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Abstract. Ontologies play an increasingly important role in organising knowledge. This comes with the challenge of keeping
up with the changes within an ontology and the effect those changes have on the applications they are used in.Visualising
changes can help users and ontology engineers alike to keep up with the evolution of an ontology, and selecting an appropriate
visualisation tool can help this understanding process. However, determining a suitable visualisation tool can be challenging as
there has been a plethora of tools and methods been introduces in the literature over the past two decades. This work provides
a systematic overview of the existing ontology change visualisation tools by conducting a Systematic Literature Review (SLR),
and analysing these tools w.r.t. their methods and availability. We identify 28 tools and methods among which we found three
prevalent forms of displaying changes: lists, graphs and statistics. Of the 28 tools and methods, 12 tools are still available for use.
Our analysis showed that in the earlier years, the focus of the visualisation was on displaying the changes, while in later years,
the focus shifted to helping the user understand the changes and the greater picture of ontology evolution rather than individual
changes. Our analysis provides a novel resource for selecting appropriate tools for visualising ontology changes and ontology
evolution, and will enable researchers and practitioners to select the appropriate ontology change and evolution visualisation
tools for their respective tasks.

Keywords: Survey, Ontology change visualisation, Ontology evolution visualisation, Visualisation tools

1. Introduction

Ontologies have become increasingly important in organizing knowledge in various fields, such as in the Biomed-
ical field demonstrated by the Gene Ontology [1], the National Cancer Institute Thesaurus (NCIT) [2] or SNOMED
CT [3]. With the rapid evolution of different domains and the frequent publication of new information, ontologies
must be regularly updated by ontology engineers to ensure their relevance and accuracy. To illustrate the scale
of the challenge, consider NCIT [2], which frequently undergoes updates as new drugs, drug usage, and disease
variations are discovered and published, with 790.787 changes on average per month between October 2003 and
December 2019 [4]. In addition, the size of the ontology can make it difficult for users and ontology engineers alike
to keep up with the changes. Therefore, it is crucial to provide visual representations and summaries that effectively
communicate the evolution, enabling users to quickly adapt to the updated ontology.

There is a lack of a comprehensive understanding of the existing visualisation tools and methods available for
communicating ontology changes, a systematic overview of such tools for ontology users and engineers is missing.
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This is problematic, as effective tools for tracking and understanding ontology changes are crucial to ensure the con-
tinued relevance and usefulness of ontologies in various applications, including semantic search, natural language
processing, and machine learning.

To close this gap, we conduct a Systematic Literature Review (SLR) to systematically identify the existing visu-
alisation methods for ontology changes, which answers the following first research question:

RQ1: What methods, approaches and implementations exist for visualising ontology changes?

The overall goal of this research is to gather the existing visualisation methods and present a comprehensive
overview of the different kinds of tools, hereby answering RQ1I.

Based on our SLR we identified 28 relevant tools which we further analysed focusing on different types of
visualisation methods and objectives in relation to publishing time. This provides interest insights into how the
visualisation objectives changed as the field matured. Further, we investigate the impact and popularity of a tool
and if there is a relation between publishing time and format. Lastly, we report on which tools are still available or
accessible (according to FAIR principles) and if this has something to do with when these were published or with
their association with other tools like Protégé [5] or NeOn [6]. Hence, we formulate the following second research
question with five sub-questions:

RQ2: How do aspects of the found tools relate to the availability and publishing time of the tools?

RQ2.1: Is tool popularity measured with citation count related to publication type, publishing time and avail-
ability?

RQ2.2: Do the different tool objectives (visualisation of change, ontology evolution or other) relate to publishing
time and their availability?

RQ2.3: Do visualisation types of the presented tools relate to the time of publishing and their availability?

RQ2.4: Does the interactiveness of tools present a relationship to the time of publishing and their availability?

RQ2.5: How is the accessibility of the tools from the perspective of FAIR principles affected by the different as-
pects of the tools like publishing time, association with an ontology editing environment, interactiveness,
visualisation objective and visualisation type?

The SLR yielded a comprehensive overview of the 28 tools and methods related to visualisation of changes in
ontologies. Certain tools like OntoAnalyzer [7], OnEX [8], EvoRDF [9], DIACHRON [10], Change Tracer [11],
REX [12], and HGK [13] showed exceptional performance in showcasing ontology evolution beyond just changes.
We found that the objective of showcasing ontology changes shifted from "simply" visualising the changes to
informing the user about the evolution by aggregating changes in meaningful ways. We did not actually find a
connection between publishing time, format, popularity, and the availability of the tools.

Therefore, we contribute the following findings with this work:

— An overview and comparison of 28 ontology change visualisation methods.

— An analysis of the trends within the 28 methods with regard to publishing time, publishing methods, avail-
ability of the tool, and the goal of the presented visualisation.

— An analysis of the methodology to highlight the importance of the chosen approach.

In the following section, we first discuss related work. In Section 3, we provide details on the SLR methodology,
as well as on the analysis dimensions. The list of tools and their details are described in Section 4 followed by the
analysis of trends in Section 5. Section 3.1 shows the analysis of our methodology. We discuss the limitations and
future work in Section 6 and conclude this work in Section 7.

2. Related Work

Ontologies are broadly applicable for visualising data. An example of this is the CubeViz platform [14], where the
authors utilise the RDF Data Cube ontology to represent statistical data. Most research discusses the importance of
more research on the applicability of visualisation tools for ontology visualisation. Khattak et al. [15] highlight that
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changes within ontologies can be challenging to visualise and that a system or framework for visualising ontology
changes is needed.

Dudas et al. [16] express the need for further research on ontology change visualisation tools. Their own research
focused on finding flaws within already existing ontology visualisation tools and calls for enhancing them. Pernisch
et al. [17] conducted a survey to determine users’ preferences for representing changes and created Chlmp, the
Protégé plug-in that displays the impact of changes in real time. Furthermore, Pernisch et al. [18] also investigated
the understanding of change impact by ontology engineers at editing time through a user study focused on the
Protégé plug-in ChImp. The results of the user study showed that the plug-in improved the understanding of the
change effects of the participants and that they felt better informed. This shows that ontology change visualisation
tools are valuable in informing about the changes, and an overview of tools can help inform the public about the
existing possibilities.

No research has been conducted yet on which methods for visualising changes in ontologies are most suitable
overall. Chung et al. [19] conducted a small descriptive comparison of approaches, but did not look for approaches
systematically and did not perform an evaluation with users. Therefore, a SLR of existing ontology change vi-
sualisation tools is the first important step. Ramakrishnan et al. [20] reviewed ontology visualisation tools and
their effectiveness in end-user applications. They emphasise the importance of ontology visualisation for improving
cognitive support for users. They focus on general ontology visualisation rather than visualising changes between
versions of the ontology. Katifori et al. [21] also categorised ontology visualisation methods and expressed the need
for more research to improve the usability and effectiveness of ontology visualisation methods. Therefore, to the
best of our knowledge, our work is the first to conduct an SLR of ontology change visualisation methods.

The majority of research concerning ontology evolution visualisation primarily revolves around visualising
changes within ontologies. Therefore, ontology changes and evolution are interconnected. It becomes crucial to
provide a concise definition of what ontology evolution is. Haase and Stojanovic [22] present their perspective on
ontology evolution as the process of adapting and changing an ontology to accommodate the consistent management
of these changes. Flouris et al. [23] define ontology evolution as the process of changing an ontology according to
a change in the domain or its conceptualisation. Zablith et al. [24] have discussed these definitions in their work,
where they mentioned the need for a new way of defining ontology evolution. This new definition of ontology evo-
lution consists of both changes made to an ontology and versioning of an ontology. In this research, it is crucial to
relate these ontology evolution definitions to the visualisation of ontology evolution. Therefore, we later introduce
a definition of ontology evolution visualisation which informs our information extraction about the tools within the
SLR.

Lambrix et al. [25] formulate a set of functional requirements for ontology evolution systems. They also examine
existing ontology evolution systems and their capacity to meet the desired functionality requirements, emphasising
the role of visualisation. These discussions about the existing ontology evolution systems meeting the functionality
requirements and visualisation show that it is important to discuss the level to which a system is capable of visual-
ising ontology evolution. Showcasing differences between ontology versions can be considered ontology evolution
visualisation. While Lambrix et al. [25] focus on evaluating established evolution systems in terms of visualising
ontology evolution, it is worth noting that other ontology change visualisation tools might also possess the ability
to showcase evolution within an ontology. Consequently, it becomes essential to create an overview of the ontology
change visualisation tools and determine whether these tools are showcasing ontology evolution.

3. Methodology

In this section, we describe the methodology of the systematic literature review (SLR). This includes the approach
of selecting the relevant primary studies to be included (to answerRQ1). We then summarise the process and present
the high level numbers, before presenting the dimensions along which we analyse the included studies (RQ?2).
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3.1. Systematic Literature Review

The goal of this part of our methodology is to create an overview of existing ontology change and ontology
evolution visualisation methods to first answer RQ1. The list of tools that answer the research question is presented
in detail in Section 4.

We used the guidelines for a systematic review of the literature proposed by [26—28] and adapted them to our
use case. We first give a high-level explanation of our approach for a better understanding of the individual steps
and decisions within the SLR as a whole. We then present further details about the following two aspects: the
search strategy with the search string, followed by the inclusion and exclusion criteria along which we evaluate each
publication.

High-level approach. Due to the lack of an overview of papers that could validate the results immediately, we
opted for a circular approach rather than a linear one. The search string was executed in Scopus! where we used the
“Title-Abstract-Keywords search”. We chose Scopus as the search engine because of its ability to download results
and its up-to-date and reliable indexing of research articles. The results were exported as a CSV file which was then
used We evaluated according to inclusion and exclusion criteria and later for an extended analysis.

In the first step, we evaluated the title and abstract of each returned publication. In the second step, we analysed the
entire publication, but only those that passed the first evaluation. Hence, the output of the second step yielded a list of
publications that serve as primary sources for the SLR. This initial list was then used for the last step, snowballing,
during which we evaluated incoming and outgoing ‘links’ to these publications using the same approach as before,
evaluating each publication in two steps following the same inclusion and exclusion criteria. The resulting additional
publications from the snowballing were added to the list of primary sources.

Search Keywords. The research question RQ1 was used to come up with a fitting search string for the SLR, with
the main keywords being: ‘ontology changes’ and ‘visualisation’. We also added related synonyms and alternative
spellings. We specifically combined certain keywords (instead of using AND), because we are interested in the
keywords when they are included right next to each other and not simply anywhere in the text. Several variations of
the search string were experimented with, aiming to strike a balance between generating a manageable amount of
results and including the essential keywords. This resulted in the following initial search string:

(“ontology change” OR “ontology evolution” OR “ontology changes” OR “ontology edits”
OR “evolution of ontology” OR “changing ontology” OR “editing ontology” ) AND (
visualisation OR visualisation OR visualizing OR visualising OR tool )?

Inclusion and Exclusion criteria. We defined the inclusion and exclusion criteria for selecting relevant articles
from the candidate publications in Table 1. The criteria were documented before any decisions were made about the
inclusion or exclusion of any publications. We merely revised the formulation to clarify its meaning and make this
SLR more easily reproducible. The publications were evaluated by one author and, in case of doubt on inclusion or
exclusion, a second opinion by another author was considered.

We distinguish between three main criteria (C1-C3) and describe and explain them in the table. C1 focusses on
the literature found, including a visualisation tool or approach. The goal of the presented tools should be to facilitate
understanding of ontology changes. Additionally, with this criteria, we exclude surveys of tools from our SLR. C2
is centred on exploration. We are also interested in including tools that not only present the changes, but also let
the user explore and dive deeper to understand them. The accompanying exclusion criteria allow us to drop studies
that do not provide enough details about how exploration is possible. Lastly, C3 specifies that we are not interested
in publications that present a change detection algorithm without also providing a way to communicate these to

Uhttps://www.scopus.com/search/form.uri?display=basic
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users. Therefore, publications that only detail the algorithm that is used to calculate the difference between ontology
versions will be excluded using this last criterion.

Table 1

Inclusion and Exclusion criteria for the SLR.

Inclusion criteria:

Exclusion criteria:

C1| Studies that propose a visualisation tool/concept or tech- | Studies that do not propose a visualisation tool/concept or tech-
nique/method for showcasing changes made to an ontology or the | nique/method for showcasing changes made to an ontology.
evolution of an ontology.

We are interested in studies that present a visualisation tech- | We are not interested in studies that simply provide a review or
nique/method or tool/concept that enables users to better under- | survey of existing visualisation tools.
stand and explore changes made in a system.

C2 | Studies that describe how the visualisation tool enables users to | Studies that do not provide details about how the visualisation tool
explore and analyze changes made in a system. enables users to explore and analyze changes made in a system.
We are interested in studies that provide details about how the vi- | We are not interested in studies that only describe the benefits of
sualisation tool works and how it enables users to explore and an- | the visualisation tool without providing details about how it works.
alyze changes made in a system.

C3| Studies where the tool/method communicates the changes. Studies that are interested in algorithms that do change detection.

Process Results.

We are interested in methods that communicate the changes.

We are only interested if it has visualisation added.

Figure 1 shows the SLR process and the tools that were identified. In the first step we retrieved

212 publications, out of which 156 were discarded in the first step ("Round 1 - Step 1"). Of the remaining 56 that
made it to the second step, we included 13 tools, which are listed under the respective step “Step 2”. During the
snowballing process of Round 1, we further found and included 14 tools, as they are listed under “Snowballing”.
Two papers in the SLR were excluded because of the unavailability of the full text after contacting the authors.

Round 1 - Step 2
56 publications total
43 no
13 yes

Chimp
OntoAnalyzer

Round 1 - Step 1
212 publications total
156 no
56 yes

EvoRDF
OntoDiff Graph
PromptDiff

Using text-mining
Change Tracer
MUTU

REX

DIACHRON
WIDOCO

LiveDiff Taxonomy Plugin

Extending small seed ontology

Round 1 - Snowballing
14 publications

27 publications in total

Change Tab Protege

Change Capturing NeOn Toolkit
ChangeView

Ecco

OntoView

Change Detection plugin

OnEx

Prompt-viz

CODEX

D2v

Historical Knowledge Graph (HGK)
OWLDiff

AberOWL

Colour-Coded Layered Graph

(a) Round 1

Fig. 1. Figures showing the process quantities of responses in the SLR and tools that were introduced in each round of the first phase of the SLR.

3.2. Extended, Iterative, Search

The relevant papers identified in the first round of the SLR constitute a valuable source of hitherto unexplored
information about the search. Therefore we run a second iteration of the search, where we extend the original
keywords by the most significant keywords in the abstract and title of the newly found papers.
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To this end, we analysed the list of primary sources using TF-IDF to identify the most important keywords and
used those to revise the initial search string for a second execution in Scopus.

More concretely, we investigated the keywords used in the titles and abstracts of the tools listed under “Round 1 -
Step 27 against those listed under “Round 1 - Snowballing” using Term Frequency - Inverse Document Frequency.
A visualisation of the 20 keywords can be found in the Appendix in Figures 36b and 36c. Using this insight, we
revised the search string and performed the SLR a second time as previously described using the same inclusion and
exclusion criteria as defined before.

The following keywords were in common: “ontologies”, “ontology”, “changes”, “versions”, “knowledge”,
“change”, “visualisation”, “evolution”, “data”, and “users”. The missing keyword, which can potentially make a
large difference is ‘versions’ as well as some additional keywords that were not in common. Therefore, we ex-
panded our initial search string with the keywords highlighted in bold.

( “ontology change” OR “ontology evolution” OR “ontology changes” OR “ontology edits”
OR “evolution of ontology” OR “changing ontology” OR “editing ontology” OR “ontology
versions” OR “ontology diff” OR “ontology versioning”) AND ( visualisation OR
visualisation OR visualizing OR visualising OR tool OR environment)*

Of the 332 articles we found this way, 211 were the same as in the first search, and 121 were new. First, the
resulting tools of the old search were compared to the new search results. In the second round, we only list the tools
that changed groups, meaning OWLDiff and AberOWL’s publications were found among those retrieved, hence,
they are listed under “Round 2 - Step 1”. DWAT was additionally included through the investigation of the 121
newly retrieved publications and is therefore listed as the sole tool under “Round 2 - Step 2. As we did not perform
a second snowballing during Round 2, the list below “Round 2 - Snowballing” is empty in the figure, but we would
consider having found the missing 12 tools again, if not more.

Round 2 - Step 1
332 publications total
13 repeat included
2 from snowball Round 2 - Step 2
24 publications total Round 2 - Snowballing
121 new publications R 23 no .| 12 publications
98 no ”1  1yes d
24 yes 28 publications in total
o DWAT
o OWLDIff
e AberOWL
(a) Round 2

Fig. 2. Figures showing the process quantities of responses in the SLR and tools that were introduced in each round of the second phase of the
SLR.

Significant differences were added in the search string; however, the additions did not lead to finding significantly
more relevant publications. Only two additional snowball tools were included in Round 2, not making a large
difference between the TF-IDF plots of Round 1 and Round 2. In addition, we only found one additional tool not
included in Round 1, DWAT [29]. This finding, however, we accredit to the fact that the publication time of this
work was after the first execution of the Scopus search.
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3.3. Analysis Dimensions

Once we have gathered the list of primary sources, we clarified the information to be extracted about each pub-
lication, as listed below. They are divided into grouping criteria and analysis dimensions. The dimensions and
criteria presented were extracted from the selected publications after finishing the evaluations against inclusion and
exclusion criteria.

Grouping Criteria. For each tool, we considered the way it visualised the changes between ontology versions.
We identified three types of visualisation to classify the tools and methods: List, Graph, and Statistics. The List
visualisation type is applied when a tool incorporates any form of a list to showcase changes. Graph visualisations
can be very varying but refer to approaches that make use of graphical elements, specifically visualising nodes
and their connections, rather than lists. Lastly, Statistics visualisations can be distinguished from other forms of
visualisation when aggregation comes into play. They provide not just an aggregation per se, but also report the
numbers and details of the said aggregation. Multiple visualisations can be used in combination; hence the grouping
criteria are not presented as solely the three above but also as different combinations of them.

Analysis Dimensions. The following analysis dimensions were important to include for all the different tools and
methods of the SLR overview to be able to answer RQ2. The list below also explains the individual dimensions and
how they were extracted from the primary studies. As the dimension of ontology evolution requires a definition, it
is detailed after the list in a separate paragraph.

— Publication Year: The official year of publication. If no publication is associated with the tool, we use the first
publication of the code or tool that we were able to find.

— Publication Type: Here we distinguish between journal articles, conference and workshop proceedings, and
theses. Additionally, there might not be a publication associated with a tool, so this dimension is left empty.

— Part or whole tool: With this dimension, we capture if the tool as a whole is dedicated to showcasing ontology
changes or if the ontology changes are only part of the tool but its aim is ultimately a different one.

— Cited by is the number of citations, which serves as an indication of its popularity in the analysis.

— Interactive: We indicate whether the tool is designed to be a static visualisation or interactive. Here, static
does not mean that the visualisation itself cannot update, but if the user can actively interact and/or change
how information is displayed.

— Evolution: In this dimension, we capture if the visualisation aims to inform the user about ontology evolution
or if the focus is on simply displaying changes without additional information. A more detailed description is
given after this list of dimensions.

— User study: We capture if a user study was included in the original publication of the tool. We do not in-
vestigate other types of study that were not included in the associated publication and therefore potentially
conducted at a later point in time.

— Plugin: We indicate whether the presented tool is a plugin or a standalone tool.

— Available: We investigate whether the visualisation tool is still available today. We do this by locating either
the source code or the application itself. However, we do not include if the codebase or application is still
actively maintained, solely if it is still available for download.

— Change Level: This dimension captures if the tools focus on displaying all kinds of change or if the focus
is on a class level only (indicated with ‘C’) dismissing individuals (ABox). This can be the case when tools
are developed for specific disciplines where the ontologies used only make use of terminological information
(TBox).

— Data source: In this dimension, we make a distinction between OWL and RDF, or in some cases, both can be
mentioned as possible data sources for the tool.
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Ontology Evolution. The ontology evolution dimension indicates whether a tool or method incorporates showcas-
ing ontology evolution. To determine whether a tool or method incorporates this feature, understanding the definition
of presenting ontology evolution and a stratification of the answers is important. Drawing from insights provided
in Section 2, we need to formulate a definition of ontology evolution visualisation. Below, we provide an adjusted
definition, that servetypess the purpose of defining boundaries within this SLR:

Representing changes in an ontology over time, where the change process is shown.

However, the words "over time" can encompass varying intervals. We distinguish between visualisation of ontology
changes vs. evolution when visualisations focus on the process rather than just a comparison of two consecutive
versions of an ontology. Hence, we indicate that a tool aims at visualising ontology evolution when it focuses on
more than showing the differences between two versions.

4. Ontology Change Visualisation Methods and Approaches

The aim of this conducted SLR is to create an overview of the existing tools that visualise ontology changes
or ontology evolution to answer RQ1I. All the resulting tools and methods of the SLR are divided into the groups
previously defined in Section 3.3. In addition, we divide the tools on the basis of their interactiveness. All tools are
summarised in Table 2.

4.1. List Visualisations

The following tools: Changes Tab (Protege) [31], Change Capturing (Neon-toolkit) [32], ChangeView [33], Ecco
[35], WIDOCO [36], MUTU [34], Change Detection plug-in [30], and OntoAnalyzer [7] all gave an overview of all
the changes within an ontology, in the form of a list. These tools can be divided into static and interactive tools.

4.1.1. Static List Visualisations

Changes Tab (Protege) [31], Change Capturing (Neon-toolkit) [32], and ChangeView [33] are all static Only Lists
tools. These tools do not have any form of interactivity to their visualisation of changes. They all only show a list of
changes. The following tools are very similar, they show a list of changes mostly with the change, time, author, and
other relevant information in a table.

Changes Tab (Protégé). The Changes Tab in Protégé (2008) [31] allows users to keep track of all the changes and
enables them to annotate those changes. The tab includes a table with a list of all changes, each change includes
the following information: action (type of change), description (details of the action), author (person who made the
change), and created (date and time the change was made).

Change Capturing (Neon-toolkit). The Change Capturing Neon toolkit (2008) [32] is a tool that allows users to
visualise the changes that occurred within an ontology through a list of changes. The tool includes a table that
shows the changes within an ontology in chronological order and shows the most relevant information regarding the
change (author, time, and type of change).

ChangeView. ChangeView (2010) [33] is the Protégé view that shows a list of changes. This list includes a straight-
forward list of changesets, including the axioms that have been added and removed.
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Table 2

All visualisation tools included in this systematic literature review ordered by kind of visualisation first, followed by publication year in ascending
order. Legend: Change Level: Individuals (I), Classes (C), or Both (B), Source: ontologies (O), RDF datasets (R), or RDF/Ontologies (R/O).

]
= 3 . z . & £ 2 2 g = 2 ¢
z F 3 2 z : E £ % 5§ 2 5 : 3
Year Name - O 17} ) -9 =" @) = B P A < O @
[7] 2005  OntoAnalyzer v’ Conference  Whole 56 v v B (6]
[30] 2006  Change Detection v’ Thesis Whole 28 NN v’ B O
[31] 2008  Changes Tab v’ Tool Whole N/A v v B (0]
[32] 2008 Change Capturing v~ Tool Whole  N/A B (6]
[33] 2010 ChangeView v’ Tool Whole N/A v v B O
[34] 2011 MUTU v’ Workshop Whole 10 v v N B O
[35] 2012  Ecco v’ Workshop Part 34 N N B O
[36] 2017 WIDOCO v’ Conference Part 140 v Vv v’ B O
[371 2008  Colour-Coded N Journal Whole 17 N B (6]
Layered Graph
[38] 2008  Extending small v’ Workshop Whole 1 v’ C (6]
seed Ontology
[39] 2011 OWLDIff N Workshop Part 48 N v v B O
[40] 2015 AberOWL v’ Conference Part 2 vV v’ B (0]
[41] 2017  OntoDiffGraph v’ Workshop ~ Whole 5 vV v B (6]
[42] 2017 Live Diff Taxon- v’ Workshop Whole 5 v Vv v v C O
omy
[13] 2020 Historical Knowl- v’ Journal Whole 30 v’ C (6]
edge Graph
[43] 2002  OntoView v v Conference Part 60 v v B R/O
[44] 2004  PromptDiff v v Conference Part 69 v v v v v B O
[45] 2004  Prompt-viz v v Thesis Whole 12 v v v v B (6]
[11] 2013  Change Tracer v v Journal Part 56 v v v’ B O
[10] 2016 DIACHRON v Vv Workshop ~ Whole 2 v v B R/O
[9] 2017  EvoRDF v v Conference  Whole 14 vV v’ B R/O
[46] 2012 CODEX v v Journal Whole 31 v Vv B (0]
[12] 2014 REX v v Vv Conference  Whole 2 N B (6]
[47] 2015 D2V v v v Demo Part 9 v v v B R
[48] 2007  Using text-mining v’ v’ Journal Part 12 v’ C (6]
[8] 2009 OnEX v’ v Vv Journal Whole 44 v v B O
[18] 2022  Chlmp v’ N Journal Whole N VAN B O
[29] 2023 DWAT v v Vv Journal Whole 0 v v C (0]

4.1.2. Interactive List Visualisations

OntoAnalyzer. Rogozan et al. [7] introduced OntoAnalyzer in 2005. OntoAnalyzer is a tool that tracks and for-
malises changes in an ontology and analyses the impact of those changes to show the evolution effects. The tool
provides a list of changes and enables clicking on the changes to get an explanation of the effect of these changes
in text form (shown in Figure 3). OntoAnalyzer is highly capable of showcasing ontology evolution; the changes
between two ontologies are shown. Clicking on these changes shows how these changes have occurred and the effect
the changes have.

Change Detection plug-in. Plessers [30] introduced a change detection plug-in now named ’Change Detection
plug-in’ in 2006. In his thesis work, he proposed two plug-ins for Protégé, one plug-in automatically creates a
version log, and the other plug-in implements the change detection mechanism and shows a list with an overview
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Changes applied to
To obtain “hittp:/wwew.example.org/eLearning/4.0"

1 Changes
9 =3 DeleteClass(1.0) "Informer” from SubClasses Of "Facilitator

[ ModifySuperCiass(1.1) of "Stuclent_informer’ , from "Infarmer” 1o "Facilitator”

D DeleteClass(1.2) "Teacher_Informer” from SubClasses Of “Informer’

D MoveEquivalentClass({1.3) "Information_Manager”, from "Informer” to "Information_Manager
@ ] MergeClasses(2.0) "Tutor" and “Teacher' inta "Trainer' , a SubClasses Of "Facilltator |
[ MoveDisjointClass(2.1) *C fm&l@
[ ModifSuperClass(2.2) of
@ [ AddClass(3.0) “Manager’ to SU  ontol l from “http: orgiel earning/3.0" ‘
[ ModifrSuperClass(3.1) of "

orgiel earni .
[ Deleteclass(4.0) "Advisor' fro to | & L |
——————» Effectsof MergeClasses ["Tutor" and "Teacher’
Fig. 3 (a) Change Visualization into [Trainer" |
window shows the elementary and 2 SubClassof [Facilitator * |
complex changes applied to Vy to
obtain Vy,. Change Ci [ Change |
The access to resources that are referenced by the merged classes - “Tutor” and
Change Effect “Teacher* - is HOT ible via the version - “http:/ orgiel e
arning/4.0" .
The class - “Trainer” - ingto - "http orgiel T
B INCLUDES the significance of the merged classes - "Tutor” and "Teacher” - belonging
Logical to - orglel i o

Fig. 3 (b) Change Analysis window illustrates an analysis example for a change that
merged two classes from Vy into “Trainer” in Vy,,: (1) Change compatibility, (2) Change
effect and (3) Logical relations among ontology versions.

Fig. 3. OntoAnalyzer visualisation of changes [7].

of all the detected changes (which can be seen in Figure 4). The overview also contains dropdown boxes, which
the user can use to filter the detected changes by selecting a concept or the definition of a conceptual change. The
Change Detection plug-in is generally capable of showcasing ontology evolution, the changes between two ontology
versions can be further inspected with the dropdown box to show conceptual or concept change definitions.

Bl “new> Protége 3.1.
Fie Edk Project OWL Code Window Tools Help

DR 4BE wd ¢#% PR 20 B BE ar &

@ oviclasses | BB Properties | = Forms | 4 hdividusis | @ Mﬂaddal Changs Detection

‘Wersion Log ol Brovisa...

Version Log Baze | hitp: iwise vub ac betest o]

Evoltion Ontolngy | cumentsimplexampleichangedets.owl

Concapts |artst ~] Cranges | SubclassOfCreated ]
Involwed Concepts  Bound Results Detected Chanpes Comments
[Artizt, Person] x=irtist<3, 4>{Cancept). y=Person<3, 4=(Cancept)] bolassOfCrested subclazs between x and y was created

Fig. 4. Change detection plug-in visualisation of changes [30].
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MUTU. Pessala et al. [34] introduced MUTU (2011), a tool that analyses changes and their potential effects.
Figure 5 shows the visualisation of changes in MUTU. It shows an HTML format list that is sorted by interesting
changes and the remaining changes. MUTU is generally capable of showcasing ontology evolution; the important
changes between ontology versions show how an ontology has changed over time.

1> ==
y
Y L1 MuTu :
« € | © file:/nocal/data/yso-liito.html & A

MUTU

This file contains a list of the changes of two versions of the upper ontology of a combined ontology.
Created: 2011/09/14 16:48:30

Combined ontology: /local/data/ontologies/originals/liito/liito_tyo.rdf-xml.owl
Updated upper logy: /local/data/ontologics/originals/yso/ysoK chitysversio.owl

Added concepts (3006)

Concepts added to the updated upper ontology.

[
Interesting (4)
Added concepts that are connecting concepts or ancestors of them.
[

1. animal food (yso:NY 149620)
o feeding stuffs (ys0:p3267)
2. cukaryotes (yso:NY 161567)
< animals (yso:p2023)
o mushrooms (yso:p90)
3. information and communications technology (yso:NY 146264)
< information technology (yso:p5462)
4 g (ys0:NY 169225)
o archives (ys0:p2330)
< |ibraries (yso:p2787)
© museums (yso:p4934)

Rest (3002)

i

Fig. 5. MUTU visualisation of changes [34].

Ecco. Gongalves et al. [35] introduced the Ecco tool (2012). Ecco is an ontology diff tool that helps users dis-
tinguish effective and ineffective changes within ontologies along with categorising their impact. Figure 6 shows
the visualisation of Ecco; includes an HTML visualisation with a two-column layout. The right column shows the
additions in green, and the left column shows the removals in the opposite colour (red). Furthermore, the changes
are categorised into rewritten axioms, strengthened axioms, redundant axioms, weakened axioms, pure additions,
and new descriptions. Clicking on these groups shows the explanation. Ecco is generally capable of showcasing
ontology evolution, the changes are explained along with categorisations that show more information about the
changes.

WIDOCO. Garijo [36] introduced the WIDOCO tool (2017) that includes a summary of changes. The changes
within the object and data properties are shown. Furthermore, annotations are used to give more context to these
changes and explain additional important information. WIDOCO specialises in detecting missing vocabulary meta-
data. It also shows a customised documentation of the ontology that can include different diagrams and other de-
scriptions. WIDOCO is generally capable of showcasing ontology evolution, the tool includes information about
the changes, and annotations that can help users understand more about the ontology evolution.

4.2. Graph Visualisations

Historical Knowledge Graph (HGK) [13], OntoDiffGraph [41], OWLDiff [39], AberOWL [40], Live Diff Taxon-
omy Plugin [42], Colour-Coded Layered Graph [37], and Extending small seed ontology [38] all fall into the Only
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_ Removals (6) ] Additions (11)
O Effectual (1) @ 0 effectual (6) @ Axioms describing newly created terms, i.e.,

() Weakenings (1) @ CERATTIETLERPIR ] terms that did not exist in Ontology 1
A ™ New Descriptions (1) ‘@
O Pure Additions (3) @

O Ineffectual (5) @ ] Ineffectual (5) @

[ Strengthened (2} @ [ Weakened (21 @
O Rewritten (1) @ O Rewritten (1) @
) Redundant (3} L] O Redundant {4) (]

Strengthenings (1)

[+ Weaker Axiom in Ontology 1 Strengthened Axiom in Ontology 2
22 D SubClassOf F ) SubCIassor_r
and (s some A).

Strengthenings with New Terms (1)

] Weaker Axiom in Ontology 1 Strengthened Axiom in Ontology 2
D SubClassOf |

23 D SubClassOf F and (p some Thing

New Descriptions (1)

] Source in Ontology 1 New Description Axiom in Ontology 2

N/A K SubClassOf r some F

Fig. 6. Ecco visualisation of changes [35].

Graphs group. The Historical Knowledge Graph (HGK), Colour-Coded Layered Graph, and Extending small seed
ontology are all static tools. However, these methods do not yet dive into the precise interaction type they involve,
so this could change in the future. Ontodiffgraph, OWLDiff, AberOWL, and Live Diff Taxonomy Plugin are all
interactive tools.

4.2.1. Static Graph Visualisations

Colour-Coded Layered Graph. Park et al. [37] introduce the approach of Colour-Coded Layered Graph in 2008 for
a gene ontology. The graph visualises the differences between ontologies, which can be seen in Figure 7. The colours
represent different actions: pink means different concept names, but use the same identifiers, red indicates removal,
blue shows addition, grey indicates no change, ’is a’ edge is blue, and ’part of” edge is orange. The approach can
help visualise the evolution of an ontology, discover new insights, and possibly create hypotheses about the evolution
of specific terms. The Colour-Coded Layered Graph is generally capable of showcasing ontology evolution; the
evolution between two versions of an ontology is indicated with different colours.

Extending small seed ontology. Weichselbraun et al. [38] introduced the method of Extending small seed ontol-
ogy in 2008. The method captures and visualises implicit data-driven ontology evolution. This is done by using
ontologies that are semi-automatically generated through extending small seed ontologies. The ontology evolution
is shown in a graph-like visualisation, which can be seen in Figure 8. The visualisation shows the evolution of ’oil’
from November 2005 to August 2006. The size of concepts and numbers shows their importance. Dashed lines show
that there are unnamed relations. The arrows show the relations. Extending small seed ontology is generally capable
of showcasing ontology evolution; the ontology evolution is showcased with different colours, fonts, and sizes.

Historical Knowledge Graph (HGK). Cardoso et al. [13] introduced the Historical Knowledge Graph (HGK)
method in 2020. The HGK visualises all the knowledge that an ontology consists of, as can be seen in Figure 9.
The different versions of ontologies are updated within the HGK: deleted concepts get an end date, additions get a
start date, and modifications are made. More complex changes are added, and the older version is deleted. Lastly,
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| GO, : 20066.18 GO, : 2006.8.20
— S | e fv— — ——
PR J— w— o wa —. ww— —
I == ] — — — - s —
- - e e e e - - —
e s e e — —
] B e e s e s p— — — p—

= . e o e ==l N . - . - = .
I S 5 I DN N D A e .
- ] -l
| s -

GO Colour-Coding. There are 2 red nodes (removed nodes), 3 pink nodes (modified nodes), and a
number of blue nodes (added nodes) and gray nodes (unchanged nodes) computed from June 2000
GO version and August 2006 GO version.

Fig. 7. Colour-coded layered graph visualisation of changes [37].

11/2005 02/2006 05/2006 08/2006
[reatngoiloa] [cudeoi [00] |[[cuediloo] |_gas|2,3| |gas|2.1| [oucesi[60] ||| climate [ 2.0 | [cudesil[60]
loil [5.2] [oil]4.2] [caton[os]||[climate[1.5] [cawon[o5] [oil |33] [0il[5.3]
1 -
LY i
[ty [0.2] |gas|2.9| |c|imahe|1.?|

Fig. 8. Extending small seed ontology visualisation of changes [38].

evolutionary relations are added to aid users even more in understanding the evolution of an ontology. In Figure
9 dark blue changes are shown and light blue concepts stayed the same. HGK is highly capable of showcasing
ontology evolution; the Historical Knowledge Graph shows the evolution of an ontology with dates, relations of
evolution, and splits.

version: 2010 version: 2013
evolution .
D055534 Spinal and Bulbar [] D020966 Spinal and Bulbar
Muscular Atrophy Muscular Atrophy
¢ Split
o
N
version: 2009 version: 2010 version: 2013
D009134 Spinal Muscular D009134  Spinal I [] D009134 Spinal Muscular
Atrophy Atrophy Atrophy
unchanged

Fig. 9. HGK visualisation of changes [13].

4.2.2. Interactive Graph Visualisations

OWLDIff. Kremen et al. [39] introduced OWLDIff in 2011. OWLDiff is an ontology comparison and merge tool.
The tool allows for different types of comparisons: syntactic, explanation-based, and semantic. Changes, additions,
deletions, modifications, and redundancies are highlighted within OWLDiff. Figure 10 shows the trees in a side-by-
side overlay view so that the user can visually see the changes between the older (left) ontology and the newer (right)
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version of the ontology. Trees can be represented as axiom lists, asserted frames (like ontology) and classified frames
(like classified trees). The changes can be highlighted with different colours to show the type of change. OWLDiff
is generally capable of showcasing ontology evolution; the evolution of an ontology is represented with different
colours in a graph.

OWLDIff: NEEE

ol [Bfals] (=] @[+ [@E]=]e] (]

original: http://krizik.felk. cvut. cz/ontologies/2011/0WLdiffExample 0. owl /OWLdiffExampleU. owl

<http: /fkrizik felk. cvut. czfontologies/2011/0Wl 4| <http: //www.semanticweb. orgfontologies/2011
¥-Classes Plv. classes
V¥--TownHouse V¥-TownHouse
Object Structure
4| | ] |4 I »

View created.

Fig. 10. OWLDiIff visualisation of changes [39].

AberOWL. Rodriguez-Garcia et al. [40] developed AberOWL in 2015. AberOWL is a visualisation environment
that showcases ontologies (biomedical), where automated reasoning is used to create a graph-based visualisation.
The visualisation of a science ontology with the selection of a has unit can be seen in Figure 11. The tool is
also capable of showing differences between the entailed axioms of different versions of ontologies. AberOWL
not only visualises the direct changes, but also the inferences of the automated reasoning system. The differences
are highlighted in different colours. AberOWL is generally capable of showcasing ontology evolution, ontology
evolution can be seen in the graph with colours, and also inferences of the automated reasoning system.

© assertional qualifier
© existence quality

© informational quality

O quality © intensity
© atiribute
© realizable entity © normality
© object quality
© object
© process quality
owl:Thing @ O entity
© behaviour
@ interacting
O process © active movement
© movement
© dimensional quariity © passive movement
© procedure

Fig. 11. AberOWL visualisation of changes [40].
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OntoDiffGraph. Lara et al. [41] introduced OntoDiffGraph in 2017. It is a tool that shows a graph-based repre-
sentation for identifying changes within an ontology. Differences between versions are highlighted with different
colours, which can be seen in Figure 12. Creations, modifications, deletions, and the type of concept are visualised
with different borders and colours; see Figure 12. The tool’s menu shows all classes and properties from the ontol-
ogy with colours that represent what happened to them (white = same, green = addition, blue = modification and red
=removal). The tool allows users to zoom in and out, drag nodes, and the menu also allows users to find the specific
concept in the graph. OntoDiffGraph is generally capable of showcasing ontology evolution, and the evolution of

an ontology is represented with different colours in a graph.

Thmj }

Thng f

Class Creation, Modification and Deletion.

e Example of a change in domain and range.
‘ |
| |
© =TT
L !l*ﬂﬂ | [Coing ] [Cstring ]
Relation Creation, Modification and Deletion. Datatype Creation, Modification and Deletion.

Fig. 12. OntoDiffGraph visualisation of changes [41].

Live Diff Taxonomy Plugin (LDT). Ochs et al. [42] introduced the Live Diff Taxonomy Plugin (LDT) in 2017. The
LDT plugin summarises and visualises changes within an ontology, which allows developers to further understand
the impact their changes have on the ontology. Figure 13 shows the visualisation of Live Diff Taxonomies, which is
a graphical diagram that shows diff areas and diff partial areas. Diff areas are boxes that provide a concise overview
of changes made to sets of classes that incorporate the limitation of having the same property types. Diff partial
areas provide a concise overview of changes made to particular subhierarchies within a diff area. Developers can
click on the different boxes to get more information about what they represent, which is shown in Figure 13b for
different diff areas and diff partial areas. Switching between the Protégé editor and the LDT plugin is made easy,
since selecting a class within Protégé will centre that class as a diff area and vice versa. LDT is generally capable
of showcasing ontology evolution; the diff-areas and diff-partial areas show the evolution of an ontology.

4.3. Visualisations combining Lists and Graphs

Prompt-viz [45], EvoRDF [9], DIACHRON [10], Change Tracer [11], OntoView [43], and PromptDiff [44] all
fall into the Lists and Graphs group. All tools are interactive.

4.3.1. Interactive List and Graph Visualisations

OntoView. Klein et al. [43] introduced OntoView in 2002. OntoView is a change management system for ontolo-
gies, specifically for RDFS / DAML ontologies. A part of the tool shows two lists, next to each other, consisting
of the components within an ontology in an RDF format-like structure. Changes between the two different versions
of the ontologies are shown in bold letters as shown in Figure 14. The most interesting changes to the editor are
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(a) Graphical diagram
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(b) More information

Fig. 13. Live Diff Taxonomy Plugin for visualisations of changes [42].

presented. Different highlighting colours are used to express different changes: non-logical change, logical defini-
tion change, identifier change, addition of definitions, and deletion of definitions. Moreover, to analyse changes,
OntoView can highlight the places in an ontology where a modification has been made, upon request. OntoView is
generally capable of showcasing ontology evolution, the interesting changes are shown between ontology versions,

and on request these changes can be highlighted.

(e

% daml-example/daml-ex.daml - diff - 1.3 (K-Meleon) -Iﬂl_xl
| B Bk vew G Favortes e [ 4]
= = ° @ o a =1 “LI!L h:tp:Hmtwmw.ulgﬂDAMI.jexmple.daml?lefl-l.lad\fFZ-].3 ]
</daml: Ontology> </daml Ontology> ;l
<rdfs:Class rdf.ID="Animal"> <rdfs:Class rdfID="Animal"> identical =l
<rdfs: label>Animal</rdfs: label> <rdfs: label>Animal</rdfs: label>
<rdfs:comment> <rdfs:comment>
This class of animals is illustrative of a number of The class of living things that have the capacity for
ontological idioms. spontaneousmovement and rapid motor responses
to stimulation, h ls without cellulose walls.
<frdfs:comment> </frdfs: comment=
</rifs Class> </rdfs:Class>
identical j

<rdfs:Class rdf ID="Female">
<rdfs:subClassOf rdf resource="#Animal"/>
</rdfs:Class>

<rdf: Property rdf.ID="hasFather">
<rdfs: subProperty Of rdf resource="#hasParent"f>
<rdfs:range rdf resource="#vale"/>

<rdfs:Class rdf:|D="Female">
<rdfs:subClassOf rdf-resource="#Animal"/>
</rdfs:Class>

<rdf:Property rdf:|[D="hasFather">
<rdfs subPropertyOf rdf:resource="#hasParent"/>
<rdfs:range rdf resource="#ale"/>

{characterization)

(characterization
identical

conceptual c

<frdf Property> </rdf: Property>
<rdfs:Class rdf ID="Person"> <rdfs:Class rdf ID="Person"> =
[Ready &

Fig. 14. OntoView visualisation of changes [43].

PromptDiff. Noy et al. [44] introduced PromptDiff in 2004. PromptDiff consists of a structural difference algo-
rithm, an interface that enables users to visualise and analyse changes within ontologies, and features for change
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management. Changes are visualised through a class hierarchy and individual class changes. The class hierarchy
shows that deletions are crossed out in red, additions are underlined in blue, and moved classes are grey in the
old position and bold in the new position (shown in Figure 15.a). Individual class changes show the changes for
the particular class that is selected (shown in Figure 15.b). PromptDiff is generally capable of showcasing ontology
evolution, the ontology evolution is visualised with different colours and a class can be selected to show the ontology
evolution within that class.

Subclass Vi e v (¥ 53 X

w () Concept .
v -fg SAGE Concept
> ."C'.Concent Expression .
p (C) CalendarSystem | )
p (C) NGC guideline category I C/ Display _(type='STANDARD-CLASS) fe]x]
1\_:1 Strength of recommendation d ! Name Constraints VICI+] - Dy
= ; | =
p (C)Strength of evidence code | Display I Display: variable and clinical expres A
w () Relationship qualifier | T o = of
© relative |
(C) absolute | Properties VM Q b |
\"c‘ compelling | Name Type Cardinalimy Other Facets
p (C) Relationship type | Ecummuni(al\on_mudeocmss single parents={Communication util
PR -/ |S variable® Instance single classes={Variable}
'E«' . |S!|display_data Instance required r...classes={VMR,Expression,Clin
p (i quakferconcep [S addressee® Class single parents ={Role]
p (E)HL7 Concept |S clinical_expression_m...Class single parents={VMR}
A I.-E NOMED CT @condw_liono Instance single classes ={Criterion)
» () SNOMED CT Concept (SNOM| <€ ) .
I/:
(C/LOINC Differences ars
b (QNDF=RT Operation slot Facet 0ld Value New Value
(C)LOINC Concept own slot value...[S |Constraints ‘I* Display: va...
> (@
@rharmagg
(g) DataModel
v & i class moved to NDF-RT
» (EVMR
v (g3 Clinical DataSet Entity
(C) Clinical_Data_Element
(€) Clinical DataSet v
(a) (b)

Fig. 15. PromptDiff visualisation of changes [44].

Prompt-viz.  Stephen and Perrin [45] presented Prompt-viz in 2004. Prompt-viz is a Protégé tool that visualises
changes within an ontology using treemaps. The tool shows the location, impact, type, and extent of changes within
an ontology. Multiple visualisation components are used: Expendable Horizontal Tree, Treemap Layout, Path Win-
dow, and Detailed List of Changes. The Expendable Horizontal Tree presents a hierarchical tree structure where
changes can be seen, shown in Figure 16 number 1. The Treemap Layout visualises the ontology as a set of rectan-
gles that represent concepts within the ontology, shown in Figure 16 number 2. The size of each rectangle indicates
the number of descendants, and the colour indicates the type of change. The Path Window shows the location and
overview of the position within the ontology of the selected concept, shown in Figure 16 number 3. Lastly, the De-
tailed List of Changes shows the changes with information about the changes that occurred in the selected concept,
shown in Figure 16 number 4. Prompt-viz is generally capable of showcasing ontology evolution, the Expendable
Horizontal Tree, Treemap Layout, and Path window showcase ontology evolution.

Change Tracer. Khattak et al. [11] introduced Change Tracer in 2013. Change Tracer is a change management
framework for evolving ontologies. Designed for users who want to navigate the evolution of an ontology. Two
ways are used to visualise/explain changes within an ontology: tabular view and graph visualisation. The tabular
view presents the change sets. Clicking on these change sets will produce the relevant information displayed in the
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Fig. 16. PromptViz visualisation of changes [45].
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Fig. 17. Change tracer visualisation of changes [11]

panel below, as can be seen in Figure 17a. Clicking on the dropdown box will show all the changes that occurred
within the change set, and information about the selected change is shown. The graph visualisation shows the
ontology, the changes within the ontology, and the effect that these changes have on the ontology, which can be
seen in Figure 17b. The visualisation is a graph-like structure that is dynamic and interactive in showing classes (as
nodes) and their relations (as edges). The directions of the edges are an indication of the direction of the relations.
Ontologies can be visualised from the first version to the latest version. Changes are highlighted with colours. The
deletions fade out gradually. Additions appear gradually. All of this helps users analyse trends and broaden their
knowledge about the ontology evolution. The visualisation interface additionally provides the ability to zoom in and
out and the fish-eye view. Change Tracer is highly capable of showcasing ontology evolution, the tabular view and
graph visualisation show ontology evolution.

DIACHRON. Vrousgou et al. [10] introduced DIACHRON in 2016. DIACHRON informs users through ontology
change visualisations and tracking the evolution of data in RDF format ontologies. The tool visualises changes
between different ontology versions through a graphical interface, examples are shown in Figure 18. DIACHRON
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is highly capable of showcasing ontology evolution, it tracks terms and basic term metadata over time to show the
evolution of an ontology or RDF document.
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Figure 2. EFO changes from release 2.50 - 2.59.
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Figure 3. Reported changes from EFO release 2.56.

Fig. 18. DIACHRON visualisation of changes [10].

EvoRDF. Kondylakis et al. [9] introduced EvoRDF in 2017. EvoRDF is a tool that makes it possible to explore
the evolution of an ontology using provenance queries. The Change Ontology consists of all the changes identified
along with information about them, which can be seen in Figure 19.c. Different types of queries: When, How, and
Extended-how can be answered through the EvoRDF Explorer shown in Figure 19.e or through the Protégé plug-in
shown in Figure 19.d. When queries can answer a user’s question about when a specific concept was introduced.
How queries give more information on how a concept was created. Extended-how queries answer the question about
what consecutive list of changes led to the creation of a specific concept. EvoRDF is highly capable of showcasing
ontology evolution, When, How, and Extended-how queries can answer questions about what led to the creation of a
specific concept. The consecutive list of change operations that led to a specific creation highly showcases ontology
evolution.
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Fig. 19. EvoRDF visualisation of changes [9].
4.4. Visualisations combining Lists, Statistics, and Graphs

CODEX [46], D2V [47], and REX (Region Evolution EXplorer) [12] are tools or methods that fall into the Lists,
Statistics, and Graphs group. All tools are interactive.

4.4.1. Interactive List, Statistics and Graph Visualisations

CODEX. Hartung et al. [46] introduced the CODEX tool in 2012. CODEX (Complex Ontology Diff Explorer) is
a tool that uses its diff algorithm to describe and explain changes in the Web application. Input section A shows all
the input possibilities for the ontologies, which can be seen in Figure 20. The result section B (1-5) shows all the
ways that the changes can be visualised/explained. B1 shows the overall statistics, like the number of concepts and
relations, diff sizes (occurrences can be visualised in a pie chart), and growth rates. B2, the change explorer, shows
the most frequent changes or elements that have been influenced by a change. These changes can be clicked on
and explored in a tree-like manner, which shows more information about the relations and details of the change. B3
the change navigator shows a similar visualisation as B2, where all changes can be explored. B4 shows the change
impact where users can explore whether a concept was influenced by a change. B5 allows users to download/export
results (changes) of the diff algorithm to reuse in othervisualisationsn/reports. CODEX is generally capable of
showcasing ontology evolution, and it can be analysed through the diff results.

REX (Region Evolution Explorer). Christen et al. [12] introduced REX (Region Evolution EXplorer) in 2014. REX
helps users visualise and understand the evolution of changes that occurred in ontologies. REX uses three ways to
show / analyse changes within ontologies: Structural Analysis, Trend Analysis, and Quantitative Change Analysis.
The Structural Analysis visualises a graph of the evolution of an ontology over a specific time period, shown in
Figure 21. Each node represents a concept, and each edge represents an is-a relation. Changes are visualised by
highlighting the changed regions together with an indication of the intensity of the changes. Rex uses a region
discovery algorithm so that the graph can be visualised (Browser view in Figure 21a). The Browser View graph
visualises the concepts in a circular way, descendants and parents of concepts are visualised closely. The graph
enables a user to select a concept to show the regions related to that concept. The selected concept will be the
central node in the Browser View graph. The colour within the graph showcases which regions are stable and which
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Fig. 21. REX visualisation of changes [12].

are unstable. Red shows that a region has a higher change intensity, while green shows a stable region. Both the Table
view and Browser view allow users to navigate through interesting concepts or subregions. The Table View allows
search criteria to be used to find the region of interest. The Change History component shows an overview of all the
changes that occurred. Figure 21b shows the Quantitative Change Analysis and Trend Analysis. The Quantitative
Change Analysis shows numerical measures that present information about how many changes occurred within a
certain time. The different types of changes (deletion, addition, etc.) can be analysed. Rex uses the trend discovery
algorithm to find the trends within the ontology. The Trend Analysis informs users by displaying trends within
regions to show the evolution of specific regions. Users can specify which ontology should be analysed, what time
interval they want to use, how many different versions of an ontology they want to include, and the region that
should be analyzed. A line chart is used to visualise the trends (average costs), which enables users to analyse the
change intensity. REX is highly capable of showcasing ontology evolution, the Structural Analysis, Trend Analysis,
and Quantitative Change Analysis all showcase ontology evolution.

D2V. Roussakis et al. [47] introduced the D2V tool in 2015. D2V is a tool that assists users with an interactive
visualisation interface that analyses the evolution of datasets, specifically for dynamic RDF datasets. The tool has
different views in which it shows the evolution history: dataset-centric, version-centric, change-centric, and term-
centric. Different views can be visualised through different types of chart: pie, column, bar, line, and area. A table
is provided as well with a list of changes, where filtering on change types and versions is possible. Clicking on
parts in each chart or table enables further analysis, revealing additional details. An example of a data-centric and
version-centric view is shown in Figure 22. D2V is generally capable of showcasing ontology evolution; it can be
analysed with dataset-centric, version-centric, change-centric and term-centric views.

4.5. Mixed Visualisation Approaches

ChlImp [18], OnEX [8], and Using Text-mining [48] are all tools and methods that fall into the Mix group. ONEX
is interactive. ChImp and Using Text-mining are more static.
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Fig. 22. D2V visualisation of changes [47].

4.5.1. Static Mixed Visualisation Approaches

Using text-mining. Enkhsaikhan et al. [48] introduced the Using text-mining method in 2007. They presented an
approach that measures and visualises ontology concept clusters at different times and shows tables that further
inform users. They used a specific ontology in the media domain of Australia, however, it could be useful to some
other ontologies. One example by Enkhsaikhan et al. is shown that can be seen in Figure 23 (6.7.8). Figure 6 shows
the scaled circles that indicate the amount of attention each topic receives from the media. Figure 7 zooms into a
cluster (politics) in different periods. Figure 8 shows the different percentages of contribution of certain concepts.
More visualisations are included, like the actual clusters of each point in time, a cluster weights table with the
date, and a similarity measurement table with dates. Using text-mining would be generally capable of showcasing
ontology evolution, and the graphs and tables visualise the changes between ontology clusters at different time
periods to help understand the overall ontology evolution.

Chimp. Pernisch et al. [18] investigated their ChImp tool in 2022. ChImp stands for ’Change Impact’, which is a
Protégé plug-in that displays information related to changes within an ontology. The information displayed consists
of the Change Display, Impact Display, and Metrics Table. The Change Display shows the most recent change made
and the previous changes below. All displays can be seen in Figure 24 under the numbers 1, 2, and 3. The Impact
Display shows the internal reasoner to indicate the consistency status of the ontology and the materialisation impact
measures to show the impact of changes on the ontology. Impact measures of materialisation include the size-
based impact and the change-based impact. The size-based impact quantifies the extent to which the materialisation
between two ontology versions changes. Change-based impact illustrates the impact of an average change in the
ontology. The Metrics Table shows primitive and composite metrics; users can choose whether all changes or the
last change should be shown, and whether metrics using absolute numbers or percentages should be shown. Finally,
a simple line chart shows the change of metrics. ChImp is generally capable of showcasing ontology evolution; the
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Fig. 23. Using text-mining visualisation of changes [48].

Change Display, Impact Display, and Metrics Table all aid users in understanding more about the evolution of an
ontology.

DWAT. Zheng et al. [29] present the Diff Weighted Aggregate Taxonomy (DWAT) to help understand changes
between two versions of an ontology. They demonstrate how DWAT works, as well as its benefits in the use case
of Coronavirus Infectious Disease Ontology (CIDO). The goal of this visualisation is to present the “big picture”
of the changes between versions. DWAT is based on multiple previous works, first on that of Ochs et al. [42], who
introduced the partial diff area taxonomy. However, their approach still proved to be unscalable for the application
of the CIDO ontology. Therefore, Zheng et al. make use of the Weighted Aggregate Taxonomy (WAT) instead. They
define the weight of a partial area as the number of descendant concepts of its root ‘r’ in the whole ontology. Only
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Fig. 24. ChImp visualisation of changes [18].

partial areas which have a weight higher than or equal to b are displayed, and those smaller ones get aggregated
to the closest larger area and are therefore not lost. The difference between DWAT and DPAT is that DWAT needs
to record not only the changes in the number of concepts, but also in partial areas and relationships. DWAT also
enables a “drilling-down” to further explore the changes, similar to DPAT. The drawback of this approach is that it
is not suitable for small ontologies. DPAT can easily aggregate the information without loss of detail and there is no
need for additional weighting.

4.5.2. Interactive Mixed Visualisation Approaches

OnEX. Hartung et al. [8] introduce OnEX in 2009. OnEX (Ontology Evolution EXplorer) enables users to visu-
alise changes within an ontology in three interactive workflows: Quantitative Evolution Analysis, Concept-based
Analysis, and Annotation Migration. Quantitative Evolution Analysis gives users an overview of the evolution of an
ontology; see Figure 26a. OnEX allows a selection of ontologies to be used. This workflow presents a trend chart
that shows the evolution of an ontology, provides a summary of changes statistics for each ontology, and allows fur-
ther investigation of the different types of changes between ontology versions. Concept-based Analysis visualises
a detailed analysis of changes for specific concepts, which can be seen in Figure 26b. The search panel can be
used to access specific desired concepts. This workflow shows the available information and history of the specific
concept. Annotation Migration aids in the migration of annotations to a newer version of an ontology, shown in Fig-
ure 26¢. Differences between versions of ontologies are analysed and these adapt the annotations. Moreover, users
can delete/update annotations that are based on the changes the system detected. OnEX would be highly capable of
showcasing ontology evolution because the Quantitative Evolution analysis workflow showcases the evolution of an
ontology over time.

5. Comparison and Analysis of Ontology Change Visualisation Methods

We answered RQ1 with the above list of tools, approaches and visualisation methods as well as their descriptions.
This section presents the analysis and comparison along the dimensions previously presented to answer RQ2: How
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Fig. 27. Histogram of publication year.

do aspects of the found tools relate to the availability and publishing time of the tools? We address the four sub-
research questions below in a subsection each after shortly discussing high-level trends regarding the publication
years of the 28 tools.

Figure 27 presents the histogram of the years of publication. This means that on the x-axis we see the year of
publication of the tool, and on the y-axis the number of tools published in that particular year. We observe a steady
publication of visualisation methods with a peak in both 2008 and 2017. However, since 2017, the visualisation of
ontology changes and ontology evolution has not received much attention anymore.

5.1. Publication Venue

Figure 28 shows the publication year on the x-axis and the number of citations on the y-axis as a proxy for pop-
ularity to investigate the interaction between publication venue, year, popularity, and availability of the 25 methods
associated with a publication. More specifically, Figure 28a indicates the type of publication: journal article, confer-
ence, workshop or other publication. We group thesis and demo publications in the other category for visualisation
purposes. Figure 28b highlights the availability of tools and plugins, where the availability is signalled with a star
and no availability with a circle. The colours further help distinguish between visualisation methods that are pre-
sented as plugins for Protégé [5] or NeOn [6], and standalone tools. Table 2 in Section 4 gives the detailed numbers
(citations, publication year) together with the individual tool names to enable the mapping between the points in the
figures and the individual methods.

The figures show two outliers that have received much more citations in comparison to all others: WIDOCO [36]
and PromptDiff [44] which have around 150 citations each. All other tools and plugins have below 100 citations
and 18 below 50 citations. We cannot see any clear trend between the different types of publications, but the two
outliers are both conference publications. However, we think that the availability of these two tools plays just as
important a role, since they are both still available to use today. Mapping the points between the two figures, we find
that the other available tools and plugins seem to be mostly workshop or other publications, which begs why larger
publications seem to lose or not have had any availability, except for the two outliers. One general hypothesis is
that papers are presented at small venues when comparing conferences with workshops. However, journals then fall
outside of this hypothesis because journal papers are not presented in front of an audience and, therefore, generally
less visible. A similar argument could be made for those two outliers, given that they were presented at conferences
and more people working with ontologies were made aware of them, which in turn could have led to them being
spread more widely. Furthermore, because more people are interested in these two tools, this could have also had an
impact on their popularity and availability. As long as there is interest in using these tools, there are volunteers who
keep the code alive for use by themselves and others.

Taking a closer look at the two outliers: WIDOCO [36] and PromptDiff [44] are also of interest. Both published as
parts of conference proceedings, they gained a substantially larger citation count than other tools. PromptDiff [44],
published in 2004, is a particularly interesting case because the algorithm behind PrompDiff, which calculates the
difference between two versions of ontologies has been integrated into Protégé fairly early, to facilitate collaborative
editing. Although it was presented as a separate tool, it is no longer available as such but rather is completely
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Fig. 28. Number of citations (y-axis) vs. publication year (x-axis), 3 tools excluded without associated publication.

integrated as a feature in Protégé [5] to date. Meaning that any user who uses Protégé has the implementation of
PromtDiff inside Protégé, without even needing to install a plugin. Hence, the projection of this being a standalone
tool is slightly misleading from today’s point of view. Regarding WIDOCO [36], which was published in 2017, we
believe that its availability is largely affected by its integration into LOT [49]. Therefore, similarly to PromtDiff, its
inclusion in various projects* makes it a widely adapted tool.

Lastly, three tools were excluded from this analysis due to no associated publication. Due to missing associated
publications, we were unable to include them in the figures. However, we want to address their accessibility, in
particular. Two out of these three tools are still available today, published in 2008 and 2010 respectively. These tools
are included in the subsequent questions, since we were able to extract the remaining analysis dimensions.

Discussion of RQ2.1: Is tool popularity measured with citation count related to publication type, publishing time
and availability? We cannot identify any clear pattern between publication type, and popularity tools. Even though
some observations can be made even if only indicative, given the small number of tools (28) and only two excep-
tional cases of impact. However, what we can see is that there is no difference between publishing tools in work-

4see success stories at https://lot.linkeddata.es/
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Fig. 29. Number of tools per year whose objective is either the visualisation of change, evolution or other.

shops, conferences, or journals. At least when citation count is taken into account, the venue does not seem to play
as much of a role, as is often thought. The dissemination, adaption, or usage of the visualisation methods seems to
indicate the possible availability of a tool years later.

5.2. Visualisation Objective

Figure 29 showcases the different objectives of the tools: change, evolution, or other. We assign one objec-
tive to each tool, and we only identified two tools that have different objectives: Using text-mining [48], and
AberOWL [40]. Using text-mining [48] objective is to measure and visualise concept clusters. This method can
be used to visualise ontology changes and even evolution; however, the objective is to inform the user about the on-
tology itself and not its changes. AberOWL [40] is much closer to the objective of visualising changes and evolution;
however, it goes a step further and also visualises the changes to the inference. Hence, the visualisation objective is
on the change in inference rather than ontology changes or ontology evolution.

We see a shift in objective from communicating changes between ontologies to exploring and showcasing on-
tology evolution over time. Communicating ontology changes was the predominant objective in the early stages of
the research field from 2002 until 2012. Only three more tools have been published since then, whose objective is
communication and understanding of changes. The first tools focusing on evolution appeared in 2008 and 2009 but
the research into evolution visualisation over from 2013 onward.

To further analyse this trend, we visually represent the two objectives (change and evolution visualisation) sep-
arately with regard to the availability of the tools presented in Figure 30. Figure 30a shows the tools that portray
change as an objective and Figure 30b focusses on the tools whose objective is to communicate ontology evolution.
We observe a clear difference between the two figures, mainly that only two of the evolution tools are available,
while more than 50% of the change tools are still available. First, we need to take into account that in some cases, the
implementation of the presented tool was never available and the publication only showcased a potential approach
for visualisation. There are four such cases for the evolution visualisation objective (Change Tracer [11], HKG [13],
Extending small seed ontology [38], DWAT [29]), two for the change visualisation objective (OntoAnalyzer [7],
Colour-coded Layered Graph [37]) and one other objective (Using text-mining [48]). In some cases, there is no
indication of the code in the publication. For tools showcasing evolution, this means that four out of eleven tools
(36%) do not provide an implementation, while only two out of 15 tools (13%) were never implemented when it
comes to the objective of visualising changes.

Discussion on RQ2.2: Do the different tool objectives (visualisation of change, ontology evolution or other) relate
to publishing time and their availability? We can see a clear shift from the development of tools for ontology
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Objective: Change M Not avaialbe B Availabe Objective: Evolution B Not Available M Available
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(a) Objective change, available: 10, not available: 6, total: 16. (b) Objective evolution, available: 2, not available: 8, total: 10

Fig. 30. Objective of the tools in comparison to their availability. We excluded 2 tools with other visualisation objectives.
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Publication Year

Fig. 31. Number of tools per year showcasing showing the type of visualisation: list, graph or statistics, some tools are counted multiple times as
they have multiple visualisations.

change communication to ontology evolution throughout the years. Given that ontology change is the first step
towards ontology evolution, this is not at all surprising. However, it should not be underestimated how important it
is to be able to track, detect, and list individual changes. Depending on the ontology user, individual changes might
be more important when the particular user is tasked with propagating changes to downstream applications [18].
Also, understanding the higher-level evolution of an ontology, especially when dealing with a large one, is just as
important.

Relating the visualisation objective to the availability of the implementation of the proposed methods, we see a
small trend with missing implementations when it comes to exploring ontology evolution. This can potentially be
associated with the higher complexity of such an implementation. However, due to the high motivation of being
able to learn about the evolution of an ontology when e.g. starting to work with a new ontology, we urge researchers
not only to present approaches, but also to follow up their work with an implementation that can be used by the
community. This is especially important for further research on understanding ontology evolution [50].

5.3. Types of Visualisations

Figure 31 showcases the different visualisation types, namely list, graph and statistics. In the figure, the tools do
not add up to the total but exceed it, as 13 out of 28 tools make use of more than one way of visualising the change
information. We excluded the category "other", due to the small number of tools (four), as well as these tools also
having one of the other three types of visualisation present; hence, the tools themselves were not excluded from
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Visualisation Type: List M Not available M Available Visualisation Type: Graph ~ M Notavailable B Available
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(a) Visualisation type list, available: 8, not available: 11, total: (b) Visualisation type graph, available: 6, not available: 12,
19. total: 18.

Fig. 32. Visualisation type compared to their availability.

the analysis, only the visualisation type. 19 tools integrate a list of changes within their functionalities. 17 methods
use graph-like visualisations to showcase changes within an ontology. Seven approaches utilize statistics in their
explanation or showcasing of changes within ontologies: CODEX [46], D2V [47], REX [12], ChImp [18], OnEX
[8], Using text-mining [48] and DWAT [29] Including those statistics enhances the users’ understanding of changes
between two ontology versions. In the figure, we can see a slight trend toward graph visualisations; however, list
visualisations have not necessarily decreased in popularity. The use of statistical information does not show any
trend.

To investigate the interaction between the type of visualisation and availability, we visualised the dimensions in
Figure 32. The two visualisation types, list and graph, are shown in separate figures, Figure 32a and Figure 32b,
respectively. In both cases, more than 50% of the tools are not available, more specifically, list visualisation types are
not available 58% and graph visualisation types 67%. However, we do not see any specific trend between availability
type and publication year, except that graph visualisation types are more often not available.

Discussion on RQ2.3: Do visualisation types of the presented tools relate to the time of publishing and their avail-
ability? We identify a trend in using graph visualisations, as they became more used over the years. The usage
of list visualisations seems to be persistent over the years. The usage of statistics has increased, but not many tools
have made use of them so far. We found that tools that use graph visualisations are more often not available than list
visualisations, but the difference is not large.

5.4. Interactiveness

Figure 33 shows that most tools are presented as interactive tools and only nine are static. Static in this context
means that the user cannot interact with the visualisation; however, it does not mean that the visualisation does not
update. For example, ChImp [18] is a static visualisation, since the user cannot drill down or explore more about
the changes, but the visualisation updates as the user changes the ontology. Notable are the two spikes in 2008 and
2017, as discussed earlier. The difference between these two spikes is the interactiveness of the tools published at
these times. In 2007 and 2008, all published tools were static, whereas from 2011 onwards until the peak in 2017,
they were interactive. Only recently, from 2020 onwards, have new static tools been published. Therefore, there has
always been a clear preference for interactive tools, as they provide a better experience for the user because the user
can choose where they want to look deeper and know more about a change or evolution of the ontology.

We also look at the relation between interactiveness and availability of tools in Figure 34. Interactive tools, vi-
sualised in Figure 34a, show almost 50% availability (47%), while static tools have much lower availability (33%).
However, there are far fewer static tools available than interactive ones. We can conclude that the complexity of im-
plementing (and maintaining) an interactive tool in comparison to a static one does not seem to affect the availability
of the tool.
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B Interactive M Static

Publication Year

Fig. 33. Number of tools per year showcasing interactiveness of tools no multiple counts.
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(a) Interactive tools, available: 9, not available: 10, total: 19. (b) Static tools, available: 3, not available: 6, total: 9.

Fig. 34. Interactiveness of a tool compared to its availability.

Discussion on RQ2.4: Does the interactiveness of tools present a relationship to the time of publishing and their
availability? It is notable that we found more interactive tools than static, however, since 2017 only three tools
have been published, all static but mixing the form of change communication. We see the peak of research into
visualising ontology changes in 2017, however, we think that a revival might be on the horizon. Given the frequent
adaptation of ontologies in industry, visualisation tools will soon follow to allow non-experts and novices an easier
entry into a field using ontologies [18]. We also found that the higher complexity required for an interactive tool
does not seem to impact the availability of such tools in comparison to static ones.

5.5. Availability

Lastly, we want to discuss the availability of the tools presented. With availability, we refer to the A of the
FAIR principles, namely accessibility. Instead, we use the term availability, as accessibility can refer to disability
accommodations when discussing tools. We already addressed the availability of the tools with respect to other
aspects: Figure 28b showcases the popularity of the tools in comparison to publication as well as if they are a plugin
or standalone tool, Figure 30 captures the objective of the tools in comparison to their availability, Figure 32 shows
the visualisation type and their associated availability, and lastly, Figure 34 indicates the availability of tools in
comparison with their interactive and static nature.

Particularly interesting is that the two most cited tools are still available today. However, there are plenty of
other tools that are still available with a low citation count, and we cannot confirm this trend. We found that the
visualisation objective seems to play a role in the availability of the tools; however, we additionally also think that
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tools meant for evolution analysis are more often only presented conceptually and not implemented, or at least
without indication of code in their publication. We did not find a difference in accessibility when considering the
visualisation type, but the higher number of interactive tools does not seem to hinder availability.

What is most peculiar is that the age of a tool does not seem to be associated with its availability in any way.
Though here we need to mention that we consider a tool to be available if we were able to locate their codebase but
did not assess if the code is still executable. The mix of available and unavailable tools is throughout the whole 20
years comparatively the same.

Discussion on RQ2.5: How is the accessibility of the tools from the perspective of FAIR principles affected by the
different aspects of the tools like publishing time, association with an ontology editing environment, interactiveness,
visualisation objective and visualisation type? We investigated the different aspects also in other subquestions, but
focus here purely on the availability of the tools. We do not see a trend with respect to the type or time of publication.
However, the objective and interactiveness of the visualisation seem to play a role, but not the visualisation type.
However, given the small number of tools 28 and even small numbers when slitting these into groups, we cannot
statistically test our hypotheses and can only discuss the findings anecdotally.

6. Limitations and Future work

In any SLR, there are plenty of limitations and potential future work to be discussed. The SLR was conducted
with Scopus as the search engine, but it is worth noting that this search engine may not include papers that, for
example, Google Scholar would include. However, using Google Scholar provides additional challenges, as it is
not a tool meant for the execution of SLRs per se, but as a search engine in general. Therefore, it does not prove
the option of exporting results without significant (programming) efforts using their API. Additionally, the Google
Scholar API has a retrieval limit of 100 results, which greatly hinders a smooth procedure.

Not only due to the time-consuming nature but also due to the lack of tool support, we did not execute a snow-
balling step in Round 2. This implies that we are potentially missing publication in this survey, but are nonetheless
confident about its completeness, as we report not only on journal and conference publications which tend to be
easier to locate but also on tools without applications and theses. With a tool to support the snowballing step, any
SLR could benefit greatly.

It is important to note that this SLR did not encompass the visualisation of time-related aspects as we did not
look into tools that allow for such information to be displayed. This paves the way for further research to explore
the domain of temporal visualisation. The exploration could include researching tools that are capable of temporally
visualising patterns or trends over time. This exploration will help users gain a deeper understanding of the evolution
of data and knowledge, as required in [50].

Further research could involve user studies that investigate the usability, effectiveness, and user preferences of
ontology change visualisation tools. This effort would be advantageous for users seeking the optimal tool for visual-
ising ontology changes for their needs. Subsequently, additional research could focus on determining the best overall
working technique for showcasing changes within ontologies. Gaining a clear understanding of the best working
approach could prompt creators of ontology change visualisation tools to incorporate that technique, resulting in the
development of enhanced ontology visualisation tools. As indicated by Chung et al. [19], there is no one tool that
will fit all needs, but an investigation is extremely valuable to identify the best tools for certain needs.

Another potential avenue is the documentation of this SLR in an interactive website that would allow visitors
to inform themselves about the different tools, their capabilities and drawbacks. Especially valuable would be a
filtering function that lets the user find their way to a tool that would satisfy their needs.

7. Conclusion

Being able to learn about the past of an ontology is an important part of familiarising oneself with the domain
of the ontology [50]. Visualisations are especially useful for novice users or non-experts [19, 51]. Previously, no
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Fig. 35. Flowchart to help readers choose the most appropriate visualisation method according to the presented criteria.

comprehensive overview of ontology change visualisation approaches existed, which is the main contribution of
this work. Therefore, we conducted an SLR on ontology change visualisation tools along with an analysis of the
methodology used for that SLR. The SLR included collecting metadata that represents the change visualisation tools
and investigating whether these tools were capable of showcasing ontology evolution.

The SLR resulted in the compilation of an overview of 28 tools and methods capable of visualising changes
within ontologies. Of the 28 tools and methods, 12 tools are still available to use. The deeper analysis of the meta-
data that represents the ontology change visualisation tools shows that the following tools were especially good at
showcasing ontology evolution: OntoAnalyzer [7], OnEX [8], EvoRDF [9], DIACHRON [10], Change Tracer [11],
REX [12], and HGK [13]. Many of the 28 tools or methods include a graph-like visualisation (17 tools) and/or a list
of changes (19 tools). The big spread of publication years of papers and the lack of a pattern in recent paper-linked
tool availability show the ongoing process and evolving nature of ontology change visualisation tools.

The high-level SLR overview of the collected data on ontology change visualisation tools shows that a substantial
amount of snowball tools (14) were included compared to Round 1 and 2 tools (13). The new search string caused
three more snowball tools to be included in the results, but only one additional tool was approved using the inclusion
and exclusion criteria. Even though we did not perform a second snowballing step, we are confident of our list of
tools, as we were able to retrieve tools which do not have associated publications and also publications of small
importance such as theses or demos. However, we urge researchers to focus on the snowballing part of the SLR
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methodology in the future and not underestimate its importance. In the future, we hope to see tools that could
support researchers in this very time-consuming step of the process.

The SLR and analysis of the SLR methodology offer several implications for the domain of ontology change
visualisation tools and SLR methodologies. Integrating TF-IDF statistics into the circular methodology approach
could further enhance the accuracy and findability of more tools, as well as the construction of a good search string,
especially if an initial list of seed publications is available. The overview of available ontology change visualisation
tools presented in this paper serves as a valuable starting point, providing insights that can aid ontology engineers
and users. Furthermore, this SLR can serve as a foundation for conducting user studies to identify the most suitable
ontology change visualisation tools. This overview of ontology change visualisation tools can contribute to the
refinement of both research practices and tool selection in the field of ontology change visualisation.

Appendix A. Appendix

As described in Section 4, we used TF-IDF measures to identify extra keywords for a second iteration of search.
In this Appendix, we present in Figure 36 to summarise the findings.
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