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Abstract. Given the great reception given to the use of mobile devices in recent years, and development of 
virtual-reality applications to access information, there has been a high demand for consumption of resources on 
the Internet. However within an educational environment, there are few studies that relate effective methods of 
navigation for access to resources, and even more for the association of cognitive level concepts. This article 
presents a proposal for a navigation system in virtual-reality based on Knowledge Organization System (KOS) in 
a zoo. The main goal is to analyze the association of concepts in a 3D navigation structure, and basic usability 
aspects through the use of mobile devices on a population of children aged 10 to 12 years. 
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1 Introduction 

The basis of a Knowledge Organization Systems (KOS) is a set of terms which are linked through some kind of 
semantic relation. This makes possible to represent KOS terms and relations and not only visualize and also 
enable interaction mechanisms to navigate through them.  
 
Knowledge Organization Systems’ (KOS) visualization and navigation has been a long discussed topic in the 
past years [1, 2, 3]. Several authors have proposed different kind of interfaces and interaction options in order to 
make them more usable, attending to different purposes, context of use and users [4, 5].  
 
Digital repositories frequently make use of some kind of KOS as them are helpful tools to organize resources 
and to assist users to better find and locate resources, providing valuable additional information [6].  
 
Focusing on the educational context, it is amply demonstrated that the use of visualization techniques such as 
diagrams are highly valuable tools for learning purposes [7, 8].  
 
Visualizing and navigating through KOS could be not only useful for resources’ location and indexing, but also 
a learning experience itself [5, 7]. Fig. 1 depicts different mental processes which could occur while pupils are 
exploring a thesaurus about mammals, based on similar experiences gathered from previous experiments 
[references omitted for blind review process]. 
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Fig. 1. Navigating through a mammals’ thesaurus. 
 
The possibility of acquiring virtual reality (VR) devices has spread through initiatives which could transform a 
smartphone into VR glasses for an extremely low cost like Google Cardboard8 or even free as Mc Donald’s9 and 
Coca-Cola10 initiatives.  This initiative makes possible to everyone having a suitable smartphone to interact with 
VR interfaces. 
 
Our paper aims to study the possibilities of using this VR interfaces for KOS visualization and navigation, 
providing first insights of their possible use in an educational context. 

2 Background 

Authors like [9] have proposed models which allow to connect data dynamically with visualization to quickly 
create visualizations of RDF data. This facilitates both users and data analysts to obtain an overview, explore 
and conduct a detailed analysis of the Linked Data cloud. Another proposal made by [10] presents an approach 
for creating visualizations on top of Linked Data using a Wizard Viewing Linked Data, based on an assessment 
of usability testing by potential users, as web developers and experts on semantic web. 
 
Authors like [11] introduced ways to represent different ontologies through an structure according to "what" you 
want to represent (information in tabular form) and how (a structure defined ontology). The proposed approach 
allowed to represent the information of the ontology in different ways: i) a set of data from multiple ontologies: 
is displayed as nodes organized by different sections such as education, agriculture, health, etc; ii) an ontology 
of multiple datasets: display multiple Web pages of banks, and iii) visualization of a consultative relations: it 
shows how to visualize a warehouse inventory of printers showing the amount of each type utilizing a directed 
graph. 
 

                                                 
8 https://www.google.com/get/cardboard/ [Last consulted: 4 April 2016] 
9 https://www.geektopia.es/es/technology/2016/03/01/noticias/en-suecia-la-caja-del-happy-meal-se-convierte-en-gafas-de-
realidad-virtual.html [Last consulted: 4 April 2016] 
10 https://www.geektopia.es/es/technology/2016/03/04/noticias/coca-cola-tambien-quiere-que-uses-sus-cajas-para-hacer-
gafas-de-realidad-virtual.html [Last consulted: 4 April 2016] 

 



 

 
 

Burgos, González-Crespo & Khoroshilov (Eds.)  162/172 

Regarding the use of this techniques in immersive environments [12] proposed to display an ontology in a 3D 
environment simulation as a tool for managing variables and parameters. The simulation where the tests were 
performed consisted on a model of hypovolemic shock, this is when the heart fails to pump enough blood to the 
body. The authors constructed an ontology on arterial connections that are involved in hypovolemic shock so the 
ontology could be used to specify and manage all the variables involved in the simulation model. 
 
Authors like [13] address the issue of creating virtual environments or scenarios through the use of ontologies. 
Define the problem of generating 3D environments manually. The authors propose the creation of scenarios 
using schemes for the definition of environment (UML, RDF and OWL), first define all the rules, objects and 
animations that must have the virtual environment to generate and then by inference functions a package that 
allows display the 3D world is designed based on designed schemes GEDA-3D is a project of 2D and 3D engine 
for the representation of knowledge structures. Basically generate 3D environments using an ontology, similar to 
the form generation software using UML diagrams and structure. 
 
From the framework’s viewpoint [14] proposed the creation of 3D scenes using an architecture divided into 
three layers. Each layer would have ontologies describing a part of the 3D world to be created. These layers are 
distributed as follows: i) Layer Scene: has ontologies containing the proportions designed for stage and all 
objects that are within such a scenario, for example the size of the table, floor length, etc; ii) layer spatial 
relationships: contains ontologies that describe the position of objects in the scene you want to model, for 
example if a book is above or below where it is located a chair, bed, etc., iii) layer application restrictions: 
describes all the rules that will govern the 3D scene, for example gravity or what if a glass breaks. 
 
An approach in the educational area is proposed by [15], where the author presents the use of ontologies for 
knowledge organization and academic resources such as graphics, audio, video images arises, etc. These 
ontologies are divided by areas of knowledge such as philosophy, engineering or economics. The system was 
conceived to connect resources in repositories and display them to students and teachers. The way to visualize 
the information is not explicit but presented a kind of schematic showing how ontologies for educational 
resources would be created. Another study proposed by [16] presents a combination of Augmented Reality (AR) 
and Semantic Web technologies in order to enhance the existing mobile Augmented Reality browsers using 
Semantic Web technologies.  
 
There is a limited literature regarding KOS visualization in 3D environments and most of them is focused on 3D 
ontology visualizations involving highly specific applications. We were unable to find previous usability studies 
linking the visualization of KOS using virtual reality in the learning environment.  Therefore the following 
article takes the first step to analyze the possibilities of visual search interface using virtual reality tools to 
conduct immersive navigation mechanisms on children, using a thesaurus based on a real zoo animals as a use 
case. 

3 Materials and Methods 

a. Development of the KOS  

The application was developed as a videogame using unity 3D engine, the idea was using 3D objects of a 
videogame scene to represent the KOS structure of de Bioparc as a node parent-child frame. For this purpose the 
Google Cardboard API was used for input touch events and the head motion tracking also for generate the 
connection between nodes some scripts were built, the class diagram shown below illustrates de design of these 
scripts. Fig. 1, presents a representation of classes used in the 3D environment. 
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Fig. 1. Class diagram of scripts used on application. 

 
Classes Description: 
 

• IPointerClickHandler: It’s an interface of Unity that allows to detect a touch or click input event, it’s 
useful to perceive when a node want to be expanded. 

 
• MonoBehaviour: Unity class that allows to manage the entire scene, their methods start and update 

allows initialize components and update them in time. 
 

• Events: This script was crated and implements the IPointerClickHandler interface and extends from 
MonoBehaviour, with this script seeks detect when a sphere (node) is selected and trigger the event of 
expand the node. 

 
• MovementPJ: the Script controls the movement in the scene therefore the user can navigate in the KOS 

structure in an immersive way. 
 

• DrawLine: it is a simple script that draw the lines between nodes. 
 
App interplay: 

 

On the other hand for the interaction process with the application its important give to user some immersion and 
free navigation into the KOS. For this reason has been decided to connect the computer keyboard with the 
application in this way the users can use it to navigate into the KOS space. For this process we use the tool 
named Putty that uses a Telnet protocol to connect the mobile device with the computer and detect which keys 
are tipping on the keyboard.  
 
The interaction with de APP shows below in the figure 2, the user with de Putty application on his computer 
connects with the KOS application developed when this is done its time to use the Google Cardboard and the 
keyboard keys to navigate into the KOS space. 
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Fig. 2. Interaction between the mobile device inside Google Cardboard and the computer with the Putty application. 

 
Using visualization techniques to represent and navigate through knowledge classification schemes could be a 
very helpful tool for learning purposes, however, to reach this goal an important effort on the usability side must 
be done during its implementation. This includes the use of a proper knowledge organization schema [7], built 
up considering the users’ profiles, objectives and context of use.  
 
In order to avoid problems arising from the use of existing KOS, which were not built according to these 
principles, we decided to create a simple KOS, aiming to ensure the use of a proper sample for the experiment. 
This KOS was constructed to represent the animals in Bioparc Fuengirola Zoo (Málaga, Spain), which allowed 
us to construct a thesaurus, where the broader / narrower relation was established according to the animal’s 
habitat. Table 1 present a representation of concepts used to develop navigational interface. 
 

Table 1. Concepts used to develop KOS navigation 
 

 

Putty 
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The interface was built using Unity 3D engine, figures 3 and 4 show different views of the thesaurus. Fig. 3 
shows the different animals that can be found in the location of “Humedales” (wetland) in the Bioparc. This 
structure can be obtained from the catalog of species provided by the park. Humedales is a child node from 
Africa zone, in this way we can deduce that all species In Humedales belongs to Africa and can be found in a 
determinate context. 
 

 
 

Fig. 3. Bioparc’s thesaurus, user is centered in the “Humedales” (wetland) node. 
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Fig. 4 shows all KOS structure expanded and the camera that follows the navigation process in the application. 
On the other hand the figure shows the colors of the structure, each zone has its own color and their children 
have a similar color scale that indicates its linkage with the parent.  
 

 
 

Fig. 4. A broader view of Bioparc’s thesaurus – Unity SDK 
 

Fig. 5 present an overview of the KOS implemented in 3D. 
 

 
 

Fig. 5. An overview of KOS implemented 
 
Finally in figure 6 and 7, we present a preliminary representation of the Bioparc zoo. 
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Fig. 6. 3D representation of Bioparc zoo. 
 

 
 

Fig. 7. Preliminary method of navigation using Google cardboard. 
 
 
 
 
 

b. Evaluation methodology 

The evaluation of the prototype was carried out by the use of the System Usability Scale (SUS) [16] 
supplemented with personal interviews in order to extract additional qualitative data about the interface and the 
knowledge extracted by the users while navigating through the KOS, related to perception assessment.  
  
SUS is a widely used and freely distributed questionnaire consisting of 10 items which are scored using a five-
point scale ranging from “Strongly Agree” to “Strongly Disagree”.  It’s considered to be a quick, easy, reliable 
[17] and technology agnostic, making it suitable to be used by a broad group of usability practitioners to 
evaluate almost any type of user interface tool [18] either for small and big samples [17][18]. 
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We introduced some minor changes to the original SUS following the recommendations stated by Finstad [19] 
regarding the problems while using this scale with non-native English speakers, the change of the word 
“system” for “interface”, the inclusion of a short set of instructions [20] and other minor modifications in order 
to facilitate the understanding of the questions to the users, according to their age. The final set of statements 
were the following: 
 
1.I think that I would like to use this visual tool frequently. 
2.I found the visual tool unnecessarily complex. 
3.I thought the visual tool was easy to use. 
4.I think that I would need help to be able to use this visual tool. 
5.I found the options in the visual tool to be well integrated. 
6.I thought there was too much inconsistency in this visual tool. 
7.I imagine that most people would learn to use this visual tool very quickly.  
8.I found the visual tool very awkward to use. 
9.I felt very confident using the visual tool. 
10.I need to learn a lot of things before I could get going with this visual tool. 
 
Participants were 13 kids ranging from 10 to 12 years who were invited to test the interface for fifteen minutes, 
allowing them first to freely navigate through the KOS without providing any additional information about it, 
just asking them to learn as much as possible from the information they could find on it. After this, participants 
used the system to reply a set of questions which could be answered just by extracting the information from the 
KOS. The set of questions was: 
 
1.What does the KOS represent? (Animals in a zoo and their habitats) 
2.What kind of habitats are represented? (All of them are jungle-type) 
3.What was your favourite animal?  (Open answer) 
4.Where does he lives? (Open answer) 
5.What is the name of the habitat were Lemurs live? (Madagascar) 
6.Only there? (Yes) 
7. What is the habitat with more animals? (Mangrove Swamp, Indo-Pacific)  
8.What kind of animals live there? (Mostly fishes) 
9.Find an habitat where there is only one animal living. (The tiger at the Ankor temple) 
10. Did you feel dizzy or any other sickness while navigating through the diagram? (We use the term 

diagram instead of KOS for better users’ understanding) 
 
For questions from 1 to 9 we collected data regarding effectiveness – Was the answer correct? – and efficiency – 
How long did the participant take to reply? Did the participant need help?  

4 Preliminary results 

Several authors like [21], employ statements 4 and 10 from the questionnaire as representative of learnability, 
while the rest of the statements are representative of the construct usability. However when trying to analyze 
aspects of learning about children, it took majority of the questions associated with learning, and only one aspect 
(10) based on the physical conditions (dizziness), that may affect the conditions of navigation by the 3D 
interface. We considered learnability as an essential factor for the acceptance of the interface, so we took this 
approach in our analysis. Fig. 8 shows these results by participant. 
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Fig. 8. Measure for SUS scale in in 3D interface. 
 
Based on the results on figure 7, the evaluation of the learnability shows that the concepts related in 3D 
navigational structure has a mean score of 74,45 (SD = 6,85), which is above the average established by SUS 
(SUS > 68). The average of usability score was 21,46, although there were participants with a rating below 
average, in general this aspect was highly valued despite two participants scored below the average in usability 
aspects, which felt dizziness in the test. The construct learnability average score was 75,57. These results mean 
that majority of participants in test identified animals and relationships with the habitat, and category of animal 
selected according to the classification of KOS defined for the zoo. Table 2 presents these results in a detailed 
statistical description.  

Table 2. Statistical description of learnability. 

 

N 
Mean SD Error 

Task 1 13 3,000 0,226 0,816 

Task 2 13 4,307 0,174 0,630 

Task 5 13 3,384 0,140 0,506 

Task 6 13 4,230 0,520 1,877 

Task 7 13 4,230 0,520 1,877 

Task 8 13 3,692 0,364 1,315 

Task 9 13 3,923 0,177 0,640 

 
Table 2 details the maximum and minimum results of three aspects of learnability that participants valued 
negatively when using search interface. This aspect was related to the complexity of the tool (Mean=3,000; 
SD=0,226). However, three aspects of learnability were highly valued related whit concepts used in KOS 
interface (Mean=4,307; SD=0,174), the location of animals in habitat (Mean 4,230; SD=0,520) and issues 
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related to ease of learning to potential users in different knowledge areas (Mean 4,230; SD=0,520). Finally in 
figure 9 we present a summary of task by user satisfaction. 
 

 
 

Fig. 9. Summary of user satisfaction by task. 
 
As showed in figure 9, task 1 was the best activity evaluated, and task 6 presented a low satisfaction of all 
activities by children’s. However task 1 was the activity most high evaluated. 
 
 

5 Conclusions and future work 

 

We carried out a mechanism for navigation through a simple knowledge representation scheme KOS, based on 
the definition of a thesaurus of animals in a zoo. Their representation has allowed us to analyze some aspects 
related to learnability and usability. However, one of the key aspects that pursued our analysis was to identify 
whether the participants (children between 10 and 12 years) provided them processes of navigation-concepts 
through 3D technologies, and most important, if not generate problems of dizziness using google cardboard 
glasses.   
 
According to the results of the study associated with learnability aspects, the representation of knowledge 
schemes KOS in navigation mechanisms is possible using techniques of virtual-reality insofar as there aspects 
like: i) the use of simple navigation schemes where few levels deep are used, ii) few relationships between 
concepts, iii) use of concepts that did not involve association with other concepts in different levels of 
navigation. 
 
It is important to mention that there are still relevant usability aspects to explore, to perform navigation tasks on 
taxonomies. Therefore, it is necessary to have more accurate enabled devices when interacting navigation 3D 
environments. The above, because we do not delve on some aspects that were found, such as: i) problems 
associated with dizziness when surfing more than two levels deep, ii) headache when interacting with the 
navigation scheme, and iii) difficulty to access nodes using google cardboard. 
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Future work is projected to have a navigation system, using augmented reality, and the use of navigation 
structures with a higher level of utility, in terms of aid associated with: i) search method controlled by voice, ii) 
aid menus to visualize the selected concept related resources, and iii) use more specific usability methods for 
analyzing user behavior when using the tool. 
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