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Moving Forward DDI will become a model-
based specification with packages and views
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Moving Forward DDI will become a model-
based specification with packages and views

DDI Foundational Metadata 
will be built on top of core 
classes and core relationships.

Simple Codebook will 
specialize the foundational 
metadata.

Advanced Codebook will 
specialize Simple Codebook.

Likewise there will be simple 
and advanced studies, be they 
longitudinal studies or meta-
studies.
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Driving the packages and views is a 
framework…
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and a Concept of Operations (CONOPS)…
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Data Discovery under this CONOPS is semantic 
search which “exposes” key elements from 
one or more packages in views…

From these views first 
XSD schemas and then OWL 
ontologies are derived.

As we shall see, there  may be 
cause to extend OWL 
(Derived) after the fact.

In Moving Forward codebooks 
and studies continue as XML 
instances of XSD schemas.

OWL and RDF instance-
specific representations of 
these XML  codebook and 
study instances are generated.
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Today we will propose three data discovery 
views (1 of 3)

View Domain User Story

Data Elements 
and Common 
Data Elements 
(CDEs) 

• Measures sometimes change within surveys from one version 
or wave of a survey to the next. 

• Change happens. 

• Alternatively, sometimes different surveys use the same 
constructs.

• As a data curator I want to aggregate data across participants 
who get different versions of the same survey or are enrolled in 
different surveys with similar constructs.

• As a data curator I want to integrate data that repeats 
measures across waves in a longitudinal study.
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Today we will propose three data discovery 
views (2 of 3)

View Domain User Story

DDI / RDF 
Discovery 
Vocabulary 
(Disco) and 
Beyond 

From Bosch et al (2012): 

• Researchers often want to know which studies exist for a 
specific country (e.g. France), time (e.g. 2005), and subject 
(e.g. election). Alternatively, sometimes different surveys use 
the same constructs.

• Researchers want to be able to link data to similar concepts so 
they can better search other studies.

• Researchers want to put data in context linking it to other 
research.

From Greenfield (2013):

• As a data curator I want to support a research assets manager 
who needs to assess the current research value of a data set by 
linking it in real time to a citations database.
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Today we will propose three data discovery 
views (3 of 3)

View Domain User Story

Trajectories Trajectories refer to general models underlying path analysis in 
the social sciences and the representation of multifactorial traits 
in biomedical research. 

• As a data curator I want to support a data scientist who has 
developed a multifactorial path model of annual family income 
and wants to determine how well it fits a set of data.

• As a data curator I want to support research on how a multi-
factorial model of BMI (Body Mass Index) might change over 
time as a result of a specific policy intervention such as the 
banning of trans fats by the American Food and Drug 
Administration (FDA). 

Booz Allen Hamilton 9

Trajectories

12/4/2013



Data Elements and Common Data Elements

Data 
elements 
were 
introduced in 
DDI 3.2. 

Before data 
elements 
there were 
just variables 
and their 
associated 
questions. 
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DEs  and CDEs Moving
Forward (1 of 4)

Here data elements have concepts 
and there is a one-to-many
relationship between data elements 
and variables. 

Also here, depending on whether a data element is associated with 
comparable objects maintained by other agencies, it may be a common 
data element (CDE).

Arguably CDEs were invented by NCI (US National Cancer Institute) at 
NIH (US National Institutes of Health). 

At the NIH CDE Resource Portal it is explained that CDEs were 
introduced to “improve the comparability of data collected in clinical 
research and/or with patient data in electronic health records”. 
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DEs  and CDEs Moving
Forward (2 of 4)

In terms of Moving Forward we
might build, following the DDI
CONOPS, a DDI data normalization
vocabulary.

First we would derive a data normalization ontology from the DDI UML 
imagined here.

Perhaps, however, we will want to “tweak” this UML specializing it in a 
way that is not currently supported in DDI 3.2.

Specialization may be needed because across NIH four subclasses of 
CDEs have been identified…
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DEs  and CDEs Moving Forward (3 of 4)

CDE Subclass Description

Universal CDEs that may be used in studies, regardless of the specific disease or 
condition of interest, e.g., demographic information of study subjects, 
medical history, certain patient-reported outcomes. 

Domain 
Specific

CDEs that are designed and intended for use in studies of a particular 
topic, disease or condition, body system, or other classification, e.g., 
Parkinson's disease, Alzheimer's disease, diabetes, ophthalmology. Some 
domains are broadly applicable to a wide range of studies, while others 
are more useful in specific fields of clinical research. 

Required CDEs that are required or expected, as a matter of institutional policy 
(e.g., research funder or performer), to be collected for all subjects in 
studies of a particular type, e.g., NIH-funded studies of neurological 
disease, or NIH-funded studies of the genetics of eye disease. 

Core CDEs that are required or expected to be collected in particular classes of 
studies, e.g., any study of neurological disease or cancer, any genome-
wide association study. Other, domain-specific common data elements 
may be suggested, expected, or required for collection, depending on the 
more specific focus of the study (e.g., Alzheimer's disease, ovarian cancer, 
genome-wide association study of diabetes). 
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DEs  and CDEs Moving
Forward (5 of 5)

Specialization, however, creates 
issues…

Any XML instance that a study 
populates in line with an XML schema 
derived from our “simple” UML data 
normalization model won’t identify
CDEs in terms of their subclasses.

Perhaps, however, we will want to “tweak” our simple UML data 
normalization model by “advancing” it with the addition of CDE 
subclasses.

A proliferation of advanced models does not in principle lead to the 
“balkanization” of DDI but, because of the possibilities supported by 
the Moving Forward CONOPS, more governance may be required.
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Disco (DDI-RDF Discovery Language) and 
Beyond – Part I: Architecture (1 of 4)
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Here is a 
directed 
graph 
described 
by Bosch 
et al 
(2012) 
that is the 
basis for 
the Disco 
RDF 
discovery 
language

http://dcevents.dublincore.org/IntConf/dc-2012/paper/download/77/59%E2%80%8E
http://dcevents.dublincore.org/IntConf/dc-2012/paper/download/77/59%E2%80%8E
http://dcevents.dublincore.org/IntConf/dc-2012/paper/download/77/59%E2%80%8E


Disco and Beyond – Part I
(2 of 4)

Disco begins with an XSD schema 
based on this directed graph.

Bosch and Mathiak (2011) and 
Bosch and Mathiak (2012) describe 
two approaches for deriving OWL 
ontologies from the Disco XSD.

In terms of Moving Forward we note two things:

Disco doesn’t begin with a view from either a simple or an 
advanced UML model.

The Disco directed graph / conceptual model includes a type of 
concept – skos:Concept – which is not part of DDI 3.2.
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Disco and Beyond – Part I 
(3 of 4)

Moving Forward, we will probably 
want to derive the Disco XSD schema 
from UML XMI although in principle it
is possible to derive the Disco OWL 
ontology from UML XMI
directly.

A problem comes in because the DDI specification doesn’t support 
SKOS concepts.

SKOS organizes concepts around “broader”, “narrower” and 
“associative” relationships and is well suited for describing statistical 
classifications and the standard thesaurus.

Using SKOS, Disco can support cohort identification queries in which 
we search for populations that are more or less comparable on certain 
dimensions.
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Disco and Beyond – Part I 
(4 of 4)

Since SKOS integrates with OWL, 
Moving Forward one approach for
supporting SKOS concepts in DDI is
to introduce them later on.

“Later on” is after the Disco ontology
is programmatically derived from
DDI UML.

In this approach OWL (Derived) can be extended.

In their seminal work “Using OWL with SKOS” Bechhofer and Miles 
(2008) describe several models for integrating a SKOS thesaurus with 
an OWL ontology.
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Disco and Beyond – Part II: Growing Disco to 
Support the Valuation of Study Variables (1 of 4)

Imagine an instrument that uses your 
smartphone to take pictures that record 
the food you eat. 

Using the pictures as input, the 
instrument identifies food objects like the 
bread on your plate. 

The instrument records an annotation it 
places on the picture that marks the 
bread. 

It also records a measure of size based on 
the annotation. 

Finally it records the nutritional value of 
the piece of bread based on a lookup.

12/4/2013Booz Allen Hamilton 19

40 grams



Disco and Beyond – Part II: Growing Disco to 
Support the Valuation of Study Variables (1 of 4)

Imagine an instrument that uses your 
smartphone to take pictures that record 
the food you eat. 

Using the pictures as input, the 
instrument identifies food objects like the 
bread on your plate. 

The instrument records an annotation it 
places on the picture that marks the 
bread. 

It also records a measure of size based on 
the annotation. 

Finally it records the nutritional value of 
the piece of bread based on a lookup.` 
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Disco and Beyond – Part II 
(2 of 4)

Eventually this information together 
with information about other foods 
on the plate finds its way into a 
dataset DDI describes with Variables 
and a LogicalDataSet. 

Let’s imagine that Marie is its 
curator, and she just received a mission she chose to accept: determine 
the research value of this LogicalProduct.

What Marie might do, under the circumstances, is specialize Disco…
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Disco and Beyond – 
Part II (3 of 4)

Specializations are outlined 
in red. 

MeSH is a taxonomy
 of  Medical Subject Headers. 
PubMed consists of more 
than 23 million citations for biomedical literature. Those citations are 
indexed by MeSH. 

Finally, there is Gene2MeSH. Gene2MeSH “uses a statistical approach to 
reliably and automatically annotate genes with the concepts defined in 
MeSH, the National Library of Medicine's controlled vocabulary for biology 
and medicine.” 

Back to Marie. She tags the nutritional LogicalDataSet with the MeSH term 
“Enzyme Activation” along with some other keywords. 

Next with the assistance of a software agent and a Gene2MeSH 
web service, she retrieves a list of at least 200 genes and the 
PubMed citations in which each is discussed.
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Disco and Beyond – Part II (4 of 4)

Next Marie and her software agent 
know to filter the search with a 
second keyword: monosaccharide.

Now Marie and her agent have a 
count of ongoing genetic research 
into the digestion of bread. 

Marie stores the search URL that 
provides this account in 
OtherMaterial:
http://gene2mesh.ncibi.org/index.php
?term=descriptor%3Aenzyme+activati
on&taxid=ALL

Finally, DDI supports the real time 
valuation of study variables.
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Hypothesis Discovery: What is it?

Beyond common data elements, beyond cohort identification and 
beyond the DDI RDF vocabulary, what if we could discover the 
research questions that studies are able to answer?

Note we don’t say “the research questions that studies intended to 
answer”.

In a brave new world of research practiced by biology and the 
genomics revolution we divide samples into two parts:

In the first part we train programs to explore and learn the 
relationships in a data network.

In the second part we try to confirm what discovery has suggested 
to us.

Hypothesis generation, however, depends on metadata that annotates 
the data elements that make up the hypothesis discovery view.

12/4/2013Booz Allen Hamilton 26



Hypothesis Discovery: What is it?

Beyond common data elements, beyond cohort identification and 
beyond the DDI RDF vocabulary, what if we could discover the 
research questions that studies are able to answer?

Note we don’t say “the research questions that studies intended to 
answer”.

In a brave new world of research practiced by biology and the 
genomics revolution we divide samples into two parts:

In the first part we train programs to explore and learn the 
relationships in a data network.

In the second part we try to confirm what discovery has suggested 
to us.

Hypothesis generation, however, depends on metadata that annotates 
the data elements that make up the hypothesis discovery view.

12/4/2013Booz Allen Hamilton 27



Hypothesis Discovery: What is it?

Beyond common data elements, beyond cohort identification and 
beyond the DDI RDF vocabulary, what if we could discover the 
research questions that studies are able to answer?

Note we don’t say “the research questions that studies intended to 
answer”.

In a brave new world of research practiced by biology and the 
genomics revolution we divide samples into two parts:

In the first part we train programs to explore and learn the 
relationships in a data network.

In the second part we try to confirm what discovery has suggested 
to us.

Hypothesis generation, however, depends on metadata that annotates 
the data elements that make up the hypothesis discovery view.

12/4/2013Booz Allen Hamilton 28



To support hypothesis 
generation we are 
proposing a union…

In this union, using the CONOPS, 
first DDI is projected into an 
OBO Foundry ontology called the 
Ontology of Biological Investigations 
(OBI). 

In this projection OBI is specialized to include the very rich vocabulary of 
study objects and study processes DDI has developed. 

And DDI gains a platform on which to describe the succession of 
qualities and dispositions that humans and other entities undergo as a 
result of a “treatment” in clinical studies or other “occurrences” such as 
environmental and psychosocial exposures in observational research. 
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After courting but before the union, OBI cuts 
the following figure…
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After dating but before the marriage OBI cuts 
the following figure…
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Upon the union OBI 
undergoes 
specialization…

Using DDI UML and certain rules, in 
the future it will be possible to 
derive a DDI infused OBI-based OWL 
to describe, for example, a simple or 
an advanced survey: 

A wave entity might be added to the protocol.

An instrument entity might be added to arrange assays.

The DataElement entity might be introduced in order to account for 
successive versions of an assay and so forth. 

One set of specializations might grow OBI into a template suited for 
describing observational studies of behavior. 

Another set of specializations might enable this figure to describe 
clinical research. 
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Next, using a DDI XML 
study instance, it will be 
possible…

…to complete this ontology for an 
actual study, filling in the specific 
measurements, qualities, dispositions 
and triggers that fall within its 
purview.

Instantiating OWL Extended using a DDI XML instance will require 
leveraging study-specific DDI controlled vocabularies (CVS).

Here is an example…
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Here we subclass the OBI assay using a 
study-specific DDI controlled vocabulary…

An “assay” is a planned process with the objective of producing 
information. 

An example of an assay might be a question an interviewer plans to 
ask, a blood draw a nurse plans to take or an anthropometric 
characteristic like the circumference of a child’s head that an 
interviewer plans to measure in line with the protocol. 

From this discussion we know that in a specific study the assay entity 
has subclasses:
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Appropriate subclasses 
for a specific study can be 
programmatically 
generated…

…from CVs like this:
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However, in the end , 
hypothesis generation 
requires that we 
annotate DDI data 
elements…

For instance, in OBI we can in 
principle make statements like this: 

the executive function is stimulated 

by certain psychosocial exposures under certain circumstances as 

measured by an assessment, and humans who test well for executive 

function have certain neuronal qualities.

For now this seems to require a curator to tag an instance of DDI data 
elements with OBI concepts and relationships.

Eventually annotation will be machine-assisted but right now it is not…
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Towards a Hypothesis
Vocabulary

Basically OBI provides us with
a biomedical research 
hypothesis template that we 
can instantiate with data
elements

We can also grow the template so it can express other hypothesis 
types

OBI lends itself to many hypothesis views
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