cardiology, and 

contribute to a better quantitative analysis of long-term follow-up. Participants in this 

project are the Department of Medical Informatics, the Division of Pedia!ric Cardiology of 

the Sophia Childrens Hospital, and the Thoraxcentre in Rotterdam. 

Linking with the HIS. Recently, a project was started in which a flexible link is 

developed between the MW2000 and the IDS of the Academic Hospital Rotterdam [9]. A 

pilot project was defined in which data can be retrieved from the IDS and imported into 

the MW2000 for analysis. 

4. Conclusions 

Clinical research and practice increasingly take place in an environment where many, 

widely differing computer systems and software packages are available for the support of 

the clinician. This implies that there is an increasing need for clinicians to have easy, 

flexible and integrated access to these software programs and clinical data, intages and 

signals. 

Using a network and a powerful graphical workstation, a Workstation architecture has 

been developed which offers user-friendly, integrated support for clinical research and 

patient care. One of the prime advantages of our approach is that the MW2000 allows this 

integration to be achieved with little effort. There is no need for costly adaptation of 

existing software which is already validated and in use in a particular environment. Our 

approach is also promising for the much needed institution-wide integration of resources 

through a network. 

In addition, the Workstation has facilities for modelling medical knowledge and 

terminology. This may lead to, for example, better standardized nomenclatures. These and 

other developments will be discussed in subsequent issues of the Thoraxcentre Journal. 
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Ik ben de Heer uw God, die u leert, opdat het u wei ga; die u de weg doet betreden. die 

gij moet gaan. Jesaja 48:17 

Een promotie kan vergeleken worden met bet bet bouwen van een menselijke pyramide in 

een circus-act: bet succes dat de bovenste man heeft wanneer bij er in slaagt om op de 

schouders van anderen in evenwicht te blijven is afhankelijk van de kracht en de stabiliteit 

van de andere mannen in de pyramide. De correcties die zij maken zijn dikwijls niet 

zichtbaar voor het publiek, maar zijn van essentieel belang vocr de balans en opbouw. lk 

was erg blij dat ik op de schouders van prof. Jan van Bemmel en dr. Teun Timmers kon 

staan. llc waardeer bijzonder bet enthousiasme en bet vertrouwen van Jan van Bemmel. In 

de vele gesprekken die wij hebben gehad, heb ik vee! geleerd over het beoefenen van 

wetenschap. Zijn belangstelling, met name ook voor ntij als mens, heeft ertoe bijgedragen 

dat ik met plezier aan mijn onderzoek heb gewerkt. Teun Timmers is altijd bereid geweest 

om mijn teksten van commentaar te voorzien, en van hem heb ik. geleerd kritisch ten 

aanzien van je onderzoek te zijn. Het contact dat wij hadden, heb ik als zeer prettig 

ervaren en heeft mede bijgedragen tot dit resultaat. 

Daarnaast zijn er mensen nodig die helpen de pyramide bouwen. Zij werken voor een 

groct dee! achier de coulissen, maar hun bijdrage tot het succes is even groot als die van 

de "sterke schouders". 

Drs. August Langhout, ir. Ronald Comet, Martin Kalshoven en drs. Jaap Brand dank ik 

voor hun bijzondere bijdrage aan de programmatuur en voor hun zeer grote 

bereidwilligheid. De inbreng van drs. Freek van den Heuvel en dr. Beatriz de Faria Leao 

heeft ntij bepaald bij de specifieke medische vragen: m.n. hun gedachten over wat artsen 

nodig heeft de richting van het project bepaald. De stagiares Joke Oudelaar, Francis 

Lieuw-On, Marcel Koning, Paul Dingemans en Armin Rozema hebben allen waardevolle 

bijdragen geleverd aan de ontwikkeling van het medisch workstation. 

Voorts zijn er natuurlijk de overige collegas en mensen buiten de vakgroep die allen altijd 

meegedacht hebben en commentaar hebben geleverd over de ontwikkeling van mijn visie 

op bet werkstation. Tenslotte wil ik mijn ouders, schoonouders en overige familieleden 

bedanken voor de warme belangstelling die zij altijd hebben gehad. Vocr Lydia en de 

kinderen heb ik diep respect: zij gaven mij zonder vragen, soms zelfs zonder zuchten, de 

tijd om deze "klus" te klaren. Samen met hen heb ik ervaren dat onze God de enige is die 

ons de weg kan wijzen en de mogelijkheden geeft om het evenwicht te bewaren. 
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