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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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2 R. Pernisch et al. / Visualisation Approaches for Ontology Changes and Evolution

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 langeage

processing, and machine learning. 3
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 rst research question: 5

6
7

The overall goal of this research is to gather the existing visualisation methods and present a compreherssive
overview of the different kinds of tools, hereby answer@1 9
Based on our SLR we identi ed 28 relevant tools which we further analysed focusing on different types &%
visualisation methods and objectives in relation to publishing time. This provides interest insights into how thle
visualisation objectives changed as the eld matured. Further, we investigate the impact and popularity of a t&ol
and if there is a relation between publishing time and format. Lastly, we report on which tools are still available '8r
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 researéh

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

question with ve sub-questions: 16
17

RQ2: How do aspects of the found tools relate to the availability and publishing time of the tools? 18
RQ2.1: Is tool popularity measured with citation count related to publication type, publishing time and avail19
ability? 20

RQ2.2: Do the different tool objectives (visualisation of change, ontology evolution or other) relate to publishingt
time and their availability? 22

RQ2.3: Do visualisation types of the presented tools relate to the time of publishing and their availability? 23
RQ2.4: Does the interactiveness of tools present a relationship to the time of publishing and their availability24
RQ2.5: How is the accessibility of the tools from the perspective of FAIR principles affected by the different a&-
pects of the tools like publishing time, association with an ontology editing environment, interactivenegs,
visualisation objective and visualisation type? 27

28

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],5,
REX [12], and HGK [13] showed exceptional performance in showcasing ontology evolution beyond just changgs.
We found that the objective of showcasing ontology changes shifted from "simply" visualising the changessto
informing the user about the evolution by aggregating changes in meaningful ways. We did not actually nd;a
connection between publishing time, format, popularity, and the availability of the tools. 34
Therefore, we contribute the following ndings with this work: 35

— An overview and comparison of 28 ontology change visualisation methods. 36

— An analysis of the trends within the 28 methods with regard to publishing time, publishing methods, avait-
ability of the tool, and the goal of the presented visualisation. 38

— An analysis of the methodology to highlight the importance of the chosen approach. 39
40

In the following section, we rst 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 byshe
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. 44

45
46
2. Related Work 47
48

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 importarme 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 ontolagy
changes is needed. 2

Dudas et al. [16] express the need for further research on ontology change visualisation tools. Their own rese&rch
focused on nding aws within already existing ontology visualisation tools and calls for enhancing them. Pernisc¢h
et al. [17] conducted a survey to determine users' preferences for representing changes and created Chimp, the
Protégé plug-in that displays the impact of changes in real time. Furthermore, Pernisch et al. [18] also investigited
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 ofsthe
change effects of the participants and that they felt better informed. This shows that ontology change wsuahsa% on
tools are valuable in informing about the changes, and an overview of tools can help inform the public about he
existing possibilities.

No research has been conducted yet on which methods for visualising changes in ontologies are most suﬂ;_@ble
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 -
sualisation tools is the rst important step. Ramakrishnan et al. [20] reviewed ontology visualisation tools amel
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 betwiéen
versions of the ontology. Katifori et al. [21] also categorised ontology visualisation methods and expressed the réed
for more research to improve the usability and effectiveness of ontology visualisation methods. Therefore, to the
best of our knowledge, our work is the rst to conduct an SLR of ontology change visualisation methods. 21

The majority of research concerning ontology evolution visualisation primarily revolves around visualisirﬁf
changes within ontologies. Therefore, ontology changes and evolution are interconnected. It becomes cru0|a1°’ to
provide a concise de nition of what ontology evolution is. Haase and Stojanovic [22] present their perspective o5n
ontology evolution as the process of adapting and changing an ontology to accommodate the consistent manag%nent
of these changes. Flouris et al. [23] de ne 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 de nitions in their woyk,
where they mentioned the need for a new way of de ning ontology evolution. This new de nition of ontology evo,q
lution consists of both changes made to an ontology and versioning of an ontology. In this research, it is cruciaj¢to
relate these ontology evolution de nitions to the visualisation of ontology evolution. Therefore, we later introduge
a de nition of ontology evolution visualisation which informs our information extraction about the tools within thes2
SLR. 33

Lambrix et al. [25] formulate a set of functional requirements for ontology evolution systems. They also examigre
existing ontology evolution systems and their capacity to meet the desired functionality requirements, emphasiding
the role of visualisation. These discussions about the existing ontology evolution systems meeting the functionafity
requirements and visualisation show that it is important to discuss the level to which a system is capable of visdal-
ising ontology evolution. Showcasing differences between ontology versions can be considered ontology evolu??on
visualisation. While Lambrix et al. [25] focus on evaluating established evolution systems in terms of visualisiic
ontology evolution, it is worth noting that other ontology change visualisation tools might also possess the ablug/
to showcase evolution within an ontology. Consequently, it becomes essential to create an overview of the ontol Iogy

change visualisation tools and determine whether these tools are showcasing ontology evolution. 43

44
45
46
47
48
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 arR@#&. We then summarise the process and presentso
the high level numbers, before presenting the dimensions along which we analyse the includedR@@ies ( 51

3. Methodology
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3.1. Systematic Literature Review 1
2
The goal of this part of our methodology is to create an overview of existing ontology change and ontology
evolution visualisation methods to rst answRf2L1 The list of tools that answer the research question is presented
in detail in Section 4. 5
We used the guidelines for a systematic review of the literature proposed by [26—28] and adapted them toeour
use case. We rst 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: ¢he
search strategy with the search string, followed by the inclusion and exclusion criteria along which we evaluate each
publication. 10
11

High-level approach. Due to the lack of an overview of papers that could validate the results immediately, wé&?
opted for a circular approach rather than a linear one. The search string was executed ih Bhepaisve used the 13
“Title-Abstract-Keywords search”. We chose Scopus as the search engine because of its ability to download red#lts
and its up-to-date and reliable indexing of research articles. The results were exported as a CSV le which was tken
used We evaluated according to inclusion and exclusion criteria and later for an extended analysis. 16
Inthe rst step, we evaluated the title and abstract of each returned publication. In the second step, we analyseélthe
entire publication, but only those that passed the rst evaluation. Hence, the output of the second step yielded a li&8 of
publications that serve as primary sources for the SLR. This initial list was then used for the last step, snowballitg,
during which we evaluated incoming and outgoing “links' to these publications using the same approach as beféte,
evaluating each publication in two steps following the same inclusion and exclusion criteria. The resulting additiofal

publications from the snowballing were added to the list of primary sources. 22
23

Search Keywords. The research questiddiQlwas used to come up with a tting search string for the SLR, with 24
the main keywords being: “ontology changes' and “visualisation'. We also added related synonyms and alterndtive
spellings. We speci cally combined certain keywords (instead of using AND), because we are interested in fie
keywords when they are included right next to each other and not simply anywhere in the text. Several variation&'of
the search string were experimented with, aiming to strike a balance between generating a manageable amoﬁﬁt of

results and including the essential keywords. This resulted in the following initial search string: 0

31

(“ontology change” OR “ontology evolution” OR “ontology changes” OR “ontology edits” 32
OR “evolution of ontology” OR “changing ontology” OR “editing ontology” ) AND ( 33
visualisation OR visualisation OR visualizing OR visualising OR téol ) 34

35
36

37
Inclusion and Exclusion criteria. We de ned the inclusion and exclusion criteria for selecting relevant articlesg

from the candidate publications in Table 1. The criteria were documented before any decisions were made abouigthe
inclusion or exclusion of any publications. We merely revised the formulation to clarify its meaning and make thjg
SLR more easily reproducible. The publications were evaluated by one author and, in case of doubt on inclusiog, or
exclusion, a second opinion by another author was considered. 1
We distinguish between three main criteria (C1-C3) and describe and explain them in th€fafdeusses on 45
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 ou€3LR. ,5
is centred on exploration. We are also interested in including tools that not only present the changes, but alsgglet
the user explore and dive deeper to understand them. The accompanying exclusion criteria allow us to drop stydies
that do not provide enough details about how exploration is possible. L@8tpeci es that we are not interested g
in publications that present a change detection algorithm without also providing a way to communicate thesgqto

50
Ihttps://www.scopus.com/search/form.uri?display=basic 51
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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

Inclusion criteria:

criteria for the SLR.

Exclusion criteria:

C1

Studies that propose a visualisation tool/concept or te
nigue/method for showcasing changes made to an ontology o
evolution of an ontology.

We are interested in studies that present a visualisation t
nigue/method or tool/concept that enables users to better u
stand and explore changes made in a system.

clstudies that do not propose a visualisation tool/concept or tech-
I thigue/method for showcasing changes made to an ontology.

edie are not interested in studies that simply provide a review or
dsurvey of existing visualisation tools.

C2

Studies that describe how the visualisation tool enables use
explore and analyze changes made in a system.

We are interested in studies that provide details about how thg
sualisation tool works and how it enables users to explore and
alyze changes made in a system.

sStudies that do not provide details about how the visualisation tool
enables users to explore and analyze changes made in a system.

> We are not interested in studies that only describe the bene ts of
ahe visualisation tool without providing details about how it works.

C3

Studies where the tool/method communicates the changes.
We are interested in methods that communicate the changes.

Studies that are interested in algorithms that do change detection.
We are only interested if it has visualisation added.

© 0O N O U~ W N
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19

Process Results. Figure 1 shows the SLR process and the tools that were identi ed. In the rst step we retrieved
212 publications, out of which 156 were discarded in the rst 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. 2:

(@) Round 1

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
44

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

3.2. Extended, Iterative, Search

46
47
48

The relevant papers identi ed in the rst 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 signi cant keywords in the abstract and title of the newly found papers.

51
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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. 2

More concretely, we investigated the keywords used in the titles and abstracts of the tools listed under “Round 1 -
Step 2” against those listed under “Round 1 - Snowballing” using Term Frequency - Inverse Document FrequeHcy.
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 inclusioh and

exclusion criteria as de ned before.

The following keywords were in common: ontologles
“change”, “visualisation”,
large difference is “versions' as well as some additional keywords that were not in common. Therefore, we
panded our initial search string with the keywords highlightekatd.

ontology”, “changes”, “versions”, “knowledge”,

(“ontology change” OR “ontology evolution” OR “ontology changes” OR “ontology edits
OR “evolution of ontology” OR “changing ontology” OR “editing ontology” OR{tology
versions' OR “ontology diff” OR “ontology versioning) AND ( visualisation OR
visualisation OR visualizing OR visualising OR tool @Rvironment)®

Of the 332 articles we found this way, 211 were the same as in the rst search, and 121 were new. First,

7
8

evolution”, “data”, and “users”. The missing keyword, which can potentially make a

&

12
13
14
15
16
17
18
19

the

resulting tools of the old search were compared to the new search results. In the second round, we only list the tdols

that changed groups, meaning OWLDIff and AberOWL's publications were found among those retrieved, hente,

they are listed under “Round 2 - Step 1". DWAT was additionally included through the investigation of the 12?‘f
newly retrieved publications and is therefore listed as the sole tool under “Round 2 - Step 2”. As we did not perfozrm
a second snowballing during Round 2, the list below “Round 2 - Snowballing” is empty in the gure, but we Woukzjz

consider having found the missing 12 tools again, if not more.

(a) Round 2

27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42

43
Fig. 2. Figures showing the process quantities of responses in the SLR and tools that were introduced in each round of the second phase[&f the

SLR.

Signi cant differences were added in the search string; however, the additions did not lead to nding signi cant

45
46

by

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 ngt
included in Round 1, DWAT [29]. This nding, however, we accredit to the fact that the publication time of thiso

work was after the rst execution of the Scopus search.

51
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3.3. Analysis Dimensions 1
2
Once we have gathered the list of primary sources, we clari ed the information to be extracted about each ptib-
lication, as listed below. They are divided ingmouping criteriaand analysis dimensionsThe dimensions and 4
criteria presented were extracted from the selected publications after nishing the evaluations against inclusion %nd

exclusion criteria. ;

8
Grouping Criteria. For each tool, we considered the way it visualised the changes between ontology versiofs.
We identi ed three types of visualisation to classify the tools and methbids: Graph, and Statistics The List 10
visualisation type is applied when a tool incorporates any form of a list to showcase ch@rg@svisualisations 1
can be very varying but refer to approaches that make use of graphical elements, speci cally visualising notfes
and their connections, rather than lists. LasBatisticsvisualisations can be distinguished from other forms of 3
visualisation when aggregation comes into play. They provide not just an aggregation per se, but also reportlfhe
numbers and details of the said aggregation. Multiple visualisations can be used in combination; hence the groqug

criteria are not presented as solely the three above but also as different combinations of them. 1

18

Analysis Dimensions. The following analysis dimensions were important to include for all the different tools andt®
methods of the SLR overview to be able to ansRE2 The list below also explains the individual dimensions and 2°
how they were extracted from the primary studies. As the dimension of ontology evolution requires a de nition,t

is detailed after the list in a separate paragraph. 22
23

— Publication Year The of cial year of publication. If no publication is associated with the tool, we use the rst 24
publication of the code or tool that we were able to nd. 25

— Publication TypeHere we distinguish between journal articles, conference and workshop proceedings, aftd
theses. Additionally, there might not be a publication associated with a tool, so this dimension is left empt@

— Part or whole tool With this dimension, we capture if the tool as a whole is dedicated to showcasing ontolog%
changes or if the ontology changes are only part of the tool but its aim is ultimately a different one. 20

— Cited byis the number of citations, which serves as an indication of its popularity in the analysis. 31

— Interactive We indicate whether the tool is designed to be a static visualisation or interactive. Here, statjg
does not mean that the visualisation itself cannot update, but if the user can actively interact and/or chagge
how information is displayed. 34

— Evolution In this dimension, we capture if the visualisation aims to inform the user about ontology evolutioss
or if the focus is on simply displaying changes without additional information. A more detailed description &
given after this list of dimensions. 37

— User study We capture if a user study was included in the original publication of the tool. We do not in38
vestigate other types of study that were not included in the associated publication and therefore potent%ly
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 e|the4r
the source code or the application itself. However, we do not include if the codebase or application is s}ﬁl
actively maintained, solely if it is still available for download.

— Change LevelThis dimension captures if the tools focus on displaying all kinds of change or if the focu§6
is on a class level only (indicated with "C") dismissing individuals (ABox). This can be the case when tools
are developed for speci ¢ disciplines where the ontologies used only make use of terminological informatigg
(TBOX). 49

— Data sourceln this dimension, we make a distinction between OWL and RDF, or in some cases, both can ke
mentioned as possible data sources for the tool. 51

a1
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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 de nition
of presenting ontology evolution and a strati cation of the answers is important. Drawing from insights provided
in Section 2, we need to formulate a de nition of ontology evolution visualisation. Below, we provide an adjusted
de nition, that servetypess the purpose of de ning boundaries within this SLR:

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

© 00 N o Ou

10
However, the words "over time" can encompass varying intervals. We distinguish between visualisation of ontolagy
changes vs. evolution when visualisations focus on the process rather than just a comparisonoofstentive 12

versions of an ontology. Hence, we indicate that a tool aims at visualising ontology evolution when it focuses 6n

more than showing the differences between two versions. 14
15

16
17
4. Ontology Change Visualisation Methods and Approaches 18
19
The aim of this conducted SLR is to create an overview of the existing tools that visualise ontology changes
or ontology evolution to answdRQL1 All the resulting tools and methods of the SLR are divided into the groups21
previously de ned in Section 3.3. In addition, we divide the tools on the basis of their interactiveness. All tools a¥e

summarised in Table 2. 23
24

25
26

4.1. List Visualisations

The following tools: Changes Tab (Protege) [31], Change Capturing (Neon-toolkit) [32], ChangeView [33], Ecéé
[35], WIDOCO [36], MUTU [34], Change Detection plug-in [30], and OntoAnalyzer [7] all gave an overview of all ,4
the changes within an ontology, in the form of a list. These tools can be divided into static and interactive tools. 5,
31
32

4.1.1. Static List Visualisations

Changes Tab (Protege) [31], Change Capturing (Neon-toolkit) [32], and ChangeView [33] are albetatigsts
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, ggld

other relevant information in a table. 36

37

Changes Tab (Protégé).The Changes Tab in Protégé (2008) [31] allows users to keep track of all the changes atftl
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 tﬁ)e

change), and created (date and time the change was made). .

43
Change Capturing (Neon-toolkit). The Change Capturing Neon toolkit (2008) [32] is a tool that allows users to44
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). 47
48

49
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. 51
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Table 2

All visualisation tools included in this systematic literature review ordered by kind of visualisation rst, followed by publication year in ascendi

order. Legend: Change Level: Individuals (I), Classes (C), or Both (B), Source: ontologies (O), RDF datasets (R), or RDF/Ontologies (R/O).3

1
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>

3 £ 2 252 =23 . s

5 & i) 2 & 5 2 g = 2 o
B & 8 £ S kS g g ¢ § 8 ©§ & 3 6
Year Name J 0 0 o a o O S W OS5 o I O (%) 7
[7] 2005 OntoAnalyzer v’ Conference  Whole 56 v Vv B (0] 8
[30] 2006 Change Detection v Thesis Whole 28 v Vv v’ B (0] 9
[31] 2008 Changes Tab v’ Tool Whole  N/A v v B (0] 10
[32] 2008 Change Capturing v/ Tool Whole  N/A B (0] 11
[33] 2010 ChangeView v’ Tool Whole  N/A v v B (0] 12
[34] 2011 MUTU v’ Workshop ~ Whole 100 v Vv v B (@] 13
[35] 2012 Ecco v’ Workshop Part 34 v Vv v B (0] 14
[36] 2017 WIDOCO v’ Conference Part 140 v v v B (0] 15
[37] 2008 Colour-Coded v’ Journal Whole 17 v’ B (0] 16
Layered Graph 17
[38] 2008 Extending small v Workshop ~ Whole 1 v’ C O 18
seed Ontology 19
[39] 2011 OWLDIff N Workshop Part 48 v v v v B o 20
[40] 2015 AberOWL v’ Conference Part 2 v v v B (0] 21
[41] 2017 OntoDiffGraph v’ Workshop ~ Whole 5 v Vv v B (0] 22
[42] 2017 Live Diff Taxon- v’ Workshop ~ Whole 5 v Vv v v C (0] 23
omy 24
[13] 2020 Historical Knowl- v Journal Whole 30 v’ C O 25

edge Graph

[43] 2002 OntoView v v Conference Part 60 v Vv B R/O zj

[44] 2004  PromptDiff v v Conference Part 169 v v v v v B (@]
[45] 2004 Prompt-viz v Vv Thesis Whole 12 v v v v B (0] 28
[11] 2013 Change Tracer v Vv Journal Part 56 v Vv v’ B (0] 29
[10] 2016 DIACHRON v Vv Workshop ~ Whole 2 v v B R/O 2(1)
[9] 2017 EvoRDF v Vv Conference  Whole 14 v v v’ B R/O 2
[46] 2012 CODEX v v Journal Whole 31 v v B e} 33
[12] 2014 REX v v Conference  Whole 2 v v B (@] 34
[47] 2015 D2V vV Demo Part 9 v v v B R 35
[48] 2007 Using text-mining v’ v’ Journal Part 12 v’ C (0] 36
[8] 2009 OnEX v’ v Vv Journal Whole 4 v B (@] 37
[18] 2022 Chimp v’ v v Journal Whole 1 v v v v B (0] 38
[29] 2023 DWAT v v Journal Whole 0 v v C (0] 39
40

4.1.2. Interactive List Visualisations

4
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. Thg ool
provides a list of changes and enables clicking on the changes to get an explanation of the effect of these chaypges

1

in text form (shown in Figure 3). OntoAnalyzer is highly capable of showcasing ontology evolution; the changgs

between two ontologies are shown. Clicking on these changes shows how these changes have occurred and the,gffect

the changes have.

47
48

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 createsa

version log, and the other plug-in implements the change detection mechanism and shows a list with an oversew
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Fig. 3. OntoAnalyzer visualisation of changes [7].
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24

of all the detected changes (which can be seen in Figure 4). The overview also contains dropdown boxes, which

the user can use to lter the detected changes by selecting a concept or the de nition of a conceptual change.?fPhe

Change Detection plug-in is generally capable of showcasing ontology evolution, the changes between two ontofdgy

versions can be further inspected with the dropdown box to show conceptual or concept change de nitions.

Fig. 4. Change detection plug-in visualisation of changes [30].

28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
44
45
46
47
48
49
50
51
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MUTU. Pessala et al. [34] introduced MUTU (2011), a tool that analyses changes and their potential effeats.
Figure 5 shows the visualisation of changes in MUTU. It shows an HTML format list that is sorted by interestirgy
changes and the remaining changes. MUTU is generally capable of showcasing ontology evolution; the imporgant
changes between ontology versions show how an ontology has changed over time. 4

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

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 di¥
tinguish effective and ineffective changes within ontologies along with categorising their impact. Figure 6 shots
the visualisation of Ecco; includes an HTML visualisation with a two-column layout. The right column shows th#
additions in green, and the left column shows the removals in the opposite colour (red). Furthermore, the chariges
are categorised into rewritten axioms, strengthened axioms, redundant axioms, weakened axioms, pure addifibns,
and new descriptions. Clicking on these groups shows the explanation. Ecco is generally capable of showca¥ing
ontology evolution, the changes are explained along with categorisations that show more information about*he

changes. 39
40

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 mef’a-
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. e

4.2. Graph Visualisations 48
49

Historical Knowledge Graph (HGK) [13], OntoDiffGraph [41], OWLD:iff [39], AberOWL [40], Live Diff Taxon- 50
omy Plugin [42], Colour-Coded Layered Graph [37], and Extending small seed ontology [38] all fall inBnthe 51
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Fig. 6. Ecco visualisation of changes [35]. 24
25
Graphsgroup. The Historical Knowledge Graph (HGK), Colour-Coded Layered Graph, and Extending small seexd
ontology are all static tools. However, these methods do not yet dive into the precise interaction type they invobze,
so this could change in the future. Ontodiffgraph, OWLDIff, AberOWL, and Live Diff Taxonomy Plugin are allzs
interactive tools. 29

4.2.1. Static Graph Visualisations %0

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 seenin Figure 7. The cojigurs
represent different actions: pink means different concept names, but use the same identi ers, red indicates removal,
blue shows addition, grey indicates no change, 'is a' edge is blue, and 'part of' edge is orange. The approach gan
help visualise the evolution of an ontology, discover new insights, and possibly create hypotheses about the evoldtion
of speci c terms. The Colour-Coded Layered Graph is generally capable of showcasing ontology evolution; t37e

evolution between two versions of an ontology is indicated with different colours. a8

39
Extending small seed ontologyWeichselbraun et al. [38] introduced the method of Extending small seed ontoly,

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 evolygon
is shown in a graph-like visualisation, which can be seen in Figure 8. The visualisation shows the evolution of 'gi}
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. 44

47
Historical Knowledge Graph (HGK). Cardoso et al. [13] introduced the Historical Knowledge Graph (HGK) 48
method in 2020. The HGK visualises all the knowledge that an ontology consists of, as can be seen in Figures9.
The different versions of ontologies are updated within the HGK: deleted concepts get an end date, additions get a
start date, and modi cations are made. More complex changes are added, and the older version is deleted. Lastly,
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Fig. 7. Colour-coded layered graph visualisation of changes [37].
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Fig. 8. Extending small seed ontology visualisation of changes [38]. 20
evolutionary relations are added to aid users even more in understanding the evolution of an ontology. In Fi%sére
9 dark blue changes are shown and light blue concepts stayed the same. HGK is highly capable of showcasing

. . . . . . 3
ontology evolution; the Historical Knowledge Graph shows the evolution of an ontology with dates, relations ﬁ

evolution, and splits. w5

36
37
38
39
40
41
42
43
44
45
46
4.2.2. Interactive Graph Visualisations 47
OWLDIff. Kremen et al. [39] introduced OWLDIff in 2011. OWLDIff is an ontology comparison and merge tool.4s
The tool allows for different types of comparisons: syntactic, explanation-based, and semantic. Changes, additiens,
deletions, modi cations, and redundancies are highlighted within OWLDiff. Figure 10 shows the trees in a side-tzg-
side overlay view so that the user can visually see the changes between the older (left) ontology and the newer (right)

Fig. 9. HGK visualisation of changes [13].
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version of the ontology. Trees can be represented as axiom lists, asserted frames (like ontology) and classi ed frames
(like classi ed 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. 4

© 00 N o Ou

Fig. 10. OWLDIff visualisation of changes [39]. 20

22

AberOWL. Rodr guez-Garc a et al. [40] developed AberOWL in 2015. AberOWL is a visualisation environmeriti
that showcases ontologies (biomedical), where automated reasoning is used to create a graph-based visualisgtion.
The visualisation of a science ontology with the selection of a has unit can be seen in Figure 11. The tookgds
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 differegces
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. 30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

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, modi cations, deletions, and the type of concept are visualsed
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 = modi cation and $ed
=removal). The tool allows users to zoom in and out, drag nodes, and the menu also allows users to nd the spegi c
concept in the graph. OntoDiffGraph is generally capable of showcasing ontology evolution, and the evolution7of

an ontology is represented with different colours in a graph. 8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
Fig. 12. OntoDiffGraph visualisation of changes [41]. 28
29
30

Live Diff Taxonomy Plugin (LDT). Ochs et al. [42] introduced the Live Diff Taxonomy Plugin (LDT) in 2017. The 31
LDT plugin summarises and visualises changes within an ontology, which allows developers to further understéhd
the impact their changes have on the ontology. Figure 13 shows the visualisation of Live Diff Taxonomies, whict#¥s
a graphical diagram that shows diff areas and diff partial areas. Diff areas are boxes that provide a concise overdfew
of changes made to sets of classes that incorporate the limitation of having the same property types. Diff pafbial
areas provide a concise overview of changes made to particular subhierarchies within a diff area. Developers®an
click on the different boxes to get more information about what they represent, which is shown in Figure 13b fr
different diff areas and diff partial areas. Switching between the Protégé editor and the LDT plugin is made e&8y,
since selecting a class within Protégé will centre that class as a diff area and vice versa. LDT is generally capdble

of showcasing ontology evolution; the diff-areas and diff-partial areas show the evolution of an ontology. 40
41

42
43
44
45
46
4.3.1. Interactive List and Graph Visualisations a7
OntoView. Klein et al. [43] introduced OntoView in 2002. OntoView is a change management system for ontolas
gies, speci cally for RDFS / DAML ontologies. A part of the tool shows two lists, next to each other, consistinge
of the components within an ontology in an RDF format-like structure. Changes between the two different versiens
of the ontologies are shown in bold letters as shown in Figure 14. The most interesting changes to the editorsare

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 theLists and Graphgroup. All tools are interactive.
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1
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(a) Graphical diagram (b) More information 14
15
Fig. 13. Live Diff Taxonomy Plugin for visualisations of changes [42]. 16

17
presented. Different highlighting colours are used to express different changes: non-logical change, logical degi-
tion change, identi er change, addition of de nitions, and deletion of de nitions. Moreover, to analyse changesg
OntoView can highlight the places in an ontology where a modi cation has been made, upon request. OntoViewgs
generally capable of showcasing ontology evolution, the interesting changes are shown between ontology versjans,
and on request these changes can be highlighted. 22

23

24
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Fig. 14. OntoView visualisation of changes [43]. 47

48

49
PromptDiff. Noy et al. [44] introduced PromptDiff in 2004. PromptDiff consists of a structural difference algoso
rithm, an interface that enables users to visualise and analyse changes within ontologies, and features for ctnge
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management. Changes are visualised through a class hierarchy and individual class changes. The class hienarchy
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 changessfor
the particular class that is selected (shown in Figure 15.b). PromptDiff is generally capable of showcasing ontolegy
evolution, the ontology evolution is visualised with different colours and a class can be selected to show the ontolagy
evolution within that class. 6

7
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Fig. 15. PromptDiff visualisation of changes [44].

35
Prompt-viz. Stephen and Perrin [45] presented Prompt-viz in 2004. Prompt-viz is a Protége tool that visualisgs
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 rggtan-
gles that represent concepts within the ontology, shown in Figure 16 number 2. The size of each rectangle indicgtes
the number of descendants, and the colour indicates the type of change. The Path Window shows the locatioryand
overview of the position within the ontology of the selected concept, shown in Figure 16 number 3. Lastly, the Dg-
tailed List of Changes shows the changes with information about the changes that occurred in the selected congept,
shown in Figure 16 number 4. Prompt-viz is generally capable of showcasing ontology evolution, the Expendajle
Horizontal Tree, Treemap Layout, and Path window showcase ontology evolution. 16

47
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. Twe
ways are used to visualise/explain changes within an ontology: tabular view and graph visualisation. The tabsdar
view presents the change sets. Clicking on these change sets will produce the relevant information displayed imithe
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Fig. 16. PromptViz visualisation of changes [45]. 21
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(a) Change Logger Tabular View (b) visualisation 24
35
Fig. 17. Change tracer visualisation of changes [11] 36

37
panel below, as can be seen in Figure 17a. Clicking on the dropdown box will show all the changes that occugged
within the change set, and information about the selected change is shown. The graph visualisation showsgdhe
ontology, the changes within the ontology, and the effect that these changes have on the ontology, which cag,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 relatigns.
Ontologies can be visualised from the rst 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 apg
out and the sh-eye view. Change Tracer is highly capable of showcasing ontology evolution, the tabular view agd
graph visualisation show ontology evolution. 47

48
DIACHRON. Vrousgou et al. [10] introduced DIACHRON in 2016. DIACHRON informs users through ontology49
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. DIACHR@&N
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is highly capable of showcasing ontology evolution, it tracks terms and basic term metadata over time to showihe

evolution of an ontology or RDF document. 2
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Fig. 18. DIACHRON visualisation of changes [10]. 39

41
EvoRDF. Kondylakis et al. [9] introduced EvoRDF in 2017. EVOoRDF is a tool that makes it possible to explore2
the evolution of an ontology using provenance queries. The Change Ontology consists of all the changes identizd
along with information about them, which can be seen in Figure 19.c. Different types of qW¥hies:How, and 44
Extended-howan be answered through the EvORDF Explorer shown in Figure 19.e or through the Protégé plugn
shown in Figure 19.dWhenqueries can answer a user's question about when a speci ¢ concept was introduced.
How queries give more information on how a concept was cre&ended-howueries answer the question about 47
what consecutive list of changes led to the creation of a speci ¢ concept. EvORDF is highly capable of showcasiag
ontology evolutionWhen How, andExtended-howueries can answer questions about what led to the creation of a9
speci ¢ concept. The consecutive list of change operations that led to a speci ¢ creation highly showcases ontolegy
evolution. 51
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Fig. 19. EVORDF visualisation of changes [9]. 22
23
4.4. Visualisations combining Lists, Statistics, and Graphs 24
25
CODEX [46], D2V [47], and REX (Region Evolution EXplorer) [12] are tools or methods that fall inth.ists, 26
Statistics, and Graphgroup. All tools are interactive. 27
4.4.1. Interactive List, Statistics and Graph Visualisations 22

CODEX. Hartung et al. [46] introduced the CODEX tool in 2012. CODEX (Complex Ontology Diff Explorer) is 5,
atool 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 conceptgand
relations, diff sizes (occurrences can be visualised in a pie chart), and growth rates. B2, the change explorer, shpws
the most frequent changes or elements that have been in uenced by a change. These changes can be clickgd 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 chgnge
impact where users can explore whether a concept was in uenced 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. 0

41
REX (Region Evolution Explorer).Christen et al. [12] introduced REX (Region Evolution EXplorer) in 2014. REX 42
helps users visualise and understand the evolution of changes that occurred in ontologies. REX uses three wags to
show / analyse changes within ontologi&stuctural AnalysisTrend AnalysisandQuantitative Change Analysis 44
The Structural Analysisvsisualises a graph of the evolution of an ontology over a speci ¢ time period, shown irus
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 gragsh
visualises the concepts in a circular way, descendants and parents of concepts are visualised closely. The ggaph
enables a user to select a concept to show the regions related to that concept. The selected concept will b the
central node in the Browser View graph. The colour within the graph showcases which regions are stable and which
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