
VU Research Portal

Semantic Support for Quantitative Research

Rijgersberg, H.

2013

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Rijgersberg, H. (2013). Semantic Support for Quantitative Research. [PhD-Thesis - Research and graduation
internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/729e2307-39c7-4175-b293-ac6befaa04ea


 159 

Summary 

De title of this thesis is: “Semantic support for quantitative research.” We define 

quantitative research as the scientific investigation of phenomena and their 

properties and relationships using quantitative concepts such as numbers, 

measurement scales, units of measure, mathematical operations, tables, graphs, etc. 

Semantic support implies supporting scientists with actions that can be done on the 

basis of formal, contextual meaning assigned to the quantitative data and models. In 

this thesis we show how formally describing data and models and their origination – 

especially using computational methods – can promote reuse and reproduction of 

scientific results. This fits within a vision on improving scientific collaboration and 

quality and the academic challenge to develop computer semantics, evaluate it, and 

apply it to enrich data. 

Formal representations can be based on vocabularies, in particular ontologies. 

Ontologies are systems of concepts and relations between these concepts. 

Ontologies are central in what is called the Semantic Web, the Internet built on 

(formalized) meaning. The Internet here plays the role of the medium for 

communicating the vocabulary and data expressed in the vocabulary, an important 

technical condition for really sharing vocabulary and data.  

In this thesis we investigate how we can support quantitative research using 

ontologies. For this reason we construct an ontology of quantitative research 

(OQR), demonstrate the use of this ontology to express quantitative knowledge and 

its origination, apply the ontology in computer applications and evaluate these with 

users. We construct the ontology stepwise and base it on widely accepted principles 

of philosophy of science and official standards for quantities and units. We apply 

the proposed ontology to a research case from the food domain. It appears that the 

argumentations, measurements and analyzed results yielded in this case can be 

expressed adequately by the proposed vocabulary. Subsequently we apply the 

model for this case in a prototype computer system and evaluate it with users, 

proving the usability of the model in practice. 

To create a vocabulary for quantitative research, we first need some 

understanding of the fundamental mechanisms of scientific research, in addition to a 

model of the research workflow. This workflow contains steps like “design 

experiment”, “perform measurement”, and “analyze data”. We make a step towards 

constructing an (initial) epistemological ontology, based on models of renowned 

philosophers of science such as Karl Popper and Mario Bunge. The ontology can be 
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used to express actions on basis of which scientific knowledge is acquired (such as 

performing a measurement or stating a new hypothesis) and relate it to the data. 

This allows researchers to record the provenance of their data and others to trace 

and reproduce their work. An important conclusion of our work is to define 

concepts like “hypothesis”, “theory”, etc. as properties of actions in the scientific 

workflow rather than as independent concepts. In this way, models and data can 

play different roles within reasoning. This is important because scientific statements 

are always set within the scope of a specific scientific reasoning or study. 

Something that’s an accepted theory in one scientific school might be a (yet 

unsupported) hypothesis in another. 

An important part of OQR is the Ontology of units of Measure and related 

concepts (OM). To determine which concepts and relations represent this domain 

we have drafted a semiformal description of the domain from textual descriptions of 

standards in the field. Subsequently we have compared existing ontologies of units 

with this description, which revealed that the existing ontologies only define subsets 

of the required concepts and relations. We therefore propose a new ontology, OM. 

This ontology is based on the semiformal description of textual standards and 

therefore defines the most comprehensive set of relevant concepts in the domain. 

OM extends the corresponding parts of the analyzed existing ontologies. As a result 

the ontology can answer a wider range of competency questions than the existing 

approaches do. Conducting an intermediate phase in the form of a semiformal 

description of the domain is a viable approach because the phases of merging the 

different standards and drafting the eventual formal vocabulary are distinguished 

and made transparent. OM is also compared with QUDT, another current OWL 

model in the domain of quantities and units of measure. The comparison is based on 

use cases from our own projects and general experience in the field. Merging 

QUDT and OM is a recommendation for the future. 

The second issue we address is how to represent data processing steps and how 

to cover aggregated data that is traditionally contained in (scientific) tables. We 

define computational methods which can be instantiated and connected with input 

and output data and models. Generic methods are distinguished from their 

implementations in external software packages, such as Matlab, R, and SPSS. These 

methods (generic and implementation) are interrelated; the user can decide which 

external package will perform his computation. Interfacing between these methods 

uses properties that represent variables. These variables (properties of the methods) 

appear as independent concepts in translation rules from the generic method to an 

implementation of the method in an external package. Mechanisms for stripping and 

enriching quantitative information, required to move between the conceptual and 

the numerical perspective, are explored. The modeling steps are taken by further 

analyzing the research case from the food engineering domain. One of the most 

important benefits of modeling scientific tables is that the information embedded in 



 161 

headers and cells is properly identified and connected. This paves the way for 

finding related quantitative data across different sources. The data can be selected, 

combined (integrated), and if necessary automatically converted. Adding semantics 

to headers and cells goes beyond present databases and spreadsheets which only 

contain basic datatypes. A challenge is to develop automated methods for 

converting existing computational methods and tabular data to OQR. A step 

towards the latter (tabular data) is made in this thesis, see further below. 

After defining the required vocabulary, we investigate which tools can be 

developed to support quantitative research processes. To make OM available for 

arbitrary software systems, we provide a number of web services that offer a 

standardized interface. Three applications demonstrate the usefulness of OM and its 

services. First, a web application checks dimension and unit consistency of 

formulas. Second, an engineering application for agricultural supply chains 

computes product respiration quantities and measures. Third, a Microsoft Excel 

add-in assists in data annotation and unit conversion, and an extension in data 

integration. User evaluations indicate that OM and the associated services provide a 

useful component for software applications in science and engineering. We show 

how OQR can be applied in Quest, a computer tool we develop for connecting data 

and models to computational methods, and delegating the computations to external 

software. OQR/Quest support automated reproduction of computed results, which 

we have tested with users. Our test subjects considered Quest of great importance 

and comfort. In current computer support, the many manual actions of linking input 

to a computational method, putting it in the right format and after evaluation 

interpreting numerical values (assigning semantics) hamper experimentation with 

computations. If this is done automatically, the researcher is enabled and even 

encouraged to try out experimenting with different methods on the fly. This is 

expected to boost research quality. OQR/Quest enable automated invocation of 

computational (numerical) methods from a conceptual level. The approach fills the 

gap between humans interpreting textual information and computers processing the 

underlying data and mathematical models. Computational software can execute 

these methods, linking the required input data and output data automatically to the 

particular methods. OQR presently contains a limited number of computational 

methods to demonstrate the principle. Future research should investigate in which 

direction the development of tools should be, in a technical sense or leading to new 

research questions. 

Finally, once computer tools have been developed, we study how to convert 

and annotate relatively unstructured legacy data stored in tables into a semantic 

representation in RDF(S). We introduce new disambiguation strategies based on 

OM, which allow improving the quality of annotation in “sloppy” datasets not yet 

targeted by existing systems. We present several ways in which OM can help 

solving the ambiguity problems based on detection of compound units, dimensional 
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analysis, identification of application areas and identification of quantity-unit pairs. 

An example of such a heuristic rule is “Symbols that refer to related quantities and 

units are more likely than unrelated quantities and units”. For example, “T (C)” is 

more likely to refer to temperature and degree Celsius than to time and coulomb. 

However, performance is not yet perfect. More heuristic rules need to be formulated 

and, for example, more application areas must be drafted in order to provide 

knowledge about quantities and units appearing in practice. 

We can conclude that the relevance of developing and using ontologies in 

science and engineering is confirmed for the cases considered. We have shown that 

this road is worthwhile exploring when aiming at advanced computer support of 

quantitative research. The scientific community has always been a driving force for 

innovation in communication technologies, the (Semantic) Web being an 

outstanding example. However, only now the reverse effect of using the web to 

perform science is getting proper attention in what is called e-science. Due to a 

number of developments, we expect e-science to influence scientific and 

engineering practice profoundly in the near future. Firstly, because scientists are 

moving from free text documents to digitized, structured information that can be 

processed by automated systems. Secondly, because the interaction between 

scientists has become much more intensive, crossing disciplinary boundaries, at an 

early stage of research. This will significantly influence the dynamics of scientific 

research. It will be a challenge for e-science to eliminate other impediments such as 

political, sociological, and legal barriers. This thesis intends to show that 

vocabularies can support the scientific process in a technical sense. 

We are only beginning to design, implement and use ontologies of science in e-

science. As more developers realize the need for collective and independent 

vocabulary and its use in research supporting systems, we predict a vast increase in 

advanced support of research processes. 


