
 

Q1: Research Question
Which fundamental motion patterns in 

a VR experience cause the major 
cybersickness symptoms?

Motivations:
1) Dad suffers VR sickness, but not I.
2) 57.4 million VR users in US in 2020(1)

3) 57.8% users experience VR sickness(2)

   Q3: Results

Q2: Methods
Program 1 minute long Virtual Reality 
simulations using VR a-Frame coding 

language where a different motion 
pattern is tested at a time. Ask 

participants to experience the tests 
and provide cybersickness levels 

using a pre-test and post-test survey.

Q4: Conclusions
1. Limiting visual area reduces cybersickness.
2. Cybersickness is not caused due to motion with constant 

speed, but because of change in speed of motion.
3. The amount of detail in the environment increases the level 

of cybersickness.
Industry Software Level Solution Recommendations:

- Limit visual area during high acceleration scenes.
- Reduce frequency of visual cues where possible.
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Why Is VR Cybersickness Important in Today’s World?
● Every domain of life is moving into VR in near future (Figures 1-5) (1)

● 57.4 million VR users in US in 2020(1)

● 57.8% of people experience cybersickness in VR.(2)

● Cybersickness will cause digital divide between users and cause disadvantage for certain groups if not 

resolved (i.e. female users, age differences)

Fig 4: VR in Surgery (15)

Fig 3: VR in Military (16)

Fig 5: VR in Education (14)

Fig 1: VR in Entertainment(13) Fig 2: VR in Business(12)
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What is VR Cybersickness?
The Anatomy of Motion Sickness

● The vestibular system is behind the ear.
● It senses movement.
● It helps keep balance.
● Vr confuses vestibular system.

(Vestibular System in Space, 2004)(5)

What Causes VR Motion Sickness?
● 1st Theory: Motion sickness is caused by cue conflict.
● 2nd Theory: Motion sickness is caused by postural instability.
● Cybersickness affects women more than men.

(Mason, 2017)

Quantifying Cybersickness
● Using EEG to measure VR cybersickness.
● EEG is electroencephalogram 
● EEG measured Delta, Alpha, Beta, and Theta waves.
● Major symptoms are nausea, vertigo, dizziness, blurred vision.

(Krokos, 2018)
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Fig 6: Vestibular System and its location in Inner Ear

Fig 7: % of Motion Sickness Population Stats

Fig 8: Major Symptoms of Cybersickness



Current Attempts to Prevent Cybersickness
Hardware/Worn Solutions:
- VR Treadmill ($7,600) (Fig 14)
- VR Accelerator ($47,800) (Fig 13)
- Motion sickness bracelets ($107)
Pros: Added experience, realism.
Cons: Not affordable for 
consumers, not convenient to 
use, not always reliable.

Fig 11: Restricting the view area is a method used often to 
reduce cybersickness in many VR games. (10) Fig 12: Teleportation traveling is a method used to combat 

VR cybersickness. (11)

Digested Solutions:
- Ginger: Mild ease of 
symptoms
- Not reliable / short term

Software Solutions:
- Linear Teleportation
- Rotational Teleportation
- Dash Movement
- Reducing Field of View
Pros: Inexpensive, convenient 
Cons: Requires in-depth scientific 
understanding of fundamental reasons 
behind cybersickness.

Fig 9: VR Driving 
Simulator(9)

Fig 10: VR Treadmill 
(7)



METHODS: Simulations
1) Using the a-Frame VR coding language 
prepare one simulation for each of 6 
independent variables, and simulations for floor 
(min) and ceiling (max) control scenarios.
2) Have test participants experience each 
simulation for a duration of 1 minute.
3) Have participants fill out a pre-test and 
post-test survey that contains questions about 
the 4 prominent cybersickness symptoms.
4) Find the averages of the differences between 
pre and post survey data. Compare with each 
other, floor and ceiling tests.
Use results to answer 4 research questions.
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METHODS: Surveys
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1) Provide non-adult participants 
with a consent form prior to 
experiment. Participants use their 
own cell phones to download 
Google Cardboard. 
2) They fill out VR history 
questionnaire and the pretest 
symptoms survey.
3) Then, they scan the QR code 
to open the corresponding 
simulation and run it for 1 min.
4) Finally, they fill out the posttest 
survey, and validate their 
attention by confirming the 
concentration task.
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Results - General 
- Forward and backward linear motion do not 
cause any significant cybersickness symptoms.
- Accelerated motion causes the greatest amount 
of cybersickness in average, and in each of the 
four symptom categories.
- Control - Floor group experienced more 
cybersickness than forward, backward, and low 
clue group.
- Roller coaster sim induced small blurred vision 
and dizziness, but high vertigo and nausea.

Graph-1: Comparison of Symptom Averages

Graph-2: Comparison of 
Nausea Averages

Graph-3: Vertigo Averages Graph-4: Dizziness Averages Graph-5: Blurry Vision Averages



Study-1: Restricting Visible Field
Research Question: Does reducing the field of view in a VR 
simulation affect symptoms of cybersickness?

Hypothesis: If the field of vision of the participant is reduced, 
the average of cybersickness symptoms will decrease.

Method: Run two identical rotational simulations. Reduce vision 
by 72% on one of them. Compare results.

Results:
● Average of cybersickness symptoms is reduced by 79%.
● The field of vision restriction increases blurred vision by 

66%.
● Participants reported reduced vertigo after the restricted 

visual area test compared to their pre-survey values.

Conclusions:
● Reducing the visual area during a VR simulation 

decreases most of the cybersickness related symptoms, 
except blurred vision, partially confirming my hypothesis.

Recommendation:
● These results prove the effectiveness of the reduced 

peripheral vision method used in the video game industry 
in order to improve the cybersickness symptoms.
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Test-5
Rotational-

100% Visual Area

Test-6
Rotational-

28% Visual Area

Graph-6: Effect of Reduced Visual Field



Research Question: Does reducing cue frequency in VR 
simulation affect symptoms of cybersickness?

Hypothesis: If frequency of the environmental cues are 
reduced in a simulation, the average of cybersickness 
symptoms will decrease.

Method: Run two identical linear accelerated simulations. 
Reduce number of trees by 90% and texture by 100% on one of 
them. Compare results.

Results:
● Average of cybersickness symptoms is reduced by 81%.
● Decreasing cue frequency lowered vertigo by 100%.
● The smallest change was 60% in dizziness..

Conclusions:
● My hypothesis was proven with the removal of visual 

cues resulting in significantly lower symptoms.
● Based on these results, we can expect to see increased 

motion sickness in VR experiences that are more 
realistic.

Recommendation:
● Provide lower cue frequency as an option in VR 

experience settings for sensitive users.
● Adding motion blur during accelerated motion may 

reduce cybersickness.

Study-2: Decreasing Cue Frequency

10

Test-3
Linear Accelerated

Test-4
Accelerated 

Low Cue

Graph-7: Effect of Cue Frequency



Research Question: Is cybersickness due to forward motion 
caused by constant speed or acceleration?

Hypothesis: If forward motion is accelerated it will cause a 
higher average of cybersickness symptoms.

Method: Run two linear motion simulations, the first one at 
constant speed and the second one with acceleration..

Results:
● Accelerated motion causes symptoms in all categories.
● Linear constant speed causes no cybersickness.

Conclusions:
● Linear motion completely removes cyber sickness.
● Cybersickness due to forward motion is caused entirely 

by accelerated motion.

Recommendation:
● Blanking screen very briefly to cover acceleration may 

help cybersickness.
● VR experiences should avoid accelerated motion where 

possible.

Study-3: Constant vs Accelerated Motion
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Test-1
Linear Constant 

Speed

Test-3
Linear Accelerated

Graph-8: Effect of Linear vs Accelerated Movement



Research Question: Does accelerated linear motion or 
rotational motion contribute more to cybersickness symptoms?

Hypothesis: If movement is rotational it will cause less 
cybersickness than accelerated.

Method: Run two tests, one rotational 100% view and an 
accelerated linear test.

Results:
● Accelerated motion causes about 2 times more motion 

sickness than rotational motion.
● Accelerated motion causes about 5.5 times more blurred 

vision than rotational motion.
● Two types of motion have the closest result in dizziness, 

accelerated having 38% more intense symptom.
Conclusions:

● Out of the two main causes of cybersickness, 
acceleration causes a more intense reaction.

● Vertigo is the symptom with the highest intensity in both 
causes of cybersickness.

Recommendation:
● When prioritizing VR experience design decisions, 

measures to reduce acceleration-caused cybersickness 
should be chosen before rotational causes.

Study-4: Accelerated vs Rotational
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Test-3
Linear Accelerated

Test-5
Rotational-

100% Visual Area

Graph-9: Effect of Rotational vs Accelerated Movement



Discussion of Limitations

● Roller coaster uses a different texture set (realistic) than all other simulations, making comparison less effective. In 
the future, a roller coaster simulation with similar controlled variables with other simulations should be used.

● The sample group size for each test group at this time of the experiment (1/9/22) is only 2-4 participants, which may 
reduce the reliability of the data comparisons. In the future, greater sample sizes must be used.

● Low cue simulation removes many components at the same time (trees and textures). Better comparison should be 
possible if separate groups were formed for different levels of cue frequency.

● Separate experiments needed to find out the effects of increasing and decreasing acceleration.
● Certain test participants may not have taken the test seriously, however, their data was still added to the average. In 

the future, stricter participation criteria and instructions must be added.
● Creating the simulations using only a-Frame was not practical. In the future, I want to learn more advanced coding to 

avoid very long programming periods for each simulation, so that I can use loops and repeats.
● Linear constant speed and acceleration comparison may not be reliable, as the acceleration test gets up to much 

higher speeds than the linear constant speed test. It is difficult to make them the same speed with my current 
knowledge of a-Frame programming language.
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Future Studies
● Effects of linear teleportation at different frequencies.
● Effects of rotational teleportation at different frequencies.
● Adding blur or blank during accelerated motion or rotational motion.
● Systematically reducing environmental cue frequency during accelerated or rotational motion
● Testing the effects of vertical motion.
● Testing the effects of look orientation.
● Effect of increasing acceleration (does it stop causing cybersickness after a threshold?)
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In Summary: Why is this Study Important?
● VR is expected to revolutionize work, education and entertainment in the near future.
● People with motion sickness sensitivity may be denied access to these opportunities, causing inequity.
● Hardware solutions to motion sickness are expensive and inconvenient.
● In this study, 

○ I confirmed the viability of one current software solution: vision reduction
○ Found two new possible software solutions to reduce or eliminate cybersickness:

■ Reducing environmental cue frequency (blur during acceleration, low texture, object frequency)
■ Acceleration, not constant speed, causes the greatest amount of cybersickness (blur/blank during 

accelerated motion)
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