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Abstract

This paper introduces a measurement ontology for applications to semantic Web applications, specifically 
for emerging domains such as microarray analysis. The semantic Web is the next-generation Web of 
structured data that are automatically shared by software agents, which apply definitions and constraints 
organized in ontologies to correctly process data from disparate sources. One facet needed to develop 
semantic Web ontologies of emerging domains is creating ontologies of concepts that are common to 
these domains. These general, “common-sense” ontologies can be used as building blocks to develop 
more domain-specific ontologies. However most measurement ontologies concentrate on representing 
units of measurement and quantities, and not on other measurement concepts such as sampling, mean 
values, and evaluations of quality based on measurements. In this paper, we elaborate on a measurement 
ontology that represents all these concepts. We present the generality of the ontology, and describe how 
it is developed, used for analysis and validated.
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Introduction

According to Tim Berners-Lee, whom many at-
tribute as the inventor of the World Wide Web, 
the Web will evolve into the Semantic Web, which 
relies upon using machine processable domain 
knowledge represented in ontologies to execute 
and compose automated Web services (Berners-
Lee, Hendler, & Lassila, 2001; Chen, Zhou, & 
Zhang, 2006). An ontology is a data model that 
“consists of a representational vocabulary with 
precise definitions of the meanings of the terms 
of this vocabulary plus a set of formal axioms that 
constrain interpretation and well-formed use of 
these terms” (Campbell & Shapiro, 1995). Ontol-
ogy use ensures that data instances are so pre-
cisely defined and constrained that the instances 
can be processed automatically and accurately 
by Web-based computer programs, or software 
agents. Berners-Lee’s  et. al (2001) vision of the 
Semantic Web is that “many software agents, ac-
cessing data instances and applying ontologies to 
the instances, execute Web services in concert, 
where agents, data instances, and ontologies are 
distributed all over the Web.” 

Ontologies for the Semantic Web represent 
an emerging method for modeling the semantics 
required to interpret data. In a similar vein, ap-
plications such as genomics and GIS’s represent 
emerging domains represented for semantic 
modeling. There exist Semantic Web ontologies 
for traditional applications in computer science, 
and business (Davies, Duke, & Stonkus, 2002; 
Gandon & Sadeh, 2004; Klischewski & Jeenicke, 
2004). There are also emerging domains modeled 
using traditional semantics modeling techniques 
(Khatri, Ram, & Snodgrass, 2004; Ram & 
Wei, 2004). There are even some ontologies of 
emerging domains such as representations of the 
Gene Ontology (Ashburner et al., 2000; Wroe, 
Stevens, Goble, & Ashburner, 2003) and a bio-
informatics ontology (Stevens, Goble, Horrocks, 
& Bechhofer, 2002), which are represented in 
the de facto Semantic Web Ontology Language, 

OWL (McGuinness & van Harmelen, 2003), or 
its predecessor, DAML+OIL (Bechhofer, Goble, 
& Horrocks, 2001). Although one of the goals 
of ontology development is a generalization of 
terms in an application, it is possible to make 
intelligent choices when several ontologies are 
available for the same domain (Lozano-Tello & 
Gomez-Perez, 2004). 

When contemplating the development of on-
tologies of any domain, it is instructive to state 
the following informal definition: “an ontology is 
an explicit representation of shared understand-
ing” (Gruber, 1993). Gruber also outlines the 
conundrum of ontological commitment: the more 
one commits to represent a given domain in an 
ontology to make data more sharable for software 
applications closely associated with that domain’s 
needs, the less sharable the data becomes for other 
applications. For example, commitments made 
to develop a gene ontology useful for genomics 
applications render the ontology to be less likely 
to be used to share medical records data. Yet data 
sharing between genomics and patient care appli-
cations is critical in many situations. The remedy 
to this seeming conundrum is to identify general 
concepts that cut across many domains—the 
domains’ “common-sense”—and collect them in 
a common-sense ontology (Lenat, 1995; Milton 
& Kazmierczak, 2004). This ontology is sepa-
rated from more domain-specific ones. In fact, 
terms in several domain-specific ontologies can 
be defined using terms from a common general 
ontology. For example, a molecular biological 
ontology may provide building block represen-
tations for a biomedical ontology, which in turn 
underpins both gene and health care ontologies. 
The general ontologies also underlie an ontology 
of a different perspective—that of costing (Fox 
& Gruninger, 1998).

Arguably the ontologies of emerging domains, 
to be discussed below, make ontological commit-
ments to their respective domains. It is prudent 
to ask, however, what are the common-sense 
ontologies that underlie these emerging domains? 
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