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Abstract
As public interest in virtual and augmented reality increases,
so do the risks faced by users with photosensitive epilepsy,
a neurological condition where seizures are triggered by
specific kinds of light stimuli. Most research on photosen-
sitive epilepsy focuses on user interaction with television
sets and does not necessarily transfer to other methods of
interaction. Very little research has been done examining
mixed reality from the perspective of photosensitive users
and understanding the additional risks posed by new forms
of immersive technology. Examples of hackers targeting
people with photosensitive epilepsy through social media
serve as a wake-up call about the possibility of similar ma-
licious attacks in mixed reality. In this paper we draw from
photosensitive epilepsy research to create recommenda-
tions for simple steps mixed reality developers can take to
minimize photosensitive risk in their systems in addition to
issuing a broader call for further research into understand-
ing photosensitive epilepsy in the context of mixed reality.
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Introduction
Epilepsy is the most common serious neurological condition
in the world, affecting nearly 70 million people worldwide
[5]. Between 2 and 14% of people with epilepsy will expe-
rience seizures precipitated by specific sequences of light
stimuli [6]. This form of epilepsy is known as “photosensitiv-
ity” or “photosensitive epilepsy”.

There are three kinds of light stimuli sequences that are
likely to induce seizures when viewed by someone with
photosensitive epilepsy: flashes, transitions to and from
saturated red, and repeated striped patterns [6]. Flashing
sequences are likely to be dangerous if they contain more
than 3 flashes per second [4]. Similarly, red-light flicker
at wavelengths of 660-720 nm is considered dangerous if
more than 3 transitions are observed per second [3]. These
sequences are more likely to trigger seizures than blue or
white light of the same overall intensity. Finally, stationary
repeated stripe patterns can induce seizures if more than
eight clearly distinguishable light-dark pairs are visible [15].

In everyday life exposure to flashing lights and other seizure-
inducing sequences can be minimized by avoiding places
where these sequences are likely to occur, such as con-
certs [12], movie theaters [11], and even areas with wind
turbines [8]. Innovations like social media and mixed reality
alter the equation by a) increasing the likelihood of acci-
dental exposure to seizure-inducing sequences and b) en-
abling attackers to directly target people with photosensitive
epilepsy for a variety of motivations, including cyberbully-
ing, intimidation, or a more general desire to inflict pain of
some kind. In this paper, we summarize trends in the rela-
tionship between photosensitive epilepsy and technology,
recommend accessibility best practices for developers and
researchers in mixed reality, and issue a broader call for fur-
ther research into the intersection of immersive techonology

and photosensitivity.

Photosensitive epilepsy: then and now
In 1997, an episode of the television show Pokemon con-
taining a sequence of red and blue flashing lights was aired
in Japan, causing hundreds of children to suffer seizures or
other forms of photosensitive stress [13]. In 2016, 19 years
later, a journalist who had written publicly about his lived ex-
periences with photosensitive epilepsy and extensively cri-
tiqued then-U.S. Presidential candidate Donald Trump was
sent a strobe GIF on Twitter with the message “You deserve
a seizure for your posts” [9]. These two instances, although
similar in their unfortunate repercussions, represent a shift
that has occurred in the last twenty years in the relationship
between photosensitive epilepsy and technology.

In the 1990s and early 2000s, photosensitive harm from
technology followed the same template as the Pokemon
incident: a sequence with epileptogenic potential is inad-
vertently included in an otherwise harmless piece of media
which is broadcast widely and eventually is seen by some-
one with photosensitive epilepsy, who suffers from some
form of photosensitive stress in response. After the Poke-
mon incident, a flurry of research papers were published
describing medical trials done to isolate the specific factors
that contribute to seizure-inducing potential. Soon software
solutions like the Harding Flash and Pattern Analyzer 1 and
the Photosensitive Epilepsy Analysis Tool 2 were built to ap-
ply the findings of these papers and allow content creators
to programmatically identify sequences with epileptogenic
content. This neatly solved the problem of accidentally air-
ing seizure-inducing content on television, but did not ad-
dress the possibility of intentionally seizure-inducing content
being sent directly to people with photosensitive epilepsy.

1https://www.hardingfpa.com/
2https://trace.umd.edu/peat
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A new form of photosensitive risk began to evolve in the
2010s. People with photosensitive epilepsy are no longer
stumbling upon seizure-inducing sequences by unfortu-
nate chance; they are being explicitly targeted by flashing
content created for the specific purpose of causing photo-
sensitive harm. The attacks take different forms beyond the
direct one-to-one targeting exhibited in the journalist attack:
in 2008 hackers inserted strobe GIFs and videos into the
Epilepsy Foundation website with the assumed intention of
causing indiscriminate harm to all viewers with photosensi-
tive epilepsy [10]. The Epilepsy Foundation Twitter account
was hacked and began posting strobing GIFs in December
2019, causing an unknown amount of harm to any Twitters
users with photosensitive epilepsy who happened to be
following the EF’s account and checking their timeline [1].
Multiple posts on the r/epilepsy subreddit3 ask for help with
avoiding intentionally seizure-inducing content online and
reporting senders to the police.

Photosensitive epilepsy in mixed reality
Mixed reality has not yet reached the level of intentional
and targeted photosensitive attacks, but instances of ac-
cidentally triggered seizures in mixed reality have already
begun to occur. In January 2018, a player in the popular
virtual reality online world VRChat suffered a photosensi-
tive seizure while wearing a full-body tracking suit, allow-
ing nearby players to witness his convulsions firsthand [2].
After several minutes, bystanders were eventually able to
draw a moderator’s attention to the situation and a welfare
check was called in to the local police. As a result, players
began lobbying game creators to include a “medical alert”
button for future emergencies. Four months later, in April,
another player had a photosensitive seizure in VRChat.
This time, the entire episode was recorded and later posted
on YouTube by another player, who claims that bystanders

3https://www.reddit.com/r/Epilepsy/

attempted to contact moderators about the situation for over
a hour [14]. The seizing player was eventually identified by
the surrounding players, and Toronto police were alerted
about the situation and were able to check in on the player,
who fully recovered.

The VRChat community has generally been supportive in
these cases of medical emergencies, going above and be-
yond to ensure that the player suffering from the seizure
receives the help they need. The attitudes of VR enthusi-
asts not currently involved in active medical emergencies
are not always so supportive. Immediately following the
January 2018 seizure, a VRChat player proposed a fea-
ture request asking for seizure-detection that would alert
moderators if a player’s headset fell to the ground. Another
player responded to this request by saying “If VRchat adds
in an option to enable a warning when you’re on the floor
for example then all this is going to do is encourage peo-
ple who do have problems to play the game using that as
a bit of a failsafe, it could actually cause more harm than
good.”4 The implication of this comment is that people with
photosensitive epilepsy should avoid VR entirely, and that
protective measures shouldn’t be added for fear that they
would encourage people with photosensitivity to participate
in VR. Unfortunately photosensitive epilepsy is a condition
that is often not diagnosed until a patient has experienced
their first seizure [6]. It is not enough to discourage anyone
who might have photosensitive epilepsy from participating
in mixed reality - the field needs to be proactive in building
protections against seizure-inducing content.

Most seizures reported in mixed reality are the result of ac-
cidental exposure rather than explicit targeting, but it is easy
to imagine how the recent trend observed in social media of

4https://vrchat.canny.io/feature-requests/p/epilepsy-detection

https://www.reddit.com/r/Epilepsy/
https://vrchat.canny.io/feature-requests/p/epilepsy-detection


targeting people with photosensitive epilepsy could be repli-
cated, possibly to a more dangerous degree, in mixed real-
ity. There are several reasons why content viewed through
virtual or mixed reality headsets might be more likely to in-
duce seizures than the same content viewed on laptops or
mobile phones. Medical trials have shown that the area of
visual cortex to which the content is projected has a positive
correlation with likelihood of causing a seizure [4]. Virtual
reality headsets are worn close to the eyes and therefore a
flashing sequence would affect a greater area of the visual
cortex than the same sequence viewed on a television or
mobile device.

Next steps and recommendations
The television industry provides a blueprint that mixed re-
ality researchers can learn from when it comes to improv-
ing accessibility for people with photosensitive epilepsy. In
the five years after a Pokemon episode containing an ac-
cidentally seizure-inducing sequence was broadcast on
television, a host of studies were completed identifying pho-
tosensitive risk factors [4, 6, 15]. These studies were in turn
used to develop software to detect seizure-inducing con-
tent in television programs. This incident also led to the
development of broadcast guidelines to govern flashes and
repeated patterns [7]. Most of the studies used to establish
dangerous thresholds measured EEG response while par-
ticipants interacted a television located several feet away.
It is unclear if these thresholds are appropriate for other in-
teraction methods, like mobile phones, laptops, and mixed
reality. No studies have been done to assess the impact of
mixed reality on photosensitive stress, leaving people with
photosensitive epilepsy in limbo when it comes to partic-
ipating in mixed reality technology. Researchers need to
adopt a similar proactive approach when it comes to exam-
ining the risks of photosensitive epilepsy in mixed reality
environments.

New guidelines and thresholds for mixed reality will take
time and effort to create. In the meantime, small improve-
ments on the side of mixed reality creators could signif-
icantly improve accessibility for people with photosensi-
tive epilepsy, such as allowing users to apply various fil-
ters to their headset views to counteract different harmful
sequences. A blue filter has been shown to lower photo-
sensitive response to saturated red transitions, and is a
relatively simple feature for developers to add. Similarly,
allowing users to easily change contrast and brightness
settings could help users quickly neutralize a flashing se-
quence or patterns with high contrast. Finally, social plat-
forms that incorporate mixed reality, like VRChat, could im-
plement emergency moderator call buttons so nearby play-
ers can take action to help players that are having seizures
or any number of other possible medical emergencies dur-
ing gameplay.

Conclusion
As we consider the ethical dimensions of mixed and vir-
tual reality, it is imperative that we consider accessibility for
people with photosensitive epilepsy. It is not sufficient to
ask people with photosensitivity to remove themselves from
any technology involving mixed reality. As mixed reality be-
comes more accepted by the general public, it will become
harder for people with photosensitive epilepsy to “opt out” of
an entire field of technology. By following our recommenda-
tions for small steps towards accessibility and by encourag-
ing deeper research into mixed reality and photosensitivity,
both developers and researchers can help move the field of
mixed reality towards safety and accessibility for all users.
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