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Preface

The Semantic Web enables intelligent agents to create knowledge by interpreting, integrat-
ing and drawing inferences from the abundance of data at their disposal. It encompasses
approaches and techniques for expressing and processing data in machine-readable for-
mats. All these tasks demand a human-in-the-loop; without them, the great vision of the
Semantic Web would hardly be achieved. Meanwhile, visual interfaces for modeling, edit-
ing, exploring, integrating, etc., of semantic content have not received much attention yet.

The size and complexity of ontologies and Linked Data in the Semantic Web constantly
grows and the diverse backgrounds of the users and application areas multiply at the same
time. Providing users with visual representations and intuitive interaction techniques can
significantly aid the exploration and understanding of the domains and knowledge repre-
sented by ontologies and Linked Data.

Ontology visualization is not a new topic and a number of approaches have become avail-
able in recent years, with some being already well-established, particularly in the field of
ontology modeling. In other areas of ontology engineering, such as ontology alignment
and debugging, although several tools have recently been developed, few provide a graph-
ical user interface, not to mention navigational aids or comprehensive visualization and
interaction techniques.

In the presence of a huge network of interconnected resources, one of the challenges faced
by the Linked Data community is the visualization of multidimensional datasets to pro-
vide for efficient overview, exploration and querying tasks, to mention just a few. With
the focus shifting from a Web of Documents to a Web of Data, changes in the interaction
paradigms are in demand as well. Novel approaches also need to take into consideration
the technological challenges and opportunities given by new interaction contexts, rang-
ing from mobile, touch, and gesture interaction to visualizations on large displays, and
encompassing highly responsive web applications.

There is no one-size-fits-all solution but different use cases demand different visualiza-
tion and interaction techniques. The evaluation of such interfaces and techniques poses
another relevant concern given the specific challenges of visualizing data imbued with se-
mantic complexity. Ultimately, providing better user interfaces, visual representations and
interaction techniques will foster user engagement and likely lead to higher quality results
in different applications employing ontologies and proliferate the consumption of Linked
Data.

These and related issues are addressed by the VOILA! workshop series concerned with Vi-
sualization and Interaction for Ontologies and Linked Data. The sixth edition of VOILA!
was co-located with the 20th International Semantic Web Conference (ISWC 2021) and
took place as a half-day virtual event on October 25, 2021. It was organized around scien-
tific paper presentations and discussions.



The call for papers for VOILA! 2021 attracted 13 submissions in different paper cate-
gories. At least three reviewers were assigned to each submission. Based on the reviews,
we selected 10 contributions for presentation at the workshop.

We thank all authors for their submissions and all members of the VOILA! program com-
mittee for their useful reviews and comments. We are also grateful to Laura Hollink and
Mayank Kejriwal, the workshop chairs of ISWC 2021, for their continuous support during
the workshop organization.

October 2021 Patrick Lambrix,
Catia Pesquita,

Vitalis Wiens

VOILA! 2021
http://voila2021.visualdataweb.org
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Abstract. Ontologies have been proposed as a means towards mak-
ing data FAIR (Findable, Accessible, Interoperable, Reusable). This has
attracted much interest in several communities and ontologies are be-
ing developed. However, to obtain good results when using ontologies in
semantically-enabled applications, the ontologies need to be of high qual-
ity. One of the quality aspects is that the ontologies should be as complete
as possible. In this paper we propose a first version of a tool that sup-
ports users in extending ontologies using a phrase-based approach. To
demonstrate the usefulness of our proposed tool, we exemplify the use
by extending the Materials Design Ontology. 1

1 Introduction

In many areas there is a recent interest in making data FAIR, i.e., Findable,
Accessible, Interoperable, and Reusable [10]. Findable refers to the fact that
data and metadata should be easy to find, accessible to the fact that it should
be clear how to access the data, interoperable to the fact that the data needs to
be integrated with other data and be usable by applications and workflows, and
reusable to the fact that data and metadata are well described such that the
data can be replicated or combined in different settings. Ontologies can alleviate
some of the issues towards making data FAIR, such as in ontology-based access
to multiple data sources for Interoperability and using ontologies to describe
data source capabilities for Findability.

Ontologies need to be of high quality. One of the quality aspects is that the
ontologies should be as complete as possible.2 If an ontology is not complete,

1 Copyright © 2021 for this paper by its authors. Use permitted under Creative
Commons License Attribution 4.0 International (CC BY 4.0).

2 This relates to the requirement of domain coverage in [9]. In practice, knowing when
an ontology is complete is difficult but it is possible to define an ‘is more complete
than’ relation between ontologies which can be used for comparing completeness [5].
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it may lead to missing inferences and thus incomplete results in semantically-
enabled applications.

Many techniques exist for finding missing information in ontologies and ex-
tending them. The ontology extension problem that we tackle deals mainly with
concept discovery and concept hierarchy derivation which are also two of the
tasks in the problem of ontology learning [3]. Therefore, there are many tech-
niques that can be used as shown by a recent survey [2] that discusses 140
research papers. These techniques are usually linguistics-, statistics-, or logic-
based. One such technique is phrase-based extension where frequent phrases are
collected from text and proposed to a domain expert as candidates for creating
concepts with similar names. An example of such a method that has been ap-
plied to ontologies in the materials science field is found in [6,1]. When using
the method the phrases were presented in an Excel file to the domain expert
who then annotated the file with the concepts and axioms to add to the ontol-
ogy. Then this information was transferred into OWL format manually or via
an ontology editor. It was clear that user support for these tasks was needed.
Therefore, in this paper we present a first version of a tool that takes as input
a list of phrases (generated using the method in [6,1] or any other method that
outputs phrases) and supports the user in turning phrases into concepts and in
defining axioms related to the new concepts. We show the use of the tool in a
use case where we extend the Materials Design Ontology.

The remainder of the paper is organized as follows. In the background section
we describe the method for ontology extension on which our proposed tool is
based (sub-section 2.1), as well as the ontology that we extend to exemplify the
method (sub-section 2.2). In section 3 we briefly discuss the purpose, intended
users and development of the tool. We describe our tool in section 4. In section
5 we show a use case in the materials science domain where we extend the
Materials Design Ontology and briefly discuss a user interface evaluation. The
paper concludes in section 6.

2 Background

2.1 Method for extending ontologies

Our tool is based on the approach for extending ontologies presented in [6] and
extended in [1]. Figure 1 gives an overview.

Given a corpus of unstructured text, in a first step a phrase-based topic
model is produced. The output of this step is a list of frequent phrases as well as
a number of topics with representative phrases. In the method described in [6,1]
this is done using the ToPMine system [4]. The approach in [6] uses a formal
topical concept analysis-based approach to mine topics. The frequent phrases,
the topics, and the result of the formal topical concept analysis are suggestions
that a domain expert should validate or interpret and relate to concepts in the
ontology.

The method in [6] introduced different categories for the phrases related to
processing that could lead to the ontology extension based on the phrases. The

A First Step towards a Tool for Extending Ontologies
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Fig. 1. Approach: The upper part of the figure shows the creation of a phrase-based
topic model with unstructured text as input and phrases and topics as output. The
lower part shows the formal topical concept analysis with as input topics and as output
a topical concept lattice. In both parts a domain expert validates and interprets the
results. [6].

ADD category represents the addition of concepts where the new concept has the
same name as a phrase. For the ADD-m category a new concept is added with
a name that is a modification of a phrase. The EXIST and EXIST-m categories
do not represent a change, but indicate that there already is a concept in the
ontology with the same name as the phrase or a modified version of the phrase,
respectively. The No category represents that the phrase cannot be used to
create a concept for the ontology, while the No-g category represents the fact
that the phrase should not lead to a new concept in this ontology, but could be
used in a more general ontology. We also introduce here NEW which represents
the addition of a new concept that is not related to a phrase. We note that
this categorization is interesting for experimenting and gathering data regarding
the kinds of operations a user performs when extending an ontology, but not
necessarily for an end user using the tool.

During the work on extending ontologies using this approach, it became clear
that the domain and knowledge engineering experts needed tool support. In this
paper we have implemented a tool for helping a domain expert validating phrases
and creating concepts and axioms related to these phrases in the ontology. The
validation of topics and axioms related to topics is left for future work. Large
parts of the current functionality related to phrases will be reusable for topics,
but some new visualizations will be needed.

A First Step towards a Tool for Extending Ontologies
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