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Featured Application: To demonstrate the advantages of using a modelling tool to define and
structure the clinical data items represented in the conect4children (c4c) Cross Cutting Paediatric
Data Dictionary (CCPDD). By facilitating the unambiguous definition of data items, we show
how a modelling tool can improve the interoperability of data collected in paediatric clinical
trials. We demonstrate how the clinical application of a modelling approach to semantic inter-
operability can be used to represent the c4c CCPDD. We highlight how modelling via tooling of
terminology is a better means of data dictionary representation compared to an implicit model
captured in Microsoft Excel. We report on how the Direcht tool facilitates the export of data mod-
els into electronic capture (EDC) systems, such as REDCap and Castor. Finally, we illustrate how
the Direcht tool formalises the modelling of data items to improve the content of the CCPDD and
makes it semantically and contextually complete.

Abstract: Data dictionaries for clinical trials are often created manually, with data structures and
controlled vocabularies specific for a trial or family of trials within a sponsor’s portfolio. Microsoft
Excel is commonly used to capture the representation of data dictionary items but has limited
functionality for this purpose. The conect4children (c4c) network is piloting the Direcht clinical data
modelling tool to model their Cross Cutting Paediatric Data Dictionary (CCPDD) in a more formalised
way. The first pilot had the key objective of testing whether a clinical data modelling tool could be
used to represent data items from the CCPDD. The key objective of the second pilot is to establish
whether a small team with little or no experience of clinical data modelling can use Direcht to expand
the CCPDD. Clinical modelling is the process of structuring clinical data so it can be understood by
computer systems and humans. The model contains all of the elements that are needed to define the
data item. Results from the pilots show that Direcht creates a structured environment to build data
items into models that fit into the larger CCPDD. Models can be represented as an HTML document,
mind map, or exported in various formats for import into a computer system. Challenges identified
over the course of both pilots are being addressed with c4c partners and external stakeholders.

Keywords: conect4children; clinical modelling; data dictionary; paediatric clinical trials; electronic
data capture; Direcht; Castor; REDCap; CDISC

1. Introduction

Data obtained from vulnerable populations, such as babies, children, and young
people, is precious. When seeking to optimise the design and delivery of paediatric
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trials, data considerations are paramount. At present, the lack of harmonisation and
standardisation concerning the collection and representation of data elements in paediatric
clinical trials is a significant challenge. conect4children (c4c) is a six–year project established
in 2018 and funded by the Innovative Medicines Initiative (IMI2) to address the multitude
of barriers facing the development and delivery of effective paediatric clinical trials. This
will include a trial feasibility, conducted through a single point of contact, expert advice, an
educational academy for clinical trial personnel and data harmonisation services [1–3].

Clinical trials that contribute to drug registration are tightly regulated. Regulation
includes the use of explicit data structures and controlled vocabularies. At present, many
electronic case report form (eCRF) specifications are created manually with data structures
and controlled vocabularies that are unique to each clinical trial, including those in paedi-
atrics. That is, each trial (or family of trials within a sponsor’s portfolio) has an implicit
model, is designed for an ad hoc purpose, and is limited by how the model is captured
(usually in a flat file or spreadsheet). There is presently a limited culture and practice
of standardising and reusing clinical data specifications between clinical trials, and no
vendor neutral specification for automated eCRF generation. The Clinical Data Interchange
Standards Consortium (CDISC) standards—in particular, its Therapeutic Area User Guides
(TAUG)—support access to data by specifying how data standards are expressed. The
CDISC also encourages convergence in data standards across pharma clinical trials [4].
There is presently limited connection between the CDISC standards and those used for rou-
tinely collected (real-world) electronic health records, although the HL7 VULCAN project
is starting to bridge between its Fast Healthcare Interoperability Resources (FHIR) standard
suite and clinical research [5]. However, there is a growing recognition that clinical trial
data should be reused for subsequent research [6], as exemplified by the Yale Open Data
(YODA) initiative supported at Yale University by Janssen Pharmaceuticals [7]. Eligibility
criteria for clinical trials are already being mapped into a computable form for execution
as queries on hospital electronic health records (EHR) systems that requires reformulating
those criteria as data items and structures that are realistic to find in EHRs [8,9]. More
recently, vendor neutral specifications for transferring hospital EHR data to electronic data
capture systems (EDC) for pharma-sponsored trials has been demonstrated at multiple
European sites [10]. It is therefore important to find ways to maximise the consistency and
reusability of clinical trial data.

The c4c project is addressing this issue by developing and supporting a standardised
paediatric data dictionary, the Cross Cutting Paediatric Data Dictionary (CCPDD). This
provides guidance on how to represent data items that are disease agnostic (cross cutting)
and commonly collected during paediatric studies. Use of the CCPDD is expected to
result in more harmonised, interoperable data that has a greater potential to be shared and
re-used. The CCPDD has an explicit model and is designed to be used across multiple trials
and sponsors.

The c4c CCPDD was initially developed in Microsoft Excel and was successfully used
to manually create case report forms (CRFs) for the non-industry c4c Proof of Viability (PoV)
studies. However, the Excel format of the data dictionary resulted in several challenges
due to the ‘flat’ structure of the worksheet and its limited ability to quality assure the
content entered.

Due to all the issues listed in Table 1, the c4c Paediatric Data Interoperability Work-
ing Group (PDIWG) strongly recommended future versions of the CCPDD use a more
formalised modelling approach to defining the data structure.
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Table 1. Challenges of using a Microsoft Excel spreadsheet to represent the CCPDD.

Issue Explanation

Version control

As the Cross Cutting Paediatric Data
Dictionary (CCPDD) grew and new versions
were developed, there was a risk that obsolete
versions of it were used. The size of the
conect4children (c4c) consortium made this
more likely.

Complexity

As the CCPDD grew, it became more
cumbersome to manage. Adding new
worksheets to the spreadsheet made the
document less user-friendly.

Modelling errors
Risk of data dictionary concepts being
modelled differently in different domains by
different teams.

Linkage
Due to the flat structure of Microsoft Excel, it
was challenging to show nested structures and
interlinking items.

Semantic detail

Not all structure and semantic specifications
can be captured, and there was no way of
prompting authors about missing data
properties.

Usability

As the CCPDD grew, visualisation became
increasingly important to help users to
understand what the dictionary contains, and
what they were now in the process of
authoring. This functionality was not possible
in Microsoft Excel.

Only one standard used (CDISC)

Predominantly focussed on one standard
(Clinical Data Interchange Standards
Consortium (CDISC)): this reduced
opportunities to link items to data from
electronic health records.

Integration to other IT tools
The Microsoft Excel version required
transcription into electronic case report form
(eCRF)-generating tools.

In contrast to clinical research, methods and tools to formalise clinical models (data
structures and semantics) that define documentation patterns for the consistent population
and interoperable communication of EHRs are well established [11].

The openEHR archetype concept is the oldest and most mature formalism for this [12,13].
In more recent years, other initiatives have adopted similar approaches [14], and quality
processes for developing clinical models have also been published [15,16]. This clinical
modelling paradigm has been an ISO standard since 2008—most recently published as ISO
13606 Part 2 [17]—which enables clinical models (archetypes) to be defined as use patterns
of an underlying semantics–free reference model defined in ISO 13606–1 [18]. Clinical
modelling tools have been used extensively by EHR interoperability communities globally
in order to help them to define models that are technically and semantically aligned with
an underlying reference model and offer a number of user features to facilitate good quality
model development [19]. Mapping transformations have been defined between archetypes
based on ISO 13606 and the CDISC Operational Data Model (ODM) standard most often
used for clinical trials data [20]. There remains, however, an evidence gap in terms of the
incorporation of the archetype approach within regulated clinical trials by leveraging this
computable knowledge representation as a source for eCRF generation and CDISC ODM
mapping. c4c therefore elected to pilot the use of the archetype approach—based on the
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ISO 13606 standard—to reformulate and to better formalise its initial CCPDD, including
the export of these paediatric research archetypes into a CDISC ODM format and the
automated configuration of eCRF templates.

The scope of the problem under investigation was whether it was possible to robustly
and methodically structure the content of the CCPDD into an environment that was not
compliant with clinical trial standards alone. The reasons for exploring this were twofold:

(1) to enable data from the clinical trial environment to flow seamlessly into point of care
health environments;

(2) to validate and improve the content within the data dictionary, to make it semantically
and contextually complete.

A data dictionary modelling pilot project was established to reproduce selected parts
of the c4c CCPDD using the Direcht modelling tool (https://direcht.com/ (accessed on
20 January 2022)). The Direcht tool has been developed by a team with a long history in the
clinical modelling field within the health domain, including serving as ISO experts for the
development of the 13606 standard. Direcht conforms to this ISO 13606–2 clinical modelling
formalism, as well as the 13606–1 underlying reference model. Because these two-part
standards themselves do not incorporate clinical model content and can be transformed
into other clinical and research representations, the c4c team regarded this approach as
standards and semantics neutral with respect to the more specific implementation standards
that are used in healthcare and in clinical research.

The data modelling tool, as it stands, thus provides a standards-agnostic—but nonethe-
less standardised—data dictionary representation, which supports alternative export for-
mats, such as those used in the wider healthcare domain.

The ability to represent the dictionary in a three-dimensional tool using the CDISC
ODM was important as this would allow the content of the dictionary to be imported into
one or more EDC systems.

Recent research conducted with the c4c industry partners showed that there was inter-
est within industry for c4c developing a resource where data are modelled and standardised
to avoid duplication of effort and allow for greater harmonisation.

2. Materials and Methods

The Direcht modelling tool [21] utilises various modelling paradigms from the ISO
13606–1 Reference Model [22,23], such as ‘Element’, ‘Cluster’, ‘Entry’, and ‘Sections’. For
instance, ‘BodyMeasurement’ is a ‘Cluster’ which encompasses different data dictionary
items such as ‘BMI’ and ‘height’ (represented as ‘Elements’). These ‘Clusters’ and ‘Elements’
can be brought together under an ‘Entry’ that represents a well-defined, communicable
piece of information. One or more of such ‘Entries’ can be grouped together under headings,
represented as a ‘Section’ within the tool.

Figure 1 shows the procedure used for the modelling of data dictionary items in Excel,
a snapshot of which is shown in Figure 2. BodyMeasurement (Vtial Signs) was used for the
first pilot study using Direcht and reproduced at the start of the second pilot. The first step
was the creation of an account in Direcht. Modelling of the data dictionary items was started
under the project CCPDD–pilot 2 within the ‘Create Clinical Model’ section as shown in
Figure 3 below. In the ‘Entry’ section, the page was completed, which included ‘Entry
Name’ (‘BodyMeasurement’), ‘Specialization’, ‘Version Status’, ‘Conformance’, ‘Cardinal-
ity’, ‘Version Number’, ‘Entry Description’, ‘Mapping Type’, ‘Mapping URL’, ‘Mapping
Description’, and ‘Elements’. The ‘Conformance’ and ‘Cardinality’ values were selected on
the basis of the importance of the data dictionary item in the specific aspect of a clinical
trial. Moreover, it is important to recognise that not all of the sections were compulsory to
complete, and as such, compulsory fields were marked with a red asterisk. In the mapping
section, the CDISC link to the data dictionary item being modelled was entered in the
‘Mapping URL’ section, the description of the entry was stated in the ‘Mapping Description’
section, and the ‘Mapping Type’ was labelled as ‘CDISC’.

https://direcht.com/
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Figure 1. Schematic diagram showing the flow chart of the use of Direcht to model data dictionary
items. HTML—hypertext markup language; ODM—operational data model.

Through the data modelling tool, one can model data dictionary items in a non-CDISC
standard environment. Moreover, data content can be exported to the CDISC ODM format
and imported to one or more clinical EDC tools. These features of the tool provide an
avenue for data from the clinical trial environment to flow effectively to the point of
healthcare where they are needed. It also provides a better structural and visualisation of
data for use by those at the lower levels of the clinical trial ladder across EDCs. Furthermore,
it helps to make the data dictionary contextually complete.

In the ‘Element’ fields, as shown below in Figure 4, four ‘Elements’ were completed,
namely, ‘BMI’, ‘Height’, ‘TotalBodyLength’, and ‘Weight’. The ‘Cardinality’ and ‘Confor-
mance’ of these ‘Elements’ were completed according to the importance of the measure-
ments in specific clinical trials. Following this, the ‘Entry’ was saved.
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Standards Harmonisation Implementation Guide; SDTMIG—Study Data Tabulation Model Imple-
mentation Guide.
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Afterwards, the ‘Create Cluster’ page was opened and, like the ‘Entry’ page, com-
pleted. The ‘Clusters’ were named ‘BloodPressureMeasurement’ and ‘BodySurfaceAreaDe-
tails’. ‘Elements’ completed included ‘SystolicBloodPressure’, ‘DiastolicBloodPressure’ and
BodySurfaceArea’. Finally, the data dictionary items modelled in the ‘Clusters’ were then
attached to the already modelled ‘Entry’ and saved.

3. Results

Eighteen data concepts were included in the first pilot study—10 clinical data concepts
and 8 demographic data concepts. The 10 clinical data concepts were as follows: ‘Oxy-
genSaturation’, ‘HeartRate’, ‘PulseRate’, ‘RespiratoryRate’, ‘Temperature’, ‘Measurement
Details’, ‘BloodPressureMeasurement’, ‘BloodPressure’, ‘BodyMeasurement’, and ‘Vital-
Signs’. The eight demographic data concepts were: ‘PatientDetails’, PatientInformation’,
GgestationalAgeDetails’, ‘PatientDetails’, ‘DateOfBirth’, ‘DateOfDeath’, GestationalDetails’,
and ‘PhenotypicSex.

3.1. Facilitation of Good Quality Model Design

For the second pilot, a small team with no previous experience using a modelling tool
was tasked with modelling additional concepts associated with the CCPDD. The more
sophisticated design of the modelling tool compared to the Microsoft Excel spreadsheet
prompted discussions about the structure of the models that had previously been defined
in Excel and how they would fit as the data dictionary increased in size and complexity.
This included discussions about reusability of data items and how to structure models
so that they could potentially have a more general application. The team agreed that the
modelling tool directly facilitated these conversations about modelling aspects that had
been overlooked when using Excel and, to an extent, provided a learning environment for
colleagues who had no prior experience with data modelling.

As well as helping to define the structure of the data items, the modelling tool also
prompted discussions about the cardinality and conformance of data items which was not
addressed in the Excel version of the CCPDD.

As described above, the modelling tool provided a platform for discussion and for
reaching consensus around building more complex and reusable data models, but it was
recognised that the models also needed to be exportable to EDC systems to work in a
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real-world setting. The more structured approach of the modelling tool also highlighted
gaps in knowledge which resulted in the pilot team reaching out to colleagues within
the c4c consortium for guidance on how to model ‘Pubertal Status’ concepts from the
Excel version of the CCPDD as shown in Figure 5 below. The data items ‘Male Genitalia
Stage’, ‘Male Pubic Hair Stage’, ‘Female Breast Stage’, ‘Female Pubic Hair Stage’, ‘Date of
Menarche’, ‘Age of Menarche’, and ‘Testicular Volume’ all existed in the Excel version of
the CCPDD. Most of these data items were included as part of the Tanner Scales. This step
could have potentially been simplified if the original model had been created in a more
structured way and demonstrated one of the advantages of using a modelling tool over
Microsoft Excel.
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Figure 5. Example of modelling pubertal status concepts.

In the period between the finalisation of CCPDDv1 and modelling the pubertal status
concepts described above, the CDISC published examples of how these concepts are
represented in CDISC standards [24]. The pubertal status models were mapped to the
new user guide within Direcht, as shown in Figure 6 below. As with the Microsoft Excel
version of the CCPDD, mapping to standards within the modelling tool is done manually
by searching for the online link and copying and pasting it into the space provided. While
this does not initially seem to offer an obvious advantage over Excel, it does provide a clear
list of the standards associated with the model.
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CDISC—Clinical Data Interchange Standards Consortium.

In summary, using a modelling tool facilitated the discipline of providing unam-
biguous definitions of data dictionary items which can be consumed and implemented
downstream. The rigour of modelling helped not just the producers of the data dictionary,
but the consumers of the data dictionary. The pilot has also facilitated the unexpected feed-
back loop into the standards body to help improve definitions, highlighting that standards
bodies need to keep abreast of improvements in how these data dictionary items are now
being modelled.
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3.2. Data Visualisation

Unlike Microsoft Excel, the HTML version as shown in Figure 7 above, provided a
summary of the modelled data dictionary in the clinical modelling tool aimed at providing
a factsheet of the data content and how it was modelled. Additionally, the HTML version
of data items enabled the clinician to have a clear understanding of the description of each
data item, how they were represented, and the importance of each representation.
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Figure 8 depicts the mind map of a modelled data dictionary item with the specific
‘Entry’, linked ‘Elements’ and ‘Clusters’ and the ‘Clusters’ linked to other ‘Elements’. This
mind map offered clearer visibility for the clinician on the data dictionary content being
modelled compared to the Excel format. In contrast to the Excel worksheet, the mind map
provided a schematic flow chart-like template with a clear guide to the clinician or clinical
trial personnel on how data items were modelled and how they relate to each other.

3.3. Export of Data in ODM Format

Direcht allows the export of modelled data dictionary items through the ODM format
into REDCap, as shown in Figure 9 below, and as such promotes interoperability of data
though ensuring consistent eCRF design between trial sites. However, after the export of
the modelled data dictionary items in ODM format into REDCap, some parts of the data
dictionary items were found to be missing due to the inability of the format to allow parts
of the modelled item that did not conform to CDISC standards to be exported. Such parts
included the conformance and the cardinality of the modelled dictionary items. Hence,
some data dictionary items which cannot be standardised in the CDISC format cannot
be exported to REDCap. Furthermore, none of the modelled data dictionary items were
able to be exported to Castor—another eCRF implementation—using the ODM format, as
Castor at the time did not support the ODM. However, c4c has made significant progress
through advocacy and collaboration with partners to influence the launch of a new update
of Castor that will enable the exportation of the ODM format of modelled data dictionary
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items. There was also an issue with spaces in field names when the models were exported
to REDCap. Direcht fields do not allow spaces (for, e.g., DateOfBirth), which means there
were no spaces in these fields on the CRF. This was because element names in Direcht
become variable names in the back end of the tool. It would be beneficial to have more
than one EDC to test the ODM import, as this would help to determine what was tool
specific and what needs to be changed at the ODM or data modelling layer. There was also
a limitation on the transfer of code lists in the ODM format, and they had to be put into the
free text node.
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The team modelled the concept ‘PregnancyRelatedProcedures’ within Direcht and
imported the ODM XML file into REDCap. REDCap was chosen as it is one of the more
commonly used eCRF tools across the c4c consortium sites and claims to conform to the
CDISC ODM standard [25]. It was therefore regarded as a suitable choice of eCRF to
validate the Direcht ODM export. Overall, this export validation was successful; however,
certain issues were identified:

• The structure of the data model created two CRFs within REDCap, rather than one;
• REDCap took the first variable in the XML file as the Subject ID; however, the model

did not have a Subject ID, and as a result, the first field in the data model was not
usable in the REDCap project;

• Data were entered into Direcht without spaces, for example, ‘DateOfBirth’. This format
was exported into REDCap, affecting the user experience.

These results have prompted discussions between the c4c team, Direcht, and CDISC
to determine at which point in the process they occur and how to address them. This work
is ongoing and will influence the next stage of the pilot.

3.4. Findings from the First Pilot Study

The first pilot was launched in 2019 and was completed successfully in January 2020.
The pilot validated the following:

• A robust, consistent, and systematic approach to modelling items in a non-standardised
format can be achieved. This approach also helped in highlighting ambiguity in data
definitions, which were otherwise difficult to identify.

• Using modelling tools provided the benefits of following a disciplined manner of
structuring data with its attributes, cardinalities, associations, and values. This rigour
in data representation benefited downstream tools such as EDC and reporting tools,
providing consistent implementations.

• Modelling in a tool-based environment enabled viewing data in multiple dimensions
such as tabular and graphical views to suit the user preference. This resulted in
more engagement in reviews and discussions, which ultimately helped in richer and
unambiguous data models, as shown in Figure 10 below:
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Figure 10. Modelled data dictionary item of oxygen saturation.

• Transformations to other standard formats including CDISC ODM can be achieved
reducing the burden of manual mapping and human errors arising from such a process.

• Representing the data dictionary in the form of models and then exporting them to
industry standards such as CDISC ODM enabled various EDC systems, e.g., REDCap,
and used them to construct new data entry forms.
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3.5. Benefits of Using a Clinical Modelling Approach over Microsoft Excel

Even though there were some challenges associated with using a modelling approach—as
highlighted above—the following benefits were identified:

• Guided dictionary entry authors as to how to specify new clinical models (data
dictionary entries);

• Acted as a collaboration platform for virtual team model creation, capturing design
comments and decisions;

• Ensured the quality of each model specification so that all necessary modelling prop-
erties were specified and there was internal consistency;

• Enabled seamless linkage to external terminology systems for defining value lists,
measurement units, etc.;

• Easily searchable and browsable library of models to avoid the creation of duplicates
or overlapping models and to facilitate their use;

• Easy specialisation of models: use one as a base pattern to create a specialised version
for a specified purpose, e.g., to adapt an adult model for children or a child model
to neonates;

• Models were version managed, distinguishing draft versions and published versions;
• Models can be grouped into sets for convenient reuse and sharing;
• Exportable to CDISC ODM, for import into EDC systems, e.g., REDCap;
• Exportable to formats that can be used within EHR systems and RWD repositories;
• Held in a standards agnostic form, but conforming to ISO modelling standards to

avoid vendor lock-in.

4. Discussion

The results from the pilots show the benefits of a data modelling tool over the widely
used Microsoft Excel for representing data dictionary items. Benefits include:

• Enhanced user friendliness and overall usefulness due to visualisation tools. Mind
maps enable clinicians and other clinical trial personnel to better understand the step-
wise format by which data dictionary items are represented for use in clinical trials [26];

• The HTML summary provides a ‘fact sheet’ of the data dictionary items for enhanced
clarity in line with the clinical registry template [27];

• A clearer way of representing a large list of data dictionary items;
• The flexibility to allow generic ‘Clusters’ and ‘Entries’ to be reused for other models.

In addition to facilitating and simplifying the CCPDD for clinicians, researchers, and
data managers, Direcht brings important advantages for improving interoperability of data.
The export of data models as ODM and XML files allows clinicians to effectively share data
on a global level. Alignment with CDISC standards creates a widely accepted and officially
recognised template for data dictionary items [28].

The XML export format would—in principle—permit c4c clinical models authored
using Direcht to be imported to another ISO 13606 conformant archetype editor, avoiding
the risk of vendor lock in. This will be an important consideration if the pilot is extended to
a sustained clinical modelling approach for the rest of the project.

The successful export of data items to the CSIC ODM standard showed that Direcht
ensured that every aspect of the modelled data item conformed with CDISC specifications.
This is important because standardised data items boost intra usability and interoperability
of data. However, this also posed a challenge for data items that could not be mapped to
the ODM standard, meaning that Microsoft Excel was preferred in this context. Table 2
below summarises the implications of the clinical modelling tool pilot.
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Table 2. Implications of the clinical modelling pilot.

Feature Practical Implication

Interoperability between standards
Creates a bridge between the clinical and
research worlds. Potential to combine
standardised data from different sources.

User friendliness

Heightened understanding of the
representation of clinical paediatric data items.
Personnel less familiar with data standards can
use the models, resulting in a wider pool of
standardised data. This could be of particular
importance to academic studies.

Automated eCRF creation potential

Researchers can export models into their EDC
systems. This avoids any human error in
applying standards and makes it easier for
personnel, particularly those new to
implementing data standards at the CRF level.

5. Conclusions

The pilots undertaken to date have confirmed that the use of a standardised but
semantically agnostic clinical modelling tool offers multiple benefits in representing the c4c
CCPDD items, compared with the more traditional Microsoft Excel-style resource. Tools
such as Direcht, which can render the c4c CCPDD easier to use in clinical trials, carry
significant added value for clinicians and researchers who are typically time-short and
require assets which simplify processes and aid understanding. Beyond this, however,
the tool offers major potential to address the current lack of standardisation—and, by
extension, interoperability—of the data most often collected in a typical paediatric study.
A greater volume of more easily pooled data should support more streamlining of future
research, for instance in terms of adapted trial design—potentially reducing the use of
placebo arms, for example. The potential to map the c4c CCPDD items to real world data,
such as EHRs, is also powerful, and could facilitate activities such as extracting data from
EHRs to populate eCRFs for a study, as well as using EHR or registry data to support
post-marketing surveillance studies. The c4c consortium will continue to pilot use of this
tool, to ascertain its added value for different stakeholders and, simultaneously, continue
to build synergies between standards development organisations, stimulating adaptations
which should benefit the wider paediatric health and research data communities.
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