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ABSTRACT 
With the emergence of tools for collaborative ontology engineering, more and more data about 
the creation process behind collaborative construction of ontologies is becoming available. 
Today, collaborative ontology engineering tools such as Collaborative Protégé offer rich and 
structured logs of changes, thereby opening up new challenges and opportunities to study and 
analyze the creation of collaboratively constructed ontologies. While there exists a plethora of 
visualization tools for ontologies, they have primarily been built to visualize aspects of the final 
product (the ontology) and not the collaborative processes behind construction (e.g. the changes 
made by contributors over time). To the best of our knowledge, there exists no ontology 
visualization tool today that focuses primarily on visualizing the history behind collaboratively 
constructed ontologies. Since the ontology engineering processes can influence the quality of the 
final ontology, we believe that visualizing process data represents an important stepping-stone 
towards better understanding of managing the collaborative construction of ontologies in the 
future. In this application paper, we present a tool – PragmatiX – which taps into structured 
change logs provided by tools such as Collaborative Protégé to visualize various pragmatic 
aspects of collaborative ontology engineering. The tool is aimed at managers and leaders of 
collaborative ontology engineering projects to help them in monitoring progress, in exploring 
issues and problems, and in tracking quality-related issues such as overrides and coordination 
among contributors. The paper makes the following contributions: (i) we present PragmatiX, a 
tool for visualizing the creation process behind collaboratively constructed ontologies (ii) we 
illustrate the functionality and generality of the tool by applying it to structured logs of changes 
of two large collaborative ontology-engineering projects and (iii) we conduct a heuristic 
evaluation of the tool with domain experts to uncover early design challenges and opportunities 
for improvement. Finally, we hope that this work sparks a new line of research on visualization 
tools for collaborative ontology engineering projects. 
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INTRODUCTION 
While collaboration, negotiation, and consensus represent an integral part of ontology 
engineering processes, it is only recently that disciplined tools and infrastructure for 
collaborative ontology engineering have emerged. Tools such as Collaborative Protégé 
(Tudorache, Noy, Tu, & Musen, 2008) not only provide an infrastructure for collaboration and 
coordination, but also provide a structured log of all ontological changes, which users have made 
via the tool. These logs can, for example, include records of concepts added, properties changed, 
or relationships qualified. In aggregation, such logs can essentially capture the entire evolution of 
an ontology from its inception to its final stages on a very fine-grained level. At the same time, 
the availability of fine-grained logs poses new challenges and opportunities for studying and 
analyzing the history of collaborative ontology engineering projects. While there exists a 
plethora of visualization tools for ontologies, they have primarily been built to visualize aspects 
of the final product (the ontology) and not the collaborative processes behind construction (e.g. 
the changes made by contributors over time). To the best of our knowledge, there exists no 
ontology visualization tool today that focuses primarily on visualizing the creation processes 
behind collaboratively constructed ontologies. 
This application paper sets out to present a visualization tool that primarily focuses on 
visualizing pragmatic aspects of collaborative ontology engineering, i.e. the social processes that 
yield collaboratively constructed ontologies. We present a tool – PragmatiX – that taps into 
structured log of changes provided by tools such as Collaborative Protégé and visualizes them 
via network-based and other kinds of visualizations. The tool is aimed at managers and leaders of 
collaborative ontology engineering projects to help them in monitoring progress, exploring issues 
and problems, and tracking quality-related issues such as overrides and coordination among 
contributors. !
Our initial prototype demonstrates its capabilities by tapping into change-logs produced by 
variants of Collaborative Protégé, where changes and notes as well as comments on changes are 
represented in the Change and Annotation Ontology (ChAO) (Noy, Chugh, Liu, & Musen, 
2006). Because several large collaborative ontology-engineering projects in the bio-medical 
domain use Collaborative Protégé (and its derivatives) for tool support, we have access to 
change-log data from a series of different projects. For example, the International Classification 
of Diseases (ICD-11) project uses WebProtégé, a Web version of Protégé that is built on the 
collaborative framework of Collaborative Protégé, to collaboratively engineer a bio-medical 
ontology consisting of more than 30,000 concepts (Tudorache, Falconer, Nyulas, Noy, & Musen, 
2010). Almost all changes to this ontology have been captured and are available for further 
analysis. The International Classification of Traditional Medicine (ICTM) ontology represents 
another example, where a sufficiently large record of changes is available. In this paper, we will 
use data from these two projects to demonstrate the general applicability of our tool for 
visualizing pragmatic aspects of collaborative (ontology-) engineering projects. While the 
illustrations in this paper are limited to these two projects, there is nothing in our 
implementation, which prevents other collaborative ontology engineering projects (e.g. outside 
the bio-medical domain) being visualized with our tool in a similar manner, given that data about 
the creation process is available in a structured form (see section Implementation). 



Our application paper makes the following contributions: (i) we present the new and extended 
version of iCAT Analytics, called PragmatiX, which allows for visualizing the creation process 
behind collaboratively constructed ontologies (ii) we illustrate the utility and generality of the 
tool by applying it to structured change-logs of two large collaborative ontology-engineering 
projects and (iii) we conduct a heuristic evaluation of the tool with domain experts to uncover 
early design challenges and opportunities for improvement. Our research is relevant for 
managers of collaborative ontology engineering efforts aiming to analyze and visualize the social 
dynamics of the development process. 
This paper is structured as follows: The Related Work section provides a detailed overview of 
existing and relevant published work, which has influenced this paper. In the Materials and 
Methods section we describe the resources used by PragmatiX, such as various data sets and 
their structured logs of changes as well as the algorithms used to calculate the features displayed 
in the different views. In section The PragmatiX Visualization Tool, we describe PragmatiX 
itself in greater detail, including all the visualizations and views provided by the tool. The results 
of a formative evaluation of PragmatiX are presented in the Evaluation section; the benefits and 
limitations of PragmatiX are outlined in the Discussion section. The paper closes with 
concluding remarks in section Conclusions, where we additionally address possible future work. 
 
RELATED WORK 
The following areas of research are relevant to our work: Collaborative Ontology Engineering, 
Collaborative Ontology Engineering Tools, and Ontology Visualization Tools. 
 
Collaborative Ontology-Engineering 
The field of ontology engineering covers many different topics ranging from best practices for 
creating ontologies (Cristani & Cuel, 2005; Noy & McGuinness, 2001; Spyns, Meersman & 
Jarrar, 2002), identifying and implementing semi-automatic processes to create ontologies from 
different resources such as plain text (Maedche & Staab, 2000) to the task of ontology-evaluation 
(Brank, Grobelnik & Mladenic, 2005) in order to determine and quantify the quality of an 
ontology, for example with respect to its intended use-case.  

In contrast to traditional ontology engineering, the task of collaboratively developing and 
engineering an ontology represents an emergent field of research with new problems, risks and 
challenges.   

For example, Noy & Tudorache (2008) and Falconer, Tudorache, & Noy (2011) focus on 
identifying, defining and surveying requirements for collaborative ontology-engineering 
applications. Their work demonstrates that an analysis of change-logs of collaboratively 
engineered ontologies allows users to be grouped according to their change behavior. Pöschko et 
al. (2012) have shown that analyzing the structured log of changes in collaborative ontology 
engineering projects using iCAT Analytics, the predecessor to PragmatiX, yields interesting 
results, such as how work is distributed among authors or which areas of the ontology already 
received a large amount of contributions, which can be used to enhance the collaborative 
engineering process and to help encourage users to contribute. In contrast to iCAT Analytics, 
PragmatiX allows the import and visualization of multiple data sets in one instance. It also 
provides additional functionalities such as various statistical overview pages (e.g. the heat-map 
as described in Section Concept Network Visualization, or the dashboards in Section 
Dashboard). Additionally, a heuristic evaluation has been performed on PragmatiX, providing 
interesting results for future work.  



 
Collaborative Ontology-Engineering Tools 
Many collaboratively engineered ontologies, such as the Gene Ontology (GO) (Harris et al., 
2004), the National Cancer Institute Thesaurus (NCIt) (Golbeck et al., 2003), the International 
Classification of Diseases revision 11 (ICD-11) and the International Classification of 
Traditional Medicine (ICTM) (Tudorache et al., 2010), are created using tools that provide 
special methods and functionality to help users collaborate. This special functionality often 
includes mechanisms to comment single concepts, to engage in discussion, and to justify changes 
and design decisions, all of which support collaboration among ontology editors.  
 

 

Figure 1. Exemplary Screenshot of the ICD Collaborative Authoring Tool (iCAT) that is used to 
create and maintain ICD-11. 
 

A large variety of ontology-engineering tools, such as OntoEdit (Sure et al., 2002), 
semantically extended Wikis, such as Wiki@nt (Bao & Honavar, 2004) and OntoWiki (Auer, 
Dietzold, & Riechert, 2006), or Collaborative Protégé and WebProtégé (Noy & Tudorache, 
2008; Tudorache, Noy, et. al., 2008) provide special functionality supporting users in reaching 
consent and avoiding conflicting changes by actively encouraging collaboration. 

Both of the collaborative ontology engineering projects that we use in this paper were 
developed using the web-based tools iCAT (see Figure 1) and iCAT TM, two very similar, 
customized versions of WebProtégé. The most important feature of WebProtégé and its 
derivatives for this paper is the fact that it provides a very detailed and fine-grained structured 
log of changes of the ontology, which can be used to analyze the creation processes in addition to 
the collaboratively constructed ontologies. 

iCAT and iCAT TM both offer extensive collaborative features, providing authors not only 
with the ability to conduct collaborative work but also to engage in threaded discussions, to 
facilitate collaborative decision making. 

 
Ontology Visualization Tools 
The domain of ontology visualization covers a large set of applications providing various 
graphical representations for ontologies, which range from simple indented lists or trees, 2-
dimensional graph representations to very sophisticated 3-dimensional layouts.  



For example, Jambalaya (Storey et al., 2002b) was developed as a plug-in for an earlier 
version of Protégé. It uses a visualization technique called SHriMP (Simple Hierarchical Multi-
Perspective) (Storey et al., 2002a), which supports the concept of interchangeable nested views 
representing an ontology in 2-dimensional space.  

OntoViz (Singh et al., 2006), another Protégé visualization plug-in, on the other hand 
represents an ontology as a 2-dimensional graph, using the Graphviz (Ellson, Gansner, 
Koutsofios, North, & Woodhull, 2001) library. In OntoViz, every node represents a class or an 
instance, which in turn can display its name and some or all of its (inherited) properties and 
roles. Every edge represents a relationship between classes, instances, or both.  

OWLViz (Horridge, 2012), TGViz (Alani, 2003), and OntoGraf (Falconer, 2010) are 
ontology visualization plug-ins for Protégé, which are similar to OntoViz. They represent an 
ontology as a 2-dimensional graph, where each node represents either a class or an instance and 
every edge represents a relationship between two entities. However, instead of visualizing all 
property and role information, OWLViz and TGViz reduce visual clutter by providing detailed 
information for each entity only when it is selected. Additionally, they allow filtering for specific 
parts of the ontology.  

AlViz (Lanzenberger & Sampson, 2006) is a tool that was specifically designed to visualize 
and augment the task of ontology-alignment, i.e. mapping the classes and instances of one 
ontology to the classes and instances of another ontology. Classes and instances are represented 
as nodes, which are colored according to the result of the alignment process.  

In contrast, OntoRama (Eklund, Roberts, & Green, 2002) uses a hyperbolic-type layout to 
visualize an ontology. This approach emphasizes classes or instances in the center of the 
visualization, as they are assigned more space and display a higher level of detail, while nodes 
near the edges of the visualization are minimized and only display a low level of detail. 
OntoSphere 3D (Bosca, Bonino, & Pellegrino, 2005) uses different types of 3-dimensional 
visualization to support users in browsing and exploring the structure and complexity of an 
ontology.  

However, all of these ontology visualization tools have their focus on visualizing an already 
created ontology or (parts of) a static snapshot of an ontology. The idea and overall objective for 
PragmatiX is to create a tool, which not only visualizes an ontology, but also visualizes and 
analyzes the creation process. 
 
MATERIALS AND METHODS 
In this section we will first describe all identified requirements including the target audience of 
PragmatiX as well as the data sets and the structured logs of changes, which were used in our 
analysis and evaluation.  
 
User Research 
PragmatiX was specifically designed to augment; support and help to enrich and enhance the 
work performed by different user-types and classes (Schreiber et al., 2000) of knowledge-based 
system development processes. We have grouped these roles into the following three groups: 
The Administrative Personnel, which is composed of Knowledge Managers and Project 
Managers. The Engineering Staff, which in turn is composed of Knowledge Engineers and 
Analysts, Knowledge System Developers and Knowledge Providers. The final group of users is 
called Ontology Viewers. They consist of Knowledge Users and System Visitors. These user-



types differ with regard to their informational needs and overall goals and objectives, for 
example Knowledge Users and System Visitors are mainly interested in gathering a quick 
characterization of the data set or the tool. The Engineering Staff is concerned about the 
correctness of the underlying data, while Administrative Personnel wants to track the progress of 
the project.   

For the purpose of identifying informational needs as well as the goals and objectives of 
different user types, meetings with members of the Protégé-Team at Stanford Center for 
Biomedical Informatics Research and with Domain Experts from the World Health Organization 
(WHO) were held. In those meetings, requirements for the tool were elicited and discussed with 
the stakeholders (consisting of the team that develops Protégé and the team that is in charge of 
ICD-11 development) in an iterative manner. 
 
Implementation 
The majority of PragmatiX was written in Python using the web-framework Django. We use 
NetworkX (Hagberg, Schult, & Swart, 2008) for all network calculations and use Graphviz 
(Ellson et al., 2001) to pre-calculate the different network layouts (visualizations). The data sets 
were exported from iCAT and iCAT TM using their Java API and stored in a MySQL database.  

To visualize the different network views we make use of a combination of JavaScript, AJAX 
calls, and JSON. The asynchronous JavaScript and XML calls are necessary to update the graph 
after user interactions. Most of the visualizations and analyses available in PragmatiX are pre-
calculated, resulting in reasonable response times and relatively low server load. This is 
especially useful for the network visualizations, where all positions are pre-calculated using 
Graphviz, and stored in the database. This approach minimizes calculation and loading times, 
since all required information can be extracted directly from the database without having to 
invoke additional computational tasks on either the client or the server. Additionally, most values 
displayed in a pie or line chart are pre-calculated. 

PragmatiX additionally provides mechanisms to import data in a specific input format (basic 
txt-files), where each line corresponds to one concept followed by a very limited set of attributes 
extracted directly from the ontology, separated by tab-stops. This set of attributes consists of (i) a 
unique concept id, (ii) a concept title or username, (iii) a concept definition or change message, 
(iv) the assigned communities of interest (user groups; only if available) of the concept and (v) a 
concept’s assigned display status color code, depending on the type of concept.  

The ChAO change-log provides detailed change-information such as the user who performed 
a change, the concept it is performed on and a detailed change-description such as “Moved class: 
R75.2b Niemann-Pick disease. Old parent: E75.2 Other sphingolipidosis, New parent: 
Sphingolipidosis”, allowing to omit the storage of additional attributes (other than the ones 
mentioned), as they can be automatically generated for each point in time by processing the 
change-descriptions of the structured logs of changes. Not having to know which properties are 
available for which concept additionally increases the generality of PragmatiX. All additional 
attributes (such as the features displayed in Table 2) are calculated after the initial import.  

The used input format for PragmatiX can easily be reproduced independent from the original 
source, given a structured log of changes is provided which can be mapped onto the ontology. 
Using this convention, we were able to import and visualize all articles from the official (and 
freely available) Wikipedia change-data dumps, which are marked with an ICD-10 code, into 
PragmatiX. The extracted articles have been mapped to concepts while contributors in Wikipedia 



represent users in PragmatiX. Relationships (edges) have been extracted from the original ICD-
10 ontology. 

Once the data is available as textual files in the required format, PragmatiX provides SQL 
scripts that import the content into the database. In a next step, the pre-calculations, a python 
script provided by PragmatiX, have to be initiated, which are then automatically performed. 
Once the pre-calculations are done, the new data set has to be added to the configuration-file and 
is afterwards ready to be browsed. We are currently working on refining the import process to 
automate all necessary steps and provide a step-by-step guide for all steps that cannot be 
automated.  

Once PragmatiX reaches a stable version, we will consider releasing it as Open Source 
Software. 
 
Application 
PragmatiX focuses on visualizing the creation process behind collaborative ontology-
engineering projects that provide (i) structural and contextual information about the ontology and 
(ii) a structured log of changes (and notes) that allows mapping every logged action to a specific 
user and the affected concept(s). 

We have applied PragmatiX to five different collaboratively engineered ontologies from the 
bio-medical domain. Due to limitations in space, in this paper we will demonstrate the 
application of PragmatiX to only two of the five available bio-medical ontologies, which were 
both constructed using variations of WebProtégé. The two projects are: 

• ICD-11: The structured log of changes comprises 152,955 changes and 31,197 
notes over an observation period of 24 months. The ontology itself consists of 33,714 
concepts and 76 users that performed all the changes. 

• ICTM: This data set is of a smaller dimension and only consists of 1,311 concepts 
with a total of 21 users that actively work on the ontology. The change log consists of 
39,495 changes and 1,449 notes over an observation period of 10 months. 

Even though both data sets are maintained by WHO and have been created using either 
Protégé or one of its derivatives it is important to note that PragmatiX can be adapted to support 
every collaborative ontology engineering project which exhibits a structured log of changes. 
 
Evaluation 
Formative usability evaluation is usually performed during interface development, in order to 
identify potential problems to be fixed in future releases. Two classic methods of formative 
evaluation are widely used in software development: Heuristic Evaluation (HE) (Nielsen & 
Mack, 1994) and Thinking Aloud (TA) (Barnum, 2010) testing. The former involves a small 
group of specialist evaluators who inspect an interface and use a list of heuristics, combined with 
their knowledge and experience to identify and classify potential problems.  
The latter involves a small number of representative test users from the target user population, 
who talk out loud whilst performing representative tasks, thus providing insight into their 
thought process when problems occur. Summative evaluations (Rubin, Chisnell, & Spool, 2008) 
involve the objective measurement of performance metrics and statistical analysis and are often 
used to compare alternative designs or competing products. 

Because of the early stage of development, we have limited our evaluation efforts, and 
concentrated on conducting a Heuristic Evaluation on PragmatiX with three ontology-



engineering experts who investigated and explored our tool in sessions of 60-120 minutes. We 
have gathered feedback about the utility and problems assigned to PragmatiX, which we will 
further discuss in our section Evaluation.  
 
THE PragmatiX VISUALIZATION TOOL  
PragmatiX represents an evolution of the iCAT Analytics tool (Pöschko et al., 2012) and goes 
beyond iCAT Analytics by (i) being applicable to collaboratively engineered ontologies in 
general (and not specific to a particular ontology) and (ii) by adding several new views and 
visualizations to its repertoire. PragmatiX provides several different ways to interact with the 
analyzed data sets, which will be described in this section in greater detail. Users can perform 
exploratory analyses using different kinds of visualizations including three network 
visualizations, ranked overviews and detailed statistics views for all concepts and users. To 
further accommodate the needs of Administrative Personnel, we extended the tool by 
implementing a dashboard, which lists rather general statistics that can be used to interpret and 
monitor the progress of the underlying ontology engineering process.  
 
Tool Overview 
PragmatiX provides several different views that allow for different types of interaction with the 
imported data sets (see Figure 2). These different views and network visualizations are listed in 
Figure 2 and consist of:  

• The concept network visualization hierarchically visualizes the concepts of an ontology 
via is-a relations and simultaneously allows to further visually inspect/explore conceptual 
features, such as the number of changes performed on every concept of the ontology. 

• The author network visualization visualizes the relationships across users by 
identifying and quantifying commonly edited concepts (or collaboration). 

• The property network visualization displays properties of concepts, and their 
pragmatic relationships with each other (e.g. what property was edited after what other 
property?) 

• The dashboard & community views are used to visualize and list general statistics 
which support Administrative Personnel in monitoring the progress of the engineering 
process. 

• The statistics overviews feature rankings of all concepts, authors and properties 
according to several different pre-calculated features. 

• The detailed statistics views provide detailed information about the change-history of a 
single concept or a single author. 

 



!
Figure!2.!An!overview!of!all!statistics!views!and!visualizations!provided!by!PragmatiX.!The!tool!
features!three!network!visualizations!(Author,!Concept!and!Property!Network),!different!types!of!
dashboards!and!overviews!as!well!as! very!detailed! statistics! views.!The!data!displayed! in! this!
figure!is!from!the!ICDG11!data!set.!The!nodes!in!the!network!views!either!represent!an!author,!a!
concept!or!a!property.!While!edges!in!the!concept!network!visualization!depict!isGa!relationships,!
they!vary!in!the!author!and!properties!network!visualization!according!to!the!currently!selected!
features. 

 
Concept Network Visualization 
This network is used to visualize change data specific to hierarchical structures, relations and to 
the complexity of and between the concepts of an ontology. Every node represents a single 
concept in the ontology. Every edge represents is-a relationships between concepts. The color 
assigned to each concept represents the display status of the concept – a property of the ICD-11 
ontology, which can be used to represent the current development state or progress of a concept. 
We have adopted the color codes from iCAT and visualize them if they are supported by the 



underlying imported collaboratively engineered data set. In the case of ICD-11 the colors have 
the following meanings:  

• Gray: no display status assigned 
• Red: the concept requires extensive work 
• Yellow: the concept is worked on, but is not finished 
• Blue: the concept is ready for subsequent phases 

These color codes are usually assigned by managers or leaders of collaborative ontology 
engineering projects, but could also be assigned by other roles (e.g. editors) through other 
mechanisms (e.g. voting). The color codes provide a quick overview of the current state of the 
ontology, which is especially important for collaboratively engineered ontologies as they can 
help to minimize the difficulties of identifying concepts or areas of an ontology that still need 
work, without having to allocate additional resources for that task. 

Additionally the concept network visualization allows users to decide what determines the 
diameter of each node by selecting from a set of conceptual features (see Table 1) that are used 
as weights. This allows PragmatiX to help answer a series of questions about the creation 
processes behind a particular collaboratively engineered ontology. 

 
Table 1. A list of features, used to weight nodes in the concept network. Per feature, we highlight 
corresponding questions that could be tackled with this kind of visualization. Additionally, a list 
of author specific concept network features, used to weight nodes in author specific network 
visualizations, and their corresponding research questions are provided. 
Feature Question addressed 
Concept Network  
Changes and Notes History  
Number of changes and/or notes Which are the highly edited/discussed areas in the 

ontology? 
Changes and notes Which are the highly active areas in the ontology? 
Distinct authors of changes/notes Which concepts attract many different authors? 
Authors Gini coefficient Which concepts are edited more “democratically”, i.e., 

in a more evenly distributed manner? Contrarily, which 
are the areas/concepts that are dominated by many 
changes of a single author? 

Overrides Which concepts cause most disputes (i.e. have the 
highest amount of changes performed on the same 
properties of a concept)? 

Edit sessions Which are the highly active areas (with aggregated 
consecutive changes of the same property by the same 
author being 1 edit session)? 

Distinct authors by property Which concepts have many properties that are edited by 
many different authors? 

  
Network Features  



 
 

In addition, PragmatiX allows limiting the visualization of the concept network to only 
display the set of concepts a specific user has edited, weighted according to the features listed in 
Table 1. The network itself is created analogously to all other network visualizations, resulting in 
an empty network if the selected feature renders an empty set of concepts (e.g., a user has not 
made any edits yet).  

The author specific concept networks can be used to analyze a variety of different aspects 
related to user behavior, such as the role of a specific user (i.e. generalists vs. specialists, see 
Figure 3) during the engineering process or concepts, topics and areas of interest of specific 
users. 

Number of parents/children Which concepts have many parents? (This is particularly 
interesting in the case of ICD-11, as multiple parents 
were not possible in ICD-10 and are therefore 
introduced gradually.) Which concepts have many 
children? (i.e. Number of parents/children in the 
ontological structure) 

Depth in network Which concepts are at what levels in the ontological 
structure (i.e. what is the shortest path of each concept to 
the root concept)? 

Betweenness centrality 
(directed/undirected), Pagerank, 
Closeness centrality 

What are central/popular concepts in the ontology, when 
looking at different attributes of the network structure of 
the ontology? 

Number of changes by community How many changes of a concept did each community 
performed? 

Number of titles/definitions and 
language codes 

How many different titles, definitions or language codes 
are available for each concept? 

  
Author Specific Concept Network   
Changes and Notes History  

Number of changes and/or notes 

What concepts or areas of the ontology did a user either 
edit or comment frequently? What concepts or areas of 
the ontology did a user both, edit and annotate 
frequently? 



 

Figure 3. Two author specific concept network visualizations taken from the ICD-11 data set 
with the selected feature “Number of changes”. The left author-specific concept network 
indicates a user who seems to be more of a generalist (editing a vast variety of concepts in the 
ontology) while the right concept network indicates a user who seems to be more of a specialist 
(editing a more narrow area of the ontology).  

 
In addition to these features and visualizations, we have also implemented a heat-map (see 

Figure 4), which allows users to visually monitor and track activity within the ontology. The 
heat-map can be used in all concept networks (including all user specific concept networks) 
combined with every feature listed in Table 1.  

 



 

Figure 4. PragmatiX showing the concept network visualization of ICD-11 as a heat-map and 
the selected feature “Number of changes”. The warmer the node colors the more recent the last 
edit has been performed. 
 

 
The Administrative Personnel can use the concept network visualization to track activity and 

progress as well as to identify domain specialists. The Engineering Staff can use the tool to 
identify parts of the ontology that are (or are not) very active to adapt the engineering process or 
the underlying knowledge representation. Ontology Viewers can use the visual representation to 
explore the complexity of the ontology and to identify areas of community interest according to 
different pragmatic features (e.g. number of edits). 
 
Author Network Visualization 
In addition to the user specific concept network, PragmatiX provides a visualization of all 
authors, displaying the extent of collaboration (see Figure 2) they engaged in during the 
engineering process. The following two features can be selected:  



1. Commonly edited categories (collaboration) shows a network of authors, connected by 
weighted edges according to the number of commonly changed or commented on 
concepts. The node size represents the total number of changes performed by each 
author.  

2. Overrides shows a network of authors, connected by weighted edges according to the 
number of changes by one author that were overridden by another author. The node size 
represents the fraction of all changes performed by the author that were overridden by 
other authors. 

The author network supports Administrative Personnel to measure if and to what extent 
authors engage in collaboration and perform overrides. Additionally it can help members of the 
Engineering Staff to explicitly identify the “importance” of a user (e.g. for the collaboration 
graph, according to the connectivity and weights of the edges, indicating very active and 
collaborative users). Ontology Viewers will use the author network to explore the complexity of 
social interactions and might be interested to compare the extent of collaboration with the 
amount of performed overrides to see whether the project is led in a more or less democratic way 
and who is responsible for keeping the order and can be contacted in case problems arise. 

 
Property Network Visualization 
In collaborative ontology engineering projects, it is interesting to study the pragmatic 
relationships between different properties, to show – for example - what properties are edited 
first, or in what sequence properties are edited (where a property refers to a property of the 
ontology, i.e. a data type, object or annotation property). This could allow for identifying 
patterns of property editing behavior, which could have implications for the design of more 
effective user interfaces. To that end, we calculated and visualized the property network. Each 
node corresponds to a property and every edge represents the number of changes on a property 
followed by a change on a different property.  

The relationships between properties could be of great interest for the Engineering Staff and 
explicitly for Knowledge Engineers to enhance and adapt their knowledge representation and 
tools to better fit the natural working process of its users by closely grouping properties that 
exhibit highly weighted edges. 
 
Network Visualization Implementation Details 
The nodes, which represent either concepts or users, and edges, which represent either 
ontological relations or collaboration and overrides, in the network visualizations are weighted 
according to a set of independent features (see Table 1 for more details) and are visualized by 
adjusting the size and/or color of the nodes and edges. Currently, PragmatiX features the 
following network visualization layouts, both generated using Graphviz (Ellson et al., 2001):   

1. twopi (radial) 
2. sfdp (multi-scale force-directed “spring model”)  

The radial layout allows for a clear visualization of ontological or hierarchical structures 
similar to that of taxonomies or trees. The force-directed layout, on the other hand, is better 
suited to visualize highly interlinked ontological structures and networks. Due to the fact that all 
layouts are pre-calculated (i.e. the x- and y-positions for each concept are stored in the database 
for each layout), PragmatiX can be easily extended to support any given 2-dimensional layout 
algorithm and does not necessarily depend on Graphviz. 



To navigate the graphical representations users can either use the arrow-keys on their 
keyboard combined with the graphical user interface that allows for easy zooming and jumping 
back to the center of the network, or they can explore the network by common drag-n-drop 
principles and adjust the zoom level by using the mouse wheel. 

For reasons of usability and to avoid visual cluttering, PragmatiX only displays a specific 
fraction of nodes for large data sets, rather than the whole network at once. This is aimed to 
enable users in identifying and exploring top (i.e. the most interesting) concepts regarding 
specific features and attributes rather than analyzing the layout of an imported data set in general. 

To that end, PragmatiX knows the coordinates of the user view’s bounding box and selects 
the corresponding part of the network to display. To determine which nodes are displayed to 
avoid visual cluttering in large data sets, we have implemented an intelligent filtering algorithm, 
which divides the bounding box (or field of view) into 10x10 raster boxes where each box 
displays the node with the highest weight of the currently selected feature within its boundaries. 
To avoid disconnecting components that are physically connected, all nodes from any selected 
node and all edges from any selected node to the root node are displayed as well if available, 
thus forcing the network to stay connected.  
 
Dashboard 
The dashboard (see Figure 5) was created to provide something similar to an “overview” page 
that provides overall and generalized statistics about the whole collaborative ontology-
engineering project.  

Figure 5a shows the changes and notes distribution over time as a line chart and visualizes the 
aggregated amount of performed notes and changes in the ontology over time. The distribution 
of changes across users (Figure 5b) is represented as a pie chart. The basic statistics table (Figure 
5c) is a textual representation to quantify the size of the ontology, its users and their performed 
changes and annotations. Additionally, the category display status statistics (Figure 5d), provides 
additional information about the amount of concepts (and their average number of changes) with 
the corresponding assigned display states. 

The Community Statistics pie charts (Figure 5d) provide information about the percentage of 
changes performed by each user group on their corresponding concepts. For example, as can be 
seen in Figure 5, the corresponding assigned primary community performed 25.99% of all 
changes across all concepts. 
 



 
Figure 5. A screenshot of the dashboard, providing analytical information for the complete ICD-
11 engineering process, divided into four elements. Figure 5a shows the total amount of notes 
and changes performed over time. Figure 5b shows the amount of changes performed by the Top 
15 contributors. The Basic Statistics table (Figure 5c) can be used to quantify the size of the 
ontology, its users and their performed changes and annotations. The Concept and Community 
Statistics (Figure 5d) provide additional details about the distribution of changes across 
assigned communities and the overall progress of the project. 

 
The dashboard was specifically designed to fit the requirements of the Administrative 

Personnel to provide a quick overview of the current progress of the ontology. Additionally it 
supports the Engineering Staff to identify the distribution of edits across time and users. 
Ontology Viewers might be interested in parts of the dashboard, depending on their personal 
motivation towards PragmatiX and the imported data set. 
 
 



Community Views 
If an ontology exhibits different Communities of Interest (or user groups), PragmatiX provides 
“smaller dashboards” for each community, called “community views”. They are analogously 
designed to the dashboard (see Figure 5) and provide the same graphical visualizations, 
displaying only relevant data for each community. 

In addition to the dashboard, each community view displays textual information of the 
amount of changes and notes performed on the concepts, which are assigned to the community as 
well as the total number of changes and notes performed on these concepts by all authors in the 
ontology. 

Community views are specifically designed to meet the requirements of Project Managers 
and their assigned areas of the ontology. Similar to the dashboard, both Administrative Personnel 
and Ontology Viewers might be interested in specific community views, depending on their 
current motivation or tasks. In the case of the ICD-11, a community of interest is usually referred 
to as a Topic Advisory Group (TAG). 

 
Category and Author Views 
In addition to the network visualizations, PragmatiX provides overviews and very detailed 
statistics views for all authors and categories in general and every single author and category in 
detail. In these overviews, we rank all concepts and authors according to our implemented 
features (see Table 1 for a list of features). This allows users to quickly identify the top (and 
worst) concepts (see Figure 6) or authors for every feature without having to browse the 
graphical network visualizations. 
The detailed concept and author statistics views can be reached by either clicking on a node in 
the corresponding network visualizations or by following the links (as displayed in Figure 6) on 
the ranked overviews. These links are represented by the title of each concept and in the case of 
ICTM, which provides multiple languages for each concept; all available title-translations for the 
corresponding concepts are displayed in the listings of Figure 6.  



 

Figure 6. An excerpt of the concept overview for ICTM showing the Top 10 (and worst 3) 
concepts according to the features "Number of Changes" and “Number of notes” as clickable 
links. As ICTM provides multiple languages for each concept title and definition, all available 
titles for the corresponding concepts are displayed in the listings of Figure 6.  

 
The detailed concept statistics views (see Figure 7) provide further information about the 

parents and children of a concept, the change and note history of a concept, the group dynamics 
(e.g. Who contributed what amount of edits or notes when?) and a table that lists all feature-
values used in the concept network visualization. Due to reasons of space, the table containing 
the pre-calculated feature-values has been omitted in Figure 7. 

The detailed author statistics views are similar to the detailed concept statistics views and 
provide information about the amount of changes and notes contributed by a specific user, the 



communities a user is member of, concept-recommendations (Walk et al., 2012) the user might 
be interested to change as well as co-authors and overrides performed on a user. 
 

 

Figure 7. Shows the detailed concept statistics view for the concept "22.04.420 'Greater yang 
blood accumulation pattern (TM)’” of the ICTM data set. Figure 7a shows the change and note 
distribution on this concept over time. The distribution of changes across users for the displayed 
concept can be seen in Figure 7b. A list of assigned communities is displayed in Figure 7c 
(empty). Parents of the currently browsed concept are listed in Figure 7d. As ICTM features a 
set of different languages, the various titles and definitions for each concept are depicted in 
Figures 7e and 7f.  

 
The detailed statistics views for each concept and every author provide useful information for 

all members of the Engineering Staff. Project Managers and Knowledge Engineers can 
reconstruct the change history of a concept and identify the corresponding most influential/active 
users using the detailed statistics concept views. Knowledge Providers can, for example, use 



their own detailed statistics author view to receive suggestions for concepts to edit. Both concept 
and author overviews are used by Administrative Personnel and the Engineering Staff to quickly 
identify users or concepts of interest, according to the implemented and ranked by features. 
 
EVALUATION 
PragmatiX was evaluated in May 2012 using the Heuristic Evaluation (HE) method. Three 
ontology engineering experts, who are all experienced in the task of engineering and gardening 
ontologies, thus represent a fraction of the actual target group of our tool, acted as evaluators and 
explored, tested and investigated the interface in sessions from 60 to 120 minutes. All three 
evaluators, without any direct request, assumed (multiple) different user roles during the 
evaluation task and included these perspectives in the provided feedback. The evaluation 
uncovered a total of 27 usability issues, ranging from rather simple problems, such as a 
misleading icon to display a legend while browsing a network visualization, to more serious 
usability issues, such as a confusing name for the concept of TAGs (Topic Advisory Groups, 
introduced by the WHO for ICD-11) which are better described as Communities of Interest. All 
27 issues were classified according to a modified version of Nielsen's 10 Heuristics (Nielsen, 
1994) called the “Andrews General Usability Heuristics”, which are more concise and include 
small explanations or examples as clarification for each heuristic, which aid the evaluators in 
classifying identified problems during their evaluation task. We make the full HE Report 
available for download as Walk & Andrews (2012). A short excerpt of identified usability issues, 
manually filtered by significance and ranked according to their severity, is listed in Table 2. 
 
Table 2. An excerpt of usability issues identified in the Heuristic Evaluation, manually filtered by 
significance. The issues are ranked according to the average severity assigned by the three 
evaluators. 

Short Title Description 

Interpretation of results 
It is very hard to interpret the currently browsed features (see Table 
1) of the network visualizations as no information about the actual 
meaning (or interpretation) of chosen features is provided. 

Details of initial 
concept network 
visualization unclear 

Directly after login - when being confronted with the initial 
ontology concept network visualization - it is unclear what parts of 
the ontology are represented as nodes, edges, colors and diameter of 
the nodes. 

Unreadable hover text 
When the mouse is hovering over a node in the graphical 
representation, the hover text is unreadable if the hovered node has 
many children and parents. 

Wrong vocabulary for 
Audience 

Ontology experts might not be familiar with network analysis 
measures and vocabularies. 

Can't move/drag nodes The network interface should support “drag & drop” for nodes, as 
there are bigger nodes that sometimes conceal smaller underlying 



nodes. 

 
All three evaluators, who have expertise and experience in developing and working with 

ontologies stated, that they were confused about the initial concept network visualization they 
were presented immediately after login. According to the feedback gathered during the HE, the 
confusion mainly arose as the evaluators never specified any features or relationships prior to the 
login and could not link the displayed information with the visualization. Additionally all 
information regarding the chosen data set, the selected features and the explanations of these are 
hidden within the interface of PragmatiX. The evaluators mentioned, that they are missing 
explicit information about the currently displayed visualization, which can help them to better 
understand what they are currently looking at. One evaluator specifically stated, that she is 
missing information on which nodes are currently displayed. 

This leads to another very interesting observation. The evaluators had problems to really 
understand and interpret the different features. It was not immediately clear why it could be of 
interest to explore and visualize the number of changes performed on each concept or their 
number of distinct authors.  

According to the evaluators this is mainly due to the lack of descriptions for the implemented 
features, their very unspecific presentation (i.e. describing the drop-down box to select the node-
size features with “Feature”, rather than “Feature to define node-size:”) combined with an 
extensive usage of network theory vocabulary, which ontology experts might not be familiar 
with. One evaluator suggested, that we should use descriptive text-snippets rather than the actual 
name of the implemented measures.  

This also correlates with the problems the evaluators faced, when trying to interpret the 
meaning of the visualizations after selecting different features. Not only was it unclear to the 
evaluators, what property of which element is influenced by selecting different features, but also 
how to make sense of the visualizations of these features.  

In a few cases bigger nodes concealed smaller nodes or the displayed additional information 
when hovering a node was unreadable due to overlapping neighboring nodes, which actually 
amplified the problem of interpretation and is a direct result of pre-calculated graph layouts, 
which do not accommodate different node sizes. 

As a possible solution to the problem of interpreting the visualizations, we were asked to 
provide additional textual information on the meaning of the currently selected feature and 
maybe some smaller examples to explain how to interpret the measure. 

The majority of all uncovered problems are related to providing more and additional 
information about the implementation and meaning of various attributes of PragmatiX. All three 
evaluators mentioned the high utility of the implemented heat-map, the dashboard and 
community views. 

It is noteworthy that, in addition to usability issues and positive findings, two evaluators also 
explicitly tried to locate specific features, which were not yet part of the system. This led to the 
introduction of a third category of findings called “feature requests”. One of these feature 
requests was, for example, the implementation of a timeline graph that would support browsing 
the state of the collaboratively engineered ontology and its engineering process at different 
points in time.  

Additionally, it is important to note that PragmatiX is the first version of the tool, which was 
properly evaluated, thus we only have informal information about issues and complaints 



regarding its predecessor iCAT Analytics, which are all related to missing features. Nonetheless, 
the biggest complaints mentioned by users of iCAT Analytics were the limitation of the tool to 
only support one data set per instance and the lack of group statistics, which were especially 
interesting to members of WHO. 

Further improvements and formative evaluations are anticipated, and at some point in the 
future a summative study with end users from WHO is planned. However, the involvement of 
end users from WHO requires extensive planning and coordination, which is why further 
evaluations and the summative study are subject of future work. 

In general, the visualization of very large networks is a very hard task, especially when it is 
desired to use the output for explorative analysis. The performed HE suggests that the currently 
implemented interface is useful for explorative analysis by browsing the visualizations, however 
new approaches and support have to be implemented for helping users in interpreting the 
visualized results. 

In general, the feedback received during the HE was very valuable as it helped to uncover 
multiple design flaws that potentially confuse our target user-groups and aggravate dealing not 
only with PragmatiX but also collaboratively engineered ontologies in general. On the other 
hand, specific advice was gathered to derive potential approaches that can help to solve the 
identified usability flaws (i.e. to further explain the colors in all charts or to better describe the 
measures throughout the tool instead of only providing the name of the measure itself). However, 
it should be noted that an HE does not guarantee to identify all usability issues and is not 
designed to provide solutions to positively identified issues.  
 
DISCUSSION 
PragmatiX aims to visualize pragmatic aspects of the creation processes behind collaboratively 
engineered ontologies. We argue that the three implemented network visualization views are 
useful for a variety of exploratory tasks. For example, the concept network visualization can be 
used to monitor progress, identify generalists and specialists, to detect areas and concepts of high 
(and recent/past) activity. The author network visualization can be used to measure if and to what 
extent collaboration and overrides exist in the project and which authors collaborate with, or 
override other authors the most. The properties network visualization can provide insights into 
the creation process, which in turn can help to enhance the engineering tools for example by 
grouping properties that are frequently and successively changed. Our heuristic evaluation has 
demonstrated that – in principle – the PragmatiX tool can serve these purposes. It found that the 
majority of problems assigned to PragmatiX are related to insufficient descriptive textual 
information of implemented features. As a result, evaluators confused or misinterpreted 
vocabulary used in PragmatiX, which is mostly taken from the domain of network analysis. 
PragmatiX analyzes and visualizes the edit-, and contribution-behavior of all users that have 
contributed to a project and as a result are also named in the inspected change-logs, which can be 
a great benefit for management. Nonetheless, privacy poses an open issue and has to be 
addressed by the corresponding Ontology Administrators. One possible solution to this problem 
could be to obscure the change-logs by replacing names with consistent acronyms prior to 
importing them into PragmatiX. In the long run, identifying more profound, automatic and 
secure approaches to protect contributors privacy poses a very important subject of future work. 



 
CONCLUSIONS 
In this application paper, we have presented PragmatiX - a tool for visualizing the construction 
processes behind collaborative ontology engineering projects. Our main motivation for the 
development of this new tool was (i) an interest in making the otherwise hidden social processes 
and dynamics behind collaborative ontology engineering more visible and amenable to analysis 
and (ii) a lack of currently available visualization tools for that purpose. We have presented and 
preliminarily evaluated the main functionality and features of PragmatiX, and we have 
demonstrated its general applicability by using it for visualizing pragmatic aspects of five 
collaborative ontology-engineering projects. However due to limitations in space, only two 
projects are presented in this paper. 
We aimed to demonstrate that PragmatiX is a promising tool to visualize and analyze the 
pragmatic processes behind large collaborative ontology engineering projects. Future work on 
PragmatiX will likely focus on usability issues and feature requests gathered during the heuristic 
evaluation. We also anticipate including additional graph or network layouts that potentially 
provide additional insights into the social fabric, which would help to identify cliques or other 
groups of collaborators. Finally, we hope that this work sparks a new line of research on 
visualization tools for analyzing the processes behind collaborative ontology engineering 
projects. 
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Executive Summary 
Three ontology specialists were assigned the task of evaluating the online ontology analysis tool 
iCAT Analytics/PragmatiX, the immediate predecessor (including the same functionality) to 
PragmatiX. All three evaluators have substantial knowledge of ontologies including detailed 
information about the way they are created, evaluated, and used. In addition to ontology 
specialists, the following groups of users were identified as potential users of (parts of) iCAT 
Analytics/PragmatiX: Administrative Personnel, Engineering Crew, and Ontology Viewers. 

The initial intent of each of these user groups can, but does not necessarily have to, differ. 
Administrative Personnel are mainly interested in the progress of the ontology or the project 
itself. Compared to Engineering Crew, Administrative Personnel do not care about every single 
detail of the development process or the ontology. On the other hand, Engineering Crew are 
more concerned about investigating and identifying aspects of the engineering process which 
could have a positive or negative influence on the resulting ontology. Ontology Viewers are 
mainly interested in browsing and consulting the ontology, or parts of it, for their own purpose. 
They are not particularly interested in the analytical features of iCAT Analytics/PragmatiX, but 
do make use of the integrated visualizations. 

To help identify and classify potential problems and positive findings, the evaluators used the 
"Andrews General Usability Heuristics", a slightly modified version of Nielsen's 10 Heuristics 
(Nielsen, 1992). In a first session of 60 to 120 minutes, each evaluator examined iCAT 
Analytics/PragmatiX to identify usability issues and classified these according to the previously 
mentioned heuristics. The evaluation manager then aggregated the findings into a merged list. In 
a second phase, each evaluator assigned a severity rating to each of the problems in the 
combined list. The list was then sorted in decreasing order of average severity. 

The evaluation identified a total of 27 usability issues across all three evaluators. The most 
positive findings involve the utility of the implemented heat-map feature and the Author 
Overview pages. The 5 most severe problems are: 

1. Interpretation of Results It is very hard to interpret the currently browsed features of the 
network visualizations as no real info is given on what the chosen feature actually tells a 
user. 

2. Concept Recommender Titles The headings for all concept recommender approaches, 
which are displayed in the detailed author views, are too complicated. 

3. Details of Initial Concept Network Visualization Unclear Directly after the Log-In, when 
being confronted with the initial ontology concept network visualization, it is unclear 
what parts and properties of the ontology are represented as nodes, edges, colors and 



diameter of the nodes. 
4. Legend Display Bug If the legend is expanded and network visualization is switched from 

categories to authors or properties, the legend is still visible and cannot be deactivated. 
5. Unreadable Hover Text The hover text if mouse is over a node in the graphical 

representation is unreadable if many nodes are displayed. 

A complete list of all 27 usability issues is given in Section 6. 
 
INTRODUCTION 
Heuristic Evaluation (HE) is a usability inspection method, in which a small number of usability 
and/or domain specialists (the evaluators) analyzes and assesses the quality of a user interface. 
The evaluators use a list of heuristics, or general principles of good user interface design, to help 
identify potential problems. In this case, the evaluators used the "Andrews General Usability 
Heuristics", a slightly modified version of Nielsen's ten usability heuristics by Nielsen (1992). 
As each evaluator examines the interface, any potential problems or positive aspects, which are 
identified, are noted down and a corresponding screenshot is made. 

Heuristic evaluation is usually performed with specialist evaluators who have extensive 
knowledge of either usability or of the domain in question or both (so-called double-specialists). 
For this study, it proved difficult to find double-specialist evaluators with extensive knowledge 
of both usability and ontology engineering. The three evaluators chosen were all single-
specialists in ontology engineering. 

Each evaluation was conducted independently to avoid any influence from the other evaluators. 
After the evaluation sessions, the findings from all three evaluators were aggregated into a single 
combined list, one for positive findings and one for negative findings (potential problems). The 
combined list of positive and negative findings was returned to each evaluator to assign severity 
(and positivity) ratings. The severity ratings ranged between 0 (no problem) and 4 (catastrophic 
problem). As a final step, the negative findings were sorted in decreasing order of average 
severity. 

Note that a HE may or may not provide information on how to tackle the identified usability 
issues. In any case, HE represents a very cost effective method to identify design problems from 
minor to catastrophic. Additionally, a HE can be performed at an early stage of development, 
allowing problems to be recognized and fixed early on. 

User Profiles 
iCAT Analytics/PragmatiX is designed for users who are closely involved with the topic of 
collaborative ontology engineering, thus are related and can be mapped to the roles identified by 
Schreiber et al. (2000) for Knowledge Production Systems. These users might be part of the 
Engineering Crew, which needs to adapt the ontology to better fit the needs of the Ontology 
Workers, who provide content for the ontology. Additionally iCAT Analytics/PragmatiX also 
provides various network visualizations and statistics overview pages for Ontology 
Administrators and Project Supervisors to monitor progress. These overviews display additional 
information about the project, such as the distribution of changes across users, and allow domain 
experts for particular sub-branches of the ontology to be identified. 



1. Administrative Personnel 
a. Knowledge Managers 
b. Project Managers 

2. Engineering Crew 
a. Knowledge Engineers 
b. Knowledge Analysts 
c. Knowledge System Developers 
d. Knowledge Providers 

3. Ontology Viewers 
a. Knowledge Users 
b. Visitors 

Administrative Personnel are responsible for overseeing the progress of the project. They 
concentrate on using the statistical overview pages (dashboard, tags) and only examine more 
detailed statistical pages (concept, author) on special occasions. 

The Engineering Crew is less interested in monitoring the overall progress of the project. Instead, 
they are particularly interested in very specific aspects of the engineering process, such as the 
distribution of changes across users or the identification of frequently changing areas of the 
ontology. 

Ontology Viewers can exhibit various types of motivation, but generally consume rather than 
contribute to an ontology. They can exhibit either the behavior of Administrative Personnel or 
the Engineering Crew (or a combination of both). They can be interested in certain aspects of the 
ontology due to personal motivations, such as its use in their own projects or the application of 
iCAT Analytics/PragmatiX to their own ontologies. 
 
Extent of the Evaluation 
All three evaluators inspected nearly all parts of the iCAT Analytics/PragmatiX interface. There 
are no specific areas of the tool, which are only visible for specific users. The evaluators spent 
most of their attention (and time) analyzing and understanding the different network 
visualizations. The main focus set by all three evaluators (on their own initiative) was on the 
information that can be gained when assuming three particular roles: that of Project Managers, 
Knowledge Analysts, and Knowledge Providers. To that end, they first explored and investigated 
the different network visualizations and later used the overview pages (dashboard, authors etc.) 
to find and verify information they had previously extracted from the network visualizations. 
 
EVALUATION ENVIRONMENT 
The hardware and software used by each evaluator is shown in Table 1. 
 
Table 1: Hardware and software environment used by each evaluator. 

Evaluator Expert 1 Expert 2 Expert 3 
Age 35 28 31 
Sex Male Female Female 
Web Browser Firefox 12 Google Chrome Firefox 12 



19.0.1084.52 
Operating System Windows 7 

Professional 
Windows 7 
Ultimate 

Windows 7 
Ultimate 

Internet 
Connection 

Graz University of 
Technology 

Localhost Localhost 

Monitor Size 26“ TFT 15,4“ TFT 15,4“ TFT 
Monitor Colors 32-bits 32-bits 32-bits 
Monitor 
Resolution 

1920x1200 1920x1200 1920x1200 

Browser 
Resolution 

1920x1200 1920x1200 1920x1200 

Date of Evaluation 2012-05-11 2012-05-22 2012-05-25 
Time of Evaluation 10:00-12:00 15:00-16:30 09:00-10:00 
 
POSITIVE IMPRESSIONS 
Interesting and Useful Feature: Heatmap 
The tool iCAT Analytics/PragmatiX provides a very interesting and useful feature called 
"heatmap". This feature allows tracking the activity of all users within the ontology and can be 
seen in Figure 1.  
 

 
Figure 1: The concept network visualization with activated heatmap. 
 
Also, evaluators remarked that this feature is very useful to tackle the problem of having to 
assign additional resources (opposed to non collaborative authoring systems) to monitor activity 
in collaborative authoring systems. 
 



The dashboard 
In addition to the heatmap, evaluators remarked that the dashboard is a very useful overview 
page that allows for easy monitoring of the progress of the project or the ontology. The 
dashboard for the International Classification of Diseases in its 11th revision can be seen in 
Figure 2.  

 Figure 
2: The dashboard for the International Classification of Diseases in its 11th revision. 

 
The author overview 
The author overview page is a very useful page to quickly identify the different user types 
according to several different aspects (features). It allows users of iCAT Analytics/PragmatiX for 
example to identify the most (and least) active users within the collaborative ontology 
engineering process according to the amount of contributed changes or notes. The author 
overview page (an excerpt) for the International Classification of Diseases in its 11th revision 
can be seen in Figure 3.  



 Figure 
3: The author overview page for the International Classification of Diseases in its 11th revision. 

 
Clean Interface 
Evaluators remarked that the interface of iCAT Analytics/PragmatiX is well thought through and 
does not feel overloaded or bloated. Especially the detailed concept statistic pages provide a 
variety of different information without overloading the interface. A detailed concept statistic 
page of the International Classification of Diseases in its 11th revision can be seen in Figure 4. 
 



 
Figure 4: A detailed concept statistic page of the International Classification of Diseases in its 
11th revision. 

 
 

Quick response times 
The response times of the network visualizations (the feedback after dragging or zooming the 
network) is very quick. This is due to the special filtering technique that is applied on the 
network visualizations, which results in displaying only a fraction of nodes and edges, thus 
avoiding visual cluttering. The concept network visualization for the International Classification 
of Diseases in its 11th revision can be seen in Figure 5 



 
Figure 5: The concept network visualization for the International Classification of Diseases in 
its 11th revision. 

ANALYSIS OF THE MAIN PROBLEMS 
Interpretation of Results 
The main problem according to all three evaluators is the circumstance, that it is very hard to 
interpret the currently browsed features of the network visualizations as no real info is given on 
what the chosen feature actually tells a user. A representative concept network visualization can 
be seen in Figure 6. 
 



 
Figure 6: The initial concept network visualization directly after Log-In. 

The circumstance that the legend is not expanded by default additionally amplifies the problem. 

Concept Recommender Titles 
The headings for all concept recommender approaches, which are implemented and brows-able 
at the detailed statistics authors views, are too complicated, as can be seen in Figure 7. 



 
Figure 7: The implemented concept recommender systems at the detailed statistics views. 

Details of Initial Concept Network Visualization Unclear 
Directly after the login when being confronted with the initial ontology concept network 
visualization, it is unclear what parts of the ontology are represented as nodes, edges, colors and 
diameter of the nodes. Additionally it is unclear how iCAT Analytics/PragmatiX filters, which 
concepts are to be displayed as only a small fraction of all nodes are displayed at once, as 
depicted in Figure 8. 



 Figure 
8: The initial concept network visualization of iCAT Analyitcs/PragmatiX with expanded legend. 

 
Legend Display Bug 
If the legend is expanded and network is switched from categories to authors or properties, the 
legend is still visible and cannot be deactivated as shown in Figure 9. 
 



 
Figure 9: Legend Display Bug prevents users from collapsing the legend. 

 
Unreadable Hover Text 
The hover text, which is displayed if the mouse is hovering over a node in the graphical 
representation, is unreadable if one node has many parents or children, as all texts are displayed 
at once and can produce visual clutter as can be seen in Figure 10. 

 



 
Figure 10: Visual clutter introduced by hovering a node that has many parents and children. 

 
 
LIST OF PROBLEMS FOUND 
An aggregated list of all problems identified by the evaluators can be found in this section. 
Problems are ranked in descending order of average severity. 
 
  



Table 2: Identified Usability Issues 

No Short Title Description Heuristic Found By Severity 

E1 E2 E3 E1 E2 E3 Average 

1 Concept 
recommender title 

The headings for all 
concept recommender 
approaches are too 
complicated. 

Aesthetic and Minimal 
Design 

Y   3 4 2 3,00 

2 Interpretation of 
results 

It is very hard to 
interpret the currently 
browsed features of 
the network 
visualizations as no 
real info is given on 
what the chosen 
feature actually tells a 
user. 

Recognition Rather 
Than Recall 

Y Y Y 2 3 3 2,67 

3 Details of initial 
concept network 
visualization unclear 

Directly after the Log-
In when beeing 
confronted with the 
initial ontology 
concept network 
visualization, it is 
unclear what parts of 
the ontology are 
represented as nodes, 
edges, colors and 
diameter of the nodes. 

Recognition Rather 
Than Recall 

Y Y Y 2 3 3 2,67 

4 Legend display bug If the legend is - Y Y Y 3 4 1 2,67 



expanded and network 
is switched from 
categories to authors 
or properties, the 
legend is still visible 
and can not be 
deactivated. 



5 Unreadable hover 
text 

The hover text if 
mouse is over a node 
in the graphical 
representation is 
unreadable if many 
nodes are displayed. 

Aesthetic and Minimal 
Design 

Y   3 2 3 2,67 

6 Usefulness of results In addition to the 
interpretation of the 
features (No. 4), what 
can be achieved by 
calculating and 
interpreting these 
features? 

Recognition Rather 
Than Recall 

 Y Y 3 2 3 2,67 

7 Categories list of 
features 

The list of features 
when browsing 
"Categories" is 
confusing/misleading 
as it can be 
misinterpreted as 
category (of concepts). 

Aesthetic and Minimal 
Design 

  Y 3 2 3 2,67 

8 Description instead 
of color in charts 

In all charts, instead of 
just listing for example 
"blue" concepts, the 
description for the blue 
display status should 
be used. 

Recognition Rather 
Than Recall 

  Y 3 2 3 2,67 

9 Wrong vocabulary 
for Audience 

Ontology experts 
might not be familiar 
with network analysis 
measures and 

Speak the Users’ 
Language 

 Y  2 2 3 2,33 



vocabularies. 



10 Properties network 
"missing" 

When selecting the 
properties network, 
there are only the top 
outliers visible and the 
actual connected graph 
is "missing" (hidden 
outside the current 
field of view). 

Aesthetic and Minimal 
Design 

  Y 2 2 3 2,33 

11 Show a concept in 
network 

Very hard and 
confusing to identify 
the currently browsed 
concept when clicking 
"show in network" 
while browsing the 
concept. 

Recognition Rather 
Than Recall 

 Y  3 2 2 2,33 

12 Hide TAG options 
and features if not 
available 

All features and 
statistics of TAGs 
should be hidden if 
TAGs are not 
supported by the 
imported data set. 

Aesthetic and Minimal 
Design 

 Y  3 2 2 2,33 

13 Selection process for 
visualization unclear 

As only a small 
fraction of nodes is 
displayed it is unclear 
why and how this 
selection process is 
applied. 

Recognition Rather 
Than Recall 

  Y 3 2 2 2,33 

14 What type of 
relation do edges 
represent and which 

What type of 
relationship is 
displayed by the edges 

Recognition Rather 
Than Recall 

Y Y Y 3 2 2 2,33 



are shown? in all network 
visualizations and 
which are shown due 
to the selection 
process? 



15 Missing colors in 
ICTM 

There are no colored 
concepts displayed in 
ICTM. They are all 
grey! 

Consistency Y   1 3 2 2,00 

16 Can't move/drag 
nodes 

The nodes should be 
made "drag and 
droppable" as there are 
"overlaying" nodes. 

Aesthetic and Minimal 
Design 

Y   1 2 3 2,00 

17 Action after click on 
node of properties 
network 

Contrary to all other 
network visualizations, 
when clicking on a 
node of the properties 
network, the user will 
be redirected to the 
concept/categories 
network. 

Feedback  Y  1 3 2 2,00 

18 TAGs Mistaken for TAGs 
(instead: Topic 
Advisory Groups) 

Speak the Users’ 
Language 

Y  Y 2 2 2 2,00 

19 Change context The vocabulary 
"context of a change" 
is misleading as the 
context only discribes 
the performed action 
of a change. 

Speak the Users’ 
Language 

Y Y  2 3 1 2,00 

20 Headings of statistic 
pages should be 
improved 

Instead of having the 
names of the statistics 
as headings a more 
descriptive heading 

Recognition Rather 
Than Recall 

 Y  2 2 2 2,00 



should be chosen. 



21 No "Features" in 
authors and 
properties network 

Contrary to the 
concept network 
visualization the 
features are named 
"show". 

Consistency  Y  2 2 2 2,00 

22 Too many category 
features 

There are too many 
features listed. Only 
the Top 10 most 
important features 
should be listed to 
prevent confusion. 

Aesthetic and Minimal 
Design 

Y   3 1 2 2,00 

23 Improve Legend Legend should include 
a more descriptive 
sentence of the 
currently shown 
feature. 

Recognition Rather 
Than Recall 

 Y  1 2 2 1,67 

24 Legend icon The icon chosen for 
the legend is 
misleading and signals 
help rather than 
legend! 

Recognition Rather 
Than Recall 

Y Y Y 2 2 1 1,67 

25 Changes by TAGs The concept of TAGs 
in ICD-11 and ICTM 
was not 
understood/very 
unclear. 

Speak the Users’ 
Language 

Y   2 1 2 1,67 

26 Details of authors 
network and 
properties network 

When browsing the 
authors and properties 
network it is unclear 

Recognition Rather 
Than Recall 

 Y  2 2 1 1,67 



unclear what attributes are 
responsible for each 
node size and edge 
weight. 

27 Missing "Home" 
Button 

A dedicated home 
button is missing 
(instead or in addition 
to having the 
application logo- 
image linking back to 
the initial concept 
network visualization). 

Recognition Rather 
Than Recall 

 Y  1 1 1 1,00 

  



 Table 3: Severity Ratings 
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Severity Meaning 
4 Catastrophic problem 
3 Serious problem 
2 Minor problem 
1 Cosmetic problem 
0 Not a problem 

Av Average Severity 


