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ABSTRACT 

The	   ‘Ontology	   of	   Experimental	   Variables	   and	   Values’	   (OoEVV)	   is	  
based	  on	  the	  principle	  of	  ontology	  design	  patterns.	  The	  main	  purpose	  
behind	  OoEVV	  is	  to	  facilitate	  the	  interlinking	  of	  multiple	  variables	  that	  
measure	  the	  same	  underlying	  quality	  but	  are	  expressed	  using	  different	  
measurement	   scales.	   It	   is	   designed	   to	   enable	   biologists	   to	   generate	  
preformatted	   Excel	   worksheets,	   to	   populate	   them	   with	   structured	  
definitions	  of	  variables	  and	  measurement	  scales	  and	  then	  to	  generate	  
Ontology	  Web	   Language	   (OWL)	   files	   directly	   from	   these	  worksheets.	  
Users	  may	  also	  include	  identifiers	  for	  terms	  from	  existing	  ontologies	  as	  
part	   of	   their	   definitions	   so	   that	   the	   OoEVV	   system	   will	   use	   online	  
lookup	   services	   from	   the	   National	   Center	   of	   Biomedical	   Ontology	  
(NCBO)	  to	  incorporate	  imported	  terminology	  within	  the	  OoEVV	  repre-‐
sentation.	  We	  curated	  terminology	  definitions	   for	  experimental	  varia-‐
bles	  and	  measurement	  scales	  from	  eight	  published	  vaccine	  protection	  
studies	   that	   were	   originally	   curated	   into	   the	   to	   Los	   Alamos	   National	  
Laboratories	  HIV	  Vaccine	  Trials	  Database	   to	  yield	  72	  variable	  and	  14	  
measurement	  scale	  definitions,	  which	  we	  then	  added	  to	  NCBO’s	  public	  
ontology	  repository.	  	  

1 INTRODUCTION  
Experimental protocols and computational workflows in-

volve a form of information propagation, as parameters are 
set, material entities are manipulated, data is gathered and 
then analyzed. Tracing which constants and parameters in-
fluence which measurements in experimental protocols pro-
vides a focused line of scientific inquiry (Russ et al 2011) 
and showcases the need for developing a standardized 
framework that represents scientific variables.  

Ontologies such as the Experimental Factors Ontology 
(EFO, Malone et al. 2010) and Ontology of Biomedical 
Investigations (OBI, Brinkman et al. 2010) are in the pro-
cess of developing community-driven formal representa-
tions for data elements. The National Institute of Neurologi-
cal Diseases and Stroke (NINDS) have developed an exten-
sive catalogue of ‘Common Data Elements’ in a top-down 
effort to develop standard elements for data (Saver et al. 
2012). These efforts represent steps towards vocabulary 
standardization, but they do not address the issues of repre-
senting variables on a variety of scales with sufficient gen-
erality. Neither the OBI and EFO projects nor the NINDS 
CDE project offer the ability to represent multiple variables 
using different scales to measure the same underlying quali-
ty, in order to support inference about equivalence of quan-
tities across scales. Thus, we are developing an efficient, 
practical method of consolidating equivalent data between 
measurement scales as a long-term goal. In this paper we 
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describe the design of an ontology design pattern (‘ODP’, 
Gangemi & Presutti 2009) called ‘Ontology of Experi-
mental Variables’ (OoEVV), meant to provide a lightweight 
methodology for capturing definitions of variables in terms 
of a variety of different measurement scales. We present 
OoEVV as complementary technology to both OBI and 
EFO to address a representational question that is still under 
discussion within the community. Hence, we have (a) creat-
ed OoEVV as a relatively simple representation that may be 
easily adapted in multiple contexts, (b) provided practical 
curation tools that may be used by non-specialists and (c) 
curated a carefully-defined sample set directly from primary 
research literature as a preliminary demonstration of our 
approach. An intrinsic feature of our implementation is the 
ability to link concepts in OoEVV to other terms accessed 
from the National Center for Biomedical Ontology’s 
(NCBO) Bioportal 
(http://bioportal.bioontology.org/ontologies/3006). 

A priority of our approach is to provide a flexible meth-
odology for modeling experiments that is usable by biolo-
gists. The Los Alamos National Laboratories (LANL) HIV 
Vaccine Trials Database presents a comprehensive index of 
research outcomes derived from vaccine studies in nonhu-
man primates. Each entry in the database is a summary 
based on the main parameters of a study. Our objective is to 
represent the research summaries as logical representations 
of dependencies between the variables of each study (see 
Russ et al 2011 for an overview of this approach). The vari-
ability between experimental designs in vaccine protection 
studies is a challenge when designing a general-purpose 
relational database for this domain. Here, we use our cura-
tion framework to define variables pertaining to vaccine 
protection studies by surveying a small set of papers from 
the HIV Vaccine Trials Database.  

2 MATERIALS AND METHODS 
2.1 - Basic Curation Process  

We selected eight studies from the HIV vaccine trials da-
tabase and made detailed representations each study using 
our model editing tool (see http://www.bioscholar.org/). 
This system allows a scientist to draw a diagram of an ex-
perimental protocol based on a base set of elements for enti-
ties and processes: (a) entities (material and information), 
(b) processes (including material processing, assays, data 
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transformation), (c) control points (for branching and fork-
ing). This approach follows OBI’s representation of proto-
col elements. In addition, the tool allows users to link varia-
bles to processes and entities within the model. We built 
complete, fully populated models of the experimental proto-
cols of Belyakov et al., (2001), Cafaro et al., (2001), Mu-
thumani et al. (2003), Buge et al., (2003), Rosati et al. 
(2005), Gomez-Roman et al. (2006), Lun et al. (2004) and 
Fuller et al. (2002). We extracted representations of parame-
ters and variables from the editor to generate OoEVV-
formatted spreadsheets, which we then edited manually.  

2.2 - The OoEVV System  

2.2.1 Metamodel design - The basic UML design of the 
OoEVV meta-model is shown in Figure 1. Each Experi-
mentalVariableSet designates sets of ExperimentalVari-
able elements. Each ExperimentalVariable is linked by a 
measures attribute to a Term (denoting the underlying 
quality being measured) and a MeasurementScale (denot-
ing the mathematical properties of its values). Term objects 
are used as a design pattern for ontology terms accessible 
via NCBO’s BioPortal interface. MeasurementValue are 
the values of ExperimentalVariable objects. Both Meas-
urementScale and MeasurementValue classes have sever-
al subtypes: Binary (true/false values); Numeric (quantita-
tive numerical values), Hierarchical (imported values from 
other ontologies), Nominal (named entities), Ordinal 
(ranked values) and Relative (anonymous values defined by 
relations to named entities). The technical design is docu-
mented at http://www.isi.edu/projects/ooevv/overview.  

2.2.2 Data processing – Figure 2 shows the data pro-

cessing pipeline used to generate the OoEVV ontology. 
Each ExperimentalVariableSet is curated into a formatted 
Excel spreadsheet that may then be uploaded into a local 
OWL file. The conversion process consists of mapping 
UML classes that include a term attribute linking to a Term 
class into OWL classes. We reproduce inheritance hierar-
chies between classes and map UML roles to OWL do-
main/range relationships. Spreadsheet data are instantiated 
as OWL individuals.  

2.3 - Populating OoEVV From Expert Curated 
Spreadsheets 

We have built a framework for enabling the conversion of 
expert curated terms into instances in an ontology design 
pattern like OoEVV. The framework, known as View-
Primitive Data Modeling framework (VPDMf, Burns et. al 
2003), relies on the meta-model specification as input ex-
pressed in the Unified Modeling Language (UML). We ex-
tended this UML-based system to support the generation of 
OWL-based models from the underlying data stored in our 
VPDMf-based system. This UML-to-OWL conversion lev-
erages industry-standard development tools but has the does 
not directly support OWL-based description-logic reasoning 
(which is not needed for lightweight ODP development). 
We generate source code (in Java and Flex) from UML to 
support the construction of curation tools and convert to 
OWL to link our work to the broader community.  

3 RESULTS 
Table 1: Measurement variables indexed by paper 
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Figure 1: High-level meta-model of the OoEVV system. 

Figure 2: OoEVV ontology creation process. 
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Table 1 lists the eight papers based only on measurement 
variables used in each study. We found that the eight studies 
consistently used small sets of parameters that we grouped 
together as the combined input for assays. For example, the 
input parameters of a Cytotoxic T-Lymphocyte (CTL) assay 
include ‘epitope’ and ‘co-stimulant’. We defined ‘composite 
variables’ to represent this grouping (e.g., ‘CTL-
parameters’) but will incorporate definitions of assays into 
future designs of OoEVV for a more precise classification.  

Even within this small sample, there are a large number of 
different types of measurements with many studies using 
more specialized metrics. However, we also see several in-
stances of standard metrics that were consistently used (i.e., 
T-cell count and viral load). Also present are examples 
where the same underlying quality is measured using differ-
ent scales. For example, the measurement for neutralizing 
antibodies is encoded both by a binary scale (‘neutralizing 
index presence’ in Cafaro et al. 2001) and a numeric scale 
(‘neutralizing antibody concentration’ in Muthumani et al. 
2003).  

4 DISCUSSION 
Our research is intended to support meta-analysis across 

vaccine protection studies. An important contribution of this 
work is the explicit treatment of variables that measure the 
same underlying quality with different scales. An example 
of the significance of such a representation is within the text 
of a typical results section, where the authors may use ordi-
nal terminology (‘strong’, ‘weak’, etc.) to simplify numeric 
data, which may be presented as a graph. By representing 
both scales, a curator can choose how to best capture these 
findings to optimize either curation speed or the precision of 
the underlying data.  

There are other ontologies that represent experimental 
variables. The Ontology of Biomedical Investigation (OBI) 
provides a complex representation of experimental design 
(Brinkman et al. 2010); including statistical tests used in 
vaccine protection studies (He 2010). The Experimental 
Factor Ontology (EFO) focuses on experimental factors 
relevant to gene-expression (Malone et al. 2010). OBI uses 
different representations for data in different contexts, based 
on discussions within a small, dedicated group of special-
ized curators. We advocate another approach: using a simple 
design pattern with accompanying tools, we emphasize effi-
cient curation and sharing with minimal ontological com-
mitment, while still using ontological standards to share 
identifiers and terminology wherever possible. We antici-
pate that this will improve coverage and usability of terms 
describing variables, scales and their accompanying data.  
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