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Abstract. Appropriate data models are essential for the systematic collection, 
aggregation, and integration of health data and for subsequent analysis. However, 
recommendations for modeling health data are often not publicly available within 
specific projects. Therefore, the project Zukunftslabor Gesundheit investigates 
recommendations for modeling. Expert interviews with five experts were conducted 
and analyzed using qualitative content analysis. Based on the condensed categories 
“governance”, “modeling” and “standards”, the project team generated eight 
hypotheses for recommendations on health data modeling. In addition, relevant 
framework conditions such as different roles, international cooperation, 
education/training and political influence were identified. Although emerging from 
interviewing a small convenience sample of experts, the results help to plan more 
extensive data collections and to create recommendations for health data modeling. 
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1. Introduction 

Standards-based modeling of health data is a common way to achieve semantic 

interoperability and facilitate the integration of patient data from different health systems 

(1). Appropriate data models are essential for the systematic collection, aggregation, and 

integration of health data into platforms and for subsequent analysis. Therefore various 

modeling approaches with different degrees of freedom for health data modeling have 

been developed during the last years such as OMOP, PCORNet, CEN ISO 13606, HL7-

CDA, OpenEHR, CIMI, and HL7's FHIR [1,2]. 

Extensive specifications exist e.g. for the approaches HL7 FHIR [3], openEHR [4], 

and OMOP [5]. In addition, however, institutions or projects develop their own project- 
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or site-specific recommendations and manuals for modeling health data that goes beyond 

the specifications and corresponds to the respective internally defined governance 

processes. This is in line with the recommendations for the EU/US eHealth 

interoperability roadmap which recommends action plans at the appropriate level (local, 

regional, national, European or global). When creating a roadmap regarding electronic 

health records and patient summaries, it is recommended to “get back to basics” by 

working on concrete projects and focus on communication and sharing of 

experiences. [6] Since the institute's or project's internal recommendation for modeling 

is often not published, this opportunity to share modeling experiences is missing. 

Against this background, the “Zukunftslabor Gesundheit” project aims to research 

these experiences as a basis to develop and publish recommendations for health data 

modeling to further improve the quality of health data modeling. 

2. Method 

2.1. Development of an interview guide 

Based on a systematic literature review, the project team developed an interview guide 

following the collect, review, sort, subsume (SPSS) method of Helfferich [7]. Two 

authors created an initial collection of questions. In the next step, they checked the 

questions for openness, prior knowledge, and necessity. Questions with duplicate content, 

closed questions, and questions with unclear wording were adjusted or removed. The 

remaining questions were sorted into topic blocks: Warm Up, Composition of the Team, 

Process of Modeling, Modeling, Review Process, Change Management, Porting of 

Models, Support (by people, structures, guides), (Inter-)national Development, and 

Closure. The project team consented on these blocks and subordinate questions. 

Qualitative content analysis of a pilot interview revealed the following four different 

roles of the potential interviewees: 1. clinical data steward (expert for content-related 

issues concerning the data of the respective area), 2. technical data steward (expert for 

the technical implementation in terms of modeling), 3. data integration expert (expert for 

data integration and data transformation, ETL expert), 4. lead/manager (expert for 

management and control of projects for modeling of health data).  

The project team adapted the questionnaire to each of these roles individually by 

omitting less relevant or redundant questions. For example, manager received the 

question "What were the advantages and disadvantages of using these modeling 

standards?" to provide a deeper understanding why a standard is (not) used in a specific 

project but the clinical data stewards did not. The topic blocks remained the same for all 

roles. 

2.2. Interview conduction and content analysis 

A convenience sample of five experts with experience in health data modeling was 

recruited. The sample represented all identified roles and consisted of four women and 

one man. Semi-standardized interviews were conducted via videoconference with 

durations between 1 h 20 min and 2 hours. With interviewees' consent, all interviews 

were recorded. One author conducted the interviews and two varying authors transcribed 

the answers of the interviewees in parallel in a shared document as paraphrases. The 
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project team did a final proofreading in a circular procedure after one author reviewed 

the document against the recorded videos and completed the transcript. 

The project team did a qualitative content analysis by deductively-inductively 

generating main categories for the individual questions based on an extended literature 

research, team members' prior knowledge of modeling, and the interview material. 

Each team member was responsible for creating main categories in one section of 

the interview and presented the main categories to the team for discussion and inter-

communication validation. Afterwards the project team members noted subcategories 

and examples in a shared document. The notes including possible key categories were 

discussed and agreed upon in a team meeting. Subsequently the project team classified 

the results into the categories “governance”, “modeling”, and “standards” and derived 

hypotheses for recommendations in modeling health data. 

3. Results 

Comprehensive findings about the interviews and modeling framework are presented 

here followed by the hypotheses for recommendations on modeling health data. 

3.1. Overarching findings 

The pilot interview reveals four different roles of modeling experts (1. clinical data 

steward; 2. technical data steward; 3. data integration expert; 4. lead/manager). 

The interviewed experts named structuring, standardization, interoperability, and 

exchange as objectives of their health data modeling projects. On the one hand, the 

exchange should address the exchange of data in structured form, which is often not 

supported by the primary systems. On the other hand, the exchange should operate across 

sites between different facilities. 

Cross-sectoral data exchange has not yet taken place in the experts' projects, but is 

planned in some cases. These plans concern, for example, the use of outpatient data in 

an inpatient setting. 

The interviews express the experts' desire to align national developments in health 

data modeling more closely with international standards and initiatives. The interviewees 

state that with regard to national and international reusability, the comprehensibility of a 

model and the usability of the structured, standardized data models are relevant. They 

are currently experiencing an increasing and very valuable international exchange with 

an open, engaged community, but one that can still be expanded. This exchange can also 

help with continuous improvement of the team. 

Support for beginners in modeling and advanced modelers is available via exchange 

with others, documentation, communication, and various trainings. Within the experts' 

project, learning takes place through regular discussion of problems in conference calls 

and scheduled meetings. An internal project modeling wiki and modeling manual, chat 

channels, forums, workshops, a knowledge repository and an user manual for it represent 

further exchange and learning opportunities. The latter also across projects. The 

knowledge repository also documents examples that can be used to improve one's own 

modeling skills. Training courses for new employees are held on a needs-oriented basis 

during induction. Existing implementations also serve as learning examples. A generally 

applicable and, above all, generally accessible modeling guide or training course does 
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not yet exist. However, the interviewees state that this would be useful and an open to-

do for the German-speaking region. 

For future development, the experts also see an increased need for the deployment 

of technical and clinical data stewards. These make an important contribution in the 

modeling process by having an overview of the data from its creation to its use and 

subsequent use. 

Research, industry and/or policy support or hinder standardization of health data 

modeling. Thus, vendor lock-in on the part of manufacturers/economy often seems to be 

an obstacle towards open standards. Political influence and will for standardization are 

important for nationwide implementation. This is also true, because modeling has a high 

demand for interdisciplinary human resources. Political coordination in the sense of a 

stabilization and centralization of modeling and a detachment of modeling from 

individual projects is necessary according to the interviewees. This includes coordination 

across consortia of the German Medical Informatics Initiative as well as nationwide. 

 

The project team identified the categories “capturing the "real" world”, “implementing 

the modeling standard”, and “governance” particularly important for health data 

modeling. The coordination, definition, and adherence to governance processes is 

fundamental to the success of a modeling project. In addition to capturing and mapping 

clinical concepts including relevant contextual conditions, data models have to be 

maintained after their initial creation or beyond the end of a project. This concerns the 

selection and application of modeling tools such as a knowledge repository. 

 

3.2. Hypotheses for recommendations on modeling health data 

The results of the interviews are assigned to the categories “governance”, 

“modeling”, and “standards” and result in the hypotheses for recommendations on 

modeling health data below. It should be noted, that not all five interviewees made 

statements on all points, but the statements often complement each other. 

Hypothesis 8, for example, is based on statements of two experts. One expert states 

"not [being] aware of any superior approach, but methodologically the exchange of all 

participants is very important". However, this is independent of the approach. Another 

expert states, "There is no superior approach. It has to be chosen depending on the 

application purpose. For our own purposes we have a combination of standard XX and 

standard YY. The goal is to collaborate and use the standards together by developing 

technologies to do so (rather than always developing new standards to bring standards 

together)." These individual statements are assigned to the category standards and result 

directly in hypothesis 8. 

 

Hypotheses for recommendations on modeling health data 

 

1. Adherence to (governance) processes and alignment represent key points of 

functional modeling. If the governance framework with clearly described 

processes and distribution of roles for modeling is adhered to, this contributes 

to target-oriented modeling. It is important that all steps in the modeling process 

are followed. Also preparatory steps must not be neglected. Here it is important 

that the relevant domain knowledge is first fully queried, the data set is 
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sufficiently tuned and the structure and scope of the data in or from the primary 

systems are well understood. 

 

2. Knowledge of generic modeling as well as comprehensive knowledge of the 

reference model is required for the implementation of modeling. 

 

3. Domain experts should have an overall understanding of the modeling process, 

especially including an understanding of the consequences and costs of changes 

when documentation or structures in primary systems change. Currently, this 

often only emerges during collaboration in the course of the project. 

 

4. Avoid narrowly defined modeling with a strong orientation to the primary 

system, as well as unstructured, non-standardized modeling or frequent 

revisions in the sense of very frequent or detailed changes. 

 

5. In the case of a major revision of the data structures, it should be considered in 

each case to what extent the effort of a renewed complete data integration into 

new structures is worthwhile compared to the advantages of updated data 

models (costs/benefits). 

 

6. Multiple rounds of reviews are recommended to ensure the comprehensibility 

and usability of the developed models. During the modeling of clinical concept 

models, three more technically oriented review rounds and a final technically 

oriented review round with the domain experts are recommended. Between the 

review rounds, there should be a period of time for revision, literature research 

or conceptual rethinking for new insights and ideas. 

 

7. Modeling must strive for extensive technical functionality while maintaining a 

high level of comprehensibility and readability for users. Approaches that 

support both aspects at an appropriate degree are preferable. 

 

8. There is no superior modeling approach/standard. It depends on the 

requirements and the goals of modeling, which approach, or combinations are 

suitable. The goal should be to use existing standards in combination with each 

other through the development of appropriate technologies, rather than 

developing new standards to meet open needs. 

 

4. Discussion 

The expert interviews reveal important aspects of modeling and of the framework for 

modeling. The results help the Zukunftslabor Gesundheit project team to plan a more 

extensive data collection and to create recommendations for health data modeling. 

The different roles “clinical data steward”, “technical data steward”, “data 

integration expert”, and “lead/manager” have emerged. These are of interest for further 

surveys regarding group-specific evaluations. Variances in responses are to be expected 

and will be further examined. In this interview study, a characterization of the 

interviewees beyond role and gender as well as the presentation of individual statements 
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was not planned, since the identification of persons of the small sample within a well-

networked community should be avoided. 

Interviewees had no previous experience with cross-sector data exchange. Therefore, 

it can be assumed that relevant aspects of data modeling for this purpose are not or not 

yet sufficiently present in the results. These aspects may involve challenges of cross-

sectoral data sharing such as data sharing regulations, data exchange capabilities, and 

cross-sector data integration [8]. 

The advantages of international cooperation and connection to and compliance with 

international standards became clear. These results are consistent with the findings of a 

study on the reuse of archetypes in the openEHR standard. Here, a significant reuse of 

archetypes was shown in the case of multilingual implementations [9]. 

Internal education, training and continuing education in large-scale projects seem to 

work well, supported by numerous tools and in different formats. However, cross-project 

and publicly accessible training based on experience in the form of modeling guidelines 

or courses is missing so far. This would be helpful especially for smaller projects. 

Furthermore, this aspect is important with regard to an increasing demand for well-

trained modelers. 

Standardization can be promoted by politics and industry. The German Medical 

Informatics Initiative is a good example of political support [10]. Nationwide 

coordination of the various modeling initiatives should be a next step. On the industry 

side, customer retention is an important goal of manufacturers. A change in vendor 

strategy toward open standards would further drive modeling. Standards such as DICOM 

have gained acceptance, for example, by being included in calls for proposals. This 

would also be an opportunity for (political) influence on the standardization of modeling 

with its high demand for interdisciplinary human resources.  

Based on the condensed categories of governance, modeling and standards, the 

project team was able to generate eight hypotheses for recommendations on health data 

modeling. These are mainly at the practical modeling level. Due to the limited scope of 

this congress paper, it is not possible to embed all hypotheses in the current literature. 

Exemplarily this is shown for hypothesis 8. Hypothesis 8 states that there is no superior 

modeling approach and recommends a target-oriented selection and combination of 

modeling approaches. This hypothesis can be supported by Oemig et al. who postulate 

"[...] there are sufficient standards with specific focus and individual advantages and 

disadvantages. For the implementation of the partial aspects of the interoperability 

problem to be worked on, we recommend [...] to choose combinations." [11] One such 

combination can be the use of openEHR-based servers with a FHIR-Broker. With regard 

to the growing international use of openEHR-based platforms as an alternative to 

classical information system architectures, Haarbrandt and Wulff state that openEHR 

complements the interface-oriented exchange of FHIR with its robust and scalable 

patient record architecture with regard to the development of clinical application systems 

and research registries. [12] 

 The eight hypotheses and other findings emerged from interviewing a small 

convenience sample of experts working on similar projects. This has to be mentioned as 

a limitation. With a nationwide online survey, the previous results and hypotheses are to 

be tested, extended, and further discussed against the background of the current literature 

in a next step. 
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