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Abstract

A generic approach for assessment and continuous monitoring
of data quality in ODM-based research data has been
developed. The focus is on the two data quality indicators
completeness and syntactic correctness. The main idea is to
enable the generation of a data quality report without
additional programming effort.
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Introduction

Assessment and continuous monitoring of data quality is
generally a complex task and associated with high costs [1, 2],
especially in multicenter studies [3]. Data quality is a
prerequisite for data analysis and serves the purpose of insight
and information, but also reliability and compliance with
regulatory requirements [4]. Suboptimal data quality can yield
inaccurate research results and entail high costs [3]. In this
context, no explicit guidance exists on when a dataset is “fit for
use” [2].

A variety of different data quality indicators can be used to
measure data quality [1-2, 5]. A distinction is made between
task-dependent (or subjective) and task-independent (or
objective) dimensions [1]. Completeness and correctness/
accuracy are the most frequently assessed indicators [1]. In the
context of our work, we currently focus on completeness and
syntactic accuracy of medical research data in the Operational
Data Model (ODM) format. The goal is to provide a generic
approach to task- and domain-independent, basic assessment
and support for continuous monitoring of gathered data across
the data collection phase and to allow reporting without further
programming effort.

Methods

The Operational Data Model (ODM) of the Clinical Data
Interchange Standard Consortium (CDISC) is an FDA-
compliant, XML-based standard for study definition and
archiving [6] and enables structured capture of medical research
data. This standard is accepted as an import and export format
by electronic data capture systems such as x4T-EDC [7] and
REDCap [8]. A large number of forms in ODM format is
available in the Portal of Medical Data Models (MDM Portal)
[9, 10].

In order to generate valid data quality reports for heterogeneous
ODM-based research data of different sample sizes, a general

analysis approach is necessary. In the first step, tools based on
the OMOP Common Data Model like Achilles Heel [11] and
PEDSnet Data-Quality-Analysis [12] were analyzed, as well as
generic R-based methods [13] such as mosaicQA developed for
epidemiological purposes [14] and MOQA [15]. The next step
was to implement specific R scripts to assess the quality of
ODM-based test data of different sample sizes (between N=25
and 10,000) generated using the in-house developed ODM
Clinical Data Generator [16]. Data import was implemented in
Java due to performance reasons. Grouping functions (with
respect to subject keys, sites and metadata) were implemented
to allow restriction to specific parts of the dataset (e.g. forms or
subjects). The ODM standard does not provide a common
definition for conditions that can be uniquely integrated into the
metadata. Therefore, in the third step, a simple definition was
developed in order to be able to consider conditional items,
especially to determine completeness. Subsequently, the focus
was on the generalization of the developed R scripts, mainly
through parameterization. In the fifth step, the automated
generation of a quality report in PDF format was realized.
Finally, the data quality of three real-world datasets collected
within the projects "Translational Pruritus Research" (N=639),
"Registry for Primary Ciliary Dyskinesia" (N=1475) and
"Pruritus Research Database" (N=10389) were assessed as
proof of the generic approach.

Results

The developed generic approach allows an automatic
generation of a data quality report based on the ODM standard
without additional programming effort. Source code and
exemplary data are available at https:/imigitlab.uni-
muenster.de/sueerays/odm-dqa-reporter. In  addition to
descriptive statistics on completeness at different levels and
syntactic correctness, a metadata dictionary and graphical
recruitment history can be integrated into the report. Grouping
functions allow restriction to parts of the data set. Such
groupings can be applied in multicenter studies or for validation
of inclusion criteria. The following syntax for selectors has
been defined for conditions:

SE-StudyEventOID[RepeatKey]/F-FormOID[RepeatKey]/I1G-
ItemGroupOID[RepeatKey]/I-ItemOID

Relative paths are allowed and 'RepeatKey' is optional. If the
latter is not specified, the selector refers to the current examined
repeat instance. In addition, the Boolean operators ==, 1=, <,
<=, >, >=_IN, NOTIN, AND and OR are supported. If more
than one comparison value is specified, the values must be
given comma-separated in the form [v1, v2, v3].
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Furthermore, the real data sets could be analyzed and reports
generated. This shows that the generic approach was
successfully implemented.

Discussion

Currently, the focus of ODM-DQA reporter is on the data
quality indicators completeness and syntactic correctness. The
results are visualized using descriptive plots that are easy to
understand (e.g., pie chart, bar chart, box plot). The integration
of further indicators such as plausibility and consistency are in
preparation. Further options would be the integration into ODM
Data Analysis Tool [17] developed for automated generation of
descriptive, univariate statistics or deployment as REDCap
plugin.

Conclusions

ODM-DQA reporter is a generic, context-independent tool for
automated assessment and review of data quality in medical
research data provided in ODM format. Standard-compliant
collection of research data simplifies the systematic data quality
assessment. Both data managers and researchers can use this
approach without additional programming effort.
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