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Abstract. Introduction: The configuration of electronic data capture (EDC) 
systems has a relevant impact on data quality in studies and patient registries. The 
objective was to develop a method to visualise the configuration of an EDC system 
to check the completeness and correctness of the data definition and rules. Methods: 
Step 1: transformation of the EDC data model into a graphical model, step 2: 
Checking the completeness and consistency of the data model, step 3: correction of 
identified findings. This process model was evaluated on the patient registry EpiReg. 
Results: Using the graphical visualisation as a basis, 21 problems in the EDC 
configuration were identified, discussed with an interdisciplinary team, and 
corrected. Conclusion: The tested methodological approach enables an 
improvement in data quality by optimising the underlying EDC configuration. 
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1. Introduction 

In studies and registries, the type of data collection has a relevant impact on the data 
quality and thus also on the quality of the studies or patient registries [1–5]. Data 
definition is a structured process based on the study or registry protocol. The data should 
be described in a catalog of items as part of the data management plan (DMP) [1,2]. 

The use of electronic data capture (EDC) systems, such as REDCap (Vanderbild 
University, [6]) or LibreClinica (ReliaTec GmbH, [7]), enables researchers to collect and 
manage data effectively with higher data quality than paper-based formats [4,8–10]. The 
configuration of electronic case report forms (eCRFs) goes beyond defining the data to 
be collected and the type of response, e.g., checkboxes or free text. The systems provide 
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options for implementing filter questions, help texts, data validation rules, notes on 
missing entries and autocompletion [6,7,11].  

On the one hand, these features increase efficiency and ensure data quality already 
during data entry [3,12]. On the other hand, unclear and ambiguous definitions, 
configuration errors or a poor layout of the EDC systems can lead to questions or answer 
options not being displayed by mistake or answers to questions not being entered [1,5,13]. 
To prevent incomplete or inaccurate data, such errors must be avoided. 

Registries are often created by clinicians with limited methodological experience [2]. 
Even with extensive experience, errors can occur when setting up or adjusting the 
configuration. In this case, it can be important to obtain an overview of the parameters, 
formulas and plausibility checks stored in the EDC system as part of the quality 
assurance, validation of the EDC system configuration or troubleshooting.  The display 
options for the configurations are limited. Graphical modelling can be advantageous 
compared to tabular overviews, especially when there is a large amount of data and 
dependencies to be tracked. Abstract information translated into visual representations 
supports perception, understanding and communication e.g. how the values relate to one 
other [14,15].  

The objective of this work was to develop a method to easily and safely visualise 
the configuration of an EDC system to check the completeness and correctness of the 
data definition and rules. 

2. Methods 

2.1. Approach 

The approach developed in this work comprises a multi-step methodological procedure 
(see Figure 1). Step one: Based on existing registries and studies, the variables defined 
in the EDC system, their properties and interdependencies are transferred to a graphical 
visualisation using directed graphs with nodes and labelled edges. The graphical 
representation provides a quick overview and is the basis for discussion of the data to be 
recorded. Step two: The completeness and correctness of the data and rules configured 
in the EDC system are evaluated based on defined criteria. Ambiguities are discussed 
and resolved in an interdisciplinary team. Step three: Identified problems are resolved 
by adjusting the EDC configuration and, if necessary, the registry protocol, DMP and 
catalog of items. 

2.2. Evaluation of the approach using the EpiReg-registry 

As proof of concept, the suitability and usability of the methodological approach have 
been tested on a registry for patients with genetic epilepsy (EpiReg). The EpiReg-
registry is part of the Treat-ION research project (01GM2210B) [16]. The catalog of 
items comprises a minimal dataset and an optional dataset [17]. The EDC system 
REDCap is used for data collection. 
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Figure 1: Methodical approach to optimise existing registries or studies by checking the completeness and 
correctness of the data definition and rules using a graphical visualisation 

2.2.1. Step one: Transformation to graphic visualisation 

Requirements have been specified with regard to the information to be displayed about 
the data elements in the EDC configuration. Table 1 provides an overview of the 
necessary information and selected graphical modelling. The syntax is based on elements 
of directed graph modelling in software development, such as uml diagrams [18,19]. A 
simple visualisation tool (PowerPoint) was used during the initial testing. The 
implementation of a tool to automate the creation of the graphical visualisation was not 
carried out. 

2.2.2. Step two: Evaluation Criteria to improve data quality 

To counteract inadequate data quality due to incomplete or inaccurate data, a list of 
possible causes with regard to the configuration of the EDC system was generated ( 
Table 2). The list included problems reported in literature [1,3–5,13] and was expanded 
by problems identified during the evaluation of the EpiReg registry. The assessment of 
the relevance for data quality (categorisation: ”low“, ”medium“, ”high“) is based on the 
risk associated with the error. The EpiReg registry was reviewed by a specialist in 
medical informatics. Identified problems were added as comments in the graphic and 
discussed in a joint meeting with two genetic epilepsy experts, two specialists in medical 
informatics and the person responsible for implementing the eCRF in REDCap.  

2.2.3. Step three: Correction of identified problems 

Identified problems are corrected in the configuration of the EDC system and published 
in a new version of the eCRF. If the identified problems were related to the underlying 
catalog of items, the data management plan was also adjusted. 
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Table 1: Description of the graphic elements and underlying requirements for the visualisation of the EDC 
configuration 

Requirement:  
The user must recognize ... 

Graphic Feature Example graphic Visualisation 

which variables are being 
collected: 
Variable name (identifier) 
Variable label (short title) 

Labelled node with variable 
label and variable name. 

 
which attributes the 
variables have: 
field type used? 
data validation rules? 
available choices? 
mandatory fields or 
automatically generated? 

field type / acceptable values: 
additional information in the 
node with variable label 
 
choices: separate node 
connected via unlabelled edge. 
 
mandatory fields and 
automatically generated data: 
different colour coding.  

how the variables are 
linked via the branching 
logic. 

nodes connected via labelled 
edge  

   
how the variables are 
structured (form name and 
section header). 

display of the form name as 
well as section header and 
framing of the associated 
variables 

which variables are part of 
repeating structures. 

colour coding of repetitive 
areas and affected variables, 
reduction to one-time display 

 
 

Table 2: Set of error categories and derived inspection criteria 

Error category Inspection criteria Visual 
instance 

Unclear / 
ambiguous data 
definitions [1] 

Clear and concise questions, prompts, and instructions (suitable for 
target audience) [4,5] 
Unit of measurement /data format defined [4] 
Use of help texts and sample data [3,13] 
Choice “unknown” if data is not available 

Nodes 

Data overload [1] No unnecessary data is collected  Nodes 
Programming 
errors [1] 

No missing or duplicate data elements /choices  
No error in branching logic (missing references / reference to incorrect 
variable/choice) 

Nodes 
Edges 
Node tree 

Poor CRF layout 
[1] 

Structure 
- Structuring of the data (subdivision of questionnaires, 

subheadings, item order)[5,13] 
- Use of conditional questions (Hiding of questions) [3,13] 
Presentation  
- Selection of suitable field types (use precoded answer sets, 

minimize free text responses) [4,13] 
- Use of consistent formats, font style and font sizes, language 

[4,5,13] 

Nodes 
Edges  
Section 
structure 

Insufficient data 
checks [1] 

Definition/consistent use of required items [3] 
Implementation of meaningful validation rules [3,5] 

Nodes 
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3. Results 

3.1. Graphical Visualisation 

The data dictionary of the minimal dataset and the optional dataset of the EpiReg 
exported from REDCap were converted into a graphical visualisation using the defined 
visual elements. Figure 3 shows the graphical model of the revised minimal dataset. The 
dataset contains 95 items, 14 of these are at the first level and 81 are dependent on choices 
of prior questions and linked to them via the branching logic. The request for information 
on up to five relevant genetic variants comprises 11 repeating questions and therefore 44 
repetitive items that are not shown. The only automatically generated variable is the 
REDCap-ID. Three questions were marked as mandatory. 

3.2. Examination and correction of the dataset 

For the minimum dataset the version dated 21.09.2023 with 95 items was used as the 
basis for the review. The first evaluation and discussion of the data dictionary led to 11 
documented problems (Table 3). Figure 2 shows an excerpt of the adjustments made in 
comparison to the reviewed version of the minimal dataset. The problems were 
implemented in the revised version dated 02.01.2024 together with the extension and 
restructuring of some items (Figure 3). The review of the optional dataset with 988 items 
distributed over 11 questionnaires (version dated 23.02.2023) resulted in 10 problems 
which were included in a major revision of the dataset.  
 

 
Figure 2: Adjustments of question structure and extension of choices made to the "Age at first documented 
seizure" section (previously "Age at initial manifestation") to correct identified problems 3, 5 and 6 (see Table 
3). As part of the revision, a renaming from "initial manifestation" to "first documented seizure" was carried 
out.   
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Table 3: Problems identified by analysing the EpiReg minimal dataset 

 Error category Issue description Risk Corrective action 

1 Data Overload Query of the date of the last 
change to the questionnaire: 
Adjustment can easily be 
forgotten and should therefore be 
automated or derived from the 
system-side change tracking 

medium Remove / change 
variable 

2 Unclear/ambiguous data 
definitions, 
 

Variable label “Unknown – 
please clarify“ for “Etiology”-
branch not very self-descriptive: 
reference to parent item: “Please 
comment on unknown etiology” 

low Adjust label 

3 Unclear/ambiguous data 
definitions, 
Poor CRF layout 

Choice “unknown” should be 
explicitly selectable so that it can 
be distinguished from missing 
entries in the evaluation (n=12) 

medium Adjust choices 

4 Programming errors Branching logic for 
“Specification: Antibody-
mediated” at 3rd level. Check can 
be shortened as it contains 
unnecessary queries (part of the 
check will always be true) 

low Adjust branching 
logic 

5 Programming errors, 
Unclear/ambiguous data 
definitions 

Missing choice for age group 
“Child (1 year through 12 years)” 
for item “Age at initial 
manifestation” 

high Adjust choices 

6 Data Overload,  
Unclear/ambiguous data 
definitions 

Conflicting query: “Estimated 
year of initial manifestation” 
after choice: “Age at initial 
manifestation known?"= “No”: 
No correct answer can be given 

high Adjust/remove 
variable 

7 Poor CRF layout Missing heading/bad position of 
headline for the subdivision of 
examination methods 
“chromosome analysis” and 
"Array-CGH" 

low Move/additional 
subheading  

8 Programming errors, 
Unclear / ambiguous data 
definitions 

Query of examination results 
after indication “not performed” 
of examination methods 
“chromosome analysis” and 
“Array-CGH”: No answer can be 
given 

medium Adjust choices and 
associated 
branching logic 

9 Poor CRF layout Note text “(multiple answers 
possible!)“ for item “Type of 
sequencing performed” has a 
different font size/type than for 
the other items 

low Adjust font 
size/type 

10 Unclear / ambiguous data 
definitions 

Choices for “Evidence of found 
variants” limited from 1 to 5 
variants: option for “0 Variants” 
is missing 

high Adjust choices 

11 Insufficient data checks Change between required and not 
required items without 
recognisable reasons e.g. 
between different variables and 
same item 

medium Adjust required 
variables 
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Figure 3: Excerpt from the model of the minimum dataset of the EpiReg registry (Version 02.01.2024). 
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4. Discussion 

The methodological approach aims to improve data quality in studies and registries at 
the time of entry by avoiding e.g. programming errors or poor CRF layout. Graphical 
modelling of the data dictionary provides a clear representation of all variables, their 
attributes and links between them and serves as the basis for the revision. The established 
list of test criteria enables the examination of quality and inconsistencies regardless of 
the underlying medical domain.  

The evaluation of the approach using the EpiReg-registry for patients with genetic 
epilepsy as proof of concept enabled the identification of several issues. Correcting the 
identified issues can contribute the data quality and thus improve the interpretability of 
the registry data, which in many cases can have a significant impact on medical care. 

Compared to a standard structured expert review of the eCRF using the provided 
abstract information, the graphical visualisation provided a more efficient way to 
perceive the information [14,15] and made it easier to check the quality criteria and to 
identify errors. The tree structure made it particularly easy to identify erroneous links or 
deviations in repetitive areas. In further studies, the superiority with and without 
graphical visualization is to be tested in comparison.  

The graphical representation also simplified the discussion within the 
interdisciplinary team. Using the graphical model made it possible to review and discuss 
the data from both a medical and technical perspective. For example, not solely problems 
like programming errors in the branching logic were identified. The use of the alternative 
visualisation approach also led to an adjustment of e.g., the inclusion and sequence of 
individual data elements for reasons of medical relevance. To additionally extend the 
usefulness of the visualisation, the presentation could be supplemented by changes to the 
data set for better traceability. 

The approach complements the quality assurance process of the multitude of 
evaluation/quality criteria that lead to high-quality registries and studies [1,2,11]. To 
ensure a comprehensive list of errors, the data should be checked by two independent 
reviewers and their results combined. A new check should be carried out after each 
revision. The basis for implementation in the EDC systems should always be a prior 
definition of the items to be collected. For a comprehensive optimisation of data 
dictionaries, the approach should be complemented by further methods, e.g. pre-tests 
with persons responsible for data entry, as part of the structured process.  

The methodological approach has so far only been tested on one registry as an 
example. To further verify the generalisability of the method, the approach should be 
applied to the data dictionary of other registries and studies implemented in different 
EDC-Systems. The list of test criteria and graphical elements needed does not claim to 
be exhaustive. Further test criteria and elements for a comprehensive model should be 
added. 

The graphical modelling has been performed manually using simple tools as part of 
initial tests. Since this is not feasible, the next step is to develop a tool that enables the 
automatic creation of graphical model, taking into account the functional scope of 
different EDC systems.  
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5. Conclusion  

The chosen methodological approach provides criteria for checking and improving the 
eCRF of registries or studies based on a clear, graphical visualisation. In an exemplary 
use case, the approach has already contributed to the improvement of the eCRF of a 
registry and thus to data quality. Further development of a tool to automatically generate 
graphic visualisation and the addition of further test criteria are desirable. 
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