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How Do VR Headsets Work?

Reading level 11 (7th grade) - 1164 words

Ines got a VR headset for her twelfth birthday, and she could not work out how it fooled her.
When she put it on, a canyon opened up around her. When she took it off, she was in the
kitchen. "How do VR headsets work?" she asked her cousin Dev, who repairs them on
weekends. "VR is short for virtual reality,” said Dev. "It means a headset that shows you a
made-up world and follows how you move." He set a broken headset on the table. "Four jobs.
Show each eye its own picture. Make the pictures easy to look at. Follow your head and your
hands. Do it all fast.”

"Start with your eyes," said Dev. "They are about six and a half centimeters apart, so each
one sees the world from a slightly different spot.” The brain joins the two views and uses the
small difference between them, called binocular disparity, to judge how deep things are. In
1838, Charles Wheatstone showed that this works even with flat drawings, one for each eye.
A headset typically has a small screen for each eye, and a computer that draws the scene
twice, once from each side.

Dev held up a lens. "Each screen is magnified by a lens like this one." He explained that the
lens also decides how far away the picture seems when your eyes focus on it, and in most
headsets that distance never changes. That can tire the eyes: in a 2008 study, vision
scientists found that when eyes must aim at one distance and focus at another, viewers feel
more discomfort and fatigue. Then he showed her how the lenses move. People's eyes sit
different distances apart, and the lenses have to match. On the Quest 2, they slide into one of
three spots.

"Now the head," said Dev, and he tapped a tiny chip inside. "This is an inertial measurement
unit. It has an accelerometer and a gyroscope, and it can tell you turned your head, how fast,
and which way." It reports about a thousand times a second, which helps the picture keep up
with you. The catch is that its small errors pile up, so the headset drifts. "That is why there are
cameras too. The chip is fast, and the cameras keep it honest.”

The Quest 2 has four built-in cameras, and they look at the room around you. This is called
inside-out tracking, because the headset works out where it is by looking out at the walls.
Looking around is three degrees of freedom. Adding movement through the room makes six.
Ines asked why hers had once lost track of her. "Your room was too dark," said Dev. Cameras
need bright light and things on the walls to look at, and many headsets follow the controllers in
your hands with the same cameras.

"Now the hard part,” said Dev. "Speed." A headset redraws its picture many times a second.
The first consumer Oculus Rift ran at 90 hertz, and the Quest 2 can run at up to 120. The
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delay from the moment you move to the moment the new light reaches your eyes is called
motion-to-photon latency. A common rule of thumb says it should stay under about twenty
milliseconds, a fiftieth of a second. Michael Abrash, an engineer at Valve, told game
developers in 2013 that too much delay is a recipe for motion sickness.

Why would a late picture make you queasy? The usual explanation is a sensory conflict. Your
inner ear has canals that sense when your head turns, and that sense works together with
your eyes to keep you steady. If your eyes report one thing and your inner ear another, the
brain gets mixed signals, and you may feel sick. Doctors call the result cybersickness. Some
things help: a steady frame of reference in the view, moving by jumps instead of gliding, and
time. People differ widely in how much it bothers them.

"The idea is older than you think," said Dev, and he pulled up a photo. In 1968, a computer
scientist named Ivan Sutherland built a head-mounted display at Harvard that was probably
the first of its kind. It hung from the ceiling on a mechanical arm, partly because of its weight,
and the arm also tracked which way the wearer turned. The rooms it showed were simple
wireframes. Six years earlier, in 1962, Morton Heilig had built the Sensorama, a booth with a
3-D picture, fans and smells, but he could not find the money to go on.

Dev flipped to the next photo. "Selling VR took until the 1990s, and it went badly at first.
Nintendo's Virtual Boy, released in 1995, was a tabletop console you leaned into, and it drew
its pictures in red." Many reviewers complained of headaches, dizziness and eye strain, and it
was gone in about a year. Then a teenager named Palmer Luckey built a prototype in his
parents' garage, and his company launched a Kickstarter for the Oculus Rift in 2012. A
standalone Quest, which needs no computer at all, came out in 2019.

Ines's little brother Mika, who was nine, wanted a turn. "Sorry," said Dev. "Meta says that
children under ten cannot use its Quest 2 and Quest 3 headsets, and that ages ten to twelve
need an account run by a parent. Meta also says ages may differ by country. Sony says its
PlayStation VR2 is not for children under twelve. Apple says its Vision Pro is for ages thirteen
and up." These are the makers' own rules, from their pages in November 2026. Meta's safety
page also says headsets are not recommended for younger or smaller-sized children, and
that children's use should always be supervised.

"But is it bad for your eyes?" asked Ines. Dev said the honest answer was careful. The
American Academy of Pediatrics says that brief VR use has not been shown to cause harm in
children, but that the data are limited. In one small study, fifty children aged four to ten played
a flying game for two half-hour sessions, and their eyesight tests did not change. Their reports
of tired eyes and queasiness rose a little, and three of them stopped early. The Canadian
Association of Optometrists points out that children's eyes are still developing and that little is
known. Researchers are still studying.

DevV's last rules were about the room. The headset draws a boundary, but Meta warns that
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virtual boundaries do not physically stop you or others. Clear the floor, keep pets and people
out, and take breaks: the pediatricians suggest about fifteen minutes between sessions. VR is
also used far from games. NASA's lab has crews wear headsets to rehearse spacewalks. In a
2002 study, surgical residents who trained on a VR simulator with a screen, not a headset,
dissected a gallbladder 29 percent faster than residents who did not. Long-term studies of
children and headsets are still lacking, so that question is still open.

Questions

1. Why does the headset have cameras as well as a motion chip?
A. The cameras correct the small errors that pile up in the chip
B. The chip cannot sense any movement
C. The cameras make the screens brighter

2. What is "latency"” in this book?
A. The weight of the headset
B. The brightness of the screen
C. The delay between a movement and the new picture

3. According to the book, why might a late picture make you queasy?
A. The headset gets hot
B. Your eyes and your inner ear send different signals
C. The lenses slide out of place

4. Why could Mika, who was nine, not have aturn?
A. Meta says children under ten cannot use its Quest 2 and Quest 3
B. The headset was broken
C. Mika did not want one

5. What did the small study of fifty children find?
A. Every child felt sick
B. Their eyesight tests did not change, though three stopped early
C. Their eyesight tests got much better

6. Why does the book end by saying the question is still open?
A. Nobody has tested a headset at all
B. Long-term studies of children are still missing
C. Doctors agree headsets are harmful

Words to know
gyroscope: turn sensor
latency: delay time
cybersickness: VR queasiness
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accelerometer: speed-change sensor
prototype: first model
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Answer key: How Do VR Headsets Work?

1. A. The cameras correct the small errors that pile up in the chip

2. C. The delay between a movement and the new picture

3. B. Your eyes and your inner ear send different signals

4. A. Meta says children under ten cannot use its Quest 2 and Quest 3
5. B. Their eyesight tests did not change, though three stopped early
6. B. Long-term studies of children are still missing
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