
Standard Based Multiclient Medical Data 
Visualization 
Georgy KOPANITSA1,a,b 

a
 Institute for Biological and Medical Imaging, Helmholtz Zentrum München, 

Neuherberg, Germany 
b

 Institute Cybernetic Center, Tomsk Polytechnic University, Russia 

Abstract. An efficient interaction between a doctor and an electronic health record 
(EHR) depends also on the visual layer of an EHR. As users with various 
backgrounds and needs have different perspectives on the same data visualization 
methods must be flexible to provide the optimal interface. The ISO 13606 
community is interested in developing requirements on a generic visualization 
method that can supplement the archetype model. Our research aims at specifying 
the requirements on a medical data visualization method based on the ISO13606 
data model. XML allows a clear structuring and validation of the data due to the 
built-in standard features. The proposed visual medical concept allows separating 
the medical knowledge from the visualization knowledge. The research is focused 
on defining the optimal XML schema for a visual medical concept to allow multi-
client generic data presentation.  
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Introduction 

In order to achieve semantic interoperability between healthcare institutes data must be 
transmitted in a standardized format [1]. The archetype model of ISO 13606 provides a 
means for modeling medical content and for defining knowledge for the electronic 
exchange of health records. Semantic interoperability does, however, not stop when the 
data has been successfully exchanged between the systems [2]. Once transferred the 
data has to be presented in the most efficient way to ensure it is clear understood and 
interpreted. A standard based user interface [3, 4] can provide interoperability on the 
visual level. Several studies were conducted [5-7] to advance this, but a specification of 
the requirements on a standard based visualization is still missing. 

The visualization layer completes the archetype layer and helps to organize the 
data according to different user requirements and different presentation media. The ISO 
13606 community considers data visualization an important aspect [8]. We support this 
work and develop a visualization method that will be implemented and evaluated 
within ByMedConnect project [9]. The project itself aims at developing a data 
exchange solution based on the ISO 13606 data model. It will integrate legacy data and 
provide the data to the users. One of the project’s requirements is the development of a 
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standard based visualization method to provide access to the data for the doctors and 
patients of a healthcare network. 

1. Methods 

The proposed approach is based on the idea that a visualization layer will complete the 
archetype layer that represents the medical concept as well as the template layer that 
acts as a localization concept. The visual concepts are stored as XML files separate 
from the related archetypes. They define platform independent visual blocks to specify 
a layout for each archetype data field and group different archetype elements into 
visual groups.  Each visual group contains a specification of visual tools that can be 
used to build a user interface. The archetype structure is taken into account (e.g. 
compositions, entries).  One of the research aspects is the design of the users’ 
requirements on the EHR interface and the development and implementation of a 
predefined visual concept for different user groups. This allows building a visual layer 
based on the ISO 13606 archetype model that will take into account the different 
perspectives on the medical data of doctors and patients. 

2. Results  

Previous studies [5, 6] show that the ISO 13606 data model can serve as a basis for a 
generic visualization method. To make such a method generic and most efficient the 
knowledge concerning the presentation should be kept separate from the medical 
concept [6]. We introduce a visual medical concept (VMC) that will complement the 
archetype layer with a presentation layer, separating medical knowledge from 
visualization knowledge. As shown in figure 1, a visual medical concept contains the 
data regarding the presentation layer for different users and different devices. 

                                      

Figure 1. Multi-client medical data visualization structure 

The visual medical concept has to meet the following requirements. It has to: 
� confirm the requirements and constraints of a ISO 13606 reference model; 
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� provide multiple device support;  
� support different views on the same data; 
� be stored separately from the visualized data; 
� be platform independent. 

An XML scheme for a visual medical concept was developed conforming to the 
above mentioned requirements and providing validation facilities for visual medical 
concepts. A visual medical concept is logically divided into three main sections.      

The metadata section specifies the properties of the VMC itself.  The visual 
content section defines the data fields that are included in the VMC. The data fields are 
derived from different archetypes and combined into visual groups. The visual layout 
section specifies the presentation properties of GUI elements. The VMC allows 
specifying for each element the user groups and media this element is applicable to. 
Presentation layer 
The visualization module that we develop within our project uses the visual medical 
concept. This allows meeting the above mentioned requirements.  The visualization 
module works in parallel to all EHR systems that are already being operated in the 
practices and consists of two main logical parts. The first part is a designer that 
generates an archetype based visual medical concept in XML format allowing the re-
use and sharing of visual concepts. The designer enables the user to add customization 
data to the visual concept. The generated view definitions are stored separately as XSL 
templates allowing multiple views on the same data. The second part creates a 
presentation layer and displays the data to the user based on the visual structure and on 
the data from the EHR. Users with different needs will have the possibility to visualize 
different perspectives on the medical record. The presentation layer for a doctor will 
provide a user-friendly data presentation using summary views and graphical charts. 
The process of presentation layer building is shown in figure 2. To define visualization 
properties such as different users’ views and layout properties a VMC is generated 
based on the predefined XML schema [10] and a set of ISO 13606 archetypes 
represented in the XML format. A “wizard” style of generator allows specifying the 
required parameters step by step and finally to generate a VMC. Each VMC can 
combine data from different archetypes to provide medical data aggregation facilities 
e.g. to form a summary of the most relevant patient’s data. A layout is built by XSL 
templates that can automatically parse medical visual concepts to form a user interface.  

Figure 2. Medical data visualization definition scheme 

Now we are working on reducing the number of parameters that are required to be 
specified manually. The ISO 13606 specification does not allow developing a generic 
method while keeping the optimal layout. The layout example is presented in figure 3. 
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Layout properties are logically divided into several groups. One group specifies 
properties of visual primitives (widgets) that are ISO 13606 data types. Widget 
properties specify the appearance of the widgets in different visual composites. And 
visual composites’ properties specify the appearance of the graphics. 

 
Figure 3. Presentation layer properties. 

To define a set of medical data views we need to study the users’ requirements 
regarding the medical data presentation level. Therefore, one of the research aspects is 
to study the way the different user groups perceive medical data based on the 
archetyped dataset of our project. The main focus of this survey will be on the doctors, 
but patients will also be involved in the research. It will allow us to study their 
requirements on data visualization and to develop multiple views on the same data. The 
research work constitutes the following steps: 

The first step is to define a dataset to be exchanged between the doctors. The 
dataset that is based on the adapted Continuity of Care Record [11] specification was 
defined in cooperation with the doctors of the regional health network. It was modelled 
as a set of ISO 13606 archetypes. We also would like to understand the data the 
patients are interested in and to study their comprehension of the EHR data. Therefore 
patients will be interviewed to analyse their perception of the medical records. 

The second step is to specify the content that users require to be visualized. The 
presentation content will be a subset of the dataset archetypes as the preliminary talks 
with the doctors showed that they are interested in the visualization of only specific 
data items from the dataset. The patients’ requirements will also be studied.   

The third step will be to define the best layout of the medical data. The users will 
be demonstrated different visual samples and the perception parameters will be 
measured in order to specify the optimal layout and customization possibilities [12,13].  

3. Discussion 

The proposed approach is based on the idea that a visual layer can complete the 
archetype layer, which represents the medical concept. The visual medical concepts 
define platform independent visual blocks and the layout for each archetype data field, 
respecting also the archetype structure. They will be stored as XML files separate from 
the related archetypes to make visual medical concepts re-usable. In our work we 
develop a medical data visualization method that will allow building user interfaces for 
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different groups of users. The research also includes a study of the patients’ 
requirements on the electronic medical data interface and on how to support different 
views on the same EHR data. To test the possibility to automatically generate 
interfaces we performed several experiments using methods based on XML and SVG. 
The results indicate the high potential for static and dynamic graphical data 
presentation. This, however, requires further research. 

4. Conclusion 

The standards such as ISO/EN 13606 and openEHR provide medical concepts with a 
clear structure that can be used to form a data presentation level. However, 
visualization methods that are based only on the structure of the data are not supposed 
to provide optimal presentation layer due to the limitations of the archetype model. The 
introduced visual medical concept allows separating medical knowledge and 
presentation knowledge on the model level. Presentation layer model contains also 
standard data fields associations, which are at the moment static, but a research is 
planned to allow a dynamic definition of the associations. Due to the limitations of the 
archetype model a method that generates visual medical concept derives only the 
structure of archetypes: composition, element, entry and a data type. Other presentation 
options are to be defined manually in a specially developed designer. The presentation 
layer will enrich the GUI flexibility and will allow an optimal presentation of medical 
data considering the different users’ perspective and different media used for the data 
presentation. The wide implementation of the standard based solutions will help to 
make a step towards standardized data visualization concepts. 

References 

[1] Garde S, Hovenga E, Buck J, Knaup P. Expressing Clinical Data Sets with openEHR Archetypes: A 
Solid Basis for Ubiquitous Computing. Int Journal of Medical Informatics 2007; 76: S3: 334-41. 

[2] Durfschmid G, Wrba T, Rinner C. Extraction of standardized archetype data from Electronic Health 
Record systems based on the Entity-Attribute-Value Model. Int J Med Inform 2010; 79(8): 585-97. 

[3] Gigerenzer G, Gaissmaier W, Kurz-Milcke E, Schwartz L, Woloshin S. Helping doctors and patients 
make sense of health statistics. Psychological Science in the Public Interest 2007; 8: 53-96. 

[4] Brodlie K, Carpenter L, Earnshaw R, Gallop J, Hubbold R, Mumford A, Osland C, Quarendon P. 
Scientific Visualization, Techniques and Applications. Springer Verlag 1992. 

[5] Atalag K, Yang HY. From openEHR Domain Models to Advanced User Interfaces: A Case Study in 
Endoscopy. Health Informatics New Zealand Conference, Wellington, 2-4 November 2010. 

[6] van der Linden H, Austin T, Talmon J. Generic screen representations for future-proof systems, is it 
possible? There is more to a GUI than meets the eye. Comput Meth Programs Biomed 2009; 95: 213-26. 

[7] Fonseca T, Ribeiro C, Granja C. Vital signs in intensive care: automatic acquisition and consolidation 
into electronic patient records. J Med Syst. 2009; 33(1):47-57. 

[8] EN13606 Association 2011. Board meeting protocol. Available from: 
www.pangea.upv.es/en13606/images/docs/association/MinutesDublin201101.pdf 

[9] Demski H, Hildebrand C, Brass A, Jedamzik S, Engelbrecht R. Improvement of cross-sector 
communication in the integrated health environment. Stud Health Technol Inform. 2010; 155:95-100. 

[10] W3C XML Schema. Available from: http://www.w3.org/XML/Schema 
[11] ASTM E2369, 2006. Standard Specification for Continuity of Care Record (CCR).  
[12] Kushniruk AW, Patel VL, Cimino JJ. Usability testing in medical informatics: cognitive approaches to 

evaluation of information systems and user interfaces.  Proc AMIA Annu Fall Symp. 1997; 218-22. 
[13] Smelcer JB, Miller-Jacobs H, Kantrovich L. Usability of Electronic Medical Records. Journal of 

Usability Studies 2009;  4(2):70–84 

G. Kopanitsa / Standard Based Multiclient Medical Data Visualization 203

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Demski%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hildebrand%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brass%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jedamzik%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Engelbrecht%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=ByMedConnect

