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Abstract. R2RML is the W3C standard mapping language used to define customized mappings from relational databases into RDF. One issue that hampers
its adoption is the effort needed in the creation of such mappings, as they are
stored as RDF documents. To address this problem, several tools that represent
mappings as graphs have been proposed in the literature. In this paper, we describe a visual representation based on a block metaphor for creating and editing such mappings that is fully compliant with the R2RML specification. Preliminary findings from users using the tool indicate that the visual representation was helpful in the creation of R2RML mappings with good usability results. In future work, we intend to conduct more experiments focusing on different types of users and to abstract the visual representation from the R2RML
mapping language so that it supports the serialization of other uplift mapping
languages.
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Introduction

A significant part of the Linked Data web is achieved by converting non-RDF resources into RDF. This conversion process is typically called uplift. For relational
databases, one can rely on the W3C Recommendation R2RML1 for creating mappings
from relational databases into RDF datasets. Though useful, some problems with its
adoption can be observed. Firstly, R2RML mappings are stored as RDF. We argue
that writing any RDF graph by hand can be troublesome and prone to errors. Secondly, the R2RML mapping language has a steep learning curve, where the creation of
mappings is time consuming, and syntactically heavy in various cases [9]. Initiatives
have emerged to address these problems and make the technology more accessible
such as visual graph representations for engaging with mappings [6, 7] and others that
will be discussed in Section 2.
In this paper, we describe a visual representation for mappings called Juma. Our
representation is based on the block (or jigsaw) metaphor that has become popular
with visual programming languages – where it is called the block paradigm – such as
Scratch2. This metaphor allows one to focus on the logic instead of the language’s
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syntax and it has been successfully used in introducing programming to non-experts.
We have applied this representation for the R2RML mapping language, being fully
compliant with its specification. The main contributions of this research to date are: 1)
a visual representation for mappings based on a block metaphor; 2) a tool that uses
this representation for creating and managing R2RML mappings and 3) an initial user
evaluation of the approach.
The remainder of this paper is structured as follows: Section 2 reviews the related
work. Section 3 presents our visual representation. Section 4 presents an initial user
evaluation and Section 5 concludes the paper.

2

Related Work

In this section, we discuss the different mapping tools developed and the mapping
representations used for R2RML mappings.
Karma [6] is a web-based application where the data is loaded before it can be
mapped into RDF. The ontologies used during the mapping process are represented in
a tree structure and the data as a table. A graph visualization of the mapping is available while the user creates them. The creation of mappings using Karma can be troublesome because of the data centric approach, where every input is shown in a different table. This makes the interlinking between tables unnecessarily complex. OntopPro3 [11] is a Protégé plugin that uses a proprietary mapping language internally to
create mappings. Lembo et al. [7] also uses a graph representation for R2RML mappings. The tool is fully compliant with R2RML’s specification and offers support for
syntactic and semantic checking of mappings. Even though the tool offers a graph
visualization of mappings, its creation and/or editing is done through text, which may
make the mapping process prone to errors. RMLeditor [5] has support for R2RML
and RML [4] mapping languages. The RMLeditor also uses a graph representation for
the mapping. The input data and RDF output are shown as tables. MapOn [10] is yet
another graph representation tool for R2RML mappings. It also provides a graph visualization for ontologies and databases. SQuaRE [1] is a tool that provides a visual
environment for the creation of R2RML mappings. This tool also uses a graph visual
representation for mappings, similar to RMLeditor and MapOn. Ontologies and RDF
vocabularies that will be used in the mapping process are shown as a tree.
These tools offer different abstractions for the creation of R2RML mappings. In
[2], the authors proposed the use of the block metaphor for SPARQL. To the best of
our knowledge, no other tool has yet used the block metaphor for representing
R2RML mappings. In section 3, we discuss how we use the metaphor in our design.
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Juma: A Visual Representation for Mappings

In this section, we introduce a method called Jigsaw puzzles for representing mappings, Juma, applied to the R2RML mapping language. As outlined in Section 1, there
are a number of issues with how R2RML mappings are created. For example, creating
mappings with a text editor – even with support for RDF – is a time consuming process, being syntactically heavy even for simple mappings in various cases. Moreover,
3
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it has a steep learning curve if one is not acquainted with the R2RML vocabulary and
RDF, amongst others. To facilitate the creation and maintenance of mappings, and to
leverage the uptake of R2RML to a wider set of stakeholders, we have developed a
tool4 that applies the Juma method to the R2RML mapping language. For the development of the visual representation, we derived some requirements:
1. users should be able to create a mapping without being preoccupied with R2RML’s
vocabulary or with a particular RDF serialization format’s syntax;
2. the visual representation should guide users in creating and editing valid R2RML
mappings, according to the standard specification;
3. common patterns, which are completed by a user for a given context, should be
available.
Our implementation (screenshot shown in Fig. 1) uses Google’s Blockly API5. In
our tool, each block has been designed to represent an R2RML statement that automatically generates a correspondent R2RML construct, as specified in requirement 1.
For requirement 2, when a user drags a block near other blocks, if that is valid according to the R2RML specification, then the visual representation highlights this. For
requirement 3, we have defined a menu option called templates. This option shows
one complete triple map and one complete predicate object map. The other menu
options provide one with all other possibilities within the R2RML mapping language.
We have defined the menu using a tree structure, which gives users a hint of how the
blocks connect to each other.

Fig. 1. Visual representation of an R2RML mapping
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User study

We have initially evaluated two aspects of the tool: the accuracy of the mappings
created and the usability of the tool using a standard usability test.
This initial user study was built on top of the Northwind6 database for MySQL and
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it involved 15 participants split into 3 groups of 5. The first group had no knowledge
of Semantic Web technologies. The second group was familiar with Semantic Web
technologies, such as RDF and OWL, but not R2RML. The last group was familiar
with the R2RML mapping language. Participants were asked to create one R2RML
mapping. The task involved the use of different R2RML constructs, such as parent
triples maps and others, in order to explore the visual representation. A sample RDF
output was shown to participants. In addition, they could run the mapping and compare the output from the tool to the sample provided. To enable this in the experiment,
we integrated an R2RML processor [3] into the tool.
The accuracy of the mappings created was calculated by counting the number of
correct triples in the respective RDF output. Additionally, any help needed during the
execution of the task was recorded. The high accuracy of the mappings (95.5%) indicates that the visual representation was helpful to participants. In relation to the help
needed, the most common need found was how to interlink triples maps with the use
of the parent triples map construct. Participants were able to create the R2RML construct using the visual representation but they had difficulties defining the parent and
child values for the join condition, which required knowledge on SQL joins.
We also evaluated the usability of the tool using the Post-Study System Usability
Questionnaire (PSSUQ). PSSUQ evaluates a system in 4 aspects using a questionnaire with a Likert scale from 1 (strongly agree) to 7 (strongly disagree) (see [8]). The
PSSUQ scores by participant can be seen in Fig. 2. Participants 1, 11 and 13 had a
score of 1 for interface quality.

Fig. 2. PSSUQ questionnaire responses by participant

The scores indicate that the visual representation in the tool has good usability results for most participants, where these are less than half the scale (3.5).
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Conclusions and Future Work

In this paper, we have presented a visual representation applied to the R2RML mappings language that is fully compliant with its specification. Our representation is
based on the block metaphor, where each R2RML construct is represented as a block.
An initial user study indicated that that the visual representation was beneficial in the
creation of R2RML mappings and shows promising usability results.
Future work includes more extensive experimentation including using the repre-

sentation in managing uplift mappings. We also intend to implement the loading of
existing mappings into the tool, incorporation of function representation in mappings
and to abstract our implementation from R2RML to support other uplift mapping
languages. One limitation of our approach is the reuse of resources, which are supported by R2RML mappings written using Turtle syntax.
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