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Figure 1: TheMissing Path lets users identify subsets of itemsmissing the same attributes and inspect them to find the cause of
incompleteness. Dense groups of points (clusters) represent entities that share a large number of paths, meaning that they are
structurally similar up to some specified path length (2 in this example). Isolated entities are therefore structurally different
than others and probably inconsistently encoded. The presence ofmultiple clusters indicate the existence of groups of entities
that are slightly different structurally, either for good reasons or because they have been entered in an inconsistent manner.
With our tool, all these issues can be checked and collected for further corrections.

ABSTRACT
To make their data usable, Linked Data producers need to provide
a minimum level of completeness. But the task of finding the miss-
ing attributes for a specific list of entities is notoriously difficult.
We make the hypothesis that identifying subsets of entities with
a similar structure can help finding the cause of incompleteness
and decide if and how it could to be solved. We contribute with our
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visualisation tool: “The Missing Path”, relying on dimensional re-
duction techniques to create a map of the entities based on missing
properties, revealing clusters. Users can alternate their focus with
the second coordinated visualisation that shows the distribution
of properties, and of their values, datatypes and languages. We de-
scribe the evaluation and iterative design process we have planned
with Wikidata contributors.
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1 INTRODUCTION
The Semantic Web enables communities, institutions, research labo-
ratories, and companies to combine and share data coming from
different sources, and to query them jointly. It becomes possible
to get, with a unique query, answers that would otherwise have
requested access to several database, each with its own technical
stack and data model. This opens new perspectives for data journal-
ists, researchers, librarians, or any user or application concerned
with collecting pieces of information from various sources. How-
ever this new format, coming along with new interfaces and new
applications, also raises new problems. In particular, the issue of
completeness is identified as a critical concern regarding Linked
Data (LD) quality [8, 14]. For example, when querying the datasets
Nobel and Dbpedia jointly to display the institutions of Nobel prize
recipients on a map, the query will have to follow a chain or prop-
erties including laureates, institutions, and geographic coordinates.
Each of these properties are important for the completeness of the
data, but the last one related to geographic coordinates also raises
consistency problems since there are multiple competing properties
to describe geographic coordinates. For displaying the institutions
on a map, a query needs to make a choice on the ontology, and
the data provider needs to make sure the information is provided
consistently. Failing to do so will produce unreliable results, in our
example hiding important institutions for frivolous reasons.

We present The Missing Path, a tool to identify missing informa-
tion related to groups of entities, to inspect them for diagnosing the
reason why they miss, and to export instructions and information
to support actions to remedy their absence.

For data producers, the task of finding the erroneous or miss-
ing attributes for a specific list of entities is difficult to complete.
Although there are tools and methods to assess the rate of com-
pleteness of a specific property for a set of entities they do not
help to identify meaningful subsets that require specific actions.
For instance, checking for the death date of the Nobel laureates, the
information might be missing because they are still alive, because
the information is provided with an unexpected ontology, or simply
because it has never been entered. Exporting the full list of laureates
without birthdates would then require to check them individually
to decide if they need to be fixed.

We posit that identifying groups of items sharing a similar struc-
ture can help finding the cause of incompleteness, and decide if
and how it has to be resolved. We contribute “The Missing Path”, a
visualisation tool based on two coordinated visualisations. The first
uses dimensional reduction techniques to create a 2D map of the
entities based on missing attributes. The map reveals clusters or
entities with similar missing structures. The tool lets users inspect
these clusters in a coordinated view for diagnosing the reason why
they miss. The second show a distribution of properties and allows
to inspect their distribution and values. We consider not only direct
properties but also chains of properties, that we name paths, build-
ing on previous work showing that they might convey first-order
information [5]. We describe the evaluation and iterative design

process we have planned with Wikidata contributors, following a
methodology inspired by Multi-Dimensional in-Depth Long-Term
Case Studies (MILCS) by Shneiderman & Plaisant [21].

2 RELATEDWORK
2.1 Incompleteness
Though the definition of quality can have many acceptations, most
of them mention the problem of completeness [3, 14, 20, 24]. Tools
enabling to compute and see completeness usually consider the
completeness of a property for the whole set [1] or regarding a set of
entities sharing the same rdf:type [2, 11]. Some take into account
chains of properties [5], or more elaborate clustering patterns [22].
Completeness can also be evaluated at retrieval time, as a contextual
indicator to interpret a query [19].

In ourwork, we evaluate completeness using chains of properties,
and allow interactive exploration to let users of our tool judge
whether a missing path represents an issue or makes sense in a
specific context.

2.2 Dimensional Reduction Techniques
Dimensional Reduction Techniques have many applications in
Linked Data. They have been used to analyse the content of datasets
[23], perform learning [10], estimate the similarity of items [9], sup-
port recommendation [7, 15], and evaluate the distance between
ontologies [4]. Node2Vec focuses on exploring neighbourhood in
graphs [6] and was also applied for item recommendation [17].
Paulheim advocates for vectors that preserves semantic and are
interpretable [18].

There is a large number of dimensionality reduction techniques
available with different properties [16]. We use the UMAP tech-
nique [12] which is fast and has excellent properties related to
clustering.

3 THE MISSING PATH
The Missing Path supports the identification of groups of items
sharing a similar structure, in order to inspect them, identify the
causes of incompleteness, and decide if and how it shall be resolved.

3.1 Prior analysis
The prior analysis is done through an API taking as parameters
a SPARQL endpoint URL, a similarity criteria for the collection
and a maximum depth of paths of properties to analyse. The simi-
larity criteria can be expressed in SPARQL, allowing for complex
definitions. The analysis retrieves information about the entities
complying with the similarity criteria, the associated properties
forming the paths up to the specified depth, the values at their end,
their datatype and their language.

Paths are used to populate high-dimensional vectors for each
entities with boolean values indicating if each path exists. Then,
the vectors are projected into a 2-dimensional (2D) map using
the multidimensional projection algorithm UMAP [13] and the
reduction function russellrao for boolean vectors.
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Figure 2: Detailed statistics for a path: the whole set is presented on the left, in comparison to the selection on the right

3.2 Structural overviews
The left part of the screen (Figure 1) presents a map giving an
overview of all the entities in the collection. The coordinates are
calculated by using the multidimensional projection of vectors
indicating which properties or paths of properties are missing. By
default, paths are ordered by coverage, and the 20 first that do not
have a coverage of 100 percent (in which case they would not be
discriminant) are considered, with a Boolean value indicating if the
path is missing. The user can modify the list of paths and recompute
the map, with a maximum of 50 paths considered.

Paths that contain ordinal values, or a limited number of cate-
gorical values, are candidates for color coding. By default, the best
covered candidate is used to colour the entities. The user can choose
another color if desired.

A second overview is proposed in the third fourth of the screen,
displaying all paths ordered by coverage. Hovering one path dis-
plays the property or chain of properties of that path. Selecting it
opens a box at the end of the path showing a summary of values,
their data types, and languages, as show in Figure 2.

3.3 Inspection of a selection
To make sense of a subset of entities, users need to identify its
distinctive features, what defines it in comparison to the whole
set of entities. Our interface shows the summary of the set and
subset facing each other. Each path can be inspected, comparing
the statistics for the whole set and the subset, as detailed in Figure 2.

4 USE CASE
We describe the interface from the point of view of a contribu-
tor who wants to curate Wikidata entities of class comics (Q1004
Comics). She opens the tool, sees the map in Figure 1, and inspects
a cluster in the selection panel. Among the well represented paths
for the set, several are missing for the subset. She hovers them and
finds out they represent important information for comics such as
P407 language of work or name, P495 country of origin,
P123 publisher. Looking at the summaries of values for the paths
describing the cluster, she sees that 20 out of the 21 entities have the
same schema.org/description: “stripverhaal van Robbedoes en
Kwabernoot” (“comic strip Spirou & Fantasio” in Dutch), and that
they were all modified on the same date. This hints that language,
country, and maybe even editor information will be easy to fix
consistently for this subset.

She selects another cluster and notices that P179 part of the
series is completely missing for this subset, while P361 part of,
which is rare, is present. Inspecting other properties for the selection
in the right pane, she notices that the language of all descriptions is
Luxembourger. She uses the statistical panel to replace the current

selection with all comics having this P361 part of. Only one of
them has a P179, which seems to confirm her guess that one is used
in place of the other. In order to verify, she opens the list of items
in the selection, and inspects the link to the first item. She exports
those findings.

5 PLANNED EVALUATION AND ITERATIVE
DESIGN

Using a methodology inspired by MILCS [21], we interviewed 6
Wikidata contributors, and asked them to describe how they con-
tribute. Five of them were interested in trying to use the tool to
visualise some of the data and try to solve some specific problems
they have. The next step is a session to observe them discovering
their data in the tool. Then we will leave the tool at their disposal,
and ask them to report on usability problems. We will fix the tools
as they report, with intermediate sessions where we watch them
using it. We will report on the iterative design process as well as on
the new errors they were able to identify and/or to diagnose. We
also expect feedback from participants in the Wiki Workshop.

6 CONCLUSION AND FUTUREWORK
The Missing Path is a visualisation tool based on dimensional reduc-
tion techniques to create a 2D map of the entities based on missing
attributes coordinated with a view showing the distribution and
details of paths reachable by entities. The map reveals clusters or
entities with similar missing structures. The tool lets users inspect
these clusters for diagnosing the reason why they miss. This work
is work in progress. We are currently conducting an evaluation
and iterative design process with Wikidata contributors. We are
at the beginning of the iterative design cycle, and the interface
will evolve. We will evaluate how it enables to discover incomplete
subsets and diagnoses the cause. The Missing Path will be available
in open source form to allow the community to benefit from it and
improve it. An important feature, that is not implemented yet, is
the export of observations to support actions. When an action is
decided, useful information to efficiently fix the problem is difficult
to transmit in an understandable format to the concerned actors.
We need to help users select information that are distinctive for a
subset, and turn it into an exportable format.
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