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Abstract
Information can be graphically presented to users through different visualization methods, which
can be complemented by various features meant to facilitate the navigation and interpretation of the
presented information. Many of these methods and features are already in use by current ontology
visualization tools, while others, along with some concepts from the broader field of information
visualization, are merely explored in the literature despite their potential to also be applied in this
specific field. This paper aims to analyze key characteristics of the current state of the art of ontology
visualization tools, as well as the notable benefits and limitations of each of them, by extensively
reviewing this body of work. Additionally, it also aims to demonstrate how the resulting insight
has aided the development of PrOnto, a new platform dedicated to the visualization of OntoDL+
ontologies.
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1 Introduction

When attempting to describe and correlate various concepts, the development of an ontology
may prove an efficient method of synthesizing complex information. By providing a formal
explicit description of the concepts and relations among concepts in a given domain of
discourse [19], an ontology can aid the understanding and analysis of the information contained
within it, while also establishing a common vocabulary to facilitate its discussion [31].

However, parsing the entirety of the information contained within a complex ontology in
a purely textual format may quickly become challenging and overwhelming. Alternatively,
providing users with a graphical representation of the same information can facilitate its
interpretation considerably [40, 14, 8]. These graphical representations of ontologies, or
ontology visualizations, can take a variety of forms [13, 24, 22, 38], with the most commonly
used one in current ontology visualization tools being the two-dimensional node-link graph [13].

Unfortunately, static ontology visualizations often do not scale properly, as they can easily
become cluttered and difficult to interpret when representing ontologies with a large number
of elements. In order to overcome this limitation, these visualizations are often complemented
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by various features within ontology visualization tools (such as zooming and panning, search
and filtering features, etc.), which allow for finer navigation over an ontology’s contents [13].

Implementing a wide variety of these features within a single ontology visualization tool
can also make it more flexible and capable of accounting for various user preferences and
needs [13, 16, 35]. Similarly, incorporating different visualization methods within a singular
platform can also yield the same benefits [13, 16, 34, 24].

Despite this, all of the currently available ontology visualization tools have limitations in
regards to what features and visualization methods they can support. Some of these tools
are also commercial products, and are not freely available.

As such, this paper aims to analyze the current state of the art of ontology visualization
tools, the various visualization methods and techniques they employ, and their respective
advantages and disadvantages, by conducting an extensive review of the literature related to
current ontology visualization tools and/or concepts which could be applied in the specific
context of ontology visualization. This analysis will also inform the development of PrOnto,
a platform for visualizing and navigating ontologies described in OntoDL+, which will also
be presented in this document.

OntoDL+ is a Domain Specific Language (DSL) which, as of currently, is not supported
by any available ontology visualization tool. It has been specifically designed to have a
simple syntax meant to facilitate the process of defining and instantiating ontologies [11].
Therefore, the development of an open access platform specifically suited for the visualization
of ontologies described in OntoDL+ would prove an essential step in providing better support
for the use of this emerging DSL.

This paper is structured in three sections after this one: Section 2 examines the visu-
alization methods, features and information visualization concepts which are relevant for
the current state of the art of ontology visualization tools; Section 3 introduces PrOnto,
describes its features and illustrates the GUI offered by the present prototype; and Section 4
discusses the conclusions drawn and proposes some directions for future work.

2 State of the Art of Ontology Visualization

The current state of the art of ontology visualization tools employs a variety of visualization
methods and techniques, while also borrowing concepts from the broader field of information
visualization.

2.1 Information Visualization
The concept of information visualization refers to a cognitive process where, through the
perception of a graphical representation of data, referred to as a visualization, a person
understands and internalizes the information they are being presented with [28, 40].

In general, visualizations can operate as external memory and cognition aids, which can
help users significantly in keeping track of and interpreting information [14]. More specific
benefits have also been listed extensively by [8].

Naturally, ontology visualization is encompassed by the broader field of information
visualization. As such, some concepts of information visualization are also relevant in the
specific context of ontology visualization, as is the case with the following two.

Retinal Properties Retinal properties refer to graphical properties which the retina of the
eye is sensitive to independent of their spatial positioning [5, 8], and include color, shape,
size, saturation and texture. These can add an extra dimension of expressiveness to an
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ontology visualization, while encoding a variety of additional information in an easily
perceived manner [40, 13]. However, most of these properties are still underutilized in
current ontology visualization tools [13].

Mental Map The mental map, or mental model, is something users acquire as they navigate
and interact with a visualization, and refers to their understanding of its overall structure
and the general location and relationships between its parts [15]. Preservation of the men-
tal map is a necessary design consideration for dynamic and/or interactive visualizations,
lest users become disoriented or overwhelmed. Some factors that can affect mental map
preservation are the visualization’s predictability, degree of change, and traceability [15].

2.2 Visualization Methods
In the context of ontology visualization, visualization methods refer to the ways in which
the information contained within an ontology, namely its various entities and relations, is
graphically displayed to the user.

Of the methods currently in use, the vast majority are two-dimensional (2D), with a few
experimenting with three-dimensional (3D) visualizations or incorporating 3D aspects with a
mostly 2D visualization. A few methods are also capable of displaying changes that occur in
an ontology over time, thus being able to account for a temporal dimension.

2.2.1 Indented Lists
Indented lists, or indented trees, are a simple visualization method which displays a list of
entities, with entities lower in the hierarchy shown indented under their parent entity. As
such, despite being technically 2D, they depend mainly on one dimension, the horizontal
positioning of the displayed elements.

Since indented lists can only display hierarchical relationships, they are often implemented
in combination with other visualization methods in ontology visualization tools [24]. Their
similarities to file browsers make them intuitive to navigate for users [24, 25, 16, 29], and they
are effective at displaying a lot of information within a limited space [29] without suffering
from common issues such as cluttered displays or overlapping elements [24]. Studies have also
shown indented lists to be more efficient in supporting information searches than node-link
visualizations [16, 17], although they are less suitable for overviews [16, 17, 24], and do not
display multiple inheritance cases effectively [24, 16].

2.2.2 2D Visualizations
2D visualizations are, by far, the most widely used visualizations by the current state of the
art. These visualizations can also be further categorized into node-link, space-filling and
matrix visualizations.

2.2.2.1 Node-link Visualizations

Node-link visualizations utilize labeled nodes and links to represent an ontology’s entities
and relations respectively. Each node may be labeled either with just the name of the entity
it represents, or include other information related to it, such as its properties.

Node-link visualizations can have various layouts, some of which are only suitable for the
representation of hierarchical relations, as is the case with tree layouts (used, for example, in
OWLViz and KC-Viz), radial layouts (used in OntoRama), and balloon layouts (not in use
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by any notable ontology visualization tools) (see Figure 1) [13]. Tree layouts in particular
have also been noted to make an inefficient use of screen space [24], with radial layouts being
more efficient in this regard [13].

(a) Tree layout. (b) Radial layout. (c) Balloon layout.

Figure 1 Hierarchical node-link layouts (Figures from [23]).

Since ontologies can include both hierarchical and non-hierarchical relations, layouts
which are capable of representing both types of relations effectively are more suitable for
visualizing ontologies in the majority of cases. Examples of these layouts include force-
directed layouts (used, for example, in WebVOWL and NeOn Toolkit’s Ontology Visualizer),
circle layouts (used in OWL-VisMod and NavigOWL), and inverted tree layouts (used in
GLOW in combination with edge bundling techniques) (see Figure 2) [13].

(a) Force-directed layout. (b) Circle layout.

(c) Inverted radial tree layout
with edge bundling (Figure from
[23]).

Figure 2 Non-hierarchical node-link layouts.

Force-directed layouts are one of the most commonly used layouts for node-link visualiza-
tions, since they can produce aesthetically pleasing results devoid of overlapping elements [13].
However, force-directed algorithms are computationally complex and can generate unpredict-
able layouts [22, 9]. Alternatively, circle and inverted radial tree layouts take on a different
approach, where they do not avoid edge crossings but apply edge bundling techniques to
facilitate the visualization of large numbers of relations [23].

2.2.2.2 Space-filling Visualizations

Space-filling visualizations represent hierarchical structures, while utilizing the full space
available for the display. Relations in these layouts can be represented via enclosure, adjacency
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or overlap of the shapes depicting the structure’s entities [38]. Some examples of space-
filling layouts are treemaps (used in OWL-VisMod and Jambalaya), Euler diagrams (used in
OWLeasyViz) and icicle trees (used in OntoPlot [41]) (see Figure 3) [13].

(a) Treemap (Figure from [13]).
(b) Euler diagram (Figure
from [13]). (c) Icicle tree in OntoPlot.

Figure 3 Space-filling layouts.

These visualizations are less suitable for visualizing ontologies as it is difficult to represent
non-hierarchical relationships within them without producing very cluttered displays [38].
Additionally, while they have been noted to represent entity level information efficiently via
size and color encoding, they are also less effective for navigating hierarchies than node-link
visualizations, with treemaps performing particularly poorly in this regard [24, 29].

2.2.2.3 Matrix Visualizations

Matrix visualizations represent entities as rows and columns, and the relationships between
them as filled cells at the intersection of the connected rows and columns. Color coding of
these cells can also be used to denote different types of relationships.

This visualization method is less commonly used for visualizing ontologies, although it has
been used for this end in combination with a node-link visualization in OntoTrix [38, 3], where
the general graph structure is represented by a node-link visualization, while particularly
dense areas are displayed through adjacency matrices.

While this visualization method is effective at displaying large amounts of information
in a limited space without producing overlapping elements, it is also less familiar to users
than node-link visualizations, and often leads them to struggle with path finding tasks when
presented with them [38, 3, 18].

2.2.3 2.5D Visualizations
Currently there is only one ontology visualization tool which combines both 2D and 3D
elements: Ontoviewer [13].

Ontoviewer includes a variety of visualization methods, the most distinctive of them
being a 2.5D graph composed of a node-link visualization with a radial layout in a 2D
plane representing inheritance relations, and role relations displayed as curved links in the
space above that plane [34, 35]. This separation of the two types of relationships effectively
facilitates the analysis of the ontology [35].

This method, however, can still present issues with edge crossings, namely within its 2D
radial layout when displaying several cases of multiple inheritance [35]. While the curved
links on the 3D space can also overlap, this issue is significantly mitigated by Ontoviewer ’s
navigation and interaction features.
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2.2.4 3D Visualizations
The most significant examples of ontology visualization tools that employ 3D visualizations
are OntoSphere and OntoTrek, both of which utilize node-link visualizations in a 3D space.

OntoSphere offers two views of the ontology in the form of tree-like 3D layouts, and a third
view which, more distinctively, organizes the nodes over the surface of a large translucent
sphere [6, 13].

OntoTrek, meanwhile, utilizes a singular tree-like 3D layout that places each node on the
z axis according to its hierarchical level, and applies a force-directed algorithm to dictate the
positioning of sibling nodes in the xy plane [12]. This layout could be considered a more
interesting development of the cone tree layout used in older tools such as OntoSELF and
Onto3DViz [37, 20].

Other relevant 3D layouts which are not present in any current visualization tools are
the 3D hyperbolic tree layout of H3Viewer [30], and the nested cubes approach proposed
by [33], which adapts a treemap approach to a 3D space. Both of these cases are discussed
in greater detail on the thesis document.

3D visualization methods are less commonly used than 2D methods partly due to
their recency [40], but also due to the ongoing controversy regarding their benefits over
2D approaches [24]. While 3D visualizations are sometimes thought of as more visually
appealing [36], they often do not allow users to interpret data as easily as 2D approaches [40,
28]. Additionally, they are often more difficult to navigate [24], and suffer from the loss
of depth perception that occurs when translating a 3D structure to a 2D screen [28, 13].
Despite this, such issues can be avoided by the implementation of appropriate navigation
features [24, 13], or even through the use of transparency in select parts of the structure [33, 6].
3D visualizations also hold potential due to their ability to encode data in an unique way,
and to make a more efficient use of screen space than 2D visualizations [24].

2.2.5 Temporal Dimension
As there is often an user need to be able to observe the evolution of changes made to an
ontology over time [26, 27], a few ontology visualization tools have also been developed with
this temporal dimension in mind.

Some tools or plugins can display the history of changes made to an ontology through the
use of pie charts, word clouds, lists or other representations, as is the case with CODEX [21,
26]. Other tools may incorporate this information into the main ontology visualization
method itself, in which case they may take one of two approaches: time-to-time or time-to-
space mappings [7, 4]. Hybrid visualizations that combine elements from both categories are
also possible, albeit more sparingly researched [4].

2.2.5.1 Time-to-time Mappings

The passage of time and its effects on dynamic structures can be represented through the use
of animation. While this approach has not been applied in any currently available ontology
visualization tools, it has been studied in reference to animated node-link visualizations [4]
which could be used in this context.

This visualization method is suitable for tracing the evolution of specific concepts over
time [26], but has many disadvantages. Namely, it tends to cause cognitive overload for the
users [7, 4, 26]; suffer from layout stability problems which require advanced algorithms to
counter [7, 4, 10]; and make interaction difficult, since the animation must be paused in order
to allow for it to happen [7].
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2.2.5.2 Time-to-space Mappings

Time-to-space mappings are often referred to as timelines, and can be implemented through
various approaches: by overlaying snapshots of the visualization at different points in time
or by placing these snapshots next to each other; by integrating timeline information into
the static visualization itself; or by combining two or more of these approaches [4].

It should be noted that information can be integrated into a static visualization in various
ways, namely by encoding information through color, size and/or shape of the elements
(as is the case in OntoDiffGraph’s node-link visualization [27], or PROMPT-VIZ ’s treemap
visualization [32]) or by revealing additional information upon interaction with the graph
structure (as described by [4] in regard to adjacency matrices). However, it has also been
noted that the use of too many visual features at once, which may occur with this approach,
can make it more difficult to visually analyze an ontology for specific aspects [7].

Regarding general limitations of time-to-space mappings, their main disadvantage lies in
how they must convey a lot of information within a limited space [4], with this issue being
particularly prevalent in the case of the first approaches mentioned. However, time-to-space
mappings of information are preferable for analyzing visualizations of long periods of time
than time-to-time mappings, since they allow for comparison tasks to be performed visually
rather than mentally [7, 4].

2.3 Features
In addition to a proper visualization method, there are various visualization and interaction
techniques that can be implemented as useful features of an ontology visualization tool’s
interface in order to provide the user with essential methods to navigate and interact with
the ontology.

While a few advanced features are also discussed in the thesis document, this paper will
only consider commonly used basic features, namely:
Graphical Zoom Enlarging or decreasing the size of the displayed graphical elements;
Panning Moving the entire visualization by dragging it or the background, as opposed to

using scrollbars;
Incremental Exploration Displaying only part of the ontology, and expanding the visualiza-

tion according to what entities the user selects next;
Entity Focus Centering the view on a selected entity and its surroundings, through panning

and/or zooming in, and omitting or obscuring the rest of the ontology;
Pop-up Window Displaying details of a selected entity in a separate window or a tooltip;
Radar View Showing a small “minimap”, or bird’s-eye view, of the entire ontology. It may

also indicate which part of the main visualization is currently zoomed in or selected;
Drag and Drop Moving individual graphical elements around;
Search and Highlight Performing a text-based search and highlighting matching entities;
Filter Parts Hiding parts of the ontology the user is currently not interested in;
Filter Entity Type Hiding all entities of a given type or with a specific property from the

visualization. This is a more specific application of the “filtering parts” feature;
History (Undo/Redo) Keeping a history of the navigation steps performed by the user, and

allowing them to undo/redo actions;
Fisheye Distortion Enlarging part of the visualization while zooming out the rest of it;
Edge Bundling Grouping edges with similar paths to alleviate clutter and highlight relevant

patterns in node-link visualizations;
Textual Editing Editing the name of elements or their properties;
Visual Editing Creating, removing and altering visual elements.
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The use of some these features has also been noted to have occasional disadvantages,
namely:

Zooming in risks hiding situating context from the visualization. Therefore, its use
should be complemented by other navigational cues or features [24];
Panning can disorient the user and potentially damage their mental map of the ontology
if this feature is not carefully implemented [24]. This is especially evident in the case of
3D visualizations, where an extra dimension is at play, thus adding more complexity to
the movement/rotation interaction;
Incremental exploration, when applied to a node-link force-directed layout, requires
old nodes to be re-positioned when new ones are added to the visualization, in order to
avoid overlapping with them. However, by changing the layout, this effect risks damaging
the user’s mental map of the ontology;
Entity focus can also apply transition animations when focusing on the selected entity.
These animations can have mixed results, as users can either find them pleasant and helpful
in showing the transition path, or disorienting and needlessly time consuming [24, 25].
In 3D visualizations, if the change in focus also changes the viewing angle, disorienting
rolling animations can also be produced, as experienced in OntoTrek [12];
Fisheye distortion can often significantly distort the structure of the parts of the graph
that are out of focus [39]. The distortion can also produce edge crossings when the
graph’s edges are not curved according to the applied distortion, as this can be more
computationally demanding [22]. However, utilizing curved edges has also been noted to
make path tracing tasks more difficult [39];
Edge bundling requires edge labels to be either not shown or only shown on demand.
As such, it may not be very fitting for the visualization of ontologies with a wide variety
of role relations.

Despite this, all of these features have considerable utility. In some cases, their specific
benefits have also been highlighted in the literature, as is the case with the following:

Incremental exploration avoids the limitations of a top-down approach to ontology
visualization (where the entire ontology is first shown to the user), which would take
longer to display and might exhibit occlusion issues which this approach avoids [38];
Drag and drop can add a level of flexibility that keeps users engaged, and allows them
to better keep track of which entities they have already visited by allowing them to
rearrange them accordingly [16];
Search and highlight is a crucial feature for effective ontology navigation as browsing
does not suffice in helping the user locate specific entities, especially in the case of large
ontologies [24].

Finally, in order to better illustrate the current state of the art of ontology visualization
tools in regards to their implementation of these features, 11 tools1 were manually tested,
with the results listed in Figure 4.

1 While [13] surveyed 33 ontology visualization tools for their use of these features, most of these tools
are currently unavailable or unsupported. As such, they were filtered down to 9 tools which could be
installed, run and used to visualize at least one OWL ontology file or URL (therefore also excluding
tools which did not allow for ontology upload), and added to 2 other more recent ontology visualization
tools, OntoPlot [41] and OntoTrek [12], which were not previously included.
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Figure 4 Features present in currently available ontology visualization tools and in PrOnto.

3 PrOnto: A platform for visualizing and navigating ontologies

PrOnto, while still in development, already has a prototype version available at https:
//pronto-computationalthinking4all.epl.di.uminho.pt/. It is important to note that
the design and development of this platform benefited greatly from the conducted analysis of
the current state of the art of ontology visualization tools, which informed many decisions
regarding key aspects of PrOnto, namely, its visualization method and feature requirements,
which are also described in greater detail on the thesis document.

PrOnto employs a 2D node-link force-directed layout with name-only labeling as its main
visualization method (see Figure 5). This approach aims to produce graphs that are intuitive
and familiar to users given node-link structures’ prevalence in other similar applications,
while also presenting a limited number of overlapping elements. There is also a focus on
incremental exploration, so that there is less of a need to compute large layouts for entire
ontologies at once, thus limiting load times, and so that the users’ mental map can be more
easily maintained by the gradual reveal of information.

As it has been noted in Figure 4, the majority of the current ontology visualization tools
do not include all the common features which may benefit such an application. Therefore, in
order to give this platform a good level of flexibility that may accommodate varying user
needs, PrOnto aims to include all basic features listed in Section 2.3, with the exception of
those referring to visual effects (fisheye distortion and edge bundling), as their use cases are
overly specific, and those referring to editing, which will have to be relegated to future work
due to time constraints. The implementation of this large variety of features should also help
account for the disadvantages introduced by some of them.

SLATE 2024
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Figure 5 PrOnto’s Prototype.

PrOnto also makes use of a few retinal properties in order to encode information. Color,
for example, is used to distinguish concept and instance nodes, as well as to highlight selected
and hovered nodes. However, as this property may not be a reliable indicator for colorblind
users, it is also complemented by texture: instance nodes have squiggly borders, contrasting
the smooth borders of concept nodes; and the blue aura that indicates a hovered node is
dotted, while the green one for selected nodes is continuous. Finally, size is also used to
highlight nodes with a higher number of relations.

Regarding PrOnto’s architecture, it is composed of a front-end and a back-end, as depicted
in Figure 6.

Figure 6 Architecture of PrOnto.
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The front-end refers to the GUI through which the user is able to upload an OntoDL+ text
file describing an ontology, setup the visualization (by choosing a starting concept or opting
to visualize the entire ontology at once), and navigate and interact with it. Interactions
are handled by the Query Processor, which communicates with the back-end to register
any changes done to the visualization. It is also responsible for handling the searching and
filtering functionalities. Meanwhile, the Visualization Manager handles the visual aspect of
the GUI regarding both the node-link visualization and the information contained in the
details window. It should also be noted that since the user can only observe the minimap
but not interact with it, this module is not considered part of the Visualization Manager.

Meanwhile, all information related to the ontology’s data, state, and history of user
interactions is stored in the back-end. When an OntoDL+ text file describing an ontology is
uploaded, a data structure containing all of its information is generated and stored within
the Data Manager. This method, which has the back-end rely on a specified data structure
instead of a stored version of the uploaded file, simplifies the process of adapting the platform
to support other languages or file types in the future, as only this conversion step would
need to be adjusted rather than multiple parts of the application.

Additionally, as the ontology data is processed and stored, the back-end also calculates
which are its most relevant concepts, based on their number and depth of relations. These are
then listed back to the user in the visualization setup window as suggested starter concepts
for incremental exploration (see Figure 7), before any visualization is produced. If the user
selects one of these concepts, or writes in their own valid choice, the visualization will focus
on it and only show its directly related concepts upon starting.

Figure 7 PrOnto’s Prototype - Visualization Setup Window.

4 Conclusion

Reviewing the available literature regarding the current state of the art of ontology visual-
ization tools allowed for a comprehensive study of the benefits and limitations of various
visualization methods, as well as the identification of essential features and other aspects that
should be taken into account while designing and developing such a platform. This insight
was also extremely helpful in planning and developing PrOnto, a new platform dedicated to
the visualization of OntoDL+ ontologies.

At the moment being, PrOnto is accessible at https://pronto-computationalthinking
4all.epl.di.uminho.pt, and is available for testing. It has been included in the Computa-
tional Thinking 4 All platform so it may be used to visualize and navigate the OntoCnE, the
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ontology which first motivated this project. The OntoCnE is a large OntoDL+ ontology which
defines and correlates the knowledge domains of Computational Thinking and Computer
Programming so that it may be used as an educational tool in teaching the latter through
the former, [1, 2], which is the focus of the Computational Thinking 4 All project. However,
in order for the OntoCnE to be usable for its intended purpose, it first required a suitable
platform for its visualization and navigation, such as PrOnto.

It should be noted that there is still room for future work on PrOnto. Namely, at this
moment, some navigational features still need to be included. In the future, the platform
would also greatly benefit from the implementation of ontology editing features and, possibly,
of alternative visualization methods which may better represent some specific use cases
that the current visualization method, while very versatile, may not be as suitable for.
Additionally, experiments with real users are yet to be designed and performed, which will
allow for a crucial assessment of the overall performance of the tool, its usability, and the
user satisfaction.

In conclusion, the analysis described in this paper could serve as an useful reference point
for the design and development of new ontology visualization tools, so that they may take
into account the mistakes and innovations of previous works, while also making use of the
most suitable techniques for their intended purposes.
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