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Abstract. Medical research and health care highly depend on the use of 
information technology. There is a wide range of application systems (patient 
administration system, laboratory information system, communication server etc.) 
and heterogeneous data types (administrative data, clinical data, laboratory data, 
image data, genomic data etc.). Students and researchers do not often have the 
possibility to use productive application systems of e.g. hospitals or medical 
practices to gain practical experiences or examine new components and 
technologies. Therefore, the aim of this project is to develop a dedicated laboratory 
environment for patient health care and clinical research. Essential application 
systems were identified and a suitable architecture was designed for this purpose. 
It is accompanied by a teaching plan that considers learning modules for bachelor 
and master degrees in medical informatics. We implemented the laboratory 
environment called MI-Lab with multiple free and open source software 
components. All components are installed on virtual machines and/or Docker 
containers. This modular architecture creates a flexible system which can be 
deployed in various scenarios. The preliminary evaluation results suggests that 
laboratory environments like MI-Lab work well in teaching practical aspects of 
medical informatics and are widely accepted by students. 

Keywords. Education, Research, Learn and Research Laboratory Environment, 
OpenMRS, Mirth Connect, Docker, Constructive Alignment 

1. Introduction 

Up-to-date medical research and health care depends on the use of information 
technology. Medical informatics represents an interface between physicians, clinical 
researchers and computer scientists who design and implement information systems. 
Human and computer resources collaborate to form a hospital information system 
(HIS). The computer-based part of the HIS is characterized by a large number of 
application systems (patient administration system, laboratory information system, 
communication server etc.) and data types (administrative data, clinical data, laboratory 
data, image data, genomic data). Due to the availability of cloud technologies their 
amount significantly increased over the last years (big data) whereas system boundaries 
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are more and more fluent and new approaches (individual medicine, telehealth) and 
philosophies (patient empowerment, social networks) represent additional challenges. 

Intermediate software of services and applications (middleware) and the use of 
communication standards enable information exchange. The practical use often 
represents a challenge because of changing requirements and needs. 

The use of productive systems of e.g. the University Hospital of Leipzig is 
problematic because of data privacy issues as well as possible impacts of experimental 
designs on operative tasks. Furthermore, the introduction of application systems by 
students is not realistic because of complex installations, missing sample data and a 
missing infrastructure and licenses. 

The University of Leipzig offers medical informatics as a core study theme which 
is a cooperation of the local mathematics, computer science and medical faculties. In 
medical informatics, students gain knowledge about the use of application systems and 
methods of computer science in medical contexts. While theoretical concepts are 
lectured adequately in courses and seminars, courses for gaining practical experiences 
can still be expanded. There are already practical lessons for analyzing processes and 
information systems in hospitals. Unfortunately, there is no general development and 
test environment of typical application systems used in hospitals for gaining practical 
experiences. Such a lab environment would provide a means for students and 
academics to apply specific scenarios to extend their experiences with widespread and 
established technologies or even to test completely new components. Such practical 
skills have always been a demand by employers. 

2. Objectives 

This project aims at the development of a dedicated laboratory environment for medical 
informatics teaching and research. It shall demonstrate functionalities and customizing 
efforts of application systems used for patient care and medical research. Furthermore, 
it shall motivate students to draft, analyze and implement sample solutions in projects. 
The laboratory environment has to support the use cases of patient health care and 
support for clinical research. Essential application systems of a HIS as well as a clinical 
research environment have to be integrated. The implementation has to consider a 
strictly limited funding for any additional hardware resources or software license 
investments. A complementary objective is the creation of three teaching plans for one 
bachelor and two master modules in medical informatics. 

3. Methods 

3.1. Laboratory Environment 

To support the use case patient health care essential application components of a HIS 
were determined by analyzing the textbook “Health Information Systems - 
Architectures and Strategies” [1]. Essential application components to support use case 
clinical research were determined by examining the IT infrastructure of the clinical trial 
center Leipzig. Using the identified essential application components, an architecture 
was designed utilizing the !"#$% method and tool [2]. Because of the strict funding, 
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the implementation of the designed architecture has to be based rather on available 
resources or on low-priced new hardware. Therefore, MI-Lab uses free and open source 
software that is installed in virtual machines and Docker containers [3]. All this 
components are running on standard PCs. 

3.2. Teaching Concepts 

For working with the MI-Lab in teaching units of one bachelor and two master courses, 
three teaching concepts were developed. We used the method of constructive alignment 
which proposes three steps in order to reach good learning outcomes. First, the learning 
results for the teaching unit are defined. Second, exam questions for assessing the 
learning results are developed. Third, the teaching unit is designed [4]. All designed 
teaching units deal with practice-oriented issues of patient health care and clinical 
research to deepen knowledge acquired in lectures. Students are held to solve tasks in 
groupwork to prepare themselves solving complex problems in teams. Multiple 
solution strategies and their evaluation facilitate independent and cooperative learning. 

4. Results 

4.1. Laboratory Environment 

We designed a flexible architecture as shown in Figure 1 that allows students as well as 
researchers to omit complex installation routines of these application components and 
work with already integrated sample data. The use of the Docker technology [3] 
enables a high degree of spreadability. Application components can be run and 
distributed to multiple hardware resources which allows a variety of environment 
architectures: While students are able to work with a virtual environment on one single 
local machine, researchers can build complex architectures with multiple application 
components and physical machines to test a new technology. 

Figure 1. Actual (strong colors) and planned (pale colors) application components of the MI-Lab architecture 
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As shown in Figure 1 architecture the following application systems are already 
integrated in the laboratory environment: 

• OpenMRS as a patient data management system (PDMS) [5] 
• Mirth Connect as a communication server [6] 
• tranSMART as an analysis tool for clinical research data [7] 
• OpenClinica as a clinical trial management system (CDMS) [8] 

4.2. Teaching Concepts 

The knowledge of facts and concepts acquired in lectures is extended by gathering 
expertise which is why a connection between theory and praxis is established. Concepts 
like project-oriented learning, working in project teams, inquiry learning and 
interdisciplinary learning build the basis. 

The laboratory environment imparts several objectives to support and improve 
aspects of teaching and research: 

• Students gather practical experiences with information systems in hospitals. 
They have to apply taught theoretical of lectures to solve more or less 
instructed tasks (because of different levels of difficulty for bachelor and 
master degrees) to consolidate and expand their knowledge 

• Expertise in communication standards (e.g. HL7, CDISC ODM) and 
integrated solutions in health care are expanded because of practical 
functionality analysis as well as configuration and implementation of 
interfaces between typical application systems in hospitals  

• Students recognize existing complex and domain specific problems in medical 
contexts with the help of laboratory environment of MI-Lab. In selected cases 
they design, implement and provide solution approaches by themselves or in 
group work 

• The laboratory environment MI-Lab offers the possibility to improve the 
development of new technological solutions with providing a test environment 

• Furthermore, it supports the development of new technological solutions to be 
integrated in productive use in the future. Such new components are tested 
inside the working environment with already integrated test data of MI-Lab.  

• In interactive groupwork students get to know about the communication 
between end users (medical attendants) and technical supervisors and its 
existing conflicts. 

• MI-Lab will be integrated in lectures of bachelor and master degree courses
of medical informatics which is why MI-Lab provides multiple tasks with 
several purposes and different levels of difficulties. 

With the assistance of gathered expertise and practical experiences students are 
better prepared for professional life in IT departures. 

5. Discussion and Conclusion 

The implementation of MI-Lab succeeded. With assistance of the technology of virtual 
machines and Docker [3] the use cases of patient health care and clinical research are 
supported. Additional scenarios like communication with practitioners and support for 
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health services research/public health are conceptually considered to add them to MI-
Lab later.  

The teaching plan was designed and will be applied in related modules. 
Preliminary evaluation results suggests that laboratory environments like MI-Lab work 
well in teaching practical aspects of medical informatics and are widely accepted by 
students. A detailed evaluation is planned to consider the students’ feedback. 

The laboratory environment of MI-Lab has some limitations, which is why it 
cannot be a complete analogy of a hospital information system because of 
simplification aspects: The integrated test data are free accessible sample data and 
cannot consist of real patient data because of data privacy policies. Besides, there are 
no complex data storages (e.g. “storage area networks (SAN)”), high availability 
appliances or backup solutions. Furthermore, the flexible architecture does not involve 
network specific technologies, e.g. virtualized networks. The MI-Lab concentrates on 
application systems and essential principles of hospital information systems. 

In contrast to more sophisticated laboratory environment like “Living-Lab” of 
Bern University of Applied Science [9], MI-Lab shall be executable on low resource 
settings. It was designed and implemented of open source application systems that is 
why the commission and operation do not cause any license or investment costs. We 
looked for third party funding to enable a purchase of multiple single-board computers 
like the Raspberry Pi [10] to address scenarios involving even the physical layer of a 
HIS. Our vision is to execute all used application systems on them. This additionally 
provides a haptic experience, which is an intended contrast to make the exercises as 
interesting and varied as possible. 
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