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Whispers of Destiny: Maidens’ Odyssey Amidst Rural Reverie

In villages nestled by streams serene,
Where life’s rhythm flows in tranquil scene,
There dwell the girls with dreams untold,
Whose spirits shine like purest gold.

Amidst the fields and meadows green,
Their aspirations, a beacon keen,

They yearn for more than fields and toil,
To grasp the world, to till the soil.

With eyes that gleam with fires bright,
They weave their dreams through darkest night,
Though paths seem rough, and skies seem grey,

They hold on tight, they find a way.

Though trials come, and hardships press,
They rise above, they do not regress,
For in their hearts, a flame ignites,
A fervent spark that forever ignites.

So let them not despair or weep,
For in their dreams, their hopes they keep,

To soar beyond the village bounds,
And reach the stars with joyous sounds.

O girls of villages, stand tall and true,
Your dreams are valid, your journey too,

Through education’s sacred door,
You’ll find the keys to life’s grandeur.

— This thesis is a tribute to the courageous young women in the rural landscapes of Indonesia, who persis-
tently strive to embrace the opportunities for education, particularly in the dynamic fields of science, technology,
engineering, and mathematics (STEM). With admiration and solidarity for our better future. —



iv



Abstract

Virtual Reality (VR) stands as a pivotal technology merging computer science and human-
computer interaction, rooted in immersive experiences. However, the analysis of large sets of
trafÏc measurements in its development is challenged by high variability and limited datasets.
This study aims to establish valuable data sets in VR development and analyze the data traf-
fic to see the influence of nature of players and games during the gameplay. Sixty participants
aged 18 to 35, having passed standard visual acuity and color blindness screenings, with diverse
gaming backgrounds, were randomly divided into two groups. Each group, consisting of 30
individuals, engaged inVR experiences viaOculusMeta 3. Group 1 playedCooking Simulator
and Beat Saber, while Group 2 experienced Forklift Simulator andMedal of Honor. Utilizing
box plots, the data rate distribution reveals varying ranges among traces, with lowest data rates
observed in two traces of Cooking Simulator and Beat Saber. Total Variation Distance (TVD)
displayed the similarity between probability distributions, indicating higher TVD values for
lower data rates, suggestive of concentrated data around a central point. Conversely, lower
TVD values correlated with less centralized points in lower data rates. Furthermore, the detec-
tion of gaps and small frames led to a left-skewed frame distribution, while the highest frame
size reached is not more than around 320kb in all games. Despite each game having certain
ways to guide the players to play in a specific way, TVD values show that there is a difference
when same player playing different games and different players played same games.
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1
Introduction

1.1 Background

In the digital era, Virtual Reality (VR) has rapidly evolved into a groundbreaking technol-
ogy that integrates computer science, human-computer interaction, and a rich history of ex-
perimentation with immersive environments. It is commonly well-known as a tool used for
entertainment purpose. Over time, VR has been used for some beneficial applications not
only for entertainment like gaming with Meta Quest 3, but also for education and training
aim such as in occupational health and safety training in underground mines [1], and even for
clinical medicine purpose such as reducing fear and anxiety during operating room transfer
surgery [2]. One of the strengths of VR lies in its ability to deliver a high level of immersion
through more realistic graphics and precise simulation, especially compared to mobile appli-
cations. However, due to its immersive nature, it requires devices capable of handling large
transmission of data to support its performance. Despite its potential, current research on this
field remains relatively novel, with limited dedicated sources for exploration. Consequently,
there is a pressing need to dig in more into data transmission with a broader spectrum of data
sources to enhance VR capabilities. This research seeks to contribute to the ongoing discourse
surrounding VR by examining the dynamics of data transmission.
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1.2 Objectives of Research

The primary objectives of this research are to provide a valuable dataset that can contribute
to support VR development and to analyse the nature of players and games based on the data
trafÏc. The experimentwas carried out at the Laboratory of Space, Aerial andGroundControl
Systems (SPARCS) in theDepartment of InformationEngineering at theUniversity ofPadova.
Sixty participants played the games using Oculus Meta Quest 2 in which its headset was con-
nected to the Personal Computer (PC) via a Universal Serial Bus (USB) cable. Data trafÏc was
recorded during the experiment usingWireshark and Oculus Monitor software respectively.

1.3 Work Structure

The work structure of this study is divided into several chapters. Following the Introduc-
tion, Chapter 2, known as ”LiteratureOverview”, presents the brief definitions of VR, the his-
tory of VR,USB, and prior works related to the analysis of data trafÏc of VR.Chapter 3, ”Data
Acquisition” outlines an overview of comprehensive details of how the data is gained during
the experiments then followed by the final results presented in Chapter 4. Lastly, Chapter 5
summarizes the conclusion and suggests future work.
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2
Literature Overview

2.1 VR Development

”Experience is a cover-all term for the various modes through which a person knows and con-
structs reality. These modes range from themore direct and passive senses of smell, taste and touch
to active visual perception and the indirect mode of symbolisation.” [3]

Virtual reality has various definitions. Steuer in 1992 proposed a fundamental concept that
highlights the definition of VR: the notions of ”presence” and ”telepresence”. These terms
relate to the sensation of being immersed in an environment, whether it arises naturally or
through mediated methods. Telepresence, specifically is described as a form of presence in-
duced by themedium itself. This is attained through the quality of sensory richness (vividness)
and the level of interactivity (the ability to exert influence) within the virtual environment. Ad-
ditionally, Slater also defined immersion as a significant aspect of VR, which is closely linked
to presence of sensorimotor contingencies [4]. According to Slater [5], immersion is the term
used to describe the physical actions and interactions within a specific virtual environment in
order to perceive and interact with that environment effectively. These actionsmay include ac-
tions like bending and shifting to gain a better view beneath an object or reaching out to grasp
an object. Such actions are typically acquired through the use of head-mounted displays.
As mentioned by Sherman and Craig [6], virtual reality can be defined as a technology built

by interactive computer simulations capable of detecting participants’ positions and actions.
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Figure 2.2: Sensorama machine [10]

Figure 2.3: Sword of Damocles [10]

vices, sound, taste, and smell [11]. Three years later, he and his student Bob Sproull at the
University of Utah developed the first VR headset, famously known as ”Sword of Damocles”,
as depicted in Figure 2.3. The headset featured head tracking, which accurately adjusted the
stereo view based on the user’s head position through the use of a pair of half-silvered mirrors
[12].
Since that pivotal moment, VR research has progressed rapidly. In 1978, Aspen MoviMap

hypermedia experiment project was conducted in Aspen, Colorado, USA. This project em-
ployedpanoramic andmoving stop-motionphotography, simultaneous recording systems, com-
puters with laser players and a touchscreen playback system to create a virtual reality environ-
ment of the world [13].
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From 1980 to 2007, there were some other research and developments such as one of the
first VR products sold to the market by VPL research founded by Janor Lanier (1987) [14],
Vituality as first VR arcade machine produced by Virtuality group (1991) [15], Sega’s VR-1
motion simulator arcade (1994) [16], a VR headset dubbed Nintendo Virtual Boy released by
Nintendo (1995), and three-dimensional positioning from Google Street View with panora-
mas [17] (2007).

In 2010, Palmer Lucky introduced the concept of Oculus Rift and Oculus Touch con-
trollers, along with the first test series. Afterwards in 2012, a fundraising campaign on Kick-
starter successfully garnered approximately $ 2.4million, which providedOculus with the nec-
essary funds to develop two pre-production models for developers to utilize. However, before
the hardware’s full realization, Facebook Inc. acquired Oculus in March 2014 for a total of $
2.3 billion, encompassing both cash and stock [18]. In the same year, Cardboard was intro-
duced by Google as well as Sony which was introducing Sony Gear VR [19]. Thenceforth in
2015, Gear VR by Samsung was introduced to the market [20] along with YouTube [21] and
Facebook [22] that started to support the 360◦ video. Subsequently, in March 2016, Oculus
launched the initial consumer version of the VRRift headset, enabling more developers to ex-
periment with VR applications [18], while HTC launched Vive’s first generation one month
later [23].

2.2 VR Application

Initially recognized for its entertainment applications, particularly in gaming, VR applica-
tion has been developed for other purposes such as healthcare and training-education. In the
field of healthcare, VRhas been applied across different stages, from treatment, counselling and
rehabilitation, and to the designing of hospitals. Particularly notable is its role in psychiatry,
where VR is used for Post-Traumatic Stress Disorder (PTSD) treatment, especially caused by
the battlefield. Nevertheless, a substantial challenge looms in the form of potential side effects,
including but not limited to dizziness, nausea, headache, eye strain, and others [24].

Another study investigated the application of immersiveVR for colonoscopy screening [25].
Colonoscopy is a medical procedure where a doctor checks the inside of the entire colon (large
intestine), traditionally employs optical colonoscopy which is an uncomfortable and invasive
technique commonly used for colon cancer (Colorectal cancer/CRC) screening. On the other
hand, virtual colonoscopywasproposed as anon-invasive, comfortable, rapid, and cost-effective
alternative for mass screening when compared to optical colonoscopy. This approach aids in a
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meticulous examination of user-defined regions of interest with an intuitive zoom feature.
For training and education purposes,Walmart (a big company in theUnited States) has been

adapting VR as a tool for their training program [26]. Furthermore, VR also has been used for
cabin safety training procedures by utilizing a serious game that simulates a runway overrun
accident. The study shows that VR was more engaging than safety cards and proved to be
more effective in helping users to keep acquired knowledge a week after training [27].

2.3 USB

USB (Universal Serial Bus) is an external bus architecture designed for connecting USB-
capable peripheral devices to a host computer. It stands out as the most successful personal-
computer interface since it is used not only for linking to PCs but also for mobile phone con-
nectivity and some various other devices. USB presents numerous advantages for users [28]:

• User-Friendly
Its singular interface accommodates many devices through different ports. With auto-
matic configuration, there is no need for users to do specific settings.

• Multiple speeds
USBfacilitates various speeds (bus speeds): low speed (1.5Megabits per secondorMbps),
full speed (12 Mbps), high speed (480 Mbps), SuperSpeed (5 Gigabit per second or
Gbps), and SuperSpeedPlus(10 Gbps).

• Reliable
USB protocols let the error detection in received data, notifying the sender so it can re-
transmit without software or user intervention.

• Power Conserving
EfÏcient power-saving circuits and protocols minimize a device’s power consumption
whilemaintaining thedevice’s readiness to communicatewhennecessary leading tomore
environment-friendly, cost-effective, long-time charges for battery-powered devices.

• Low Cost
As the host computer predominantly supplies the intelligence to control the interface,
components for USB devices remain efÏcient.

USB Type-C cable is used in this experiment. Offering rapid data transfer speeds up to 10
Gbps, it boasts ultra-high bandwidth video capabilities and enables a continuous power flowof
100Watt through a single connection. The main goal of the USB Type-C cable is to supersede
all preceding versions of the USB cable and significantly enhance overall capabilities as shown
in Figure 2.4 [29].
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rate of trafÏc[32].
In modern machine learning, a key idea is using probability distributions to describe data.

Data sets are often represented by these distributions, which are like patterns showing how dif-
ferent parts of the data relate to each other. Themain problem here is figuring out the distance
between two distributions, called P and Q. This distance, denoted as ρ(P,Q) or dTV(P,Q)
helps to measure how different they are. For example, if P andQ are the results of two learning
algorithms, it might be necessary to know how much they differ from each other. The Total
Variation Distance (TVD) quantifies the discrepancy between two probability distributions
which makes it a versatile metric for comparing and assessing the similarity of various distri-
butions. P and Q, defined over a finite domain D, the statistical difference is determined by
[33]:

dTV(P,Q) =
1
2
∑

x∈D

(|P(x)− Q(x)|) (2.1)
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3
Data Acquisition

3.1 Participants

Around60people fromvarious backgrounds and experiences in gaming andwhowere in the
rangebetween18 to35 years oldparticipated toplay the gameswithVRas apart of the research.
It took around one and a half hours for each person to be involved in the whole activity. Before
starting to play the game, the researchers informed the participants about the research such as
the main goals of the research, the procedures that they needed to follow, and checked if they
were eligible to participate. Upon receiving all the explanations, the participants proceeded
to sign the consent form (see Appendix A for Consent Form). This document signifies that
the research has been authorized by the Ethical Committee of Human Inspired Technology
(HIT)ResearchCentre at theUniversity of Padova. Moreover, peoplewith a history of vertigo,
inner ear problems, balance issues, epileptic attacks or seizures, and brain injuries could not
participate to the research. Therefore, before starting the game, the participants was asked to
do the visual acuity test using the Snellen chart and the blind colour test on the Ishiharawebsite
[34]. The participants were allowed to continue to the next step if only they passed the visual
acuity test at least with a 5/11 score. The blind colour test result determined the eligibility of
participants in playing the Beat Saber game since it has some colours to follow in the game.
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3.2 Setting Environment

Before starting the research, it was necessary to do the initial preparation such as setting the
room and devices to be used so that future problems regarding to the technical issues such as
low battery for the controllers could be avoided.

3.2.1 Location
The environment was set up carefully and cleared of obstacles that potentially disturbed

or harmed the participants. The experiments were conducted at the SPARCS laboratory of
Department of Information Engineering, University of Padova as shown in Figure 3.1.

Figure 3.1: SPARCS Lab

3.2.2 Computer
The research employed two monitors supported by a desktop computer (system unit) that

is equipped with Windows 10 Home X64. The computer is powered by an Intel i7-9700k
processor with speed 3.60 GHz across 8 cores and 8 threads, along with 2400 Hz of 64 GB
Random-access Memory (RAM). The system is also enhanced by the graphic processing unit
of NVIDIA GEFORCE RTX 2080 Ti. The first monitor served the purpose of executing
the recording software (Oculus Monitor and Wireshark) and it simultaneously facilitated file
management throughout the experimental process, while the second monitor was exclusively
operated in running VR applications. The VR headset was connected to the computer via a
Meta Quest Link cable (type C), illustrated in Figure 3.2.
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3.3.1 Wireshark
When the participants started to play the game, theWireshark was run first before the Ocu-

lus Monitor to prevent any bugging or delays as was observed during the trial when the Ocu-
lus Monitor was operated first. According to Walter Goralski [38], Wireshark functions as a
program to analyze network protocols and it keeps a duplicate of each data packet that orig-
inates from or enters the system through a specific interface. The captured packet stream is
saved in .pcapng format due to its improved capability, especially in time stamp precision of
nanoseconds [39]. The packets are captured through USBPcap which is USB Packet capture
for Windows. It captures the packets based on the USB protocol trafÏc since we use the Meta
Quest Link cable to connect the headset to the computer [39]. Figure 3.5 shows the display
for stored pcapng file from Wireshark where the recorded time is in nanoseconds, the source
and destination represent the connection between the headset and the computer, the protocol
is USB because of cable link usage, the length of each frame, and it also shows the total num-
ber of packets. The URB on the display represents the transferred message that encapsulates
comprehensive information necessary for the execution of USB transactions and delivery of
data and status back. It plays a pivotal role in transferring some various types of data transfer,
including bulk transfers. Bulk transfers excel their capacity for dependable data movement,
especially for handling large data volumes, facilitated hardware error detection, and involving
restricted number of retries in hardware. BULK IN refers to direction of data transfer from
a USB device to the host (computer), while the BULK OUT refers to the opposite direction
where data is transferred to a USB device from the host (computer) [40].
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Figure 3.5: Wireshark Display

3.3.2 Oculus Monitor
According to Rajetic [41], Oculus Monitor is a software deisgned to monitor the real-time

status of various aspects of the Oculus VR environment. It renders the room layout, along-
side with the sensors metrics derived frommovements such as rotation, acceleration, position,
and others, originating from the headset and each controller as shown in Figure 3.6. All of
those values is logged using the software and stored in Comma-Separated Values (CSV) text
file format. The recorded data then later is associated with the data fromWireshark for further
analysis.
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utensils, how to open the fridge, how to turn on the stove, how to chop a lemon, and others.
Additionally, their task involves in playing two recipes: Fried Shrimp and Baked Cod recipes,
each for a combined maximum duration of 20 minutes.

Figure 3.7: Cooking Simulator [42]

3.4.2 Beat Saber
Beat Saber is a game that heavily relies on colour in its game-play. The players takemaximum

10 minutes to become accustomed to the game, such as in which direction they should swing
the joysticks to cut the cube, in tutorial session. Subsequently, they play several types of levels
based on different songs and levels of movement complexity. For the Beat Saber Original song,
the levels include Easy 0◦, Easy 90◦, and Easy 360◦. Similarly, the $100Bills song consists of
Normal 0◦ (as revealed in Figure 3.8),Normal 90◦,Normal 360◦, andHard 0◦ levels.
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3.4.4 Medal of Honor
Medal of Honor is a war-type game where the participants utilize joysticks to navigate and

engage in firearm combat. The tutorial session takes in the Firing Range level, where the play-
ers allocate approximately 10 minutes to acquaint themselves with movement dynamics, then
object interaction or how to grab things, firearm loading, and accurate shooting techniques.
After the tutorial, the participants are challenged to survive for 5 minutes in the Bullets and
Bulkheads level as represented in Figure 3.10 by evading their or neutralizing their enemies.

Figure 3.10: Medal of Honors ‐ Bullets and Bulkheads

3.5 Questionnaire

In this study, two types of questionnaire forms were used, which participants were required
to complete. First, the Initial Survey formwas filled out before the participants played the game
(seeAppendix B for Initial Survey). This survey collects information related to the IDnumber
assigned by the researchers, date of research session, gender, prior experience with 2D or 3D or
VRorAugmented reality (AR) technologies, andwhether they had undergone the visual tests.
Another questionnaire used was Simulator Sickness Questionnaire (SSQ) (seeAppendix C

for SSQ). This questionnaire was designed to collect the information about symptoms expe-
rienced by participants before and after engaging in first game, and also before after playing
the second game. The symptoms covered are general discomfort, fatigue, headache, eyestrain,
difÏculty focusing, increased salivation, nausea, difÏculty concentrating, fullness of the head,
blurred vision, dizziness when eyes opened and closed, vertigo, stomach awareness, and burp-
ing. Gathering these information allowed the researchers a link between playing VR and the
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sickness for further analysis.

3.6 Data set

In this research, the data sets are obtained from 60 experiments in total split by two groups
of games. Group 1 as included Cooking Simulator and Beat Saber consist of 30 experiments
each, as well as Group 2 that includes Forklift Simulator and Medal of Honor. These data
sets contains two type of data: data trafÏc and data movement. Data trafÏc has been aligned
accordingly to data movement. Since this study focuses on frame analysis, only data trafÏc is
considered.
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4
Results

4.1 Data Rate Distribution

Data rate represents the amount of data transmitted over a specific periodwhich is crucial in
assessing the efÏciency of data transmission influencing the quality of experience for the players
during the game-play. In this section, the individual data rate is presented for each experiment
along with the average of data rate from each game. In this research, data rate is analyzed over
a 500-second time frame for computational ease purpose in MB/s unit.
For Cooking Simulator as shown in Figure 4.1, 50% of data rates median from 12 out of 30

experiments is in interval around 19MB/s. For all experiments, the data points do not extend
beyond the upper fence, except for experiment 07044 and 07265. This result reveals that the
data points for the two experiments are significantly higher than most of data. Moreover, nu-
merous experiments exhibits data points touching the lower fence implying the data points are
significantly lower than the majority of data. Specifically in experiment 07252 and 07253, the
range of data rates are relatively lower than the others. In experiment 07252, the length of box
is shorter and grouped outliers touch lower fencewhich suggests themajority of data points are
clustered within a narrow range indicating the presence of certain extreme values lower than
the central bulk of data. Conversely, although data rate range of player 07253 also lower, the
size of the box is not relatively small and there is one extreme value in the lower data.
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Table 4.1: Mean Data Rate from Samples Experiments 07175 and 06274

Experiment Group Game Mean Data Rate [MB/s]
07175 1 Cooking Simulator 16.7

Beat Saber 16.1
06274 2 Forklift Simulator 14.3

Medal of Honor 12.6

4.2 Total Variation Distance (TVD)

As observed in the previously presented data rate box-plots, certain experiments show a sim-
ilar trend across various games. To effectively compare data rates among these experiments, it
is essential to measure the similarity between probability distributions, specifically in this ex-
periment using Total VariationDistance (TVD) in which the probabilities are computed from
among experiment pairs.

4.2.1 TVD for Each Game
Despite most of the experiment pairs among games are slightly different, there are some in-

stanceswhere the difference is outstandingly significant. InCooking Simulator, the data rate of
players 07252 and 07253 playing Cooking Simulator are exceptionally lowest compared to the
rest. However, Figure 4.6 reveals that probability distribution of data rate from experiment
07252 is not significantly different from others. Meanwhile, the total variation distance of
player 07124 and 07253 are the most remarkably unlike from others. In Beat Saber, the most
pronounced different total variation distance is exhibited by experiment 07253. Similarly to
Cooking Simulator, the data rates of players 07252 and 07253 are the lowest. The probability
distribution of data rate from experiment 07253 is the most significant different because the
distribution of data rate even with low range is more concentrated around a central point than
the distributions for the other experiments. This is also because the other experiments have
more data points at the extremes of the range. If the distributions have similar shapes, the total
variation distance may not vary much despite the differences in the range.
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5
Conclusion

This research provides valuable data sets obtained from 60 experiments for exploring the
trafÏc in Virtual Reality within Cooking Simulator, Beat Saber, Forklift Simulator, andMedal
of Honor games. Even though every game has certain ways to lead the players to play in a spe-
cific way, the nature of players during game-play also plays a pivotal rule in influencing the data
trafÏc distribution. In general, Total Variation Distance (TVD) results describe that the total
variation distance may not remarkably similar regardless of the range differences. The higher
TVDresults imply themore dissimilarity betweendistributions,meaning that the higherTVD
value indicates themore different behaviour between players playing same game or same player
playing different games. In different games and different players, more than 90%players’ nature
results in slightly distinct distribution of data rates with more various dissimilarity in Forklift
Simulator. For same players playing same games, more than 50% of players played in slightly
different behavior for Cooking Simulator and Beat Saber. Similarly, players in Forklift Sim-
ulator and Medal of Honor also played slightly differently except for one player that played
extremely dispersed when compared to other players.
Furthermore, the distinction of data rates, specifically in extreme values might be influ-

enced by various factors. The data rate distributions of the games are vary with the notice-
able low range in data rate of two traces in Cooking Simulator and Beat Saber such as indi-
vidual behaviour and possibility of missing frames. When players are standing without much
movements, reading the instructions, or in the menu mode, there is a possibility that there is
less transmission during the period. Moreover, presence of small frames and extreme missing
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frames also contribute to the low data rates since they appear when the data rate range is in the
lowest ones. As consequence of the gaps and small frames, the distribution of frames tends to
get close to skewed-left, which is notably unique in the context of trafÏc analysis. Therefore,
it becomes imperative to investigate deeper into the development of predictive model for han-
dling the missing frames and conduct a thorough analysis in movement traces. Through this
study, the aim is to contribute to broader exploration in immersive Virtual Reality analysis.
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