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Abstract

Understanding anatomy is important for research in life sciences. Over the years new methods
have been developed that can be used to enhance the learning process, such as Virtual
Reality (VR). VR allows users to examine, and interact with anatomical structures in a
three-dimensional space, providing a more immersive and intuitive learning experience. In
this research project, the effectiveness of VR in studying anatomy is investigated. A VR
environment has been programmed that visualizes anatomy of a zebrafish embryo. The VR
environment is divided into two parts: the usage of games and the visualization of an ontology.
User evaluations have been conducted to test the usability of the VR program for studying the
anatomical parts. Results have been collected during the evaluations through observations and
a questionnaire. By using familiar controls, repeating certain functionalities, and incorporat-
ing gamification, VR can be used to effectively visualize anatomy ontologies and study anatomy.
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1 Introduction

1.1 Context Zebra�sh

Zebra�sh are a small type of freshwater �sh that are native to South Asia. Adult zebra�sh reach a
length ranging from about 2 to 4 centimeters [CE13] [Ge18]. The name of these �sh is derived from
the horizontal stripes that run along the sides the of zebra�sh's body [Bur16]. Due to the many
valuable characteristics these �sh have, they are commonly used for scienti�c research. They make
useful model organisms for studying the development of vertebrates [NIH22]. These �sh have many
genes that have the same or similar functions as genes found in humans. This means that these �sh
can be used to study human diseases caused by genetics. Moreover, zebra�sh are used as model
organisms for studying developmental genetics [Ge18]. By using zebra�sh as model organisms, it
is possible to gain more knowledge in the function of certain genes in humans, in how certain
genes contribute to the development of humans, and in human diseases and treatments. However,
having similar genetics is not the only reason why zebra�sh are useful to model organisms for
scienti�c research. Zebra�sh have a short generation time and can produce hundreds of o�spring
per week. Furthermore, zebra�sh are easy to maintain and cheap to work with. Another interesting
characteristic of zebra�sh is that the fertilization and development of their eggs occurs externally
and that zebra�sh embryos are transparent. This makes it easier for researchers to study early
development [Bur16] [NIH22] [SZ12].

Zebra�sh have multiple di�erent organs and body parts. Anatomy can be grouped together in an
ontology. An ontology is a way to give a clear overview of the relationship between entities. In
this case, an ontology gives an overview of how anatomical parts of a zebra�sh are related to each
other. For example, the yolk and the hatching gland of a zebra�sh embryo are both parts of the
embryonic tissue.

1.2 Virtual Reality Visualization

Virtual Reality (VR) is a computer-generated three-dimensional (3D) environment that allows
users to explore and interact with the surroundings in the virtual environment by using a Virtual
Reality headset (and controllers) [She22]. Virtual Reality can be used for many purposes, from
marketing to educational purposes. By using VR in marketing, you can give users an immersive
experience with your brand and highlight the bene�ts of your product [SP18] [She22].
For this research, the focus mainly lies on the possible educational value of using VR. Earlier studies
have shown that Virtual Reality can have di�erent bene�ts in the �eld of education. It seems that
using VR can motivate students to study and learn new material [LB20] [TCT22] [PM18]. Moreover,
VR can provide a simulated controlled learning environment. This allows students to engage in
activities and experiences that may not be possible or safe in the physical world. Through VR,
students can practice complex procedures without the risk of injury, damage, or the need for animal
sacri�ces. Usually, practical assignments such as performing cadaveric dissection are mandatory. VR
provides an ecologically friendly approach to dissection, due to the limited availability of real-life
cadavers and their disposable use. Additionally, VR provides a personalized learning experience.
Students can learn at their own pace and tailor their learning experience to their own interests and
needs. This could potentially allow students to engage with the material in a way that leads to a
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Figure 1: Visualization of a 3D 45-hours-old zebra�sh embryo model in Atlas Browser

better understanding of the subject matter.

1.3 Related Work and Motivation

An understanding of human anatomy is essential in medical careers. It helps healthcare professionals
in diagnosing and treating medical conditions and diseases [Tur07] [STGA15]. Furthermore, anatomy
helps researchers and healthcare professionals to understand how di�erent parts and organs of
organisms function. Knowledge about the di�erent systems and organs in a living organism's body
allows for a better understanding of how these organs work together to carry out essential functions.
Therefore, it is important that anatomy is studied carefully so that a proper understanding of an
organism's body gets formed. Zebra�sh make an ideal model for molecular and genetic research,
due to their well-characterized genomic features and suitability for experimental manipulation.
2D and 3D visualizations of di�erent stages of zebra�sh have been made. With the use of a 3D
reconstruction program called TDR-3dbase, 3D models from a series of aligned section images by
drawing contours of structures can be generated [IaLc]. This program can also display the section
images and give a 2D or 3D visualization of the input. Moreover, people from the Imaging and
Bioinformatics Group at Leiden Institute of Advanced Computer Science (LIACS) created a 3D
atlas of zebra�sh development [IaLb]. Figure 1 shows a 3D visualization of a model of a 48-hours-old
zebra�sh.

In earlier studies, 3D models of zebra�sh were displayed on a 2D screen. One drawback of this 2D
visualization is the challenge encountered by individuals in accurately perceiving the depth and
spatial relations of the di�erent parts of the organism. Moreover, some anatomical parts can be
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Figure 2: Part of an ontology visual-
ization of a zebra�sh's nervous system
(Bio-imaging LIACS) [IaLa].

Figure 3: Example image of zebra�sh
ontology. Belmamoune & Verbeek 2007

di�cult to see or can be hidden as a result of the projection on a 2D screen. For this research, a
3D model of a 48-hours-old zebra�sh (zf1848) has been visualized in Virtual Reality. VR allows
users to interact with their environment, and it also allows for 3D visualization in an actual 3D
space. This can provide a more immersive experience and a more intuitive way of interacting with
the environment. Therefore, this research investigates the e�ectiveness of VR in visualizing and
studying zebra�sh anatomy.

Other work about Anatomy in VR reality exists. A software was developed by S.G. Izard, J.A.
Juanes M�endez, and P.R. Palomera for studying human anatomy. They created an interactive
Virtual Reality that can be used to study the human skull and tried to illustrate its teaching
potential [IMP17]. S. Chen Et Al., have conducted research to compare using VR as a teaching
method for anatomy of a human skull, with other traditional teaching methods [CZA20]. Both
researches focus on the educational bene�ts VR can have on studying anatomy. However, both
studies do not contain ontology visualization.
There exist tools to view zebra�sh anatomy ontology, such as images (�gure 2) and 2D digital
visualizations (�gure 3) where the relations between di�erent parts of a zebra�sh are shown. As
far as literature goes, 3D visualizations of ontologies in an actual 3D space do not seem to exist.
Therefore, this Virtual Reality has been created that visualizes zebra�sh anatomy ontology.
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1.4 Goal and Research Questions

This research aims to investigate the impact of virtual reality games on the study of zebra�sh
anatomy and evaluate the e�cacy of visualization techniques employed for ontology visualization.
This led to the following two research questions:

1. How can Virtual Reality e�ectively be used to visualize an anatomy ontology and
study it?

2. What in
uence do Virtual Reality games have on studying anatomy of organisms
or parts of organisms?

1.5 Thesis overview

This bachelor thesis researches how zebra�sh ontology can be visualized in an e�ective way by
using VR, and what the e�ect is of playing VR games to study zebra�sh anatomy. This research
is done under the supervision of Prof. Dr. Ir. F.J. Verbeek, and Feibo Duan MSc. In order to
investigate the e�ectiveness of VR in visualizing and studying zebra�sh anatomy, the VR pro-
gram has been split into two parts. One part of the program shows an ontology visualization
of zebra�sh anatomy. The other part contains three di�erent games that can be used to study
zebra�sh anatomy. Since the bachelor thesis is made by two people, the implementation of the
VR program was split in two as well. Both students cooperated on each topic of the program.
However, in the later stages of the development, Yanna primarily focused on ontology visualization
and implementation while in the meantime Nikki mainly focused on the game aspect of the program.

In this thesis, the materials that were used to create the Virtual Reality program, are discussed
�rst (section 2). This section gives more information on the used hardware and software, packages,
3D model, and data. After that, the design of the ontology visualization, the quiz, the scavenger
hunt, the puzzle games, and the technical controls are explained (section 3) leading to their
implementations explained in section 4. In section 5 the user analysis and evaluations of the
research are deliberated, alongside the usability requirements for evaluating the program and for
answering the research questions. The results that were obtained from conducting user evaluations
are discussed in section 6. Conclusions are drawn from the results in section 7. At the end of this
thesis (section 7.10), possible future developments are mentioned and elaborated upon.
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2 Materials

This research required a couple of essential materials. A Virtual Reality hardware set was needed in
order to test and utilize the program made for this research. Furthermore, a real-time development
platform was used to build the program. Moreover, anatomy 3D objects need to be available for the
visualization of anatomical hierarchies. Lastly, a data set is necessary that includes the ontology
information of the same anatomical parts that the 3D objects represent. This section will discuss
the speci�c materials that were used for this research.

2.1 Hardware and Software

The HTC VIVE Pro VR gear was used for this research. This kit contained a VR headset, two
controllers, a battery, a wireless adapter, and two base stations. For the program to cooperate with
the VIVE set, the PC needed to meet speci�c system requirements. These requirements are shown
in the table in �gure 4 [corb].

Figure 4: PC system requirements necessary to operate VIVE technologies [cora]

For the VR tools to work properly, a set-up of the playing area had to be created. It was advised
to place the two base stations diagonally with a height of two meters and a maximum distance of
�ve meters between both base stations [cora]. However, for this research, the advised setup was
slightly modi�ed to make it suitable for the room that it was held in. The two base stations control
the playing �eld and needed to be placed optimally to get the best view of the player. Each base
station was placed about one and a half meters above the ground. The two base stations were
positioned diagonally across each other with a distance of approximately seven meters between
them. The base stations have a degree �eld of view of 120 degrees. For an optimal result, the angles
of the base stations were adjusted to let them face the desired playing area.
Moreover, the VR devices need to be connected to the PC on which the VR program is executed.
This connection is regulated by the SteamVR software that was installed on the PC.
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2.2 Packages

To use the SteamVR connection of the PC in the Unity program, the SteamVR package was used,
imported from the Unity Asset Store [Sto]. This package included some necessary functions to
acquire the VR information in Unity in order to make the VR system accessible in the program. It
also contained a few standard interaction scripts to apply the inputs coming from the controllers
and the headset in the VR environment.
Furthermore, the Newtonsoft Json package was used to retrieve the data information from a Json
�le and make it compatible with unity [par17].
Lastly, TextMeshPro is used to display text in the UI [Doc21].

2.3 Object Files

This research used a visualization of the anatomical structures of a 48-hours-old zebra�sh embryo.
Therefore, objects were obtained that constructed the anatomy of this embryo. These models were
all stored in an OBJ format. In total, 35 anatomical parts pertained to an object �le. The attained
parts are listed below:

1. yolk

2. yolk extension

3. white matter

4. vein

5. third ventricle

6. telencephalon

7. statoacoustic ganglion

8. spinal cord

9. somite

10. prechordal cartilage

11. precartilage of pectoral
girdle

12. pectoral �n bud

13. otic vesicle

14. optic nerve

15. optic cup

16. olfactory placode

17. notochord

18. myelencephalon

19. mouth

20. mesencephalon

21. lens

22. lateral line neuromast

23. heart

24. hatching gland

25. fourth ventricle

26. epiphysis (epithalamus)

27. endoderm

28. ectoderm

29. dorsal �n

30. dorsal aorta

31. diencephalon

32. coelom

33. cerebellum

34. branchial arch

35. axial vein

The information of these object �les was stored in an XML �le. To obtain the object �le for each
part, an XML �le was used that links every separate part of the zebra�sh to its corresponding
PNG �les. Each part is made out of layers of images. By uploading this XML �le to TDR, it was
possible to export OBJ �les that could be imported into Unity. However, the contours of some
parts consisted of tiny overlaps. This caused a systematical error when the program was trying to
build a 3D reconstruction for these parts. Therefore, the contours of each of the parts that caused
this error had to be adjusted manually within this application. New contours were drawn carefully,
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to make sure that no intersections were present. Subsequently, these contours were saved in the
XML �le by overwriting the intersecting contours. After doing so, the 3D reconstruction of the
entire embryo could be acquired.
The color of the objects was de�ned in the XML �le as well, however, Unity is unable to read
these color de�nitions. In Unity, an additional �le is necessary alongside an OBJ �le that describes
how a program should apply textures and colors to that object. Therefore, a Python code created
by Feibo Duan(Msc) was used that creates an MTL �le from the XML �le. This �le satis�es the
requirements needed for Unity to process the color information.

2.4 Data

A MySQL database was used to attain the necessary ontology information, mentioned in the table
\zf anat terms rel". To acquire the ontology information within this database, a query was written
that selected the names of the parents and the children within this table. A new table was created
containing this information. The coded query is presented in the appendix section 1. The derived
table was converted to a JSON �le to make the data accessible in Unity. This data set consisted of
the information of a fully developed zebra�sh. Hence, including more anatomical parts than an
embryo in stage 48h. To guarantee that the data set contained only the parts that an object �le is
available of, the data set had to be �ltered during the preprocessing phase. In addition, the names
of the 3D objects di�ered from their equivalent part mentioned in the data set. This had to be
adjusted during the preprocessing stage as well, in order to make sure that the object �les could be
linked to their corresponding part in the ontology.

2.5 Preprocessing

The JSON data set obtained from the MySQL database had to be modi�ed to make it compatible
with the zebra�sh embryo objects. Firstly, all 35 objects had to exist in the ontology data set
as an entity. Two holdbacks were introduced when utilizing this data set for the 3D model of
the zebra�sh embryo in stage 48h. The �rst problem concerned the dissimilarity between the
names of the parts in the 3D model and the entities in the ontology. Some anatomical parts
had an existing entity in the ontology but were named di�erently. Therefore, these parts could
not be linked to their corresponding entity without any preprocessing beforehand. To solve this
problem, the names of these objects were changed manually to the way they were de�ned within
the ontology data set such that they would match their entity. In addition, other anatomical parts
were not present in the ontology. These parts were added as a new entity to the ontology, in a way
that it was related to an already existing entity. All the implemented adjustments are listed in table 1.

The second complication that arose from the data set, was related to the di�erence between the
size of the data set and the number of anatomical objects. Originally, the data set contained 1090
unique entities, while only 35 entities corresponded to a game object. Consequently, not all entities
that were included in the data set were needed since they did not appear in the involved zebra�sh
model. The required entities were selected solely on whether they were related to one of the 35
objects or another entity that was somehow related to them. A Python code was implemented to
read and �lter the JSON data set, mentioned in the appendix 2, to discard all parts that did not
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have an available OBJ �le or did not have any relations to a part with an OBJ �le. An overview of
these steps is given in �gure 5.

Original Object Name Object Name Adjustment Ontology Adjustment
yolk - yolk-> extra embryonic tissue
yolk extension - yolk extension -> yolk
white matter brain -
vein - -
third ventricle - -
telencephalon forebrain -
statoacoustic ganglion statoacoustic (VIII) ganglion -
spinal cord - -
somite - -
prechordal cartilage prechordal plate -
precartilage of pectoral girdle pectoral �n -
pectoral �n bud - -
otic vesicle otic placode -
optic nerve eye -
optic cup - optic cup-> eye
olfactory placode - olfactory placode-> vestibuloauditory system
notochord axial mesoderm -
myelencephalon rhombomere -
mouth - -
mesencephalon midbrain -
lens - lens-> optic cup

lateral line neuromast lateral line system
anterior lateral line system-> lateral line system
posterior lateral line system-> lateral line sustem

heart - -
hatching gland - hatching gland-> extra embryonic tissue
fourth ventricle - -
epiphysis - -
endoderm - -
ectoderm - -
dorsal �n - dorsal �n skeleton-> dorsal �n
dorsal aorta - -
diencephalon - -
coelom - coelom-> mesoderm
cerebellum - -
branchial arch pharyngeal arch -
axial vein - axial vein-> vein

Table 1: All adjustments made to the object �les and the ontology data set. The �rst column lists
all the anatomical parts by their original name. The second column indicates the name to which the
part was adjusted. The third column speci�es the ontology relation that was added to the data �le.
The arrow (-> ) means that the left-hand side is part of the right-hand side. A dash (-) indicates
that no changes were made.
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Figure 5: Flowchart of the preprocessing steps that the ontology data �le undertook. The z�n data
set was imported from the MySQL Database and adjusted by several queries. The output table
was then converted to a JSON data �le and imported into Python to �lter the data set to get the
desired information.
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3 Design

It is important that the user understands the intentions implemented in the program. Several
design choices are employed to facilitate the user's comprehension of the underlying intentions.
Both research questions require unique design strategies to achieve their objectives. These employed
design methods are deliberated in the �rst two subsections. In general, all scenes make use of
the same standard VR controls alongside additional controls tailored exclusively for the speci�c
requirements of that particular scene. The thoughts behind these technological controls are explained
in the last subsection.

3.1 Ontology Visualization

In order to answer the �rst research question on how VR can be used to e�ectively study anatomy, it
is imperative to present anatomical information in a visually interpretable manner. To try to achieve
this objective, an ontology is utilized to provide a clear depiction of the anatomical hierarchies.
Anatomical ontologies are used to describe and classify the structure of living organisms in a
consistent and standardized way. The data set used for this exclusively comprised information
pertaining to entities that shared the relation \is part of", which indicates that one entity is a
component of the other. Besides giving an informative overview, the main function of the ontology
is to �nd out where certain parts are located in the zebra�sh model.
In section 1.3, several already existing works get discussed that illustrate 2D anatomical ontologies.
Figure 2 gives an example of a coherent ontology in a 2D visualization where each entity is presented
by its full name. However, in 3D spaces, using text meshes to present entities can lead to multiple
problems. The size constraint of a text is crucial, as excessive length can lead to undesirable overlap
between entities, making it harder to distinguish one from the other. When the font size gets too
small on the other hand, the legibility of texts in a VR space can be signi�cantly compromised,
making it harder for the user to read. As a solution, entities in the ontology visualization for this
research got depicted by spherical objects. To prevent overlapping text, the name of an entity only
appears when you point towards it with the right VR controller.
Furthermore, the 2D ontology in �gure 2 starts o� at the root, where the terms are shown that do
not have a parent entity. For each new layer in the ontology, tabs are used to clarify which entities
belong to the same layer. All entities that share the same parent are directly connected with each
other by a line that is coming from the parent object. This ontology representation can get long as
a consequence of the sequential listing of entities beneath each other. On a 2D screen, this may not
interfere with the user experience since it is possible to scroll through the ontology. In a 3D VR
environment, however, scrolling through the ontology can go less e�ciently due to the delayed and
uncontrollable responses of a VR controller. This is partly due to the fact that you need to steady
your hands while using the controllers, and the given inputs need time to be processed.
Placing the entities in segments beneath each other leads to another problem in 3D spaces. When
the data set contains a lot of information, the ontology gets too big which only augments the
problem that certain entities will not be easily reachable. Therefore, for the 3D ontology in this
research, an alternative way to visualize ontology anatomy was composed. To try to make each
entity easily reachable with the VR controllers from one position, the entities are oriented in circles.
This method makes sure that there are no entities located in corners that have a greater distance to
the middle point of the ontology than others. All entities in the same circle have the same distance
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Figure 6: Entity object
lights up with a 
uores-
cent fuchsia color when
it is hit by the laser
pointer.) [IaLa].

Figure 7: Entity ob-
ject becomes dark blue
when its corresponding
anatomical part has been
turned o�.

to the middle point of the ontology. The number of required depends on how many entities are
displayed simultaneously. Unlike in �gure 2, not all entities are displayed at once. The visualization
of the ontology starts with the root. This shows all entity objects that are not a component of any
other objects. In order to see another layer in the ontology, the user needs to interact with it. When
they selected an entity, all objects that were on the same layer as this entity disappear and a new
layer shows up. This new layer includes all child objects that were a part of this selected entity.
Furthermore, the scale of an entity is contingent upon the circle in which it is located. As the
distance between an entity and the outermost circle increases, the size of the entity diminishes.
This makes it possible to �t more entities in the ontology to make this visualization also compatible
with bigger data sets. However, it reduces the ease of �nding a speci�c entity. Therefore, scrolling
is possible, which rotates the circles and moves each entity one step aside.

Besides design ideas that were inspired by web-based designs, some additional features were included
to enhance the VR experience. Color coding was used to indicate di�erent meanings. All entities are
light blue if they are visible in the ontology. An entity is highlighted in pink when the user points at
it. This is the same pink color as the laser pointer, to indicate the correlation between the pointing
action and its result. When pointing at an entity, the corresponding parts in the anatomical model
can be turned on or o�. Toggling it o�, changes the color of the entity to dark blue, to specify
that its parts have been disabled and are currently not visible in the anatomy model. Toggling
it back on switches the color back to light blue and enables the corresponding anatomical parts.
In �gure 6 and 7 an illustration is given of the aforementioned color design choices. Furthermore,
instruction boards are placed in the environment. By adapting this approach, users are able to
read information regarding the controls or current scene when they need to.
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3.2 Game Interface

The second part of this thesis focuses on the creation of three games that can be used to study
zebra�sh anatomy. A quiz game, a scavenger hunt, and a puzzle were created. The design and
controls for all the scenes were kept as consistent as possible. By striving for optimal consistency,
it is aimed to enhance users' navigational experience and facilitate interaction with their virtual
surroundings.

3.2.1 The Quiz Game

Multiple design choices were implemented for the quiz game. The idea of the quiz was to create
a 3D user interface (3D UI) that enabled users to interactively answer multiple-choice questions
about the names of di�erent zebra�sh parts by getting to choose between four di�erent options for
each question. The design choice of using multiple choice questions for the quiz was made to allow
for quick testing and practice of recalling information from memory. The 3D UI also displayed the
user's current question number and score, which could potentially motivate a user to improve their
anatomy knowledge by wanting to increase their score.

Moreover, color-coding was used for the design of the quiz. Next to the 3D UI, a 3D zebra�sh
model was placed. The colors of the objects in this model were set to gray. However, the color
of one randomly chosen part got set to bright green for which the user had to assign the correct
name. When a new question got asked, a new part got randomly chosen to light up in bright green.
Another color-coding decision that was made was to clearly indicate which object a user has pointed
at. This was done by letting the gray parts light up with bright purple when the user pointed at
them. Since some parts of the zebra�sh model could be (partially) hidden behind other parts, users
were enabled to delete objects from the model.

To indicate whether a user selected the correct answer, a correct or incorrect screen gets displayed.
On these screens, the correct answer gets shown and the obtained points for answering that question.
Each correct answer adds 3 points to the user's score, while each incorrect answer subtracts 1 point
from the score.

Figure 8 shows an example of how the quiz works. The �rst image (�gure 8.1) shows that when a
user points at a part in the model, the color of that part turns purple. In 8.2 the user has clicked on
the object they were pointing at, to delete that part. A similar occurrence is illustrated in �gure 8.3
and �gure 8.4 with a di�erent zebra�sh part. Figure 8.5 and �gure 8.6 show that the user interacts
with the 3D UI to select an answer.
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Figure 8: Design sketch of the implemented quiz game. The sketch also shows the interaction
between the user's right controller and the game elements. The goal of the quiz is to assign the
correct name to the green part of the zebra�sh model. An object in the model lights up in bright
purple when a user points at it, and users can delete objects from the model by clicking on them.
Users can interact with the 3D UI by clicking on answers.

3.2.2 The Scavenger Hunt Game

During the scavenger hunt, the name of an anatomical part was displayed on a 3D UI screen. This
screen also displayed the current question number and the user's score. The goal was for the user to
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�nd the corresponding part in the zebra�sh model located next to the screen. Since certain parts
could be hidden behind other parts, users were able to delete parts of the model in the same way
as during the quiz game (section3.2.1). When the user pointed at a part, it would light up in bright
purple. They could then choose to delete the part or select it as their answer to the question. Again,
to indicate whether a user selected the correct answer, a correct or incorrect screen gets displayed.

Figure 9: Design sketch of the implemented scavenger hunt game. The sketch also shows the
interaction between the user's right controller and the game elements. The goal of the scavenger
hunt is to �nd the part of the zebra�sh that is being displayed on the 3D UI. An object of the
model lights up in bright purple when a user points at it. Subsequently, users have the option to
either delete the mentioned part or select it as their chosen answer.

In �gure 9 an example is given of the scavenger hunt. Figure 9.1 and �gure 9.2 show that users
can delete objects in the zebra�sh model. Figure 9.3 and �gure 9.4 show that a user can select an
answer in the zebra�sh model.
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3.2.3 The Puzzle Game

The puzzle game allowed the user to study the anatomical parts of an organism in a visual and
interactive way by completing a puzzle. Contrary to the other games, a puzzle could help users
develop spatial awareness and visualization skills, which could be useful for understanding and
remembering the relationships between di�erent anatomical parts. The puzzle was presented by
a silhouette of the zebra�sh model, this gave basic guidelines of where a piece belonged. When a
puzzle piece had been picked up, a small text appeared that indicated which piece the user was
holding. To maintain consistency between all the scenes, the color of the puzzle objects became
bright purple when the user pointed at them. Analogously, this e�ect applies when pointing at
parts in the silhouette.

Figure 10 gives an example of the puzzle. In �gure 10.2 a user points at a zebra�sh part and decides
to pick it up. Figure 10.3 and �gure 10.4 show that the user places the \yolk extension" in the
correct location of the zebra�sh silhouette.

3.3 Technical Design

The functional design aspects are based on the standard controller layout that has been used by
bigger game branches such as Nintendo, Playstation or Xbox. Generally, the left hand operates
orientation actions such as moving the playable character or editing the camera view. The right
hand is required for executing more precise tasks such as item acquisition. Moreover, according to
Fitt's law, the time to perform an action caused by a certain target depends on the distance to this
target and the size of the target. For this reason, the thumb and index �nger are primarily used
to perform the actions with the gamepads, because these �ngers are within reach of the buttons
on the controller. The other �ngers are limited in their options and are mostly used to hold the
gamepad in a comfortable way [Dot17].

To gain familiarity with the controls, the functional design for the VR program adhered to the
standard layout scheme. The user has access to two VR controllers. The left controller is solely
designated for navigating within the VR environment, while the right controller can be used to
perform actions. In each scene, it is made possible to walk around by hovering over the left trackpad,
with the left thumb. If the user presses the trackpad, the sprinting option is enabled, and the player
moves faster. The right controller has two main buttons that can be used. Firstly, the trigger button
is especially used to perform primary actions that need to be done to complete an assignment, or
for interacting with a UI screen. For instance, in the ontology scene, the main assignment is for the
user to discover the location of various anatomical parts in the reconstructed model. Therefore, the
trigger button is used to toggle anatomy parts on or o� when pointing at an entity. In the quiz, the
assignment given to the user is to answer the question. The trigger button can be used to complete
the assignment by disabling certain parts in the model to get a better view of the highlighted part.
In addition, the right answer in the UI screen can be selected with the trigger button.
Similar to the puzzle game, operating the trigger button can destroy the targeted anatomical object.
There is no UI screen in this scene, therefore a di�erent button should be applied to select the right
answer in order to complete the game.
In the puzzle game, the trigger button is used to pick up pieces and place them in the puzzle
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Figure 10: Design sketch of the implemented puzzle game. The sketch also shows the interaction
between the user's right controller and the game elements. The goal of the puzzle is to place parts
of the zebra�sh model in the correct location in the silhouette. A puzzle piece or a part of the
silhouette lights up in bright purple when a user points at it. When a piece is being held, the name
of that part gets displayed in the 3D space.

silhouette. Lastly, the trigger button is used to select a scene in the menu.
The trackpad is only used in the ontology scene and the scavenger hunt. In the ontology scene,
the right-hand trackpad is used to search for entities. When you point towards an entity, you can
view its children by pressing on the right side of the trackpad. If you want to see the previous layer
again, you press on the left side. Scrolling through the ontology is possible by using the upper and
bottom parts of the trackpad. Pressing upwards moves each entity in the ontology layer one place
to the right and downwards moves them to the left. In the scavenger hunt, the trackpad is used to
answer the question. Since the trigger button is already used to destroy objects, selecting answers
should go through a di�erent control. Hence, when the user directs their pointer towards an object,
they are required to press the upper part of the trackpad to designate that particular object as
their chosen answer.
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4 Implementation

The design layout deliberated in section 3 was used as a guideline for the implementation of the
four speci�ed scenes. Pictures of the ultimate version of the scenes are shown in �gures 11 to 14.
Additionally, a QR code is added to the appendix that can be scanned to access a video showcasing
the �nal version of the program (�gure 23).
The four scenes are each implemented in a separate scene in Unity. For each scene, fundamental game
objects have been created that control the functions in the scene. These functions are formulated in
scripts that can be added as a component to game objects. Besides scripts that are self-implemented
for this research, there exist standard scripts that are created by Unity and scripts that are used
from the packages mentioned in section 2. Some scripts incorporate variables that require inputs in
order to execute their functions. This section will discuss the important game objects and their
components in each scene.

Each scene contains a player game object and a camera rig object. The purpose of these ob-
jects is important for all scenes and the implementation remains the same. The player object allows
walking around through the game environment. It includes the walking script that is linked to the
camera object to keep the player and camera object in sync. The character controller component
from the UnityEngine is added to this game object too, to make it possible to perform movement
actions without a rigid body. This component needs to be assigned to the controller variable set in
the walking component [Doc23].
The camera rig contains the camera object and the controller objects. Therefore, it takes care
of the VR camera view and the input of its controllers. The object for the camera rig holds a
few components, two of which are self-implemented. The scriptmove cameramakes sure that the
camera aligns with the player object, and that it moves through the environment as a consequence
of the walking action. The second self-implemented script in this game object isGo To Menu and
manages the action to return to the menu screen during the game. The other scripts are conducted
from the SteamVR package. The SteamVRPlayArea component monitors the playing �eld that had
been calibrated. The camera rig contains the game object for the right and left-hand controllers.
These objects are in charge of the inputs that are given by the user through the VR controllers.
The script for the laser pointer is attached to the right controller. When the laser pointer is aimed
at certain objects, the material of these objects gets changed in order to change their appearance.
A brief overview of the important functionalities in each scene is given in the appendix in �gures
24, 25, 26, and 27. Other game objects are speci�cally created for their corresponding scene and
are discussed in more detail in the upcoming subsections.
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