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a b s t r a c t
Knowledge graphs denote structured data which represent entities and relationships between them
in a form of a graph, often expressed in the RDF data model. It may be hard for lay users to explore
existing knowledge graphs, especially when graphs from different data sources need to be integrated.
In this paper, we present an approach to knowledge graph visual exploration based on the concept of
shareable and reusable visual configurations. A visual configuration comprises domain specific views
on a knowledge graph which define operations such as node detail or expansion. These operations are
easy to understand for lay users who can use them to explore a graph while complexities unnecessary
in a given application context remain hidden. We introduce an ontology which enables to express and
publish visual configurations and reuse their components in other configurations. We also provide
an experimental implementation called KGBrowser. We evaluate the proposed approach with real
users. We also compare our implementation KGBrowser with other existing tools for knowledge graph
visualization and exploration.
© 2022 Elsevier B.V. All rights reserved.

1. Introduction
Knowledge graphs are data structured as semantic graphs
[1–3]. They can be represented in different data models [3].
RDF [4] is a model for sharing knowledge graphs on the web.
There are publicly available cross-domain RDF knowledge graphs
such as DBpedia1 [5] or Wikidata2 [6] as well as domain specific
RDF knowledge graphs such as EEA Semantic Data Service3 or UK
Parliament Data4 . They are usually available through a SPARQL
endpoint [7]. It may be hard for lay users to explore knowledge
graphs. This is partly due to technical complexity of the SPARQL
query language [8] and partly because knowledge graphs are
often complex in their raw form. To make them better understandable for lay users unfamiliar with underlying technicalities,
data can be presented in a visual form [9]. The importance of
knowledge graph visualization is emphasized in various recent
surveys and books [10–13]. Tools for visual exploration of knowledge graphs were identified in these surveys. They enable users
to explore a knowledge graph by expanding displayed nodes with
their neighborhood in iterations while technical complexities of
∗ Corresponding author.
E-mail address: martin.necasky@matfyz.cuni.cz (M. Nečaský).
1 https://www.dbpedia.org.
2 https://www.wikidata.org.

3 https://www.eea.europa.eu/data-and-maps/daviz/sds.
4 https://api.parliament.uk/sparql.
https://doi.org/10.1016/j.websem.2022.100713
1570-8268/© 2022 Elsevier B.V. All rights reserved.

SPARQL and RDF remain hidden. However, they are generic and
present the complex structure of knowledge graphs to users.
Recently, tools focusing on visualizing and exploring a certain kind of knowledge from complex knowledge graphs have
emerged. For example, Histropedia5 shows entities from Wikidata linked to time events on a timeline. EntiTree6 shows entities
from Wikidata, such as people, and hierarchical relationships
between them, such as relatives, in a visual tree. However, these
tools are single purpose applications. We have identified the demand for tools which combine the benefits of the generic as well
as specific knowledge graph visualization tools. It shall be possible to visualize any knowledge graph but only pre-configured
node views should be provided to lay users. A lay user shall
be able to explore a knowledge graph without any technical
knowledge of RDF or SPARQL. There exist solutions to this problem. Ontotext GraphDB workbench7 enables experts to configure
visual exploration of an RDF graph. A configuration defines how
a starting node can be selected, how a node is visualized and expanded. However, the configuration is locked inside the GraphDB
workbench which is the point where our contribution starts.
Contributions. In this paper, we present a novel approach
to visual exploration of knowledge graphs. Instead of providing
generic exploration operations it enables to configure domain
5 http://histropedia.com/.
6 https://www.entitree.com/.
7 https://graphdb.ontotext.com/documentation/standard/workbench.html.
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Fig. 1. Important people of Czech National Revival in Histropedia timeline.

Fig. 3. Family tree of František Palacký.

Czechia9 we often met with open data consumers. This includes
not only data experts but also lay users such as journalists, teachers or civil servants. Among other things, we discussed with them
advantages of publishing open data as RDF knowledge graphs.
We supported the discussion with the above mentioned tools. For
example, we interviewed tens of secondary school teachers about
possible usage of knowledge graphs in teaching. We presented
them visualizations of a knowledge graph of chosen personalities
from the Czech history with statements from DBpedia and Wikidata. Fig. 1 shows a timeline of their birth and death dates created
with Histropedia10 . Fig. 2 shows their birth and death places on
a map created with the Wikidata SPARQL query client11 . Fig. 3 is
a family tree of a chosen person. It was created with the EntiTree
application. We then continued with more advanced examples
of relationship visualizations. We used the domain of famous
researchers represented by Marie Curie. We used her records in
DBpedia12 and Wikidata13 to explain that there are other kinds
of relationships with Marie Curie than her family relationships,
e.g. to her doctoral students and advisors, discoveries, awards,
etc. We demonstrated 3 tools for generic visualizations of RDF
knowledge graphs - LodLive [14], Linked Open Graph (LOG) [15]
and Ontotext GraphDB14 . Fig. 4 shows LodLive. For a displayed

Fig. 2. Important people of Czech National Revival on a map.

specific operations. A configuration is defined by a knowledge
graph expert as a set of possible visual views which can be used
by lay users to explore nodes and relationships between them
in a knowledge graph accessible in one or more data sources.
What is different from the other tools is that configurations and
their components are first-class citizens defined independently
of a visualization tool. To support re-usability of configurations,
we introduce Knowledge Graph Visual Browser ontology. We also
present an experimental tool called KGBrowser 8 which interprets
published visual configurations and enables lay users to explore
knowledge graphs.
The paper is organized as follows. Section 2 describes requirements of real potential users as a motivation for our approach.
Section 3 introduces configurations and the ontology and demonstrates our approach. Section 4 describes KGBrowser and presents
the evaluation of our approach. Section 5 describes the related
work. We conclude in Section 6.

9 https://data.gov.cz/english/.
10 http://histropedia.com/timeline/fpyswqhvmb3/Czech-National-RevivalMembers.
11 https://w.wiki/38YZ.

2. Motivation
As members of the expert advisory board of the Czech National open data coordinator from the Ministry of the Interior of

12 https://dbpedia.org/page/Marie_Curie.
13 https://www.wikidata.org/wiki/Q7186.

8 https://kgbrowser.linkedpipes.com.

14 https://graphdb.ontotext.com/free/devhub/custom-graph-views.html.
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Fig. 6. Marie Curie visualized in Ontotext GraphDB.
Table 1
Questions about knowledge graph visualization tools.
Question
Would you use visualizations of people, events or other entities on a map or
timeline?
Would you use visualizations of relationships between entities such as
family relationships?

Fig. 4. Marie Curie visualized in LodLive.

Would you use showing more different kinds of relationships between
entities in a single visualization?
Would you use showing all relationships for an entity in a single
visualization?
Would you use selecting relationships visualized for entities provided in
LodLive?
Would you use selecting relationships visualized for entities provided in
LOG?
Would you use visualizing only relationships configured for a concrete task
as provided in GraphDB?

We prepared similar visualizations for the other groups which
were close to their domains. For example, for the civil servants
we visualized public institutions, services they provide and information systems they use to provide the services. We asked the
open data consumers questions listed in Table 1. The feedback
showed us that the tools are either too restricted for specific kinds
of data, e.g. places on a map, or too generic as they visualize the
original knowledge graph. The consumers liked map and timeline
visualizations but visualizations of relationships in a graph were
also interesting. However, visualizations with LodLive and LOG
were too complex for them. They accepted GraphDB much better.
They emphasized that GraphDB can be pre-configured so that the
original knowledge graph can be simplified while the important
information can be preserved.
Despite the existing literature which criticizes graph visualizations, the collected feedback showed us that graph visualizations
can make sense for different people. However, revealing the
original knowledge graph was not very well accepted. This is
one of the main points of the literature. [16] explains that a
predominance of LD representations are based on graph visualization

Fig. 5. Marie Curie visualized in Linked Open Graph.

node, LodLive shows buttons where each button expands the
visual graph representation with target nodes of a given property.
Fig. 5 shows LOG. LOG shows the full neighborhood of visualized
nodes by default which can be filtered by relationship types. Fig. 6
shows GraphDB. GraphDB enables to configure specific visual
exploration scenarios by defining expansion and detail of a node
using SPARQL.
3
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Table 2
Requirements on a knowledge graph visualization tool.
Requirement
1
2
3
4
5

A
A
A
A
A

user
user
user
user
user

shall
shall
shall
shall
shall

be
be
be
be
be

able
able
able
able
able

to
to
to
to
to

specify an initial entity for the visualization.
choose from more views on a given entity each defining a specific entity visualization.
visualize statements about an entity from different knowledge graph sources.
choose from the catalog of predefined configurations of possible views.
store and load visualizations and share them with other users.

visual line with its visual properties also defined by ψ . A literal
edge is not displayed as a line. When it specifies a node label, it is
used as the visual vertex label. When it specifies another property
it is shown in the detail of the respective entity node.
V is created by the user by iterative transformations of parts
of G . We do not restrict possible kinds of transformations. The
only requirement is that V contains only the entity nodes from G .
A user defines transformations through actions. Possible actions
are specified by visual configurations. A visual configuration is
bounded to a concrete G which is stored in one or more data
sets. These data sets are accessed by the visualization tool to
extract node neighborhood from V . The data sets are defined by
the configuration. We consider a data set as a collection of triples
which can be accessed through an API, e.g. a SPARQL endpoint. In
KGVB, a data set is expressed as an instance of void:Dataset.
The configuration then defines queries to access the data sets.
A query is defined as a pair of a SPARQL query expression and a
data set. It extracts a neighborhood of a given node from the data
set and transforms it to a visual knowledge graph which is then
merged to V . The query expression must contain variable ?node
in its WHERE clause. The tool binds ?node with a particular node
from G and executes the resulting expression on the given data
set. We distinguish 4 kinds of queries. An expansion query is a
SPARQL CONSTRUCT query. For a given node from G it constructs
a visual knowledge graph which is an expansion of the node
with other nodes each connected with the original node by a
path. It also contains edges important for visualizing the nodes
in the expansion. This includes their labels and visual classes
which define ψ . A detail query is also a SPARQL CONSTRUCT
query. It constructs a visual knowledge graph which is a detail of a node. The detail contains only literal edges with the
node as their subject. They are visualized as the node detail.
A preview query is similar to a detail query. It constructs a
node preview instead of the detail. The preview contains node
properties important for visualization. The last kind is a condition
query. It is a SPARQL ASK query which returns for a given node a
boolean value. We use it to check if the node fulfills prerequisites
of the queries. In KGVB, queries are expressed as instances of
browser:ExpansionQuery, browser:DetailQuery, browser:
PreviewQuery and browser:ConditionQuery classes, respectively. They inherit from the abstract class browser:Query. The
query expression is specified with browser:query property. The
data set is assigned to the query with browser:hasDataset
property.
Possible user actions are defined with so called views. A view
comprises an expansion query, preview query and detail query. It
is expressed as an instance of browser:View class. Its queries are
associated
using
browser:hasExpansion,
browser:
hasPreview and browser:hasDetail properties, respectively.
To perform an action, the user first selects a view for a given node.
The view defines possible actions. An expansion action extends
the current V with the expansion returned by the expansion
query for the node. A detail (preview) action replaces the current
detail (preview) of the node with its new detail (preview). We
use node condition queries to check whether a view can be
applied to a node. We can usually apply more different views
to the same kind of nodes. That is why we group views to so
called view sets. A view set consists of a set of views, a node

techniques but they have had limited success because they fail to
provide meaningful visualizations beyond a few dozen nodes and
edges. They also argue that perhaps more importantly, exposing the
data’s graph structure might not always be relevant and may have
unintended consequence of over-emphasizing the data model of the
underlying graph. [17] shows on a detailed user study that graphbased interfaces are difficult to grasp by non-tech users. The authors
explain that the main challenge for users is learning to express their
information needs as query graphs and that the difficulty here is
showing the right amount of detail to the user. [17] mentions this
in the context of query formulation. This is relevant also for our
work because our lay users also need to express their information
needs.
Based on the feedback from our discussions with lay users
and problems described in [16,17] we defined functional requirements on a knowledge graph visualization tool which are listed
in Table 2. We emphasize the need of different node views to
simplify the underlying graph structure. Moreover, we do not
aim at visualizing large knowledge graphs. We aim at covering
use cases where a user starts in a chosen node and explores its
neighborhood through selected views. The list of requirements
could be longer, e.g., a requirement to combine different kinds of
visualizations is also important. However, in this paper, we focus
only on graph visualization features and related requirements.
Other kinds of visualizations and their combinations are out of
the scope of this paper.
3. Visual configurations and ontology
In this section, we introduce visualization configurations and
Knowledge Graph Visual Browser ontology (KGVB) to express configurations. Fig. 7 shows the ontology as a UML class diagram. It
uses the following prefixes:

• browser: <https://linked.opendata.cz/ontology/knowledge
-graph-browser/> for the KGVB.

• dct: <http://purl.org/dc/terms/> for the Dublin Core Metadata Initiative vocabulary.

• void: <http://rdfs.org/ns/void#> for the Vocabulary of Interlinked Data sets.
As usual, we consider a knowledge graph as a mathematical
graph with nodes and edges. We distinguish two kinds of nodes.
Entity nodes represent entities in the knowledge graph. Literals
are primitive data values such as a string, date or integer. An
edge is a triple with a subject, predicate and object. The subject
is always an entity node, the predicate is a property of the entity
node and object is either an entity node or a literal. An edge is
called relationship when its object is an entity node. It is called
literal edge when the object is a literal. A knowledge graph G is
visualized as a visual knowledge graph V which is a knowledge
graph whose entity nodes are also in G . Moreover, V is associated
with a visualization function ψ which maps each entity node and
property in V to a set of literals called visual classes. A visual class
defines the visual appearance of a node which includes its shape,
size or colors.
Each entity node in V is displayed as a visual vertex with its
visual properties defined by ψ . A relationship is displayed as a
4
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Fig. 7. Knowledge Graph Visual Browser (KGVB) ontology for defining visual configurations.

Fig. 9. Sample visual knowledge graph about Marie Curie which simplifies the
original knowledge graph from Fig. 8.

The visual style sheet is used by a visualization tool to present
visual knowledge graphs to users. The visualization tool may
enable lay users to redefine the visual properties. This could be
interesting for lay users who do not like the visual styles defined
by the author of the configuration.
KGVB reuses dct:title and dct:description. They can
be used to display possible actions to users. The visualization
function ψ is defined using the browser:class property in
the CONSTRUCT clauses of node preview and expansion queries.
Last but not least, nodes assigned to the configuration using
browser:startingNode property can be offered to the user by
the tool as starting nodes.
Let us demonstrate our approach on a knowledge graph about
Marie Curie (Fig. 8). Fig. 9 shows its visual knowledge graph. The
visual knowledge graph simplifies the original knowledge graph
for visualization purposes. The examples of the simplification
include:

Fig. 8. Sample knowledge graph about Marie Curie, her family, colleagues,
memberships and received awards.

condition query and a default view which is one of the views.
It is expressed as an instance of browser:ViewSet. The views,
node condition query and the default view are assigned to the
view set using browser:hasView, browser:hasCondition
and browser:hasDefaultView properties. We say that the
view set is compatible with a node from G when the node condition query is evaluated for the node to true. For a given node, the
tool checks the compatibility of the view sets in the configuration
with the node and offers only the compatible ones to the user.
The configuration itself is expressed as an instance of
browser:Configuration class. It refers to its view sets via
browser:hasViewSet property. Besides the view sets, the configuration also contains a visual style sheet. The concept of visual
style sheets is inspired by Cascading Style Sheets (CSS) [18]. A visual style sheet is a set of individual visual styles each specifying a
set of visual properties (e.g. vertex shape, font size or colors). It is
expressed as an instance of browser:VisualStyleSheet class.
Visual styles are expressed as instances of browser:
VisualStyle class and assigned to the visual style sheet using
browser:hasVisualStyle property. A visual style has a selector (browser:hasSelector) which defines what elements of a
visual knowledge graph (i.e. nodes or edges according to their
visual classes assigned by ψ in V ) will be visualized using properties defined by the visual style (browser:visualProperty).

• The nodes Nobel Prize in ... or Panthéon or the relationships
with the predicate student of and member of are missing.

• Each pair of relationships with predicates doctoral student
and doctoral advisor from the original knowledge graph is
replaced with a relationship with the predicate colleague.
• The place of burial represented in the original with a relationship between Marie Curie and the burial place and with
a literal edge specifying the coordinate location of the burial
place is replaced with a literal edge with the predicate burial
coordinate location.
5
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Fig. 10. Visual configuration for scientists expressed in KGVB.

Fig. 11. Sample expansion query with its demonstration on Marie Curie.

• Relationships connecting Marie Curie with awards she re-

show it in Fig. 10 for simplicity. The expansion query awardinginstitutions-countries expands a scientist with awarding

ceived are replaced with a single literal edge specifying their
number.

institutions and countries. Fig. 11 shows a part of its SPARQL
expression which returns only institutions for simplicity. The
listing on Fig. 11 is separated to gray rectangles suggesting the
query template. The WHERE section has two parts. The first part
selects nodes for the expansion. Properties necessary for their
visualization are selected in the second part. The CONSTRUCT
section has three parts. The nodes in the expansion together
with their properties necessary for visualization are constructed
in the first part which also includes the definition of ψ (using
browser:class). Paths connecting the nodes with the original
node are constructed in the second part. The third part complements ψ with visual classes of the properties from the second
part. The right-hand side shows the corresponding expansion of
Marie Curie.
The detail query scientist of the view awardedscientist constructs a scientist’s detail with the name, his or
her image, birth date, burial place and a number of received
awards. Fig. 12 shows its SPARQL expression. The WHERE section
is split to two parts. The first part selects required properties of
the node and their literal values which is the scientist’s name
and image. The second part selects other optional properties of
the node for the detail. The CONSTRUCT section constructs literal
edges with the selected literal values. The right-hand side shows
the detail of Marie Curie defined by the query.
The
preview
query
scientist
of
the
view
awarded-scientist constructs a preview of a scientist with

ψ defined by the visual knowledge graph maps its entity nodes
and properties to visual classes which are shown in Fig. 9 in
curly brackets. For example, the visual classes of Marie Curie
are scientist and female which define the visual properties for
presenting Marie Curie to the user.
The sample visual configuration is depicted in Fig. 10. The
figure omits titles, descriptions and other literal properties of the
configuration components. It also omits the visual style sheet
for simplicity. Labels of edges refer to properties of the KGVB
ontology. Labels of nodes consist of two parts split by ::. The
first part refers to a class of the KGVB ontology and represents
the type of a node. The second part refers to the IRI of the node.
We do not show the full IRI but only its local part with a base
IRI which is not expressed explicitly but represented by the node
color. All nodes with the same color (blue in our case) have the
same base IRI.
The visual configuration has view sets scientist, institution and country. The view set scientist has three views –
family-member, colleague and awarded-scientist. Let us
take a closer look on the awarded-scientist view. Its queries
have the Wikidata SPARQL endpoint15 as their data set. We do not
15 https://query.wikidata.org/sparql.
6
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Fig. 12. Sample detail query with its demonstration on Marie Curie.

Fig. 13. Sample preview query with its demonstration on Marie Curie.

Fig. 14. Sample condition query with its demonstration on Marie Curie.

scientist’s name and visual classes. Fig. 13 shows its SPARQL
expression. The WHERE section has two parts. The first part selects
the name of the scientist. The second selects visual classes of
the scientist. This is an optional part which is used when visual
classes depend on the actual data in the knowledge graph. In our
example, we select the sex of the scientist to decide whether the
visual class is male or female. The CONSTRUCT section constructs
the preview. The right-hand side shows the resulting preview of
Marie Curie.
The view set scientist has also a node condition query scientist which checks whether a node is a scientist. Its SPARQL
expression is depicted on Fig. 14.
A possible user’s interaction based on the visual configuration
from Fig. 10 is shown in Fig. 15. The interaction starts with Marie
Curie as the initial node. The tool identifies a compatible view
set scientist and its default view awarded − scientist. It
then uses its preview query scientist to construct the preview
of Marie Curie. The resulting visual knowledge graph is shown
in part 1 of Fig. 15. The user then selects Marie Curie. The tool
offers the views of the view set scientist. The user chooses
the view awarded-scientist and selects the expansion action.
This results in constructing the expansion of Marie Curie with

the corresponding expansion query, partly listed in Fig. 11. The
expansion is merged with the current visual knowledge graph
which results into a new visual knowledge graph shown in part
2. The parts 3 and 4 then show the expansion of Marie Curie
defined by the other views colleague and family-member,
respectively. The part 5 shows the expansion of Pierre Curie using
the view colleague. The part 6 shows the expansion of Irène
Joliot-Curie using the view family-member. As the last step,
the user chooses Marie Curie and requests her detail using the
view awarded-scientist. It results to the detail with the literal
edges shown in the part 7.
Because each configuration component is an RDF resource
with its globally unique IRI, it is possible to reuse it either for
different parts of the configuration or in other configurations.
Let us extend our previous visual configuration to demonstrate
such reuse. We have users who require a new view of scientists
showing their work and discoveries. It is required to show works
which are related to a scientist with notable work and discoverer
but simplified in visual knowledge graphs to relationships work
connecting a scientist and his or her work. To define this new
configuration, we can reuse the components of Fig. 10. Fig. 16
shows the result. We create a new configuration scientists
7
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Fig. 15. Individual steps of a possible execution of user actions defined by the configuration from Fig. 10 on top of the knowledge graph with Marie Curie.

but with another base IRI - green base IRI. It refers to the existing blue view sets country and institution and to two
new green view sets scientist and work. The green view
set work defines its queries for visualizing works of scientists
which was not supported by the original configuration. The green
view set scientist reuses components of the original blue
scientist - its condition query and views colleague and
awarded-scientist. The blue view family-member is not
referred from the green view set scientist because the users do
not need this view of scientists. For showing works of scientists
a new green view scientist is defined and referred from the
green view set scientist. It reuses the blue preview and detail
views for scientists and defines new expansion query works
which expands a scientist with his or her works according to
the requirement. All new queries are defined on top of Wikidata
so they reuse the same data set as the queries in the blue
configuration. This is not depicted on the figure for simplicity.
The demonstrated configurations considered a knowledge
graph only from one data set. It is possible to define a configuration which visualizes a knowledge graph comprising nodes
and edges stored in more data sets. Let us show this on another
example. Some users of the configuration demonstrated by Fig. 16
have a new requirement to show groups a scientist belongs
to. So we can create a new visual configuration which reuses
components of Fig. 16 and adds the possibility to show people
in groups. We show the resulting configuration in Fig. 17. Its new
components have the orange base IRI. The previous configuration used Wikidata as a single data set which does not contain

Fig. 16. Visual configuration for scientists with their works reusing components
of Fig. 10. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
8
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Fig. 17. Visual configuration for scientists and groups they belong to reusing
components of Fig. 16. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

Fig. 18. UML component diagram with the architecture of our experimental
implementation.

Configuration components are RDF resources reachable through
their IRIs through HTTP dereferencing. Data sets are web services
for accessing the content of knowledge graphs. Our implementation currently supports only SPARQL endpoints.
In their recent survey of data visualization [9], Qin et al. describe a typical iterative data visualization pipeline. They distinguish 5 steps: data import, data preparation, data manipulation,
mapping to geometric primitives and rendering. In our approach,
a visual configuration specifies desired data sets and queries
which prepare knowledge graph nodes and edges to be visualized.
The preparation is done on the server side on the base of requests
from the client. On the client side, nodes and edges are grouped in
case of larger graphs and a user may also filter displayed nodes.
The nodes and edges are then mapped to geometric primitives
by applying the visual style sheet returned by the server and
rendered. The client provides UI controls which enable users to
build knowledge graphs with the actions introduced in Section 3.
To perform the actions there are 5 server-side operations. The
operations expand, detail and preview correspond to the actions
and require two parameters — the IRI of the node for which the
action is called and the IRI of the view which defines the query for
the action. The operation view sets returns view sets compatible
with a given node and their views. Its parameters are the IRI of
the node and the IRI of the visual configuration whose view sets
will be checked by the server. The operation configuration returns
the visual style sheet associated with a given configuration, its
visual styles, and starting nodes defined for the configuration.
Let us demonstrate how KGBrowser works on our example
with Marie Curie. Figs. 19 and 20 show screenshots of a possible
user’s interaction with the tool. At the beginning, the user enters
the IRI of a configuration or chooses one from the predefined
list of configurations. The client loads the visual style sheet of
the configuration and also the list of starting nodes defined by
the configuration. The user then chooses the starting node from
the list or provides own IRI. In our case, the user chooses the

statements about groups of people. The required statements are
in DBpedia. Scientists are mostly represented in both data sets
and they are usually linked with the owl:sameAs property which
denotes that two linked resources represent the same scientist.
We can exploit this to define a visual configuration which works
with both data sets. We define a new orange view scientist
which reuses the blue preview and detail queries and defines own
orange expansion query groups. It refers the DBpedia data set
as shown in the figure. The query takes the Wikidata node for
a scientist as an input and uses the owl:sameAs statements to
locate the corresponding node in DBpedia. It returns the Wikidata
node enriched with categories of the scientist from DBpedia. The
orange configuration also defines a new orange view set group
which provides previews, details and expansions of groups. It
works on top of the DBpedia data set. The orange expansion
query scientists expands a group with scientists in that group.
Because the query works on top of DBpedia it needs its own logic
for extracting only scientists and not all people in the category.
4. Implementation and evaluation
In this section, we describe our implementation of the approach, we demonstrate its usage on the example with Marie
Curie and evaluate it with a user study. The public instance and
source code is reachable from the project web site16 . It also
provides sample visual knowledge graphs.
4.1. Implementation
Our experimental implementation is called KGBrowser. Its
overall architecture is depicted in Fig. 18. It comprises a client, a
stateless server and also configuration components and data sets.
16 https://kgbrowser.linkedpipes.com.
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Fig. 19. A possible user’s scenario of exploring the knowledge graph with Marie Curie in KGBrowser (screenshots 1–3).

Fig. 20. A possible user’s scenario of exploring the knowledge graph with Marie Curie in KGBrowser (screenshot 4).
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knowledge graph which can be too complex for a lay user but
gives the user a flexibility of what part of the knowledge graph
will be presented. We call it full approach in the following text.
To evaluate the multi-view approach, we used our KGBrowser.
To evaluate the single-view approach, we used GraphDB Workbench18 . We demonstrated GraphDB and possibilities of configuring a view for node expansion in Section 2. To evaluate the
full approach, we used the public demo of Metaphacts Ontodia19
running on Wikidata content. Ontodia [19] is an open-source20
knowledge graph visualization library which can be used on its
own or as a part of a commercial platform Metaphactory [20]. Ontodia can be configured for different visualization and exploration
use cases on different sources of knowledge graphs. As we show
later in Section 5, it implements not only the full approach but
it can be also configured for the single-view approach. However,
in the user study we used only the public demo restricted to the
visual browsing of Wikidata. This is sufficient to evaluate the full
approach in our user study.
We show in Section 5 that to our best knowledge GraphDB
and Ontodia are the closest tools to our requirements identified
in Section 2 and they are also the most similar to our KGBrowser.
This is why we chose them for the user evaluation. Let us also
note that our user study evaluates the three approaches but not
GraphDB and Ontodia. We use them only to allow participants in
our study to try out the approaches through real existing tools.
In our user study, we followed the System Usability Scale (SUS)
methodology [21,22]. SUS is based on asking participants with
10 generic predefined questions about how easy it is to use the
system. The answers are then aggregated which gives the overall
score for the system on the scale 0–100. SUS participants are first
asked to do tasks designed by the evaluators. The participants can
also use the evaluated system as they wish after they finish the
required tasks.
We prepared evaluation tasks listed in Table 3. The first 5 tasks
MC1–MC5 (MC as Marie Curie) are based on our example with
Marie Curie. The other tasks GV1–GV5 (GV as government) are
based on a knowledge graph comprising all Czech governmental
institutions, their powers and duties and types of information
they produce or consume from other institutions during their
activities performed to fulfill the powers and duties. The knowledge graph is published from one of the central information
systems of Czech government through a SPARQL endpoint 21 . We
participated in the design of that knowledge graph and there was
a requirement of the Ministry of Interior of Czechia to provide a
tool to visualize its content for people who are able to understand
the domain relationships in the knowledge graph but have no
knowledge of RDF and SPARQL. We defined a visual configuration
called Register of rights and obligations of the Czech Republic 22
which defines the required visualization and is available to users
in our public instance of KGBrowser. Let us shortly explain the
content of the knowledge graph to help the reader to understand
the tasks. The basic concept in the knowledge graph is called
agenda. An agenda represents a set of related activities performed
by a governmental institution, e.g., Drivers agenda is an agenda
performed by the Ministry of Transport of Czechia which represents activities related to registration of drivers and their driving
licenses. An agenda can be viewed from different views, e.g. (1)
it is structured to activities, (2) it is performed by one or more
institutions and one of them is responsible for its management,

configuration depicted in Fig. 10 and selects Marie Curie as the
starting node (screenshot 1). The tool then visualizes the selected
starting node (screenshot 2). To visualize the first node, the client
first calls view sets operation on the server which returns the list
of compatible view sets and their views. The server reads view
sets of the configuration with their condition queries through
dereferencing their IRIs. It then executes each condition query expression for the current node against the SPARQL endpoint of the
data set defined for the condition query. For each view set with its
condition query resulting to true, the server reads its views and
returns them to the client. The client then identifies the default
view in the result from the server and calls preview operation
on the server which returns the preview of the node according
to the view. The server reads the view and its preview query,
again through dereferencing their IRIs, and executes the query
expression for the current node against the SPARQL endpoint of
the data set defined by the query.
The user then explores the knowledge graph from the starting node by clicking on the awarded-scientist view which
instructs the client to perform the detail action of Marie Curie
defined by the view (screenshot 3). In the next steps the user
clicks on the Expand button for the awarded-scientist and
then on the family-member view (screenshot 4 at Fig. 20). The
first user’s activity instructed the client to perform the expansion
action defined by the awarded-scientist view. The second activity instructed the client to perform the detail action defined by
the family-member view. This resulted in replacing the current
detail of Marie Curie with her new detail. The expansion and detail
actions are executed similarly to the preview action by the server.
The server always reads the given view and its corresponding
query and then executes the query expression against the given
SPARQL endpoint. The client then updates the visualization with
the result.
The UI provided by the client provides also other operations
with the visual knowledge graph. These operations do not need
neither loading new data from the knowledge graph nor communication with the server. They include deleting nodes and
edges from the visual knowledge graph or filtering displayed
nodes based on their graph properties, visual classes and RDF
classes. The UI also supports storing visualizations to files and
their loading either by uploading a file or providing its URL.
To render a visual knowledge graph, the client uses the Cytoscape.js graph visualization library17 . The library already supports style sheets applied to graph nodes and edges. The server
returns responses represented in a JSON format required by the
library.
4.2. System Usability Scale (SUS) user study
To evaluate our approach we did a user study with two groups
of users — the teachers and civil servants introduced in Section 2. The goal of the study was to evaluate the usability of our
approach compared to the other possible approaches described
in Section 2. Our approach enables users to browse a knowledge graph by expanding its nodes through views each providing
different simplified node neighborhoods. We call it multi-view
approach in the following text. Users may choose to expand a
node using one or more views provided for the node on the base
of predefined conditions. Another possible approach provides a
single expansion view which is more straightforward and less
flexible but may be easier to use for lay users. We call it singleview approach in the following text. The second possible approach
discussed in Section 2 enables users to expand a node with its full
neighborhood in the knowledge graph. This approach shows a full

18 https://graphdb.ontotext.com/documentation/standard/workbench.html.
19 https://wikidata.metaphacts.com/resource/app:Start.
20 https://github.com/metaphacts/ontodia/.
21 https://rpp-opendata.egon.gov.cz/odrpp/sparql.
22 https://linked.opendata.cz/resource/knowledge-graph-browser/
configuration/rpp.

17 https://js.cytoscape.org/.
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Table 3
Tasks for our user study.
Task
MC1
MC2
MC3
MC4
MC5
GV1
GV2
GV3
GV4
GV5

Find the colleagues of Marie Curie.
Find the number of awards received by Gabriel Lippmann.
Find the common colleagues of Marie Curie and her spouse.
Who of the colleagues of Marie Curie were awarded by the same institution or country as Marie Curie?
Who were the chemists from the same country and in the same century as Marie Curie?
Which public institutions perform an agenda called Drivers agendaa ?
Which data items are produced or managed in this agenda?
Which data items are consumed by this agenda?.
In which agendas public institutions consume data items about drivers?
Which data items are consumed by both Drivers agenda and Police of Czech Republic b ?

a

In Czech: Agenda řidičů.
In Czech: Policie České republiky — this agenda is called with the same name as the institution which performs the activity
in the knowledge graph.
b

Table 4
SUS average scores for both types of participants and the evaluated approach.
Participants

Multi-view

Single-view

Full

Civil servants
Teachers

80
74.1

73.3
56.1

74.6
55

servants and 11 teachers. The average SUS score of the answers
is shown in Table 4. For both groups the multi-view approach
has the best score. The scores for all three approaches are better
for the civil servants than for the teachers. Also the difference
between the approaches is lower for the civil servants than for the
teachers. According to the original description of the SUS methodology published by U.S. General Services Administration (GSA)
Technology Transformation Service23 , ‘‘based on research, a SUS
score above a 68 would be considered above average and anything
below 68 is below average’’. All three evaluated approaches have
the SUS score above 68 in the eyes of the civil servants. Regarding
the answers from teachers, only the multi-view approach is above
this average. This can be explained by the fact that the civil servants are from the e-government section of the Ministry and their
way of thinking is closer to analytical thinking which is better for
viewing the world through graph structures. The teachers may be
more used to read information from maps or timelines. However,
the SUS scores confirm what we have learned from the feedback
in Section 2, i.e. that visualizing relationships between entities
in a knowledge graph through different views is also useful for
lay users and the multi-view approach makes their understanding
easier.
Fig. 21 shows the distribution of the scores for the evaluated
approaches without distinguishing the types of users. All three
approaches achieved similar highest scores. The full approach
has the widest dispersion. With this approach, a user needs to
fully understand the underlying model of the graph. This can be
the reason why some users gave it a lower score. Fig. 22 shows
scores for the individual participants (columns) and approaches
(rows). The size of squares represents the score. The blue squares
represent civil servants and orange are for teachers. It orders the
participants from the left to the right in the descending order
of their average scores for the 3 approaches. All participants
found the multi-view approach better usable than the single-view
approach. According to the users C3, C6, T10 the full approach is
better usable than the multi-view approach. The reason can be
that these users require browsing the source graphs in their full
detail.
The SUS study allows us to compare the 3 approaches relatively with each other but we can also use the mean SUS scores
shown in Fig. 21 to interpret the results absolutely. [22] shows
the grades of SUS scores identified in [23]. 7 grades are introduced
from 1: Worst imaginable to 7: Best imaginable with grades 4: OK
with the SUS mean score 50.9, 5: Good with 71.4 and 6: Excellent
with 85.5. On this scale, the multi-view approach is close to 6:
Excellent and the full and single-view approach is close to 5: Good,
the latter a little lower.

(3) it produces or manages data items (name, birth date of a
driver, . . . ), or (4) an institution performing the agenda is allowed
to consume data produced or managed by other agendas (e.g., the
drivers agenda consumes data about citizens from the agenda of
citizen identity cards). We defined the GV1–GV5 tasks on the base
of a discussion with our colleagues from the Ministry. Let us note
that the knowledge graph contains labels only in Czech language.
In the tasks we use their English translations which cannot be
actually used for searching nodes. Therefore, we provide the
Czech translations in footnotes.
We addressed requests for participation to the attendants of
our meetings described in Section 2. First, we asked them to do
the tasks MC1–MC5 using our public instance of KGBrowser, our
prepared instance of GraphDB where we loaded necessary data
from Wikidata and DBpedia and also in the public demo of Ontodia. In KGBrowser they used the visual configuration presented
in Fig. 17. In GraphDB they used our configuration in GraphDB
which was similar to the configuration for KGBrowser but only
as a single view. The public demo of Ontodia runs on Wikidata
so it is possible to do here the tasks MC1–MC4. Because DBpedia
is not accessible through the public demo of Ontodia, it is not
possible to do the task MC5. We informed our participants about
this.
Moreover, we also asked the colleagues from the Ministry
of Interior to do the tasks GV1–GV5 from Table 3. They were
all domain experts but they had never worked with knowledge
graphs, RDF and SPARQL. The public demo of Ontodia cannot be
reconfigured for another knowledge graph than Wikidata so we
instructed them to do the tasks only in KGBrowser and GraphDB.
In KGBrowser they used the already mentioned configuration
Register of rights and obligations of the Czech Republic. For the
purpose of the evaluation in GraphDB, we loaded the relevant
part of the knowledge graph into our instance of GraphDB and
prepared a configuration which shows all the properties of nodes
necessary for the tasks.
The fact that all the tasks MC5 and GV1–GV5 could not be
done in the public demo of Ontodia did not block our evaluation
because the purpose of the tasks is to let the participants of the
user study to try the evaluated approaches. Then they answered
the generic SUS questions for each of the evaluated approaches.
We asked the participants to answer the SUS questions first for
the multi-view approach, then for the single-view approach and
finally for the full approach. We obtained answers from 6 civil

23 https://www.usability.gov/how-to-and-tools/methods/system-usabilityscale.html.
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approach could be also considered as a framework for specifying shareable and reusable GUI-based languages. Each visual
configuration is then a specific knowledge graph exploration tool.
We focus on RDF knowledge graphs available through SPARQL
endpoints. Therefore, our approach may be classified into the category of linked data visualization tools or to a more general category of linked data consumption tools. Two surveys of linked data
visualization tools [10,11] and a survey of linked data consumption tools [12] have been published recently. The surveys identify
different groups of tools. There are generic graph-based knowledge graph visualization tools such as Ontodia [19], Metaphactory [20], LodLive [14], LOG [15], RDF4U [24], RelFinder [25],
RDFshape [26] or VisGraph∧ 326 . There exists also their subgroup
with tools providing 3D visualizations such as Tarsier [27] or Ontodia3D [28]. Another subgroup are tools which specialize on visualizing ontologies or RDF vocabularies such as WebVOWL [29],
LD-VOWL [30] or H-BOLD [31]. Another group of tools are tools
which do not visualize knowledge graphs as nodes and edges but
present nodes to users as interlinked web pages. A well-known
representative of this group is LodView27 . Another example of
such tool is RDFSurveyor [32]. There are also tools which provide
overviews of the content of a knowledge graph in a form of statistics, classes used in the knowledge graph and navigation to individual instances. Representatives of this group are LD-VizWiz [33]
or, again, RDFSurveyor [32]. A separate group of tools which do
not focus on visualizing the content or schema of a knowledge
graph are tools which provide graphical user interface for writing
queries. Representatives of this group include Sparklis [34], RDF
Explorer [35], QueryVOWL [36] or OptiqueVQS [37].
In this section, we compare the existing tools. First, we compare the tools using the requirements introduced by [10,11]. We
retrieved the comparison from these surveys and extended them
with KGBrowser, GraphDB, Ontodia, and Metaphactory. Second,
we compare all the tools using our own set of requirements. For
the comparison, we used GraphDB Free Edition v9.1, Ontodia in
its open-source version available on Github,28 and 14-days free
access trial of Metaphactory available after our registration at the
company‘s website,29 We used two knowledge graphs for the
comparison of these 4 tools. The first is the knowledge graph
with Marie Curie from Fig. 9. The second is a subset of the knowledge graph with Czech governmental institutions presented in
Section 4.2. The subset contains only a representative sample
of 10 agendas from the knowledge graph. The full knowledge
graph contains 1 058 266 resources in total out of which there are
439 agendas.30 Our goal is not to evaluate performance of the
tools and sizes of knowledge graphs they can process. Our goal
is to evaluate their visualization features. A sample from such a
knowledge graph is sufficient for such evaluation.
Let us start with the surveys [10,11]. In their survey [10]
Desimoni et al. identify 10 linked data visualization tools which
are publicly accessible, available for use and support SPARQL
endpoint access. They compare the identified tools on 16 use
cases which are listed in Table 5. Table 6 shows the comparison
extended with KGBrowser, GraphDB, Ontodia and Metaphactory.
We list KGBrowser, GraphDB, Ontodia, and Metaphactory at the
top of the table and we separate them visually from the tools
originally compared by [10]. The comparison of the rest of the
tools is taken from [10].
KGBrowser supports the use cases 1–3 only partly when the
schema is available as an ontology which is considered as a

Fig. 21. Distribution of the results of the SUS study per each evaluated approach.
(For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

5. Related work
Qin et al. in [9] identified three directions that make data
visualization more efficient and effective. Visualization specification involves data visualization languages which enable users
to specify what they want to see. Efficient data visualization
involves efficient and scalable approaches to data manipulation
and mapping to geometric primitives. Data visualization recommendation involves techniques which smartly guide users by
providing recommendations of what to visualize and how to
visualize it.
Our approach focuses on the first direction. Expert users specify shareable and reusable visual configurations which define actions users may perform in the user interface on knowledge graph
nodes and also visual styles for their presentation. According
to the categorization of data visualization languages presented
in [9], our ontology is a high-level language which encapsulates
low level details required by low level languages. A typical low
level visualization language is a programming library such as
D3.js24 or Cytoscape.js25 . A visual configuration expressed according to the ontology defines the required behavior of the
graphical user interface. The set of actions defined by the visual
configuration is considered as a GUI-based language in [9]. In other
words our approach specifies a high level visualization language
as an ontology which enables to define domain and knowledge
graph specific GUI-based languages. From this point of view, our

26 https://visgraph3.github.io/index.html.
27 https://lodview.it/.
28 https://github.com/metaphacts/ontodia/ accessed on Dec 13, 2021.
29 https://www.metaphacts.com/get-started accessed on Dec 13, 2021.

24 https://d3js.org/.
25 https://js.cytoscape.org/.

30 Measured on Dec 15, 2021.
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Fig. 22. Results of the SUS study per each participant and evaluated approach. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
Table 5
Use cases used for knowledge graph visualization tools comparison by [10].
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

KGBrowser. KGBrowser fully supports the use cases 5, 8, and 13–
15 through views and user actions defined by these views. The
use case 16 is supported only partly by KGBrowser. It is possible
to visualize two nodes besides each other. However, KGBrowser
supports viewing a detail only of one node at a time.
The use cases 1–6 and 10 are supported by GraphDB fully. It
provides a full graph database environment which also focuses
on indexing classes and properties in stored RDF graphs and
visualizing the indices, as well as listing instances of classes, etc. It
supports the use case 9 by so called Domain-Range Graph which
shows properties in the knowledge graph and classes as their
domains and ranges. It also supports the use cases 8 and 13–15
as it supports node expansions using a predefined view which
we have demonstrated earlier. The use case 16 is supported by
GraphDB in the same way as it is supported in KGBrowser.
Ontodia supports the use case 1 by showing classes from a
knowledge graph in a special panel separated from the actual
graph visualization. In the same panel additional information is
shown for classes (e.g., sub-classes via a lazy tree component)
so the use case 2 is also supported. The use case 3 is supported
partially by Ontodia. It is possible to configure it in the source
code to show specific information for a property in a knowledge
graph. It can also be configured in the source code to show all
nodes so the use case 4 is supported partly by Ontodia. We
consider these use cases to be supported only partially because
a manual configuration in the source code is necessary. This is
similar to KGBrowser where visual configurations need to be
prepared manually. The use cases 5, 6 and 8 are fully supported
by Ontodia. Nodes can be expanded with their neighborhood (use
cases 5 and 8) and there is a special panel provided which shows
instances of a class (use case 6). Ontodia also shows for each class
the number of its instances in the knowledge graph so the use
case 10 is supported as well. The use cases 13–15 are supported
by Ontodia via its node expansion functionalities, similarly to
KGBrowser. The support for the use case 16 is also similar to
KGBrowser.
Ontodia can also be used as a part of the Metaphactory platform. The platform provides a highly configurable environment
where HTML templates can be defined for different types of nodes
in the knowledge graph. Ontodia as a solution for graph visualization can be embedded and configured as a part of these HTML
templates. The use cases 1–3, 5, 6, 8, 10, 13–16 are supported
in the same way as with Ontodia. A predefined configuration of
Ontodia embedded in the Metaphactory platform which supports
ontology visualization and editing31 can be used for the use cases
2 and 3. This is also only partial support of these use cases. A given
ontology can be visualized but not detailed information about
classes and properties used in a given knowledge graph as required by the original use cases. Besides the graph visualizations
using Ontodia, Metaphactory supports other components in the
HTML templates. These can be used to configure a Metaphactory

Visualize classes and properties in a knowledge graph.
Visualize information related to a class.
Visualize information related to a property.
Visualize nodes in a knowledge graph.
Visualize a selected node.
Visualize instances of a class.
Visualize paths connecting chosen nodes.
Enable visual navigation from a node to another node through
relationships.
Show information about vocabularies used in a graph.
Show statistics about a graph.
Offer different visualization types based on a graph.
Visualize nodes that have specific properties.
Visualize values of chosen node properties.
Visualize data type properties with a given type.
Visualize object properties with a given range.
Visualize nodes in parallel so that they can be visually compared.

Table 6
Comparison of KGBrowser with tools according to [10] extended with GraphDB,
Ontodia and Metaphactory where ◦ denotes that a use case is supported by a
tool but it did not work during the test, • denotes that a use case is supported
and accomplished during the test and ⋄ denotes only partial support which we
further comment in the text.
Tool/Use case

1

2

3

4

5

6

KGBrowser
GraphDB
Ontodia
Metaphactory

⋄
•
•
•

⋄
•
•
•

⋄
•
⋄
⋄

⋄
•
⋄
•

•
•
•
•

⋄
•
•
• •

7

H-BOLD
LD-VizWiz
LD-VOWL
LodLive
LodView
LOG
RDFSurveyor
RelFinder
Sparklis
Tarsier

◦ ◦

◦

•
• •
• •
• •

•

9

10

•
⋄
• • •
•
•
• ⋄ •
◦ ◦
•
◦

◦
• •
• •
• •

8

•
•
•
• •

11

•

12

13

14

15

16

•

•
•
•
•

•
•
•
•

•
•
•
•

⋄
⋄
⋄
⋄

◦
•
•

•
•

•

•

•
•

•
• •

•
•

•
•

•

•

knowledge graph and visualized using a specific configuration. It
is also true for the use cases 4, 6 and 10. The use cases 4 and 6
focus on showing collections of nodes. While it is easy to create a
visual configuration which shows all nodes in a knowledge graph
or which expands a class with all its instances, respectively, this
needs to be supported by a queried SPARQL endpoint. The use
case 10 focuses on showing statistics about a graph, e.g. numbers
of instances of classes. A visual configuration which visualizes
classes from a knowledge graph and shows numbers of their
instances in their detail can be created. So again, the support for
these use cases cannot be considered as full support. On the other
hand, users often do not need to visualize a complete collection
of nodes at once. In many scenarios users need to add nodes in
iterations even though they finally have visualized a large set of
nodes. These iterative variants of the use cases are supported by

31 https://help.metaphacts.com/resource/Help:VisualOntologyEditing.
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Table 7
Use cases used for knowledge graph visualization tools comparison by [11].
T1
T2
T3
T4
A1
A2
A3
C1
C2
C3

Visualize classes in a knowledge graph.
Visualize information related to a class.
Visualize information related to a property.
Visualize properties in a knowledge graph.
Visualize the complete knowledge graph.
Visualize one or more selected nodes.
Visualize instances of a class.
Visualize paths connecting chosen nodes.
Show statistics about a graph.
Visualize nodes in parallel so that they can be visually
compared.

Table 8
Comparison of KGBrowser with tools according to [11] extended with GraphDB,
Ontodia and Metaphactory where • denotes that a use case is supported by a
tool.

1
2
3
1
4
5, 12–15
6
7
10
16

platform instance which supports several other use cases. The
platform supports the use case 4 by providing a special panel for
listing nodes in a knowledge graph. The Pathfinder component
extends Ontodia with discovering paths between nodes (use case
7). It is possible to use other kinds of visualizations of nodes in
a knowledge graph (use case 11) and node filtering components
(use case 12), e.g. a structured search component or form based
search component which allow for node searching and filtering.
HTML templates can be configured to display a node with other
nodes in parallel for their comparison which supports the use
case 16. However, this needs an advanced configuration by an
expert so we consider this as a partial support. The use case 9,
which requires to show information about vocabularies used in
a graph is supported when the vocabularies are uploaded by the
expert to the platform. Therefore, we classify the use case 9 as
partially supported.
Desimoni et al. conclude in [10] that if a user wishes to
visualize nodes and edges in a knowledge graph, LodLive and
LinkedOpenGraph are the most suitable tools. Our KGBrowser
and also GraphDB, Ontodia, and Metaphactory provide similar
features. Moreover, these 4 tools support the use cases 14 and
15 which are also important for exploration of nodes and edges
in a knowledge graph.
Desimoni et al. also published another survey of linked data
visualization tools in [11]. This survey is broader as it identifies
29 working tools. The authors distinguish 5 categories of tools.
In addition to [10,11] also considers faceted browsers and linked
data browsers which do not present data in a truly visual form
but as HTML documents which can be browsed and filtered by
facets. It also considers ontology visualization systems. Systems
for visualizing ontologies are also a current topic in the research
literature [38,39] and a recent survey focused only on these tools
is available [40]. In the end, the authors describe 10 visualization
goals and select 14 out of the 29 tools for which they were
able to accomplish some of the goals. The visualization goals are
similar to the use cases used for comparison in [10] but they
are not equal. We show them in Table 7. The last column shows
corresponding use cases from the previous survey. The use cases
8, 9 and 11 are not considered. This makes [11] less suitable for
our approach as the use case 8 (iterative path navigation) is our
main use case.
Table 8 compares KGBrowser, GraphDB, Ontodia, Metaphactory and the tools surveyed in [11] using the use cases. The
first four lines above the line are our own comparison of KGBrowser, GraphDB, Ontodia, and Metaphactory. The rest is retrieved from [11]. This comparison focuses in a more detail on
the use case 1 from the previous comparison. It is divided here
to T1 and T4 . KGBrowser supports both only partially, GraphDB
fully. Ontodia provides a view on all properties of a given node.
It can be also used for ontology visualization (and editing) where
all classes and properties are visualized. However, when used for
a knowledge graph, it does not provide a view of all properties in
the graph. Methaphactory (with embedded Ontodia) can also be

Tool

T1

T2

T3

T4

A1

A2

A3

KGBrowser
GraphDB
Ontodia
Metaphactory

⋄
•
•
•

⋄
•
•
•

⋄
•
⋄
⋄

⋄
•
⋄
⋄

⋄
•
⋄
•

•
•
•
•

⋄
•
•
•

H-BOLD
LD-VizWiz
LD-VOWL
LodLive
LodView
LOG
RDFSurveyor
RelFinder
Sparklis
Tarsier
RDF4U
RDFshape
VisGraph∧ 3
WebVOWL

•
•
•
•

•

•

•
•
•
•
•

•
•
•

C1

C2

C3

•

⋄
•
•
•

⋄
⋄
⋄
⋄

•

•
•
•

•
•
•
•

•
•

•
•
•

•
•

•

•
•
•

•
•
•
•
•

•
•
•

•
•
•

•
•

•
•
•

•
•
•

•
•

•

configured by an expert to show properties in a knowledge graph
with some detail. Therefore, their support of T4 is only partial.
The comparison confirms the previous one. Moreover, it shows
that RDFshape is similar to KGBrowser. It is a more generic tool
than KGBrowser as it provides also non-visualization features.
Regarding its visualization features, it visualizes a given RDF
knowledge graph. A user may provide a concrete RDF knowledge
graph serialized in one of common RDF serialization formats or a
SPARQL query to a SPARQL endpoint.
The use cases from both referred studies do not reflect all the
requirements identified in Section 2 which motivated our work.
Therefore, we provide Table 10 which compares the tools from
Table 8 w.r.t. these requirements. We will refer to the requirements with R1 –R5 . The compared tools differ in the level of support of R2 and therefore we refine it to 5 partial sub-requirements.
For clarity, we repeat also the other requirements.
R1 A user shall be able to specify an initial entity for the
visualization.
R2.1 A user shall be able to see the detail of a node.
R2.2 A user shall be able to expand a node with its relationships
to other nodes.
R2.3 A user shall be able to select which relationships will be
expanded for a node.
R2.4 A user shall be able to visualize a node through a simplifying
node view.
R2.5 A user shall be able to choose a view from more available
views for node visualization.
R3 A user shall be able to visualize statements about an entity
from different knowledge graph sources.
R4 A user shall be able to choose from the catalog of predefined
configurations of possible views.
R5 A user shall be able to store and load visualizations and
share them with other users.
R2.2 means that the full neighborhood for a node is visualized.
Therefore, it corresponds to the full approach which we evaluated
in our user study in Section 4.2. R2.3 adds a possibility to choose
only some of the relationships which will be visualized in the
neighborhood. This enables a user to simplify the visualization
of the neighborhood. R2.4 means that a user is provided with a
predefined single view of the node which is used for the visualization of its neighborhood. This corresponds to the single-view
approach. R2.5 corresponds to the multi-view approach.
Moreover, we have added additional features F1−3 related to
visual configurations:
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Table 9
Overview of the setup of the tools used for their comparison w.r.t. to our
requirements R1−4 and features F1−3 .
Tool

Setup

MC-KG

G-KG

Doc

KGBrowser
GraphDB
Ontodia
Metaphactory
H-BOLD
LD-VizWiz
LD-VOWL
LodLive
LodView
LOG
RDFSurveyor
RelFinder
Sparklis
Tarsier
RDF4U
RDFshape
VisGraph∧ 3
WebVOWL

Source files
Distribution
Source files
Trial
N/A
Online demo
Source files
Source files
Source files
Online demo
Online demo
N/A
Source files
Source files
Source files
Online demo
N/A
Source files

•
•
•
•

•
•
•
•

•
•
•

•
•
•
•
•
•

•
•
•
•
•
•

•
•
•
•

•
•
•
•

•
•

•

•

•

of the tool or a research paper, respectively, were available. In
these cases, we used them to support our evaluation. The details
about the tools with concrete references to their distributions,
source files, demos and documentation used for the evaluation
are available in Appendix. For H-BOLD, RelFinder and VisGraph∧ 3
we used only research papers so we compare them only theoretically. For H-BOLD we were not able to find neither an online
demo nor source files. RelFinder is based on Adobe Flex which
is no longer supported32 . For VisGraph∧ 3, there is its source
code available (see Appendix). However, we were not able to
execute it for various errors reported by the tool when executed.
Moreover, there is no research paper published by the author. For
the sake of completeness, we include it in our comparison as it
is included in [11] which is our only source of information about
this tool.
Table 10 summarizes the results of the comparison. R1 , R2.1
and R2.2 are supported by KGBrowser, GraphDB, Ontodia, and
Metaphactory. LodLive and LOG also fulfill these requirements.
RelFinder enables a user to select two or more starting nodes
and displays paths connecting the nodes in a given knowledge
graph. It supports displaying node details. Therefore, it fulfills R1
and R2.1 fully and R2.2 only partly because its nodes are expanded
automatically only by the connecting paths. LodView, RDFSurveyor and Sparklis are knowledge graph browsers which support
searching for nodes (R1 ) and showing their details as an HTML
document (R2.1 ). Sparklis is a tool for visual building of queries
and it also supports showing query results in tables. Tarsier is a
tool for 3D knowledge graph visualization supporting R1 and R2.2 .
It enables to search for a node and display its relationships in
a 3D space. Node details are not supported. H-BOLD, LD-VOWL
and WebVOWL support showing a vocabulary extracted from
a supplied SPARQL endpoint (H-BOLD, LD-VOWL) or showing
a supplied ontology in a single visualization (WebVOWL). They
partly support R2.1 and R2.2 as they visualize details of vocabulary or ontology nodes and relationships between them but not
instances. RDF4U, RDFshape and VisGraph∧ 3 support loading an
RDF data file which is visualized as a network which means the
support for R2.2 .
R2.3 is supported by KGBrowser, GraphDB, Ontodia, Metaphactory, LodLive, LOG, Tarsier, and RDF4U. R2.4 is fully supported
only by KGBrowser, GraphDB, Ontodia, and Metaphactory. It is
also partly supported by Tarsier which can be configured with a
predefined SPARQL query. The query is used to extract the whole
knowledge graph to be explored. Hence, the query cannot be considered as a simplifying view of a node but of the whole source
knowledge graph. R2.5 is fully supported only by KGBrowser. It
is also partly supported by GraphDB but there can be only a
single view in a configuration so users need to switch between
configurations to be able to change views. However, changing
a configuration means also starting a new visualization so it is
not possible to combine more views in a single visualization.
Ontodia supports R2.5 similarly to GraphDB. In Metaphactory,
an HTML template can define different views on a given node
which are shown to the user. Therefore, R2.5 can be achieved
partly in the Metaphactory platform. However, this is not the
exact behavior identified in R2.5 where we expected that a user
chooses from different views to expand a given node where
the displayed neighborhood depends on the chosen view. R3
is fully supported by KGBrowser, GraphDB, and Metaphactory.
In KGBrowser, a configuration may consist of views defined on
different SPARQL endpoints. GraphDB and Metaphactory support
SPARQL federation, e.g. using FedX33 . LOG and Sparklis also support extracting data from different SPARQL endpoints. However,

Res

[19]
[20]
[31]
[33]
[30]
[14]

•
•
•
•

[15]
[32]
[25]
[34]
[27]
[24]
[26]
[11]
[29]

Table 10
Comparison of KGBrowser with tools w.r.t. to our requirements R1−4 and features
F1−3 where • denotes that a requirement or feature is fully supported by a tool
and ⋄ denotes only partial support.
Tool

R1

R2.1

R2.2

R2.3

R2.4

R2.5

R3

R4

R5

F1

KGBrowser
GraphDB
Ontodia
Metaphactory
H-BOLD
LD-VizWiz
LD-VOWL
LodLive
LodView
LOG
RDFSurveyor
RelFinder
Sparklis
Tarsier
RDF4U
RDFshape
VisGraph∧ 3
WebVOWL

•
•
•
•

•
•
•
•
⋄

•
•
•
•
⋄

•
•
•
•

•
•
•
•

•
⋄
⋄
⋄

•
•

•
•
⋄
⋄

•
•
•
•

•

⋄
•
•
•
•
•
•

⋄
•

•

•

•

•
•
•
•
•
•
•

⋄

•

F2

F3

•
⋄
⋄

•

⋄

⋄
⋄
•
•
•
•
⋄

•
•

⋄

F1 It must be possible to reuse configuration components in
different visual configurations.
F2 A lay user must be able to set own visual properties of nodes
and edges (e.g., colors, shapes, etc.).
F3 A graphical user interface for configuration definitions must
be provided.
Table 9 shows how we evaluated each tool. The second column
shows whether we used our own installation of the tool or its
online demo. For our own installations, it shows also whether it
is an installation from freely available source files, an installation
from a free complied distribution, or an installation of a commercial product provided as a trial. We used online demos only
when we were not able to run our own installation. The third and
fourth columns show whether we were able to visualize the first
or the second evaluation knowledge graph, respectively, using
the setup of the tool. We used the same evaluation knowledge
graphs we used to compare KGBrowser, GraphDB, Ontograph, and
Metaphacts in Tables 6 and 8. It can be seen that even for the
tools where we used an online demo we were able to visualize
both knowledge graphs. Specifically, we used online demos for
LD-VizWiz, LOG, RDFSurveyor and RDFshape. Their online demos
offer their full functionalities so it was possible to evaluate them
fully. The fifth and sixth column show whether a documentation

32 http://www.adobe.com/products/flex/.
33 https://rdf4j.org/documentation/programming/federation/.
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exists independently of a visualization tool. Different visualization tools may consume and interpret the same configuration.
The approach is therefore more a framework for knowledge graph
exploration than a concrete tool. Visual knowledge graphs created
by lay users through actions defined by visual configurations can
also be shared so a user may start exploration with a visual
knowledge graph created by another user. We provide an experimental implementation KGBrowser and a project website34 which
provides access to the demonstrations presented in this paper.
We evaluated the presented approach from the usability point
of view. We also compared our implementation KGBrowser with
other approaches using methodologies of recent surveys and also
w.r.t. to our own criteria.
The approach could be extended in different ways. Visual
configurations must be expressed in RDF according to the introduced ontology manually. This is time consuming and error
prone even for knowledge graph experts. A tool with a graphical
user interface which would help with configuration specification is necessary for a viability of the approach. Currently, the
knowledge of SPARQL is necessary for configuration specification.
The tool could provide a user interface which enables to define
configurations without the knowledge of SPARQL.
For better user experience, configuration possibilities could be
extended. For example, detail queries return primitive key/value
pairs which are displayed as node properties and their values.
More complex data structures could be supported. Also more
advanced tools interpreting visual configurations could be created
as KGBrowser provides only basic features. For example, better
filtering and grouping operations on the visual knowledge graph
could be provided or other kinds of node layouting could be
supported including non-graph layouts such as layouting nodes
on a geographical map or in a timeline. It would be also useful
for lay users to be able to redefine default visual properties of
shown elements given by a configuration. However, the proposed
additional features are only extensions to the presented approach
which does not change anything on its basic principles. The
core of our approach is enabling users to display nodes through
different simplifying views and decoupling visual configurations
of these views from visualization tools and enabling them to be
shared and reused.

it must be specified manually by users which can be too technical
for lay users so we interpret this as a partial support. The other
tools are restricted to work with only one SPARQL endpoint at
a time. R4 is supported only by KGBrowser and GraphDB, and
partly by Ontodia and Metaphactory. The other tools do not consider different configurations for visual exploration. Ontodia and
Metaphactory can be configured to explore a given knowledge
graph but these configurations are not full visual configurations
in the sense of this paper which include different views with their
specific node previews, details and expansions. R5 is supported by
KGBrowser, GraphDB, Ontodia, and Metaphactory.
Regarding F1 , KGBrowser is the only tool which considers
visual configurations and their components as first class citizens represented as RDF resources and published as LOD. As
we have shown, this supports the reuse of components in different configurations created by different authors and published
anywhere independently of a tool in which they were created.
Ontodia and Metaphactory support the reuse of configurations
indirectly and, therefore, partly. Ontodia can be configured only
in the source code which can be reused as any other source
code. Metaphactory supports the reuse of HTML templates for
different types of nodes inside a given Metaphactory instance.
The other tools do not support this feature. The feature F2 is
not supported by any of the tools compared in Table 10. It is
important for lay users because some of them may not be satisfied with colors and shapes chosen by an expert who created a
configuration. They need to change visual properties as they wish.
The feature F3 is important for experts. They need a graphical
user interface which supports them in creating visual configurations. The interface can highlight missing parts, check for
inconsistencies, help with SPARQL query formulation and support
searching in existing configurations. F3 is supported by GraphDB
and Metaphactory. GraphDB enables experts to define views in
the administration user interface. Metaphactory enables experts
who define the HTML templates to configure embedded Ontodia
directly in the user interface. Both check for some inconsistencies
and help support the expert in defining configurations.
The presented comparisons show that GraphDB and
Metaphactory with integrated Ontodia are powerful commercial
tools w.r.t. the defined requirements and features. GraphDB is
a full RDF store with knowledge graph exploration features.
Metaphactory is a full knowledge graph management environment where various applications for the exploration and also
editing knowledge graphs can be configured. The comparison
in Table 10 shows that the multi-view approach introduced in
this paper and implemented in our KGBrowser is novel and not
supported by the existing tools. KGBrowser is an experimental
tool whose purpose is to demonstrate the multi-view approach.
It does not offer any other features than those presented in
this paper and related to knowledge graph visualization and
exploration.
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6. Conclusions
Appendix. Evaluated tools setup
In this paper, we introduced a novel approach to explore
knowledge graphs, possibly distributed in more different data
sources, in iterative and interactive visual form. Instead of a user
interface with a fixed behavior, we introduced the concept of
visual configurations which enable expert users to define possible
domain specific views on knowledge graph nodes and edges. A
visual configuration is expressed as an instance of the introduced
Knowledge Graph Visual Browser ontology expressed in RDF and
published as LOD. This enables configuration components to be
reused in different configurations. Each visual configuration defines a domain specific knowledge graph exploration application.
Different applications may partly share their behavior as components are reused in their configurations. A visual configuration

• KGBrowser
– distribution: N/A
– source files:
https://github.com/linkedpipes/knowledge-graph-brow
ser-website
– demo:
https://try.kgbrowser.opendata.cz/
– documentation: N/A
34 https://kgbrowser.linkedpipes.com.
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• GraphDB
–
–
–
–

https://github.com/LodLive/LodView/blob/master/READ
ME.md

distribution: GraphDB Free Edition 9.1
source files: N/A
demo: N/A
documentation:
https://graphdb.ontotext.com/documentation/9.1/free/
exploring-data.html

• LOG
– distribution: N/A
– source files:
https://github.com/disit/linked-open-graph
– demo:
https://log.disit.org/service/
– documentation:
http://www.disit.org/drupal/?q=node/5521

• Ontodia
– distribution: N/A
– source files:
https://github.com/metaphacts/ontodia/
– demo: N/A
– documentation:
https://github.com/metaphacts/ontodia/wiki

• RDFSurveyor
– distribution: N/A
– source files:
https://github.com/guiveg/rdfsurveyor
– demo:
http://tools.sirius-labs.no/rdfsurveyor/
– documentation: N/A

• Metaphactory
– distribution:
https://www.metaphacts.com/get-started
(14-days trial /docker option/, version 4.3.0)
– source files: N/A
– demo: N/A
– documentation:
https://help.metaphacts.com/resource/Help:Document
ation

• RelFinder
–
–
–
–

• Sparklis

• H-BOLD
–
–
–
–

distribution: N/A
source files: N/A
demo: N/A
documentation: N/A

– distribution: N/A
– source files:
https://github.com/sebferre/sparklis
– demo:
http://www.irisa.fr/LIS/ferre/sparklis
– documentation:
http://www.irisa.fr/LIS/ferre/sparklis/examples.html,
https://github.com/sebferre/sparklis

distribution: N/A
source files: N/A
demo: N/A
documentation: N/A

• LD-VizWiz
– distribution: N/A
– source files: N/A
– demo:
http://semantics.eurecom.fr/datalift/rdfViz/apps/
– documentation: N/A

• Tarsier
– distribution: N/A
– source files:
https://github.com/desmovalvo/tarsier
– demo: N/A
– documentation:
https://github.com/desmovalvo/tarsier/blob/mdpi/REA
DME.md

• LD-VOWL
– distribution: N/A
– source files:
https://github.com/VisualDataWeb/LD-VOWL
– demo:
http://vowl.visualdataweb.org/ldvowl/#/
– documentation:
http://vowl.visualdataweb.org/v2/

• RDF4U
– distribution: N/A
– source files:
https://github.com/Rathachai/rdf4u
– demo:
http://rathachai.github.io/rdf4u/
– documentation: N/A

• LodLive
– distribution: N/A
– source files:
https://github.com/LodLive/LodLive
– demo:
http://en.lodlive.it/
– documentation: N/A

• RDFShape
– distribution: N/A
– source files: https://github.com/weso/rdfshape
– demo:
https://rdfshape.weso.es/
– documentation:
https://rdfshape.weso.es/

• LodView
– distribution: N/A
– source files:
https://github.com/LodLive/LodView
– demo:
https://lodview.it/
– documentation:

• VisGraph∧ 3
– distribution: N/A
– source files:
https://visgraph3.github.io/index.html
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– demo: N/A
– documentation: N/A
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