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Abstract
Human-computer interfaces often give rise to a
variety of side effects, including eyestrain, headache,
fatigue, and motion sickness (aka cybersickness,
simulator sickness). We might hope that improvements
in interface design would tend to reduce these side
effects.
Unfortunately, history reveals just the
opposite: The incidence and severity of motion sickness
(for example) is positively related to the progressive
sophistication of display technology and systems.
In this presentation, I enquire about the future of
interface technologies in relation to side effects. I
review the types of side effects that occur and what is
known about the causes of interface side effects. I
suggest new ways of understanding relations between
interface technologies and side effects, and new ways
to approach the problem of interface side effects.

1. Introduction
Human-computer interfaces have gone through
extraordinary development over the past 50 years.
Early interfaces consisted of punch cards, followed by
lines of text on a screen, followed by graphical user
interfaces. Today, development focuses on interfaces
that are multimodal (e.g., vision + audition + touch),
DQGZKLFKGHWHFWDQGUHVSRQGWR³LQWXLWLYH´PRYHPHQWV
of the user.
In a broad sense, interface technology has
progressed, or improved. The sophistication, spatiotemporal resolution, and overall quality of interfaces
has improved with each passing year. Strangely,
steady improvement in interface technologies is
associated with a steady increase in reports of side
effects among users. Contemporary interfaces can lead
to a variety of side effects, including subjective
experiences and changes in body movement. Some of
these are related to motion sickness, but many are not.
For example, head mounted displays can give rise to
headache and eyestrain in the absence of motion
sickness [1, 2].

In addition to subjective aftereffects, virtual
environments can bring about changes in body
movement, such as visually guided reaching, and the
control of standing posture. Changes in movement can
be but are not always associated with subjective
aftereffects [3]. This is true even for relations between
movement aftereffects and motion sickness. For
example, prolonged exposure to virtual environments
is associated with generalized increases in postural
activity [4-7], and with changes in the dynamics of
body sway [8, 9] regardless of whether or not
participants reported motion sickness. Generalized
effects of interface exposure can be independent of
changes in bodily movement that precede the onset of
motion sickness and occur only among individuals
who became motion sick [8, 10]. For example, Dong
et al. [11] exposed participants to a high-fidelity
console video game, which induced motion sickness in
42% of participants. Motion sickness was preceded by
changes in the variability of head and torso movement,
and by changes in the coupling of body movement to
the video game. Taken together, these studies show
that visual motion can affect multiple parameters of
postural activity, and that some of these affects are
associated with subsequent motion sickness while
others are not. Similar effects occur with non-game
virtual environments [9], and in military flight
simulators [12].

2. Good and bad side effects
Interface side effects can be good. When interfaces
simulate real-world systems or situations, then side
effects that occur in the real-world setting should also
occur in the simulator; this is a form of simulator
fidelity or interface realism. As one example,
automobile passengers sometimes experience motion
sickness, and so motion sickness should sometimes
RFFXU DPRQJ ³SDVVHQJHUV´ LQ DXWRPRELOH VLPXODWLRQV
This form of fidelity applies to vehicle simulation, but
it can also apply to aspect of the real world that is
reproduced in an interface, such as virtual avatars [13].
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Interface side effects can also be bad. This occurs
when side effects occur with interfaces in situations
where side effects would not occur in the real world.
Drivers rarely experienced motion sickness, but motion
VLFNQHVV LV IDLUO\ FRPPRQ DPRQJ ³GULYHUV´ LH
players) of driving video games [11]. Similarly,
people do not become motion sick when walking down
the street, but motion sickness is common when we
control the locomotion of a virtual avatar [13].
Millions of people report motion sickness while
SOD\LQJ ³ILUVW SHUVRQ VKRRWHU´ JDPHV LQ ZKLFK WKH\
control the locomotion of a character, rather than a
vehicle.
In general, motion sickness associated with
interfaces that display motion of the user (i.e., selfmotion, or motion of the viewpoint), whether vehicular
or otherwise. However, there has not been any
systematic research on this issue; we do not know
whether motion sickness may occur with other types of
contemporary interface systems. Other side effects,
such as headache or eyestrain in the absence of motion
sickness, are associated with a wide variety of interface
systems but, again, there has been no systematic
research into relations between the nature of interfaces
and the types of side effects that they induce.

3. ,W¶VJHWWLQJZRUVH
Reiterating an earlier point, side effects are not
going away spontaneously with the development of
new interface technologies and systems. Rather, it is
just the other way around. Multimodal interfaces and
enactive interfaces are wonderful things, true advances
in interface technology. While they may be a
qualitative leap forward in many senses, they are not ±
by themselves²solutions to the problem of interface
side effects. Enactive interface systems, such as Wii
and Kinect, are associated with widespread anecdotal
reports of motion sickness.
Ignoring this problem is not likely to make it go
DZD\  6LPLODUO\ WKH XVH RI GLVFODLPHUV HJ ³XVH RI
this product may lead to motion sicknesV´  LV D OHJDO
rather than a practical solution.
Motion sickness is not limited to visual interfaces.
Motion sickness has been reported among users of
some auditory interfaces [14], and is common in
vehicle simulators that include inertial displacement of
the body (i.e., motion-base simulators).

understanding of the perceptual-motor dynamics of
human movement. This is, in part, what enactive
interface design and the SKILLS project are all about.
Movement relative to the illuminated environment
differs from movement relative to the gravitoinertial
environment [15]. In this regard, simulation of selfmotion or viewpoint motion cannot be entirely faithful.

5. Potential solutions
Given that completely faithful simulation is not
possible, the best alternative may be to design
interfaces that are deliberately different from the
relevant real-world situations.
Consider, as an example, the control of virtual
avatars. Human gait moves the eyes through the
environment, but also (simultaneously) moves the eyes
up and down ± the head bobs slightly due to the
scissoring action of the legs in walking. Including the
visual consequences of this bobbing in virtual
environments can increase the literal realism of
interfaces, but often has little to do with the functional
goals of the interface and is likely to contribute to
motion sickness. A virtual avatar that moves in
WUDQVODWLRQ ZLWKRXW ³JDLW EREELQJ´ KDV ORZHU QRPLQDO
realism but may lead to better outcomes.
As another example, consider the design of
augmented reality interfaces that might be used to
minimize or reduce seasickness. Adaptation to life at
sea requires us to learn to control our bodies relative to
motion of the ship. Research suggests that this
adaptation may be facilitated by the visible horizon
[16]. Seasickness often occurs below decks, that is, in
the interior of ships where the horizon is not visible.
Below decks, stabilization of the body may be
IDFLOLWDWHG E\ LQWHUIDFHV RU GLVSOD\V WKDW ³VKRZ´ WKH
horizon; one option might be an artificial horizon that
is projected onto the walls of cabins.
Deliberate reductions in nominal fidelity might have
an additional application.
As mentioned earlier
(section 2), side effects can be important aspects of
interface fidelity, as when passengers in virtual
vehicles experience motion sickness that would be
experienced by passengers in the corresponding
physical vehicle. Deliberate interface infidelity might
be used to reduce the risk of side effects in an
interface, such that the interface actually had fewer (or
lesser) side effects than the corresponding physical
system.

4. Explanations from behavior
6. Deliberate design
Rather than relying on brute technological
development, a meaningful solution to the problem of
interface side effects will need to emerge from a better

Interface side effects are a serious problem that
impacts the acceptance and functional utility of
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interfaces.
It is unlikely that the problem of
inappropriate side effects will fade away
spontaneously. It is more likely that the problem will
be minimized only if researchers and designers devote
deliberate, explicit attention to the problem. Effective
solutions to the problem of interface side effects are
likely to come from understanding of behavior (i.e.,
perception and action) and the application of such
understanding to interface design issues, rather than
from developments in interface technologies, as such.
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