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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

lectrotechnical standardization

The procedures used to develop this document and those intended for its further maintengnce are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in acdopdance yith the
gditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such“patent rights. Details of
dny patent rights identified during the development of the document wilkbe in the Introductiorn and/or
on the ISO list of patent declarations received (see www.iso.org/patents):

Any trade name used in this document is information given for the_.¢onvenience of users and dloes not
donstitute an endorsement.

For an explanation of the voluntary nature of standards,)the meaning of ISO specific tefms and
gxpressions related to conformity assessment, as well ‘as information about ISO's adherencg to the
World Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT), see wwwliso.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee SC 4,
Ergonomics of human-system interaction.

Any feedback or questions on this documrent should be directed to the user’s national standardq body. A
domplete listing of these bodies can be found at www.iso.org/members.html.

A list of all parts in the ISO 9241 series can be found on the ISO website.
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Introduction

Recent advancements in moving image technology have enabled us to view and interact with images
using various display devices and in various ways. Moreover, application fields are not limited to
entertainment but also to other business scenarios with the expectation to expand to more ambitious
applications.

In terms of the expansion of application fields and utility forms, the role of video images serving society
has become increasingly important. Thus, it has become necessary to consider the ergonomic aspects of
utilizing video images in view of further progressive expansions. In relation to ergonomic aspects,w
need to|consider not only the specifications of devices but also those affecting image safety, includin
those fofr reducing visually induced motion sickness, or VIMS. VIMS, which is similar to motion si¢ckness
is usually recognized as simply being a minor annoyance from which those being affected would recove
in the short term. However, some people experiencing this sickness suffer from vomiting orataxia, an
thus, arg¢ incapacitated.

L e SR * A Y~

Yet, the|ambitious production of moving images and the use of those images shotild'not be hindere
by consjderations to reduce VIMS. Major factors causing VIMS are considered¢o-be visual motion o
various|kinds in moving image. In addition, visual motion in moving images conveys various types o
information, for example, the psychology of characters captured by camera/work producing variou
types of visual motion. For moving images shown to the public and those produced by professiona
staff, VIMS is presumed to be carefully considered based on empirical knowledge. Besides, adventurou
trials cdn sometimes be necessary to drive forward ambitious moying image production and the use o
those inpages. Moreover, in the absence of empirical knowledge, thesuncharted territory of visual effect
can conje into existence through technical innovations. Althotgh image safety is naturally important
these progressive approaches should not be fully restrained:The issue can be addressed by advancin
moving[image technology based on an understanding of the characteristics of VIMS. Thus, it is highl
importgnt to accumulate scientific knowledge on VIMS.>This will encourage attempts to ambitiousl
producd moving images while considering image safety, which can be expected to lead to furthe
development in the effective use of moving images:

UT —h TT — T —h —h =
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With a view to international standardization forreducing the incidence of VIMS, this document attempt
to sumiparize the scientific knowledge of ¥IMS by presenting an effective procedure for developin
an advanced understanding of VIMS. Thisis achieved from the viewpoint of empirical knowledge o}
VIMS obtained during the production‘of moving images. This document categorizes related scientifi
knowledlge on the ergonomic charagteristics of VIMS, and clarifies the conditions under which VIMS ca
be indu¢ed and ways to reduce jt. These actions are expected to develop the basis for ambitious movin
image piroduction and the use.of these images. Furthermore, the work is expected to provide effectiv
and bas]c data to allow VIMS-te'be studied together with a discussion of the guidelines focusing on VIMS.

Uy = 7 = Uy I

While this document basically focuses on scientific knowledge of VIMS, postural ataxia or disorientatio}
as an affrereffect of wisual exposures especially to virtual environment, is another related issue and i
even mqre important from the viewpoint of safety in daily life. However, this document cannot directl
deal with the issite because of shortages of scientific reports on it. This should be further examined,

IR 0 R —

the ergonomic characteristics of VIMS and can be revised as new scientific data become available.
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Ergonomics of human-system interaction —

Part 393:
Structured literature review of visually induced motion

1 Scope

This document gives the scientific summaries of visually induced motion sickness resultihg from
images presented visually on or by electronic display devices. Electronic displays include flat panel
displays, electronic projections on a flat screen, and head-mounted displays;

Different aspects of human-system interaction are covered in other patts of the ISO 9241 series (see
Annex A).
2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addrgsses:

+ ISO Online browsing platform: available at https://www.iso.org/obp

+ IEC Electropedia: available at http://www.electropedia.org/

31

risually induced motion 'sickness
VIMS

mhotion sickness-like.symptoms induced by perceived motion within the visual environment,|such as
Wwhen watching mowiées and screen images of video games

Pl

Note 1 to entry+-The symptoms may include dizziness (3.2), vertigo (3.3), sweating, odd feelings in the ftomach,
dnd nausea.which can progress to vomiting.

3.2
dizziness
physical unsteadiness, lack of balance or light-headedness

vertigo

sensation of rotation or movement of oneself (subjective vertigo), or of rotation or movement of one’s
surroundings (objective vertigo), in any plane, caused by diseases of the inner ear, or by disturbances of
the vestibular centres or pathways in the central nervous system

34

postural ataxia

inability to coordinate voluntary movements for maintaining posture, caused by dysfunction to sensory
nerve inputs, motor nerve outputs, or the processing of them

© IS0 2020 - All rights reserved 1
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3.5
disorientation
loss of sense of direction, position or relationship with the surroundings

3.6

global image motion

wide spatial range of visual motion composed of different velocities and directions that are
systematically aligned in a moving image

Note 1 to entry: There are generally six types of global image motion that correspond to the different types of
motion ¢f a camera during the shooting of images. These are rotation around and translation along the pite}j,
yaw, and|roll axes (see Figure 1).

Key

1 yaw
2 pitch
3 roll

Figure 1 — Rotations around and translation along the three axes

3.7
vection|
self-mofion perception induced by visualmetion

Note 1 tp entry: Vection can be categorized into two different types: linear vection and circular vection. Line
vection donsists of linear self-motionperception, while circular vection consists of circular self-motion perceptio
around gither one or several of the’yaw, pitch, and roll axes.

- =

3.8
design field of view

design FOV

angular{region subtefiding the active area of a display as designed to be observed from the viewin
position

T

P

4 Theeries of visually induced motion sickness

Although the specific mechanism of VIMS has not been clarified, there are several hypotheses to explain
the cause of motion sickness (MS) including VIMS. Major hypotheses of MS are:

1) sensory conflict theory, or sensory rearrangement theory;
2) poison theory; and
3) postural instability theory.

The sensory conflict theory (Reason and Brand, 1975) explains the cause of MS as the mismatch among
different types of sensory information, and even within single modalities of this information, such as
visual, vestibular, proprioceptive, etc.

2 © IS0 2020 - All rights reserved
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The sensory rearrangement theory suggests that sickness occurs when the pattern of sensory
information containing signals from multi-modal senses and those within a single modal sense do not
match the patterns of those stored in the central nervous system, or CNS, from past experiences. As a
modified version of this sensory rearrangement theory, the theory that focuses on sensory mismatch
of the subjective vertical is known as subjective vertical theory. The sensory rearrangement theory
holds that the severity of sickness increases when the discrepancy between the pattern of sensory
information signals and those stored in CNS becomes larger. When we consider and clarify the meaning
of “mismatch” among different senses, it leads to the sensory rearrangement theory, which is widely
accepted among researchers. In general, the sensory rearrangement theory is often referred to as

CIlIS0ly LUllthL LIIUUI y:

he poison theory (Treisman, 1977) is used to explain why MS arises. The idea is that MS wasdgveloped
ollaterally for organisms to survive in the course of evolution. According to the theory,whe1n emesis
as established as a reaction to intoxication by poison, organisms developed acprocess in which
izziness and vertigo, and then postural instability, is induced while the gastrointestinal tract|is being
mptied by producing mismatch signals among the visual, vestibular, and preprioceptive modalities.
ecause of this process, emesis is induced without the ingestion of poison by.actual mismatch between
the different types of sensory information. This theory is interesting but difficult to examine and it
generally does not contradict other theories trying to explain the mechanism of VIMS.

The postural instability theory (Riccio and Stoffregen, 1991) explaihs the cause of MS as the|state of
postural instability. Organisms try to keep postural stability in@ceordance with their envirorment in
daily activities. The stable state can be obtained by reduce, body fluctuations to the smallegt, while
lemaining fluctuations cannot be fully controlled. According to the theory, sickness occurs|when a
dtable state cannot be obtained. Moreover, the severity @fsickness can be determined by the time the
body remains in the unstable state. There are various:discussions, both from positive and pegative
dides, on this theory.

5 Measurement of visually induced-motion sickness
Measurement methods of VIMS can besnainly categorized as subjective measures of sympfoms or

hysiological recordings including these of autonomic nervous activities. Subjective measure$ can be
asically classified into two categaories:

o0

1) evaluation of sickness severity with one axis scale; and

) evaluations of various(symptoms related to the sickness, which are then used to obtain a total score
and several sub-scores.

[NE

'he measurements‘réquired to evaluate one value of sickness severity can be obtained in a short time.
'hen, those measdurements can be carried out while participants are exposed to stimuli of VIM} during
xperiments/These kinds of measurements were proposed by various researchers who used different
cales. Thus;-it is rather difficult to directly compare the data obtained in different experinjents by
lifferentxesearchers. The scales can be different in light of:

O (N (D] ]

) ~the number of points of the scale,

Q)

J—thetevetof severity inmdicated by the fargestscore, amd
c) thekind of symptom levels attributed to each score of the scale.

The number of points on the scale is inconsistent: some of them have 20, and others have 11, 7, 6,
and 4. Keshavarz and Hecht (2011a) proposed a fast motion sickness scale (FMS), which is a 20-point
rating scale ranging from zero (no sickness at all) to 20 (frank sickness). They examined and found
high correlations with the simulator sickness questionnaire (SSQ), total score (r = 0,79) and sub-score
(r=0,83). They also used it in another experiment (Keshavarz and Hecht, 2011b).

There are two different, but comparable, scales adopting 11-point levels of scoring. One is called the
misery scale (MISC), which has been used by Bos and his colleagues (Bos et al., 2005; Lubeck et al,,
2015; Lubeck et al., 2016). The scale was revised from the one adopted by Wertheim et al. (1998), based

© IS0 2020 - All rights reserved 3
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on “the knowledge that nausea is generally preceded by other symptoms such as dizziness, headache,
(cold) sweat, and stomach awareness” (Bos et al., 2005). The MISC with symptom description for each
score is shown in Table 1. The other is the sickness related scale, focusing on the symptoms felt in the
head, and of dizziness and nausea (Ujike et al., 2004; Ujike et al., 2005). The scale is presented in Table 2.

Table 1 — Misery scale (MISC)

Symptom

Severity

Score

No problems

Uneasinless (no typical symptoms)

Dizziness, warmth, headache, stomach awareness, sweating, and

vague

other symptoms

slight

fairly

severe

Nausea

slight

fairly

severe

Retchin

o

O |0 (N || U] W IN|R]O

Vomiting

=
o

Table 2 — Sickness related seale

Symptgm description

Rating

No probllems

Feeling yery slight unusual sensation

Feeling klight unusual sensation

Tendendy to feel unusual sense in the head

Sometimes feeling unusual sense in the head

Feeling hnusual sense in the head

Tendendy to feel sick and dizziness

Feeling klight sick and dizziness

Feeling pick and dizziness

Feeling yery sick and dizziness

OO (N ||| |W|IN|IFR|O

Cannot gee visual motion, or feel vomiting

—_
o

A 7-point scale is used in several reports (Webb and Griffin, 2002; Webb and Griffin, 2003; Lo and Sq

2001; S¢ et al., 20013 et al,, 2009), and attributes symptom levels to each score as:

— 0 =po symptoms;

— 1 =pnayunpleasant symptom, however slight;

— 2 =mild unpleasant symptom;

— 3 =mild nausea;

— 4 =mild to moderate nausea;

— 5 =moderate nausea, but can continue;

— 6 =moderate nausea, want to stop.

© IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=439ce630f9bbdd998687792dda197c5c

ISO/TR 9241-393:2020(E)

A 6-point scale is used by other researchers (Bijveld et al., 2008; Golding et al., 2009), of which the scale
indicates the symptoms as:

— 1 =no symptoms;

— 2 =initial symptoms, but no nausea;

— 3 =mild nausea,

— 4 =moderate nausea (stop motion);

+ 6 =vomiting.

=

e W 0 WS |

1+ 5 =severe nausea;

1+ 1=no symptoms;

+ 3 =mild nausea;

4+ 4 =moderate nausea.

+ 2 =mild symptoms, but no nausea;

[0 date, several different methods have been proposed for scoring, with the evaluation of
ymptoms. One of these methods uses the Graybiél'scale of MS (Graybiel et al., 1968). Alternatiye forms
f the method have been derived. The Graybiel\scale has 7 categories of symptoms for evalugting MS
see Table 3). For each of the categories, the séverity of symptoms is evaluated, and then a total|score is
¢btained (Hu et al, 1989; Andre et al., 1996]).'Depending on the total score, the level of severity of MS can
be categorized as being one of five different levels.

Table 3 — Categories and levels of severity of the Graybiel scale

A 4-point scale was produced by Bagshaw and Stott (1985) and is used by some studies (Clenes and
Howarth, 2005; Diels and Howarth, 2011; Diels and Howarth, 2013), of which thexrange is:

Another 4-point scale, which simply indicates “general discemfort”, one of the 16 items adopted in SSQ,
vas used by others (Ujike et al., 2005b).

multiple

system

Pathognemonic Major Minor Minimal AQSp
Category . i i . .
16,points 8 points 4 points 2points 1 point
Nausea syndrome Voml’glng or Nausea II¢, I1IP | Nausea 14 Eplgastrlc Epigastric
retching discomfort awareness
Skin colour Pallor I1IP Pallor II¢ Pallor 14 Flushing
Cold sweating 1P IC Id
Increased g 11 1d
calivation
Drowsiness I11P 11¢ Id
ain Headache
Dizziness:
Central nervous Eyes closed >II¢

Eyes open IIIP

Levels of severity identified by total points scored

b Severe or marked.
¢ Moderate.

d  Slight.

a  Additional qualifying symptoms.
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Table 3 (continued)

Pathognomonic Major Minor Minimal AQS2
Category
16 points 8 points 4 points 2points 1 point
Frank Severe Moderate Moderate . .
: . : : Slight malaise
sickness malaise malaise A malaise B
(S) (M I11) (M 11A) (M 1IB) (MI)
>16 points 8-15 points 5-7 points 3-4 points 1-2 points
a Add.LiUlldl qualif_yius Dy llllJLUlllb.
b Sevgre or marked.
¢ Modgrate.
d  Slight.
Some r¢lated scoring methods exist. These methods score eight different symptoms,with four levels

of sevel

different symptoms as: vertigo, dizziness, bodily warmth, headache, increased salivation, stomac}

awaren
Others
awaren
2009; B

ity: 0 = none, 1 = mild, 2 = moderate, 3 = severe. Some researchers adaopted these eight

—

bss, nausea, and dry mouth (Bonato et al., 2005; Bonato et al., 2004; Bubka and Bonato, 2003].
hdopted the eight symptoms as being: dizziness, bodily warmth, headache, sweating, stomacl
bss, increased salivation, nausea, and pallor that are rated by an éxpeérimenter (Golding et alj,
jveld et al., 2008).

=

Another
by Ken

were selected as being more efficient items representing simulator sickness, based on the results o
1 119 ppirs of data obtained with the motion sickness questionnaire (MSQ). The total SSQ score i
calculated as a weighted sum of the 16 items, which are sdored on a 4-point scale. The SSQ also define
three syb scores, namely:

1) “oc
2) “dig
3) “na
The SS(

al., 200¢; Bonato et al., 2008; Dielsyand Howarth, 2013; Bonato et al., 2009; Diels and Howarth, 2011;

Keshav{
Emoto €

scoring system, that is widely used, is the simulator sickness questionnaire (SSQ) develope
edy et al. (1993). The SSQ has 16 items of symptoms tobe evaluated (see Table 4), whicl

ViVl ey = =

lomotor” seeming mainly related to visual\fatigue;
orientation” seeming mainly related to‘dizziness and vertigo; and
1sea” seeming mainly related to aatiSea and sickness.

has been widely used in vatious studies of VIMS (Lubeck et al., 2015; Ji et al., 2009; Bubka eft

rz and Hecht, 2011; Bubka'et al., 2007; Kennedy et al., 2002; Duh et al., 2004; Ujike et al., 2005;
tal., 2008; Lin et al.,2002; van Emmerik et al, 2011; Keshavarz et al., 2014).

Table 4 — Simulator sickness questionnaire

Evaluation scale
Symptoms -
None Slight Moderate Severe
General|diseonifort + + + +
Fatigue + + + +
Headache + + + +
Eye strain + + + +
Difficulty focusing + + + +
Increased salivation + + + +
Sweating + + + +
Nausea + + + +
Difficulty concentrating + + + +
Fullness of head + + + +
Blurred vision + + + +
6 © IS0 2020 - All rights reserved
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Table 4 (continued)
Symptoms . Evaluation scale
None Slight Moderate Severe
Dizzy (eyes open) + + + ¥
Dizzy (eyes closed) + + + ¥
Vertigo + + + +
Stomach awareness + + + +
urping + + ¥ n

gxperiment of VIMS without its completion.

xamined and accepted as evaluation methods in the literature.

'here have been various physiological methods for objectively measuring VIMS. These are, for ¢

y
I
dorrelation coefficient between heart rate and blood pressure‘whose frequency components are
i
d

addition to these subjective measures and physiological recordings, other measured values

cored values.

eason and Brand (1975) for improving the design and simplifying scoring, and also developed
\
dfficient compromise between time cost and predictability. The questionnaires in the literaf
S
g

tal, 2011; Goldingretl., 2012).
df vection aréoften used:

ofperceived vection;

2) “strength of vection (the maximum value is often attributed as the condition in which ok
perceive visual stimulus as stationary while experiencing continuous self-motion); and

3) the ratio of the period in which observers experience vection to that of the stimulus period.

The linear relationship between the SSQ total score and severity of VIMS are shown in ClauSe ¥, where
the severity of VIMS is represented by drop-out rate, the rate of people who cease to participate in the

An alternative method of subjective scoring based on the evaluation of multiple symptoms was
developed by Ohno and Ukai (2000). This evaluation method has 28 items-60f symptoms, which were
delected from those items previously used for measuring VIMS and eye strain in the literatufe. Each
item of the symptoms is scored on a 7-point scale. These evaluation methods have been statfistically
g

xample,

leart rate, heart rate variability and its related indices (e.g.’LF/HF ratio), p-max (the mhximum

limited

o the Mayer waveband), respiration frequency, the €lectrogastrogram (EGG), skin condfictance,
nd perspiration. Because the indices related to heart\rate variability (e.g. LF/HF) can be aff¢cted by
hanges in the body position, it is necessary to carefully consider the validity of the values obtdined.

such as

hose related to postural sway and eye blink fréequency, have been reported as being compared [to other

oreover, subjective measures not for measuring severity of sickness but for segmenting infividual
ifferences are also often used and-are important for clarifying the range of participants’ susceptibility
an experiment. Golding revised the motion sickness susceptibility questionnaire develpped by

a short

ersion of MSSQ (MSSQ-shdrt) (Golding, 2006). He reported MSSQ-short provides reliability with an

ure are

ometimes used as measlite of the range of participants’ susceptibility (e.g. Ji et al., 2006; van Emmerik

(ther than VIMS;vection has sometimes been measured in relation to VIMS. Several measurefl values

1) onsetlatency of vection, which indicates the period between onset of the visual stimulus and that

Servers

As an example of the strength scale of vection, Webb and Griffin (2002) used a 4-point scale (see
Table 5) with which observers judge the motion of the observer and of a rotating drum (visual stimulus).
Alternatively, there is another 11-point scale with 0 indicating “no motion”, and with 10 indicating
“perceiving self-motion that cannot be distinguished from what can be perceived during physical

motion” (Ujike et al., 2004; Ujike et al., 2005).
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Table 5 — An example of vection strength scale

Perception of what is moving Meaning

Drum only You perceive that the only thing moving is the
drum (real or virtual)

Drum and self (intermittent) You perceive the drum to be moving but also
experience periods of self-motion

Drum and self (continuous) You perceive the drum to be moving and simul-
taneously experience continuous self-motion

Self only You perceive the drum to be stationary and
experience continuous self-motion

6 Effective factors of visually induced motion sickness

6.1 General

Possibld effective factors of VIMS are reviewed in 6.2 to 6.4, which are classified-in three categorieg:
visual image factors, visual environmental factors, and individual viewer factors. To understand thes
scientiffc reports better, the factors are described from the viewpoints-of“main effects, ergonomi
applicatfions and constraints. Also, the methods and results of those experiments were described.

I

The effgcts of these factors are described in studies reported in théditerature, whether original paper
or confdrence proceedings. Those studies were selected in this decument with the following criteria:

1) documents reporting experiments of VIMS, not simply of.traditional motion sickness, meaning that
themajor stimulus presented in the experiments is visual;

2) documents reporting rather detailed experimental conditions, in order to consider, for examplg,
inflpiential factors of the obtained results.

9%

The desgriptions of the characteristics each factor showed are sometimes based on a single report (se
6.2 to 6|4,) or are controversial even amonglseveral reports cited. Therefore, those characteristics o
factors should be further investigated to-be.confirmed.

=)

6.2 Effective factors: Visual image factors

6.2.1 |[General

1%

The essential factor of VAMSIs image motion (see 6.2.2) either real or virtual (see 6.2.3). The effectivg
factors jnherent in image motion can be the rate of motion, such as velocity (see 6.2.4, 6.2.5, 6.2.6, 6.2.8
and temporal frequéncy (see 6.2.7) and also the types of global image motion (see 6.2.3, 6.2.9, 6.2.11
and thejr combinations (see 6.2.10).

On the ¢ne hand, for the effects of the rate of motion, the VIMS can be more severe for a certain rang
of rotat]on.velocity of constant rotation (see 6.2.4) or of cyclic rotation (see 6.2.6). It can also be mor
severe hen rotation velacityv ic chanainag than when it 1c canctant (coo 6 2 B Hawouver for cucli

vhen rotationvelocity is chan aing than when it is constant {see 625} However for cycli

translation of global image motion, a certain temporal frequency range (with a peak at around 0,2 Hz) is
reported to be larger regarding severity of VIMS (see 6.2.7).

PERLERY

On the other hand, for the effects of the different types of global image motion, the severity of VIMS can
be larger for roll rotation than for yaw and pitch rotation (see 6.2.3), larger for off-axis rotation around
the yaw axis than for on-axis rotation (see 6.2.9), or larger for forward translation than for backward
translation (see 6.2.11). The combinations of rotation around different axes sometimes increases the
severity of VIMS, while at other times they do not have such an effect (see 6.2.10).

Some other factors related to visual images are also reported to be effective in increasing the severity
of VIMS. Those factors are spatial frequency, colour, blur of visual images and also stereoscopic
presentation of images. The severity of VIMS is reported to vary depending on the spatial pattern of the

8 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=439ce630f9bbdd998687792dda197c5c

ISO/TR 9241-393:2020(E)

rotating image (see 6.2.13); more specifically, a certain spatial frequency (0,07 cpd) of vertical stripes
was more effective to induce VIMS when a rotating drum was used to present the image motion (see
6.2.12). Moreover, the severity of VIMS became larger when the moving image consisted of coloured
stripes than gray or black/white stripes (see 6.2.15), or when the moving image of a checkerboard
pattern was blurred than when it was not blurred (see 6.2.16). When the moving image is presented
stereoscopically, the severity of VIMS represented by subjective measures often increases over non-
stereoscopic presentations, but physiological recordings do not show such variations (see 6.2.18).

Moreover, some other factors of visual images are related to image content. For example, when a visual
arbgrnnnd hnl'ng cfnfinnary to actual environment was pracnnfnr‘ indnpnnr’]nnf from g]n]‘\"l image
notion (see 6.2.14), or when cognitive orientation cues inherent in moving images are inverted (see
6.2.17), the severity of VIMS decreased.

There may be a factor of image quality in the category of visual image factors, which is sometimes
donsidered; if the image quality of motion is higher, the severity of VIMS may be larger. Howevdr, image
quality is vague and not specifically defined. Therefore, image quality is not dealtwith in this document.
However, image quality can be affected by luminance, contrast, image resolutiofis, colour depth, which
is the number of bits to represent the colour of a single pixel in a bitmappediimage, and other{factors,
Wwhich may need to be investigated.

$.2.2 Role of visual motion

6.2.2.1 Key aspect

Importance of visual image motion: visual motion is an.essential factor of VIMS.

6.2.2.2 Description

or comparing the effects of moving imagesiand still images on VIMS, two types of images were
resented to observers. The first one was danoving image of a first-person view walking argund VR
pace, and the second one was a sequence of still images, each during a period of 10 s, and which was
ampled every 10 s from the above-mentioned moving image. The severity of VIMS was meadured by
SQ total scores before and after thejexposure (Figure 1a in Lubeck et al., 2015) and by MIS(C scores
efore, during and after the exposure (Figure 1b in Lubeck et al.,, 2015). They were, in some cases,
ignificantly larger for the moving image than for the sequence of still images especially dfter the
xposures, whereas the postural sway, which was measured before, during and after the exposlire, was
Imost equal between the ‘two types of images (see Figure 1c in Lubeck et al., 2015).

S N 7 W e e O W V0 W 0 W B —

o

.2.2.3  Applications

This factor indicates the importance of considering visual image motion to reduce VIMS; visugl image
notion can beproduced, for example, by shooting camera motion and others.

6.2.2.45"Constraints

This factor does not necessarily indicate the possibility that moving images, consisting of a seqjience of
still images, do not induce motion SICKNess.

6.2.2.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 6.

Table 6 — Methods used in the factor: Role of visual motion

Lubeck AJA, Bos JE, and Stins JF (2015)
Participants 15 (6 males, 9 females; age 29,5 + 5,9)

a2 The paper describes the value as 24, which seems to be an error.
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Table 6 (continued)

Display device A projector and flat large screen

Display content

Motion images (12 min episodes) and still images (taken every 10 s from the motion
images; presenting by changing the still images every 10 s), both taken from “Mirror’s
Edge”, a first-person shooter game showing ample linear and angular motion in all
dimensions.

Display resolution (1 024 x 768) pixels, 60 Hz

Display size (62 x 489)° (1,44 m x 1,08 m)

Viewing distance 1,2m

Chin/hdad-rest None

Fixation None

Viewing period 12 min x 3 times (12 min exposure, 3 min measurements (M1), 12 min exposure, 3 min

measurements (M2), 12 min exposure)

Experinpent conditions | Two conditions: (a) motion images, (b) still images

Experinﬁental design |Within subject design

Physliologic al|Beforestimulus period, M1, M2, after stimulus period: centre‘ef foot pressure
measur¢ments

Psycholo gic al|Before/after stimulus period: SSQ

measure¢ments Before stimulus period, M1, M2, after stimulus period) MISC

a2 The paper describes the value as 24, which seems to be an error.

6.2.3 [Real and virtual motion

6.2.3.1| Key aspect

Effects ¢f virtual motion: visual motion presented;virtually is effective as well as real motion on VIMY,
but the $everity may be slightly less than that with'real motion.

6.2.3.2 | Description

For conlparing the effects of real visual motion and virtual visual motion on VIMS, Webb and Griffin
(2002) ¢ompared subjective scoresiofa 7-point motion sickness scale, obtained every 30 s (see Figure 1
in WebH and Griffin, 2002), between the condition of an optokinetic drum presenting real visual motiof
of yaw rptation and the conditioirof HMD presenting visual motion simulating virtually the yaw rotatiof
with anjoptokinetic drum. The‘accumulated scores of the motion sickness scale are significantly smallep
with the virtual motionthan with the real motion. However, those scores obtained in each participanit

are signlificantly correlated between the conditions (see Figure 2c in Webb and Griffin, 2002).

6.2.3.3
This fa

Applications

]

tor{indicates the importance of considering visual image motion presented on electroni
, ot as real motion, to reduce VIMS.

displays

6.2.3.4

Althoug

Constraints

h it shows the significant difference of accumulated subjective scores between the real and

virtual image motion, the difference may be caused by some imperfections in the virtual presentation
of images reported by the authors.

6.2.3.5

Experimental methods

The methods used in the experiment cited in this factor are shown in Table 7.

10
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Table 7 — Methods used in the factor: Role of visual motion

Webb NA and Griffin M] (2002), Exp.1

Participants

16 (all males; age 29,5 £ 5,9)

Display device

An optokinetic drum (diameter 100 cm,
height 120 cm)

An LCD HMD (Virtual Research, VR4)

Display content

Vertical black (1,44 cd/m?) and white
(31,28 cd/m?) stripes (75 mm wide (8°),

An animation of optokinetic drum, simu-
lating black and white stripes (width of 8°

each), rotating in 30°/s.

each) rotating in 30°/s.

Pisplay resolution

N/A; Real objects

(247 x 230) pixels, 60 Hz

Pisplay size

(48 x 36)°, restricted by spectacles

(48 x 36)°

Viewing distance

Not specified, possibly approximately 0,5 m

Not specified, but focal'‘point of theldisplay

was approximately,1l.m

Chin/head-rest A strap connected to the backrest of a chair restrained the head of each participant
Fixation None
Viewing period 30 min for each condition

F.xperiment conditions

Two conditions: (a) real optokinetic drum, (b) virtual optokinetic drum

F xperimental design

Within subject design

Physiological
neasurements

None

Psychological
neasurements

Before experiment: visual acuity, motion sickness history questionnaire

During stimulus period: A 7-pointunotion sickness scale, a 4-point vection scalg

After stimulus period: SSQ

6.2.4.1 Key aspect

e ol e

6.2.4 Constant rotation of global image niotion

Effects of velocity range of constantvisual rotation: the severity of VIMS becomes the largest when the
irst-person view image simulates constant rotation speed of 60°/s along the yaw axis, of 30%s along
he pitch axis, and of 30 to 60%/s along the roll axis.

© IS0 2020 - All rights reserved
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6.2.4.2 Description
YA

X velocity of simulated body rotation in°/s
Y sickhess-related subjective score

1 pitch 4 n=39
2 yaw 5 px0,05 (Mann-Whitney test)
3 roll

Figure 2 — Effects of constantrotation velocity (Ujike et al., 2004)

Using ap optokinetic drum, Hu et al. (1989) presented four different speeds of visual yaw rotation
to the dbservers. The results showed‘that the averaged SSMS scores were significantly different for
differenit rotation speeds, while spégtral intensities of EGG at the range of 4 to 9 cpm frequencies werg
significgntly different among different rotation speeds (Figure 1 in Hu et al., 1989). The SSMS scores at
15°/s were significantly different from those at 60°/s and 90°/s. The spectral intensities at 15°/s werg
significqntly different fromrthese at 60°/s.

Using a|projector anda-circular wide-angle screen, Ji et al. (2009) presented a moving image of blac
and whiite stripes simulating the inside of an optokinetic drum, with the central and periphera
striped [area rotating in opposite directions to each other. This differential motion was presented t
reduce the incidence of vection to the observers. The results showed that both the 7-point nause
ratings [“filléd-~circle” symbol in Figure 5 in Ji et al., 2009) and nausea severity using the free modulu
magnityde estimation method (“open square” symbol in Figure 5 in Ji et al.,, 2009) have significa
effects ofrotationvelocity Both oftheseestmated valueswere sionificantly laroer at 60°%/s than thei

corresponding values at 0°/s. However, the values at 90°/s were not significantly different from their
corresponding values at 0°/s.

UT o — N

Using a projector and a large flat screen, Ujike et al. (2004) presented six different rotating velocities for
each of the yaw, pitch, and roll axes rotations. The results showed that the sickness-related subjective
scores were significantly different among rotation velocities and marginally significant among rotation
axes (Figure 3 in Ujike et al., 2004; see also Figure 2). For visual roll rotation, the peak scores are
obtained at 30°/s and 70°/s, for pitch at 30°/s, and for yaw at 70°/s.
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This factor is useful for considering the effects of visual rotation velocity around yaw, pitch, and roll
axes in moving images, which, for example, can be produced by a shooting camera rotating as pan, tilt,

or roll motion.

6.2.4.4 Constraints

The effect of this factor is shown with various sizes of visual field, and various exposure periods only

nnnnnn

6.2.4.5 Experimental methods

Table 8 — Methods used in the factor:

The methods used in the experiment cited in this factor are shown in Table 8.

Constant rotation of global image motion

(i) Hu S, Stern RM, Vasey (ii) Ji]JTT, So RHY, and Che=)_| (iii) Ujike H, Yokoi T|and
MW, and Koch KL (1989) ung RTF (2009), Exp.2 Saida S (2004), Exp.p
barticipants 60 (29 males, 31 females; 16 (16 females; age range, |39 (10 males, 29 fenjales;
P age range, 18 to 25) 21 to 30) agerange, 19 to 71)
An optokinetic metallic A projector and gircular A projector and flat |arge
Pisplay device drum (diameter 76 cm, wide-angle Sereen screen
height 91,5 cm)
24 pairs of vertical stripes |24 pairs of vertical stripes |Random dot patternjs or a
with black (5,7°) and white |withblack (5,7°) and white |texture simulating dqrdinary
(9,3°) covering inside the (973°) simulating the inside |room covering insidg of a
drum. of a drum. virtual rectangular polid.
) Central and peripheral
Display content striped patterns rotating in
opposite directions to re-
duce vection, but to induce
Optokinetic nystagmus
(OKN) by motion of central
striped pattern.
Pisplay resolution N/A;xeal objects (1920 x 480) pixels, 60 Hz |(1 024 x 768) pixels|60 Hz
Pisplay size Whole visual field 200° x 50° 82° x 67°
Viewing distance No description (maybe No description 1m
below 38 cm)
Chin/head-rest Chin-rest Chin/head-rest None
Fixati None None A fixation point at the cen-
1xation
tre of the screen
Viewing period 15 min 30 min 15s

Four velocities of optokinet-
ic drum: (15, 30, 60,90)°/s

Four velocities of simulated
optokinetic drum: (15, 30,

Combinations of thr¢e visual
rotation axes (yaw, pjitch,

. L g
APCTIHITIIU CUITUILIULIS

60, 90)°/s

roll), and seven velocities
(between 0°/s to 360°/s)

Experimental design

Between subject design

Within subject design

Within subject design

Physiological
measurements

During stimulus period:
EGG, Respiration

During stimulus period: EOG

During stimulus period:
Centre of foot pressure

© IS0 2020 - All rights reserved
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Psychological lus period: nausea sever-
measurements ity using free modulus

Table 8 (continued)
Every 2 min during stim- Before/after stimulus peri- |After stimulus period: sick-
ulus period: occurrence od: SSQ, ness related score with an

eleven-point scale, vection
intensity score with an
eleven-point scale

of vection symptoms of

motion sickness (SSMS) Every 2 min during stimu-

magnitude estimation and
the 7-point nausea rating
scale, vection intensity on a

4-point scale

6.2.5

6.2.5.1
Effects

first-pefson view image simulates changing velocity of rotation (along the yaw axis)and of translatios
(parallel with roll axis) than constant velocity of those respective motion.

6.2.5.2

Using a

conditidn”: the drum rotation in the same direction was repeatedly watched for 30 s with 5 s intervalg

(b) the

intervals, and (c) the “control condition” the drum rotation,was consistently watched in the sam

directioE without 5 s intervals. The results showed that, the averaged SSMS score in the different

directio
control

Using an optokinetic drum, Bubka et al. (2006) coemipared three conditions: (a) the “5 RPM condition:

the dru

“10 RPM condition”: the rotation in the 10tyrpm speed was repeatedly watched for 30 s with 5-
intervals, and (c) the “5/10 RPM condition”: the rotation speed alternately changed between 5 an

10 rpm

three cqnditions (p < 0,043) (Figure'lA in Bubka et al., 2006). Post hoc analysis indicated that the SS
total scores in the 5 RPM conditién)were significantly lower than the scores in the 5/10 RPM conditio}

(p<0,0

the 5 REM and 5/10 RPM conditions.

Using a

flow wds a constantexpansion, and (b) the alternating condition: the optic flow was intermittentl
alternatled betweetrexpansion and contraction. The results showed that the SSQ total scores obtaine
in the gteady condition were significantly lower than those obtained in the alternating conditio}

(p<0,0

6.2.5.3

Change of velocity of global image motion

Key aspect

bf velocity change during constant visual motion: the severity of VIMS becomes larger when th

Description

h optokinetic drum, Bonato et al. (2005) compared three eonditions: (a) the “same directiol

“different direction condition”: the rotation direction<alternately changed during the 5

condition was significantly larger than the sgores in the same direction condition and th
condition (Figure 1A in Bonato et al., 2005).

n rotation with a speed of 5 rpm was<kepeatedly watched for 30 s with 5-s intervals, (b) th

Huring 5 s intervals. The ANOVA for the SSQ total scores indicated a significant effect among th

b), while the scores in the' 10 RPM condition were not significantly different from the scores i

CRT display, Bonato et al. (2008) compared two conditions: (a) the steady condition: the opti

D6) (Eigure 2A in Bonato et al., 2008).

W

—

1

)
5
e

e o Y " == 0 B *) 9%

<

Applications
rr

This factor is useful for considering the effects of visual velocity change of rotation around yaw axis or
of forward or backward motion in moving images, which, for example, can be produced by a shooting

camera

6.2.5.4

rotating constantly as pan, or moving constantly forward or backward with dolly motion.

Constraints

This factor does not describe the effects of velocity change of rotation around the pitch and roll axes,
and of translation along the yaw and pitch axes.

14
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The methods used in the experiment cited in this factor are shown in Table 9.

Table 9 — Methods used in the factor:

Change of velocity of global image motion

(i) Bonato F, Bubka A, and
Story M (2005)

(ii) Bubka A, Bonato F,
Urmey S, and Mycewicz D
(2006)

(iii) Bonato F, Bubka A,
Palmisiano S, Phillip D, and
Moreno G (2008), Exp.1

1

2 L4 1 QL 1
TZ (T HOIrdarcS; O TCTITarc s, a gt

12 (7 1 L_£ 1
TZ- (7 Hrdarcs;, o TCTTarcS,~a gt

14 L7 1 £ 1 .
T 7 IIdarcs;—7 A\,Aucu.,s, age

Participants range, 20 to 44, average range, 19 to 46, average 24) |range, average 19,4)
24,4)
An optokinetic drum (diam- | An optokinetic drum (diam- |43 cm Del.CRT monjtor
Pisplay device eter 107 cm, height 122 cm) |eter 107 cm, height 122 cm) |with Apple-G5 desktop

computer

Pisplay content

12 pairs of vertical stripes
(30° each) with black and
white covering inside the
drum.

12 pairs of vertical stripes
(30° each) with black and
white covering inside the
drum.

Thestimulus patterh con-
sisting of an array of light
blue squares against a dark
background. There yvere
500 objects in total.[The
perspective was incprpo-
rated into the display.

Pisplay resolution

N/A; real objects

N/A; real objects

(81 280 x 1 024) pixgls,
85 Hz

Pisplay size

No specific value; restrict-
ing the view with baffles to
drum’s interior

No specific value; restrict-
ing thewiew with baffles to
drum’s interior

53° (wide) x 45° (high) with
viewing distance of B0 cm

Viewing distance

48,5 cm

48,5 cm

30 cm with monocular
viewing

Chin/head-rest

Chin/head-rest

Chin/head-rest

Chin/head-rest

FFixation

None

None

None

Viewing period

16 min

4 min

5 min

Experiment
ronditions

(@) Same direction
condition: for 30 s,
retation, for 5s,
eyes closed, for
30 s, rotation in the
same direction, ...
(repeating),

Different direction
condition: for 30 s,
rotation, for 5s,

eyes closed, for

30 s, rotation in the
different direction, ...
(repeating)

(b)

(@) 5 rpm condition: for
30 s, 5 rpm rotation,
for 5 s, eyes closed, for
30 s, 5 rpm rotation in
the same direction, ...
(repeating),

(b) 10 rpm condition: for

30s, 10 rpm rotation,

for 5 s, eyes closed, for
30s, 10 rpm rotation in
the same direction, ...

(repeating),

(c) 5/10 rpm condition: for

(@) Steady conditiop:
optical flow pattern
viewed expanded?
from the centre of the
display monitor at a
constant rate,

(b) Alternating conldition:
optical flow pattern
intermittently
expanded? and
contracted evely 5 s
interrupted by [L s of
stationary pattern.

Control condition: the
optokinetic drum was

©

30 s, 5 rpm rotation,
for 5 s, eyes closed, for
30s, 10 rpm rotation in

urements

steadily rotating. the same direction, ...
(repeating).
Within subject design Within subject design Within subject design
Experimental design
(Separated with 72 h)
Physiological meas- None None None

a  Rate of the expansion was consistent with an optic flow produced with a speed of 340 km/h with a visible range of 220 m.
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Table 9 (continued)

Psychological meas-
urements

Every 2 min during stim-
ulus period: symptoms of
MS (SSMS)

Before/after stimulus
period: SSQ

Before/after stimulus
period: SSQ, self-motion
perception

a  Rate of the expansion was consistent with an optic flow produced with a speed of 340 km/h with a visible range of 220 m.

6.2.6 Cyclic rotation of global image motion

6.2.6.1 [ Key aspect

Effects pf cyclic rotation rate: the severity of VIMS becomes larger when the first-person view\imagg
simulates cyclic rotation around the yaw or pitch axes with a certain velocity range (yaw: high-pasg
pitch: band-pass). For a cyclic rotation, around the roll axis, the severity of VIMS is affected by th
amplitufde.

~

w

6.2.6.2 | Description
o4 T 4
Y -5 ! *{—————
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Key
X  peak velocity of cyclic rotation in°/s
Y sickhess-related subjective score
1 pitch 4  amplitude of 30°
2 yaw 5 amplitude of 60°
3  roll 6 p<0,05(Mann-Whitney test)

Figure 3 — Effects of oscillating (cyclical) rotation rate on sickness-related score (Ujike et
al., 2005)

Effects
using a
an ordi

of frequency and amplitude of oscillating rotation were investigated by Ujike et al. (2005]
projector and a flat large screen on which either random a dot pattern or a texture simulatin
hary room,'simulated an oscillating rotation around either the yaw, pitch, or roll axes. Th
results showed-that the sickness-related subjective scores for two different amplitudes were wel
aligned [especially for pitch and yaw axis oscillations when the data were plotted against peak velocit
(Figure|3J~The ranges of peak velocity for higher subjective scores depend on oscillation axis, and fo
roll axis; thie amphtude 15 atso an affecting factor:

v A=

NN e (U

6.2.6.3 Applications

This factor is useful for considering the effects of visual cyclic rotation velocity around yaw, pitch, and
roll axes in moving images, which, for example, can be produced by a shooting camera rotating as pan,
tilt, or roll motion.

6.2.6.4 Constraints

The dependency on peak velocity of the yaw and pitch rotation may be limited to the range of
amplitude used.
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6.2.6.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 10.

Table 10 — Methods used in the factor: Cyclic rotation of global image motion

Ujike H, Kozawa R, Yokoi T, and Saida S (2005)

Participants 39 (10 males, 29 females; age range, 19 to 71)

Display device A projector and flat large screen

Display content Random dot patterns or a texture simulating ordinary room covering insideffa virtu-
al rectangular solid.

Pisplay resolution (1 024 x 768) pixels, 60 Hz

Pisplay size 82° x 67°

Viewing distance 1m

Chin/head-rest None

Fixation A fixation point at the centre of the screen

Viewing period 60 s (5 s stationary before/after the moving stimulus)

Combinations of three visual rotation axes (yaw,piteh, roll), two different amp|itudes
F.xperiment conditions |and five different temporal frequencies (between-0,06 Hz to 1,0 Hz for amplitugle of
30°, and between 0,03 Hz to 0,49 Hz for amplitude of 90°).

Fxperimental design  |Within subject design

Physiological|Duringstimulus period: Centre of foot,pressure
neasurements

Psychological|After stimulus period: sickness related score with an eleven-point scale, vectioh inten-
measurements sity score with an eleven-paointscale

6.2.7 Cyclic translation of global image . motion

6.2.7.1 Key aspect

Effects of temporal frequency range'of cyclic translation: the severity of VIMS becomes the larggst when
he first-person view image simulates cyclic translation back and forth (parallel with roll axis) within
he frequency range of 0,2 t6:0,4 Hz.

=t cF

o

.2.7.2 Description

'he frequency reSponse of VIMS for oscillating translation along the fore-and-aft axis was inveptigated
y Diels and Howarth (2013), using a projector and a large flat screen on which an expanding and
ontracting.random dot pattern was presented in two experiments. The results showed that the
ccumulated sickness rating (the sum of the sickness ratings over the 20 min exposure djration)
ncreased with increasing frequency up to 0,2 Hz in Experiment 1, and these ratings decreaged with
ncréasing frequency beyond 0,2 Hz in Experiment 2 (Figure 2a in Diels and Howarth, 2013). The times
o‘achieve sickness ratings of 2 and 3 became smaller with increasing frequency in Experjment 1.
Moreover, the time to achieve the ratings of Z was the shortest during a 0,2 Hz oscillation, while the
time to achieve the ratings of 3 was the shortest during a 0,4 Hz oscillation. In these cases, those times
became longer with increasing frequency (Figure 2b in Diels and Howarth, 2013). The same tendency
was shown for SSQ scores (total, nausea, oculomotor, disorientation); however, there were not so much
post-hoc statistical significances.

e B e L e LI 5 Y o W . O

6.2.7.3 Applications

This factor is useful for considering the effects of visual cyclic translation frequency along visual axis
in moving images, which, for example, can be produced by a shooting camera moving forward and
backward, or probably zooming in/out.
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6.2.7.4 Constraints

The results were obtained with a constant peak velocity of 34°/s; the results may be only applied to that
peak velocity range of expansion/contraction motion.

6.2.7.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 11.

Iaplie 11 — Metnods used Il the IdClor: CyCIIC trdnsidation O1 §loDal Inage Imotion

Diels C and Howarth PA (2013)
Exp.1: 12 (7 males, 5 females), age 29,8 + 5,8; Exp.2: 12 (7 males, 5 females),

Participfants

age 24,6 + 2,8
Display device A projector and flat large screen
Random dot pattern (500 white dots (10,82 cd/m?) on a background)(0,35 cd/m?2)) ex-
Display fcontent panding/contracting, dot velocity and size varied exponentially as-a function of their
simulated location in depth.
Display fresolution (1024 x 768) pixels, 60 Hz
Di . 93 x 78° (190 cm x 145 cm), the edges of the screen and.other peripheral features
isplay gize
occluded by goggles
Viewing distance 0,9 m
Chin/hgad-rest Chin/head-rest
Fixation] A red fixation point at the centre of the screen
Viewing period 20 min

The temporal frequencies of expansion/contraction were (0,025, 0,05, 0,1, 0,2) Hz in
Experinpent conditions |Exp.1, and (0,2, 0,4, 0,8, 1,6) Hz in®Exp.2. In the all conditions, the stimuli oscillated
with a peak angular velocity 0f 84°/s (corresponding to 0,97 m/s)

Experinjental design |Within subject design for each Exp.1 or 2

Physiolqgical None
measur¢ments

Before/after stimulus period: SSQ,
Psycholpgical

Every 1 min duting stimulus period: standard sickness rating in 4-point scale,
measurements

After stimulus period: perceiving vection or not

6.2.8 |Velocity effects of forward motion with complicated motion

6.2.8.1| Key aspect

L ="=]

Effects pf navigation velocity: when the first-person view image simulates moving passively forwar
along a froad,\the severity of VIMS depends on velocity ranges of moving forward (navigation speeds).
For a smaller range of (3 to 10) m/s used in the reported experiment, the nausea rating basicall
increases—with-navigation-speeds,—where ora-larger range beyond 23 he severity | si1e

-~ o 7 v =
constant, irrespective of navigation speeds.

o~

6.2.8.2 Description

For investigating the effects of navigation speed on the severity of VIMS using the VR type of HMD
presentation, So et al. (2001) presented virtual images of going along a predetermined trajectory in
a virtual city scene for 30 min with eight different navigation speeds. The results of nausea ratings
every 5 min showed that the duration has significant effects on nausea ratings, and the nausea rating
significantly increased with duration after 10 min (Figure 3 in So et al., 2001). The nausea ratings were
also reported to be divided into two regions in terms of navigation speeds: (a) 3 m/s to 10 m/s, where
nausea ratings increased with navigation speeds, and (b) beyond 10 m/s, where nausea ratings remain
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almost constant. Actually, it was statistically (Student-Newman-Keuls groupings) indicated that nausea

ratings peaked at a speed of 10 m/s and became steady at higher speeds.

6.2.8.3 Applications

This factor is useful for considering the effects of navigation speed in moving images, which, for
example, can be produced by a shooting camera moving forward by dolly motion, or by being mounted

on a moving vehicle.

.2.8.4 Constraints

Ithough the effect of specific navigation speed on nausea ratings (score increasing from 3
0 m/s, and stabilized after 10 m/s) may depend on image content (here, they used vintual'imag
cene), the general characteristics (score increasing with speed and saturating at-¢eytain spe
e generally applicable.

.2.8.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 12.

Table 12 — Methods used in the factor — Velocity effects of forward motion

m/s to
e of city
ed) may

So RHY, Lo WT, and Ho ATK (2001)

Participants 962 (96 males, 0 females), age range 19to’38

Pisplay device An LCD HMD (VR4, of Virtual Research Systems, Inc.)

A virtual city with trees, railway tracks, overhead cables, trains, a train station|
skyscrapers can be seen in bifiecular mode during virtually moving along a

and

Display content ments (head position and,orientation were measured at a rate of 30/s; attentio

predetermined path, and participants could steer their viewpoint using head r}ove-

paid

to ensure that the system response lags were similar across all eight navigation speed
conditions).
Pisplay resolution (247 x 230) pixels; 60 Hz
Display size 48° x 36°
Viewing distance N/A
Chin/head-rest None
Fixation None
Viewing period 30 min
Eight navigation speeds? of (3,3; 4,3; 5,9; 7,9; 9,5; 23,6; 29,6; and 59,2) m/s root[mean
Fxperiment conditions |square (They were asked, once every 30 s, to turn their heads horizontally to ohe side
(covering 45° in about 1 s)).
Experigal design Bg‘c_ween subject design (12 participants participated in one of the eight speed con-
ditions)
Physiological None
néasurements
Before/after stimulus period: SSQ,
Psychological Every 5 min during stimulus period: The seven-point nausea scale,
measurements
After stimulus period: Vection sensation on a 4-point scale
a 10 participants terminated the experiment because reaching nausea score of 6 during stimulus period.
b Average velocities (RMS) along six axes at each navigation speed are shown in Table 1 in So, Lo and Ho (2001).
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6.2.9

6.2.9.1

Off-axis rotation of visual yaw rotation

Key aspect

Effects of off-axis rotation around yaw axis: the severity of VIMS becomes larger when the first-person

view im

age simulates yaw rotation tilted from 0° to 10° and becomes the largest when the tilted angle

is in the range between 18° to 54°. The severity of VIMS, in this case, becomes the largest when the

velocity

of rotation is 72°/s, which produces oscillation of 0,2 Hz. However, the severity may be smaller

than the real off-axis rotation.

6.2.9.2

Bubka and Bonato (2003) compared three different tilt levels of an optokinetic drum (0°, 5°, 102).durin

a constd
was sig
converg
(2003)
data at

Golding

and als¢ different tilt angles of real OVAR in four different experiments. The results showed that th

total syl
at 54° if
consisti
failed td

Bijveld
OVAR) Y
a video
video). ]
conditid

was significantly shorter for real OVAR condition’s (A and B) than for the video condition (C).

6.2.9.3
This fad

images,
yaw axi

6.2.9.4

The effq
visual fi

6.2.9.5

Description

Uy

Int rotation speed. The results showed that time to reach the midpoint (11) of the'SSMS scal
hificantly longer in the 0° tilt condition than in the 5° and 10° tilt conditions. Thetendency d
ing curves in the three condition at around 8 min in the graph in Figure 3 in Bubka and Bonat
s possibly caused by different drop-out rates in the conditions; the authepréported that th
|0 min and longer periods were not plotted because plotting those data is hot informative.

U< —n (D

et al. (2009) compared different tilt angles and different wobbling frequencies of visual OVAI

W w7y

mptom score at 18°, 36° 54°, and 72° have a significant angle effect, and the total symptom scor
significantly larger than that at 72° (in their exp.3, shown¢in Figure 2 in Golding et al., 2009,

ng the results in exp2 to 4). However, the authors argued. for the real OVAR possibly to “hav
modulate nauseogenicity because of overriding somatosénsory cues to the Earth vertical”.

W

2]

bt al. (2008) compared real off-vertical axis rotationn (OVAR) in darkness (condition A: dar
vith real OVAR with eyes open in brightness (candition B: light OVAR) and while watching
image of visual motion experienced in condition B in a seated upright position (condition (:
[he results showed that visual motion alone¢(condition C) was less nauseogenic than real OVAR
ns (A and B) (Figure 2 in Bijveld et al., 2008); time to reach all sickness rating levels (2, 3, or 4

T

Applications

tor is useful for considering.the effects of visually off-axis rotation and its velocity in movin
which, for example, can be produced by a shooting camera held on the shoulder rotating aroun

D.

=0T

Constraints

ct of this facter is described for some limited conditions and is not clear when the factor df
eld size is~changed.

Experimental methods

The me

20

1 h | . 4l - e L dolas £ b 1 - Tl 1.2
HTOUS USTU T UIT TXPTTHIITIIU CILCU TIT UITLIS TdULLUT dI'T SHHUWITTIT 1dUIC 10.
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Table 13 — Methods used in the factor: Off-axis rotation of visual yaw motion

(i) Bubka A and Bonato F
(2003)

(ii) Golding JF, Arun S,
Wortley E, Wotton-Hamri-
oui K, Cousins S, and Gresty
M (2009)

(iii) Bijveld MMC, Bronstein
AM, Golding JF, and Gresty
M (2008)

12 graduate students

Expl: 14 (3 males, 11 fe-
males; age range, 20 to
26,209 £+ 1,7; MSSQ:
30,8 + 20,3 %)

12 (5 males, 7 females; age
range, 22 to 61, 31,6 + 13,3;
MSSQ: percentile score

66 + 30,9 %)

Participants

Exp2: 12 (2 males, 10 fe-
males; age range, 18 to
26,21,7 +1,8; MSSQ:
72,1 +30,7%)

Exp3: 24 (9 males, 15 fe-
males; age range, 19 to
28, 22,3 £1,9; MSSQ:
81,9 £ 15,0 %)

Exp4:12 (3 males, 9 fex
males; age range, 18 to
33, 23,8 + 4,6; MSSQ:
92,7 £ 7,7 %)

Pisplay device

An optokinetic drum (diam-
eter 107 cm, height 122 cm)

A projector and flat large
screen (2Jm x 2 m, 1024 pix-
els x 768(ixels, 60 Hz)

In the conditions A dnd B: a
motorized chair

In the condition C: a[projec-
tor and flat large scijeen

Pisplay content

24 pairs of vertical stripes
with black and white (width
of 7,5°, each) covering inside
the drum. Drum was sét
completely perpendicular
to the horizontal plane (0°
condition), or could be tilt-
ed up to 10°: Rotation speed
was 60°/s.

360° photograph of a coast-
line as might be seen from
an aircraft.

In the condition A:
eye closed
In the condition B:

aroom (3 x 3,15) m at which
centre the chair wasl|located

(30 s-ramp to 72°/s which
was held for 30 s).

In the condition C:

videoed image from|the
chair in the condition B, but
starting from tilted fotation

Pisplay resolution

N/A; real objects

(1 024 x 768) pixels, 60 Hz

N/A; real objects in the
conditions A and B

(1024 x 768) pixels|60 Hz
in the condition C

No specific value; restrict-
ing the view with baffles to

84°, w/ circular perimeter,
restricted by facemask

Whole visual field ifj the
condition B

Display size

druTT SIimterior

Tounted witita comne

84°view (2 x 2 @1,12 m
(84° x 84°)) restricted by
goggles in the condition C

Viewing distance

Not specified (possibly
53,5 cm)

1,12 m

Approximately 1,5 m in the
conditions A and B

1,12 m in the condition C

¢ Experimental conditions were separated in five days.

d  No overlap of observers across experiments.

a2 Three conditions were conducted on three separate days, each separated in 48 hto 72 h.

b Experimental conditions in each experiment were separated in15 min washout period.
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Table 13 (continued)

Chin/head-rest Chin/head-rest None Head-rest on the chair
Fixation None None None
Viewing period 16 min 10 min 20 min

Three tilt conditions? of
optokinetic drum: 0°, 5°,
and 10°

ConditionsP provided in
each experiment:

Expl

Three conditions¢:

A: rotated in off-vertical
axis rotation (OVAR) in
total darkness

Experinjent conditions

LT'IIT oI axIs: 16

Frequency: (0,05, 0,20, and
0,80) Hz

Exp2

Tilt of axis: 0°, 45°,90° Fre-
quency: 0,2 Hz

Exp3

Tilt of axis: 18°, 36°, 54°, 72°
Frequency: 0,2 Hz

Exp4

Tilt of Observers: 0%'45°
and 90° roll tilt

B: rotated in OVAR with
eyes open in the light

C: viewing video ifi-the
condition B

Before/after stimulus peri-
od: Symptoms of MS

E . . Within subject design Within subject design for ~ |Within subject design
xperinpental design : d
each experiment
Physioldgical None None None
measur¢ments
Every 2 min during stim- Every 1 min during stimulus |Every 1 min during stimu-
ulus period: Well-being in  [period: Sickness rating scale |lus period: Sickness rating
10-point scale, symptoms_of 1,23, 4,5 and 10 min after scale, symptoms of MS
MS (SSMS) . . . . .
p . stimulus period: Sickness  |After stimulus period: Oc-
sycholpgical . . .
rating scale currence of vection (in the
measur¢ments

condition C)
0,1,2,3,4,5,10, 15, and

20 min after stimulus peri-
od: Sickness rating scale

a2 Thrde conditions were conducted on three separate days, each separated in 48 h to 72 h.
b Exp¢rimental condition§in‘each experiment were separated in15 min washout period.

¢ Expd¢rimental conditions were separated in five days.

d  No operlap of obsérvers across experiments.

6.2.10 [Combination of different axes of visual motion

6.2.10.1 Key aspect

Effects of combination of different axes of visual motion: when the visual motion around/along different
axes are combined, the severity of VIMS basically becomes larger, but sometimes does not.

6.2.10.2 Description

Using an optokinetic drum, Andre et al. (1996) presented the observers two different global image
motion: one was yaw rotation produced with vertical stripes covering the inside of the drum, and
the other was also yaw rotation, but with tilted stripes. The vertical stripes produced simple yaw
rotation, while the tilted stripes produced a combination of yaw rotation and vertical translation. The
results showed that gastric tachyarrhythmic activity as an index of VIMS was significantly higher for
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subjects in the tilted stripe condition than in the vertical stripe condition during the rotation period
but not during the recovery period (Table 1 in Andre et al., 1996). However, there were no significant
differences between SSMS scores in those conditions.

Two different global image motions, single-axis pitch rotation and the combination of dual-axis pitch
and roll rotations, were presented with HMD by Bonato et al. (2009). The results showed that SSQ total
scores and sub-scores of nausea, oculomotor, and disorientation were significantly larger in the dual-
axis condition (Figure 2 in Bonato et al., 2009).

Using a projector and a large flat screen, Diels and Howarth (2011
different types of global image motion: (i) oscillating roll motion, (ii) linear motion in the~f

dft axis, and (iii) spiral motion, which is the combination of those two different motions.Althqugh the
dombination of the two different motions was supposed to increase the level of VIMS, the'tesults did not
ghow such combination effects; the accumulated sickness rating in the combined condition was|slightly,
But insignificantly, lower than in the oscillating roll and linear motion in the fore-and-aft axis (Figure 2
in Diels and Howarth, 2011). Moreover, SSQ total scores and sub-scores were not'significantly different
Bhetween the three conditions.

Kesharvarz et al. (2011), using simulated images from the front view of toHercoaster rides, pilesented
global image motion including translational movement in the fore-aft axis and additional rdtational
notion either in pitch only, around the pitch and roll axes, or in~the pitch, roll, and yaw afes. The
lesults showed that although the lowest scores of accumulated FMS’scale were obtained for the pitch-
only condition, there was no significant difference in the scores’between the pitch/roll and pitch/roll/
yyaw conditions (Figure 2 in Keshavarz and Hecht, 2011). Thé same tendency for SSQ scores Was also
¢btained.

6.2.10.3 Applications

This factor is useful for considering the effects ‘of combinations of different types of visual mlotion in
moving images, which, for example, can be produced by a shooting camera moving with being rhounted
on a moving vehicle.

$.2.10.4 Constraints

The combinations investigated arellimited, and also the conditions of combined motion are limited, and
he effect of this factor is not ¢lear when the factor of visual field size is changed.

e d

6.2.10.5 Experimentalniethods

The methods used-inthe experiment cited in this factor are shown in Table 14.

Table 14:== Methods used in the factor: Combination of different axes of visual motipn

(i) Andre JT, Muth
ER, Stern RM, and
Leibowitz HW
(1996)

(ii) Bonato F, Bubka
A, and Palmisano S
(2009)

(iii) Diels C and
Howarth PA (2011)

(iv) Keshavatz B and
Hecht H (2011)

60 (29 males, 31 fe-

19 (5 males, 12 fe-

12 (7 males, 5 fe-

61 (14 males, 47 fe-

ameter 76 cm, height
91,5 cm)

Participants males; age range, |males; age range, 18 |males; age range, males; age range,
18 to 25) to 22, average 19,8) [26.08 + 6,13) 24,4 + 6,89)
An optokinetic An LC HMD A projector and flat |A projector and flat
. . metallicdrum (di- [(IPD =6 cm) large screen large screen
Display device

a  Agerange was calculated from values reported separately for each of the conditions.

b Equal nauseogenicity of R and FB conditions were identified in a pilot study.
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Table 14 (continued)

Display content

Stripes of black
(1,35 0r 1,17 ¢cd/m?)
and white (27,39 or
28,40 cd/m?) cover-
ing inside the drum,
either vertically

or tilted 15° to the

direction of rotation.

A virtual 5 m cubic
room containing

a black and white
checkerboard pat-
tern on each wall,
which was viewed
through a vertical
scaffold.

Random dot pattern
(500 white dots
(10,82 cd/m?)

on a background
(0,35 cd/m?2)) either
rotating along roll
axis or expanding/
contracting, or com-

CG images simulat-
ing view from roll-
ercoaster, of which
motion includes
either (a) pitch only,
(b) pitch and roll,
or (c) pitch, roll and
yaw.

loa de £l 4=l
UllIativll Ul UDULIIL.

Display [resolution

N/A; Real objects

(1280 x 1 024) pix-
els, 60 Hz

(1 024 x 768) pix-
els, 60 Hz

(1 024 x 768) pixels

Whole visual field

47° x 38°

65° x 59° (190 x 145
cm), the edges of the

62° x 48°
(164 x 423 cm)

moving stimulus)

Display kize screen and other
peripheral features
occluded by goggles
Viewing distance No description No description 0,8m 1,35 m
Chin/hgad-rest Chin/head-rest None Chin/head-rest Chin-rest
None None A fixation point at None
Fixatiorn] the centré of the
screen
16 min (stationary |5 min 204nin (@) 14 min 48s,
Viewing period before/after the (b) 14 min 58 s,

(c) 14 min 39 s.

Experinpent conditions

Two conditions:
(a) vertical stripes,
(b) tilted stripes.

Two conditions:

(a) single-axis
rotation condition
in which'the virtual
room-rotated along
pitchiaxis,

(b) dual-axes ro-
tation condition in
which the virtual
room rotated along
both pitch and roll
axes.

Three conditions:

(a) Rb: oscillating
roll motion (2 Hz,
Amp. 60°, ave. angu-
lar vel. 48°/s),

(b) Bb: expand/con-
tract-ing (2 Hz, peak
vel. 34°/s), dot size:
0,12° to 4,53°,

(c) RFB: combination
of R and FB.

Three conditions:

(a) pitch: cumulative
pitch 826°, forward
24 kph to 116 kph,
19 runs,

(b) pitch/roll: cumu-
lative pitch 826° and
roll 2 070°, forward
24 kph to 114 kph,
18 runs,

(c) pitch/roll/yaw:
cumulative pitch
1095 roll 2 160°
and yaw 1 798°,
forward 24 kph to
114 kph, 18 runs.

Experinfental design

Between subject
design

Within subject
design

Within subject
design

Between subject
design

Physiolqgical

During stimulus
period: EGG, respi-

None

None

None

measurements

ration

a  Agerange was calculated from values reported separately for each of the conditions.

b Equal nauseogenicity of R and FB conditions were identified in a pilot study.

24
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Every 3 min during |Before/after stimu- |Before/after stimu- |Before/after exper-
stimulus period: lus period: SSQ, lus period: SSQ, iment and 5 h later:
Symptoms of MS After finishingthe |Every 1 min during $SQ
(SSMS) , . . . .
experiment: Com- stimulus period: Every 1 min during
paring the two con- |Standard sickness |stimulus period:
ditions and indicat- |ratingin 4-point FMS scale,
. ing which one made |scale,
Psychological them feel sicker . . Every 1 h after ex-
measurements B TI1g stimmhos permrent: NS scale,
period: Pre.ssmg After experiment:
button during per-
- . How frequently
ceiving vection, ] )
experiénce vection
After stimulus dndpresence¢ in
period: Vection 4'point scaldg
intensity score with
seven-point scale
Age range was calculated from values reported separately for each of the conditions;
P Equal nauseogenicity of R and FB conditions were identified in a pilot study.
6.2.11 Anisotropy effects of back and forth translation
6.2.11.1 Key aspect
Anisotropy effects of back and forth translation: the severity of VIMS becomes larger when the first-
person view image simulates forward translation (parallel with roll axis) than backward translation.
6.2.11.2 Description
(ilobal image motion of either expansion o# contraction was presented in an expansion condifion and
4 contraction condition, both for 5 min*using an array of 500 light blue squares on a dark bacKground,
presented on a CRT display (Bubka etal., 2007). The results showed that SSQ total scores and nausea
gdnd oculomotor sub-scores obtained in the expansion condition are significantly larger thgn those
obtained in the contraction condition (Table 1 in Bubka et al., 2007).
6.2.11.3 Applications
This factor is useful-for considering the directional effects of visually moving forward and bdckward
in moving images; which, for example, can be produced by a shooting camera moving with dolly action.
6.2.11.4 ConStraints
The effectof this factor is not clear when the factor of visual field size is changed.
6.2:11.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 15.

Table 15 — Methods used in the factor: Anisotropy effects of back and forth translation

Bubka A, Bonato F, and Palmisano S (2007)

Participants 16 (6 males, 10 females; age range 21 to 46, average 24,4)

Display device

43 cm Dell CRT monitor with Apple G5 desktop computer

a  Rate of the expansion was consistent with an optic flow produced with a speed of 340 km/h with a visible range of 220 m.
b The participation scheduled for a subsequent condition in one week.
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Table 15 (continued)

The stimulus pattern consisted of an array of light blue squares against a dark back-

Display content ground; there were 500 objects in total; perspective was incorporated into the display.
Each element subtended 1,3° at maximum size.

Display resolution (1 280 x 1 024) pixels, 85 Hz

Display size 53° (wide) x 45° (high) with viewing distance of 30 cm

Viewing distance 30 cm with monocular viewing

Chin/head=rest €himfreadrest

Fixation None

Viewing period 5 min

(a) Expanding? condition: the array of squares steadily expanded from the.centre o

Experinpent conditions the screen,

(b) Contracting condition: the array of squares steadily contracted-

Experimental design |Within subject designP

Physiolqgical None

measurements

Psycholpgical Before/after stimulus period: SSQ,
measurgments After stimulus period: Self-motion perception

a  Rate|of the expansion was consistent with an optic flow produced with a speed\of 340 km/h with a visible range of 220 m

b The participation scheduled for a subsequent condition in one week.

6.2.12 |Spatial frequency of visual image

6.2.12.1 Key aspect

=3

Effects pf spatial frequency of rotating image pattern: the severity of VIMS becomes the largest whel
the firsf-person view image simulates constant rotation along the yaw axis with visual pattern o
stripes having a certain spatial frequency.range (approx. 0,07 cpd).

)

6.2.12.2 Description

Global image motion of yaw rotatjon, for 16 min using an optokinetic drum, of which the inner surfac
was covered by different pairsof black and white stripes: 6, 12, 24, 48, and 96 pairs, was presented in Hj
et al. (1997). They reported-that the participants in the group of 24-pairs stripes showed significantl
larger ayeraged SSMS sceves (Figure 2 in Hu et al., 1997) than the participants in the groups of 6-, 12
48- and|96-pairs stripes, and significantly larger ratios of EGG 4-9 cpm spectral intensity (Figure 3 i
Hu et al|, 1997) than-the participants in the groups of 6-, 12- and 96-pairs stripes.

<=

<

=J

6.2.12.3 Applications

)

This faqtor’is useful for considering the effects of visual image pattern of a background in moving
images, which, for example, can be produced by a shooting camera constantly rotating as pan motion.

6.2.12.4 Constraints

The investigated conditions are limited to yaw motion and to striped pattern of images. Therefore, it is
not clear whether the effect of spatial frequency is also applicable to the spatial frequency components
of natural images. Moreover, the effect of this factor is not clear when the factor of visual field size is
changed.

6.2.12.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 16.
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Table 16 — Methods used in the factor: Spatial frequency of visual image

020(E)

Hu S, Davis MS, Klose AH, Zabinsky EM, Meux SP, Jacobsen HA, Westfall JM, and
MB (1997) Exp.2

Gruber

Participants 100 (age range, 18 to 25)

Display device A metal cylinder (diameter 50 cm, height 70 cm)
Alternated black and white stripes covered the inner surface of the drum; width of

Display content each stripe was (13,09, 6,55, 3,27, 1,64, 0,82) cm (black and white has equal width).
Rotating velocity was 60°/s (or 10 rpm).

Pisplay resolution N/A; real objects

Pisplay size Whole visual field

Viewing distance No description

Chin/head-rest None (participants’ head and body were not restrained)

Fixation None

Viewing period 16 min (8 min baseline before the viewing period)

Five different frequencies of stripes: 6 (13,09 cm), 12 (6,55 cm), 24 (3,27 cm), 4

F.xperiment conditions (1,64 cm), 96 (0,82 cm)

[°2)

Fxperimental design |Between subject design

Physiological During stimulus period: EOG, EGG (spectral analysis for each 4 min)

neasurements

Psychological Every 2 min during stimulus period: Vection assessment scaling from 0 to 10, symp-
measurements toms of MS (SSMS)

6.2.13 Spatial pattern of visual image

6.2.13.1 Key aspect

Effects of spatial pattern of rotating image: the severity of VIMS can be varied depending or
pattern of rotating image around yaw axis, even when velocity of vection is perceived equally.

o

.2.13.2 Description

hlobal image motion was pfesented in Kennedy et al. (2002) using an optokinetic drum, of w
nner surface was covered'by either one of four different textures: wood, speckle, waves or clou

1., 2010); althoughmot’significant, they reported that these results were obtained consistentl
ilot study. Irrespective of the difference in SSQ scores, the estimated velocity was not very (
mong the four(different patterns (Figure 7 in Kennedy et al., 2010).

Q) M Q3 = =

.2.13.3 {Applications

spatial

hich the
1s. They

ound lower SSQ scores for the wood pattern than for the other three patterns (Figure 9 in Kennedy et

y with a
lifferent

his¢factor is useful for considering the effects of visual image pattern of a background in

moving

ijmtages, which, for example, can be produced by a shooting camera rotating constantly as pan nllotion.

6.2.13.4 Constraints

The investigated conditions are limited to yaw motion. Moreover, the effect of this factor is not clear

when the factor of visual field size is changed.

6.2.13.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 17.
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Table 17 — Methods used in the factor: Spatial pattern of visual image
Kennedy RS, Stanney KM, Rolland ], Ordy M], and Mead AP (2002)

Participants 36 (18 males, 18 females; age range, 17 to 64, 25,7 + 11,2)

Display device An optokinetic drum

Display content Four different patterns of thg inside of the optokintjtic drum; (a) wood, (‘t;) dots, (c)

waves, and (d) clouds. Rotation speed was from 10°/s to 160°/s, every 10°/s.

Display resolution N/A; real objects

Display gize Nospecificvatue

Viewing distance No description

Chin/hdad-rest No description

Fixation None

Viewing period No description

Experinjent conditions Four different patterns of the inside of the optokinetic drum as the gonditions:

nr (a) wood, (b) dots, (c) waves, and (d) clouds.

Experinﬁental design |Within subject design

Physiolqgical None

measur¢ments

Psycholpgical Perceived velocity of vection, etc.

measur¢ments SSQ

6.2.14 |Independent visual background from visual motion

6.2.14.1

Effects of independent visual background from global image motion: the severity of VIMS can b

reduced

global ilnage motion.

6.2.14.7

A drivipg simulator was used te \present global image motion with four combinations of tw
“indepehdent visual background! (}VB) conditions (IVB or non-IVB) and two “stereoscopic” condition
(stereo jor non-stereo) in Duh eval. (2004). IVB was fixed with respect to gravity in the “sky” are
behind find above “mountains’) in the virtual image presented on a screen. They found that SSQ score
in the IYB condition are significantly less than those in the non-IVB condition (Figure 6a in Duh et al
2004), indicating that the-presence of IVB reduces the severity of VIMS.

6.2.14.3

This facftor isiuseful for considering reducing VIMS from moving images, while, for example, producin

moving

Key aspect

when visual background indicating horizontal and vertical direction exists independent 9

Description

Applications

22 —

Uy

images.

6.2.14.4 Constraints

The investigated conditions are limited to specific image pattern of a background and its size in visual
field. Moreover, this factor is not investigated regarding the effect of duration of exposure.

6.2.14.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 18.
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Table 18 — Methods used in the factor — Independent visual background from visual motion

Duh HB-L, Paker DE, and Furness TA (2004), Exp.2
Participants 11 (4 males, 7 females; age range, 18 to 32)
A driving simulator (a real Saturn car (Ford Motor Company) and three wall screens)
Display device
CrystalEyes shutter glasses
Crayolaland (EVL, Univ. of Illinois), a cartoon world including a cabin, pond, flower
bed and forest, generated by Cave software library. Independent visual background
icp]ny content (]VR) was fixed with respectto gravity was prncnnfpd inthe “cl(y" behind and above
the mountains of Crayolaland. IVB was as white grid (spatial frequency of 5 €ydles per
radian); the grid IVB vertical lines were aligned with gravity.
Pisplay resolution No description
Pisplay size No description
Viewing distance No description?
Chin/head-rest No description
Fixation None
Viewing period 2 min
Experiment conditions Four visual conditions, combinations of (a) two levels of IVB conditions (presert, ab-
p sent), and (b) two levels of stereo conditions (no,yes)
Fxperimental design  |Within subject design
Physiological None
neasurements
Psychological SSQ, E2i Questionnaire, to evaluatethe “sense of presence” and “enjoyment”
neasurements
The participants sat in the car and observed the stimulus on the screens.
6.2.15 Chromaticity of visual image
6.2.15.1 Key aspect
Effects of chromaticity: the severity of VIMS becomes larger when the first-person viey image
dimulates constant rotation along the yaw axis with visual pattern of coloured stripes, compared to
when simulating with graystripes (even with the same luminance pattern as the coloured pafftern) or
4imply black and white.
6.2.15.2 Description
(tlobal image/motion was presented using an optokinetic drum of which the inner surface was textured
Wwith verticabstripes. Bonato et al. (2004) compared the score of SSMS (Figure 2B in Bonato et a]., 2004)
gnd the time to midpoint of SSMS (Figure 2A in Bonato et al., 2004). They found that the avergge time
for reaching the midpoint (11) of the SSMS scale was significantly different among the conditions, while
the“averaged value obtained in the “chromatic” condition was significantly lower than those in the
‘Iblack and white” and “gray shade” conditions.
6.2.15.3 Applications
This factor is useful for considering the effects of visual image colour of a background in moving images,

which, for example, can be produced by a shooting camera rotating constantly as pan motion.

6.2.15.4 Constraints

The investigated conditions are limited to specific colour pattern of background, simple stripes, and its

size in visual field.
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6.2.15.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 19.

Table 19 — Methods used in the factor: Chromaticity of visual image

Bonato F, Bubka A, and Alfieri L (2004)
Participants 12 (4 males, 8 females; age range, 20 to 43, average 25)

Display device An optokinetic drum (diameter 107 cm, height 122 cm)

12 vertical stripes (3° each) covering the inside of the drum. The stripes were eithen
Display fcontent black/white, gray shades, or chromatic (the details are shown in experimental condi-
tions). The rotation speed was 30°/s (5 rpm).

Display fresolution N/A; real objects

Display kize No specific value; restricting the view with baffles to drum’s interior
Viewing distance 53,5 cm

Chin/hdad-rest Chin/head-rest

Fixation None

Viewing period 16 min or until well-being score reaching “5” or higher

Three stripe conditions? of optokinetic drum:
(@) Black and white: the stripes were simply alternated with black (36,0 cd/m?2) and
white (1,6 cd/m?2),

Experiment conditions | (b) Gray shadeb: in addition to black and white, there were four different shades (6,6
10,5, 11,9, 24,6 cd/m?),

(©) ChromaticP: in addition to blackand white, there were four different colours (red
blue, green, yellow), each of which luminance was 6,7, 10,6, 11,8, 25,0 cd/m?.

Experinpental design |Within subject design

Physiolggical meas- None
uremengs

Psycholpgical meas- Every 2 min during stimulus period: Wellbeing in 10-point scale, symptoms of MS (SSMS]
urements

a  All three conditions have black and white, then global contrast was held constant across conditions. Conducted on
three sefarate days, each separated in 48 i;to 72 h.

b Grayshade and chromatic conditions have almost the same combination of luminance.

6.2.16 (Blur of visual inage

6.2.16.1 Key aspect

Effects ¢f inverted’orientation of visual images: the severity of VIMS becomes larger when visual imagep
are blurfred.

6.2.16.2~Description

When the visual motion image presented by rotating drum was blurred by a frosted filter attached
to a pair of goggles, sickness scores obtained as SSQ total score, and sub-scores for oculomotor and
disorientation, significantly increased relative to the condition in which the visual motion image was
not blurred (Figure 2 in Bonato et al., 2015).

6.2.16.3 Applications

This factor is useful for considering the effects of blurred visual image on VIMS.
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6.2.16.4 Constraints

The investigated conditions are limited to a black and white checker pattern without cognitive
orientation cues, and also limited to yaw rotation. Moreover, this factor is not investigated as regards
the effect of visual field size.

The effect of factor may be explained by spatial frequency characteristics, which is described in 6.2.12.
However, the spatial frequency component resulted with blurring of visual image in the cited study are
not clear. Therefore, the comparison of those results in 6.2.16.2 and those in 6.2.12.2 is difficult.

6.2.16.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 20.

Table 20 — Methods used in the factor — Blur of visual image

Bonato F, Bubka A, and Thornton W (2015)
Participants 15 (10 females, 5 males; age range, 18 to 49, average 24,9)

Pisplay device An optokinetic drum (diameter 107 cm, height 122 ci)

A black and a white checkerboard pattern covering-the inside of the drum. The[size of

Display content each patch: (30 x 9)° (width x height). The rotation speed was 60°/s (10 rpm).

Pisplay resolution N/A; real objects except a frosted filter was tsed in the “blurred” condition
Display size No specific value; restricting the view with baffles to drum’s interior
Viewing distance 48,5 cm

Chin/head-rest Chin/head-rest

Fixation None

Viewing period 10 min

Two visual conditions?:
(@) Blur: the visual'stimulus was seen as blurred, because a frosted acetate filter was
Experiment conditions adhered to.the“surface of a transparent plastic front of a pair of goggles,

(b) Contrgl: the visual stimulus was seen as clear, because a transparent plasfic front
of a pair of goggles was left clear and unobstructed.

Fxperimental design |Withinsubject design

Physiological None
measurements
Before/after each stimulus period: SSQ,
Psychological |
neasurements After each stimulus period: overall sickness rating in an 11-point scale (0 to 10}, vec-

tion rating in an 11-point scale (0 to 10)

The two'conditions were conducted on two separate days, each separated 48 h to 72 h.

T.2.17 Cognitive orientation cues of visual image

6.2.17.1 Key aspect

Effects of inverted orientation of visual images: the severity of VIMS becomes smaller when the
cognitive orientation cues of visual images are varied, such as inverted.

6.2.17.2 Description

Panoramic scene from Westminster Bridge over the river Thames was presented by Golding et al. (2012)
as an off-vertical (18° tilted from vertical) axis rotation image for 10 min. In one condition, the image
was set at upright position while in the other condition, it was set at inverted position. The sickness
rating score with six-point scale showed that upright scene was significantly more nauseogenic than
the inverted scene (Figure 1 in Golding et al., 2012).
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6.2.17.3 Applications

This factor is useful for considering the effects of visual image orientation on VIMS, especially when
cognitive orientation of images is varied to a great extent, such as inverted position.

6.2.17.4 Constraints

The investigated conditions are limited to off-vertical axis rotation. Moreover, in the same reference,
the author showed, in the pilot study, that the reducing effects of inverted images cannot be shown,

waricht tziaas
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6.2.17.3 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 21.

Tjable 21 — Methods used in the factor — Cognitive orientation cues of visual image

Golding JF, Doolan K, Acharya A, Tribak M, and Gresty MA (2012); Main experiment

22 (10 females, 12 males; age average 35,2 + 15,2; MSSQ: percentile score
57,8 £ 30,1 %)

Display device A projector and a screen (2 m x 2 m)

Participfants

A 360° panorama as seen from Westminster Bridge over the river Thames. The seen
includes universally familiar and containing numérous unambiguous verticality cues,
Display [content such as Big Ben, Parliament, the London Eye, the'river, pedestrians, cars, pavement
road signs, buildings, and a highly contrasted sky. The seen rotated about an axis tilted
18° tilt from the vertical at 72°/s (12 rpni;\0;2 Hz).

Display [resolution (1 024 x 768) pixels

. . 2 m x 2 m; restricting the field of wiew to 84° to exclude peripheral vision of the
Display kize

laboratory
Viewing distance 112 cm
Chin/hdad-rest No description
Fixation] None
Viewing period 16 min or until sickness rating score reaching “4”

Two conditiofisd of image orientation:

Experinpent conditions |(@) Upright:the tilted rotating stimulus image was in upright position,

(b) Anverted: the tilted rotating stimulus image was in inverted position.

Experinjental design |Within subject design

Physioldgical None
measurements

Every 1 min during stimulus period, and at (1, 2, 3, 4, 5, 10 and 15) min after the end of|
stimulus presentation: sickness rating in 6-point scale (SR scale),
Psycholpgical

measuref@hts Before/After stimulus period: SSQ,

After stimulus period: percentage of time that they experienced vection and its
characteristics (constancy/fluctuations)

a  The two conditions were separated in15 min washout period.

6.2.18 Stereoscopic image

6.2.18.1 Key aspect

Effects of stereoscopic image on VIMS: stereoscopic presentation often triggers the subjective increase
of VIMS, especially in nausea level when the image motion is relatively large. The objective indices,
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on the other hand, (e.g. postural responses, activities of autonomic nervous system, changing of eye
functions) do rather remain constant during stereoscopic observation.

6.2.18.2 Description

Y
* *8
30 I
- 5 7
25 -
| K
20 F
15
10 [
5
o
1 2 3 X
Key
X SSQ
Y score
1 nausea 5 2Dimage
4  oculomotor 6 3Dimage
3  disorientation 7 n=34
4  total score 8 p<0,05
NOTE Sub-score of “nauisea” of SSQ significantly higher in the 3D than in the 2D condition, while ghe other
qub-scores and the total scere also showed the similar tendency (Ujike et al., 2011).
Figure-4 — Effects of 3D/2D presentation on subjective ratings for sickness
Sickness ratings were obtained after observers viewed images presented with a size of 50° on a
projectionvdisplay with four different combination conditions of viewing (monoscopic/sterepscopic)
dnd jifmage motion (still/moving) sub-conditions. The results showed that there was no significant
gffect of viewing sub-condition, and marginal effect of image motion sub-condition on sicknesd ratings
(Eigure 4-in lisselsteijn et al,; 2001},

Naqvi et al. (2013) presented 2D and 3D movies on a 102 cm (40”) 3D LC display to the observers with
between-subject design. The results showed that the SSQ total score and two sub-scores (nausea and
disorientation) were significantly larger with 3D movie than with 2D (Figure 1 in Naqvi et al., 2013).
However, LF/HF ratio obtained from electrocardiography (ECG) did not show significant difference
between the 2D and 3D movies (Figure 2 in Naqvi et al.,, 2013).

Solimini (2013) conducted a prospective carryover study in which effects of watching 3D movie
compared to 2D movie was examined with 497 participants using the simulator sickness questionnaire.
The results showed significant effect of 3D movie on visually induced motion sickness (Figure 1 in
Solimini, 2013).
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P6lonen et al.,, (2013) reported experiments in which a total of 130 children and adults participated in
seven different setups, in which both projection screen and plasma display were used, both film viewing
and game playing, and 2D and 3D images were included. The results showed no significant change of
visually induced motion sickness between 2D and 3D images (Figure 6 in P6lonen et al., 2013).

Keshavarz and Hecht (2012) conducted two experiments. In the first experiment, video clips of a roller
coaster ride were presented with four different combinations of realism of images (real vs. simulated)
images and presentation types (2D vs. 3D) of images. In the second experiment, video clips of a bicycle
ride were presented with four different combinations of presentation types (2D vs. 3D) of images and
sound ("\n S nFF) The results shaowed 1'}191" inthe first nvpnrimnnf’ the highncf sickness scores wer
obtainefl with 3D and real images, while the scores in other three conditions were not significantly
differenft (Figures 2 and 3 in Keshavarz and Hecht, 2012). In the second experiment, the 3D image
showed|a significant effect on sickness scores, while sound did not have significant effect (Figure 7 i
Keshavdrz and Hecht, 2012).

2l

Using 3D images, the effects of dynamic motion, image types (real vs. CG) and fixation Were examine
by Wibirama and Hamamoto (2014). They found that nausea and disorientation scores of simulato
sicknes$ questionnaire increased as amount of dynamic motion increased, while fixation decreased th
scores. Moreover, CG images induced less scores of nausea and disorientation than real images (Fig.2 i}
Wibirama and Hamamoto, 2014).

(D N e

The eff¢ct of 3D images was examined by Ujike and Watanabe (2011),“in which CG images wer
presented on a stereoscopic 3D display with 2D and 3D modes. They found that a sub-score of nause
of simulfator sickness questionnaire significantly higher in the 3D thdn in the 2D condition (Figure 4 i}
Ujike anld Watanabe, 2011; see also Figure 4).

R =AY )

Héakkingn et al. (2006) used a binocular virtual eye-wear display and a tabletop display for presentin
two different types of gaming: one is dynamic car racing game and the other is a static car racing gams.
The restlts showed that the highest sickness levels were\obtained with dynamic car racing game, witl
which djisplay types did not have effects on symptomJlevels (Figures 1 and 3 in Hakkinen et al., 2006).

Uy

—

6.2.18.3 Applications

This facdftor is useful for considering the effécts of stereoscopic observation, which can be presented o1
the varipus types of displays (TV, screen, virtual display, handy game machine etc.).

=J

6.2.18.4 Constraints

There afe not enough data cencerning about the relationship between visual fatigue from stereoscopif
images and VIMS.

6.2.18.5 Experimental methods

The methods uséd)in the experiment cited in this factor are shown in Table 22.
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Table 22 — Methods used in the factor — Stereoscopic image

(i) Ijsselsteijn et al.
(2001)

(ii) Naqvi et al.
(2013)

(iii) Solimini (2013)

(iv) Polonen et al.
(2013)

24 (11 males, 13 fe-
males; age range,
18 to 30, average
23,5; a height of
under 1,85 m)

19 (2D), 20 (3D)

497 (Age <20

(7,6 %), 20-29

(69 %), 30-39

(14,9 %), 40-49

(2,4 %), 250 (6.0 %);
female (55,7 %),

130 (six
participants were
excluded because
of visual function
problems, and
seven participants

Display size

field 50° view
(1,9 m x 1,45 m)

male (44,3 %)) . Eye |were removdgd
glasses use: glasses |from the anally-
(29,2 %), lens sis due'\to severe
(15,3 %), no glasses |eyestrdin (n F 2) or
(55,5 %). VIMS(n = 5);|Chil-
. dren (age range, 8 to
Participants z/eriycglftrir(lnllrtlhaof 15) 58, adults (age
yp range, 25 to 46) 60)
headache (14,9%), ’ '
motion sickness
(6.0 %), dizziness/
vertigo (18,1 %),
anxigus person
(35,6 %). Partic-
ipants of 35,6 %
reported to use of
computer and/or
video game console
for more than 5 h
per day.
Polarized two im- Passive'3D LCD TV | Theatre screen 127 cm (50 ") 3D TV
Display device ages were projected |(LG) and 3D projector
on a large curved
display
Moving image: 100 s |A view captured 2D and 3D movies. |Game playing (“Mod-
of a continuous-piece |from a camera ern Warfare R” for
of footage shotby a |while moving along adults, “Alicelin Won-
small stereoscopic |streets with yaw derland” for adults
camerapositioned |and roll rotation. A and children), and
on-the hood of a one min pitch and film viewing|(“Alice
raly car traveling at |one min roll were in Wonderland”).
) speed around an off- |repeated alternately.
Pisplay content road rally track. Amplitude of rota-
a1 . tion was 30° with
Still image: consist-
: : temporal frequency
ing of a still frame
. |of0,167 Hz.
where the camera is
situated by the side
of the rally track
awaiting the rally
car to drive hy
N/A Not specified N/A; real screen 127 cm (50 ") 3D TV
Display resolution (1 920 = 1080) pixels
and 3D projector
(1 280 x 720) pixels
Whole visual 40 inch N/A; Real screen 127 cm (50 ") 3D TV

(1,11 m x 0,62 m,
27°) and 3D pro-
jector (2,24 m
x 1,26m, 48°)

Viewing distance

Approximately 2,0 m

Not specified

Not specified

A few meters (up to
2,5m)
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Table 22 (continued)

(i) Ijsselsteijn et al.

(ii) Naqvi et al.

(iii) Solimini (2013)

(iv) Polonen et al.

Viewing period

Eye open (5 min),
Movie (10 min)

(2001) (2013) (2013)
Chin/head-rest None Not specified Free viewing None
Fixation None Not specified None

20 min Eye close (5 min), Not specified 30 min x 4

for game, and
40 min x 2 for film.

Experinpent conditions

Four conditions:

(a) monoscopic
with still image,
stereoscopic,
(b) monoscopic
with moving

image,

stereoscopic
with still image,
(d) stereoscopic
with moving
image.

Two conditions: (a)
2D movie, and (b)
3D movie

Two conditions: (a)
2D movie, and (b)
3D movie

There were seven
group conditions:

(a) A-T-3D-F
(b) A-P-3D-F,
(c) ,AP-3D-G,
(@),/A-P-2D-G,
(e) C-T-3D-F,
(f) C-P-3D-F
(g) C-P-3D-G,

using the abbrevia-
tions of adult (A) or
children (C), TV (T)
or projector(P), 3D
or 2D, and film (F)
or game (G)

Experinjental design

Within subject

Between subject

Within subject

Between subject

Psycholpgical
measur¢meénts

Rating Scale for
presence, vection
and involvement

design design design design
Potural responses |LH/HF None Every 30 min (0, 30,
with Flock of Birds 60,90, 120) during
(FOB) magnetic game playing: Near
position tracker point of accommoda
Physioldgical tion, heterophoria
measurgments At 40 min after start
ing, and at the end of
film viewing: Near
point of accommoda-
tion, heterophoria
After observation: |Atthe end of the Before/after each Every 30 min (0,
Visual Analog movie: SSQ movie: SSQ 30, 60,90, 120,)

during and one
hour after game
playing: VSQ(Visual
Symptoms Question-
naire), SSQ

At 40 min after
starting, and at the
end of film viewing:
VSQ, SSQ

36
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Table 22 — Methods used in the factor — Stereoscopic image

(v) Keshavarz (2012)

(vi) Wibirama et al.
(2014)

(vii) Ujike et al.
(2011)

(viii) Hakkinen et
al. (2005)

Exp.1: 78 (19 male
and 59 female; age
range, 24,37 + 5,38),

First session: 20
(15 male and 5 fe-
male; age average,
22,25),

34 (25 females and
9 males; age range,
21-77)

30 (15 males and
15 females; age
average 24,4,
range 18-42)

sequence generat-
ed by two cameras
mounted on handle-
bars of an ordinary
bicycle.

front seat of rollet
coaster).

Participants Exp.2: 69 (35 male
and 34 female; age |Second session: 20
Tange; 22,')’) + 4,28) (17 nrateatrd-3-fe
male; age average,
22,65)
A stereoscopic pro- |A stereoscopic 3D LC displays (GD- |Exp.1.and 2:
jector (projection display 463D10,]VC), 60 Hz |Qlympus EydTrek
Display device design F10 AS3D) EMD-700 hegd-worn
play display, Exp.B and 4:
Sony Trinitr¢n GDM-
F520 display]
Exp.l: Arealanda |Fisrtsession: CG CG movie‘trave- Computer games:
simulated video se- |movie (city walk- ling zfllong streets, “Need For Sjjeed
quence of the same |through), turring both right s
. Undergroungd” in
roller coaster, . andleft twice every
Second session: real . Exp.1 and 3,
i Exp.2: Areal video |movie (a scenery of: oné minute of travel,
Pisplay content e with pitch and roll  |“Slicks’n Slide 1,30d”

motion (30° am-
plitude, 0,167 Hz),
alternatively every
one minute.

in Exp.2 and 4

Pisplay resolution

Exp.1: (800 x 600)
pixels,

Exp.2: (600 x 480)

(1920 % 1 080)
pixels

(1920 x1080)
pixels

(960 x 1 080, side-

Exp.1 and 2:
(800 x 600) pixels,

Exp.3 and 4:|Not

of 1 min 25 s) for
simulated video,

Exp.2: 14 min 21s

pixels by-side) pixels specified

Exp.1: Not specified [prob- |(33,8 x 18,9)° Exp.1 and 2:

(300 x 196)) cm ably about 61 cm (24 (30 x 30)°,

60 x 43)°, inches
Pisplay size ( ) ) Exp.3 and 4:

Exp2 (22,0 x 16,6)P

(300% 196) cm

41 x 28)°

2m (Exp.1), 70 cm 172 cm Exp.1 and 2: N/A,
Viewing distance

3 m (Exp.2) Exp.3and 4:[I m
. i Chin rest Not specified None Not specified
Chin/headygst (probably chin rest)

A white point on None Not specified
Fixation each movie for fixa-
tion condition

Exp.1: 14 min 24s |5 min 10 min 40 min

(8 times of 1 min

48 s) for real video,
Viewing period 14 min 4 s (10 times
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Table 22 (continued)

(v) Keshavarz (2012)

(vi) Wibirama et al.
(2014)

(vii) Ujike et al.
(2011)

(viii) Hakkinen et
al. (2005)

Experiment conditions

Exp.1: Combinations
of 2D/3D and real/
simulated,

Exp.2: Combinations
of 2D/3D and with/

With or without
fixation point for
the first and second
session

(@) 2D image, (b) 3D
image

Combinations of two
display devices, and
two game contents,
as a total of four
experiments.

vvrerrooresootr

Experinfental design

Between subject
design

Between subject
design

Within subject
design

Within subject
design

Before experiment:
romberg test (ves-

During viewing:
ECG (LF/HF), Gaze

During viewing: ECG

None

Physiolggical tibular dysfunc- tracking

measur¢ments . :
tion), Titmus test
(stereo acuity)
Every 1 min in Exp.1 |At the end of the During viewing: Before/after each
and 2: FMS scale, session: SSQ subjective comfart: * |experiment: SSQ,
Prior, immediately ability measpred VSQ(Vlsual_Symp_-

_ after, five hours every one miifiute, |[toms Questionnaire)

f;g;:fl! 3rgnl gfl}cs after observation in Before/after view- |After each experi-
Exp.1: SSQ, ing: SSQ ment: mood curve,
Prior, immediately g\ligs(zti(()i)ilgei;:ee)nce
after observation in
Exp.2: SSQ

6.2.19 |Prediction signs for motion

6.2.19.1 Key aspect

Effects pf prediction signs for motion on’VIMS: visually presented prediction signs for motion seemp

p==]

to redufe VIMS in psychological ort\physiological aspects. The representation of these signs coul
be a viftual guiding avatar, unobtrusive cues for trajectory and pictorial signs for the locations df
accelerdtion.
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6.2.19.2 Description

020(E)

Y

3,5

3 —

25 r

2 (~

1,5 r :

1 | 1 | 1 1

0 2 4 6 8 10 X
Key
X phase
Y averaged LF/HF ratio
1 nosign 3 3500 ms prior
4 750 ms prior
NOTE The activity of synipathetic nervous neuron system was increased through observing driving
dimulator when no predictive~sign was presented (circle and solid line). This, on the other hand, phygiological
index remained the initial ;values when the pictorial prediction sign was presented 3500ms bdfore the
dcceleration event (triapgleand dotted line, Watanabe et al., 2007).
Figure 5 — Effects of visually presented prediction sign for sickness

Moving ifage through front window of a driving simulator was presented in four expelimental
donditions” of virtually guiding avatar (VGA) and its motion. After each trial of viewing|images,
participants completed questionnaires about revised simulator sickness questionnaire [(RSSQ),
presence and enjoyment. The results showed that RSSQ scores in the conditions 3 (only rotatipn cues,
which predicted the near future direction of observer, was added to the VGA] and 4 (rotation plus

translation cues, which predicted the both of near future direction and location of observer, were added
to the VGA) were both significantly lower than those in condition 1 (no-signs) (Figure 5 in Lin et al,,

2004). In condition 2, VGA was fixed to the earth coordinate.

Moving image through front window of a driving simulator, again, was presented in three cue conditions
about information of turns provided by visual path: detailed cues, simplified cues, and no cues

conditions. After each trial of viewing images, participants completed questionnaires about si

mulator

sickness, presence and enjoyment. The results indicated significant effect of simplified and detailed
path cues on reducing simulator sickness scores compared to no cues condition (Lin et al., 2005).
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Participants viewed moving images simulating forward motion while sitting on a chair on a motion
base system. The motion base simulated acceleration and deceleration in some randomized period.
There were three experimental conditions about the predictive sign of the acceleration event: no sign,
750 ms prior to the event, and 3 500ms prior to the event. The results indicated that the activity of
sympathetic nervous system increased through observing driving simulator when no predictive sign
was presented. The physiological index, however, remained the initial values when the predictive sign
appeared 3 500 ms prior to the acceleration event (Figure 7 in Watanabe et al., 2007; see also Figure 5).

6.2.19.3 Applications

This factor is useful for reducing the effects of realistic motion contents in a virtual environmentsuch

as the dfriving simulator.

6.2.19.4 Constraints

There dre three experimental data concerning about the relationship between visually presente

predict pigns for motion and VIMS.

6.2.19.1

The methods used in the experiment cited in this factor are shown in Table-23.

Experimental methods

Table 23 — Methods used in the factor — Prediction signs for motion

p ==

(i) Lin et al. (2004)

(ii) Lin et al. (2005)

(iii) Watanabe et al., (2007)

Participants

12 (8 female and 4 male;
age range, 18-35)

12 (7 female and'5'male;
age range, 18¢55)

22 (9 male and 13 female; male age
23,8 + 1,9, female age, 24,8 + 3,0)

Display device

CAVE (3 screens) + driv-
ing simulator

CAVE (3 screens) + driv-
ing simitlator

CAVE (4 screens) + motion base

Display [content

CG image of Crayonland
(cartoon like world,

including a cabin, pond,
flowerbeds, and forest)

CG image of Crayonland
(cartoon like world,

including a cabin, pond,
flowerbeds, and forest)

CG image of driving course (accel-
eration, constant velocity, and de-
celeration, constant velocity). The
time intervals for the four events

are 28,5+ 5,7 sec

Three screens of Three screens of None
Display [resolution (800 x 600) pixels, (hori- [(800 x 600) pixels, (hori-

zontally artayed) zontally arrayed)

(230 %-.175) cm per (230 x 175) cm per (3x3)m
Display size screen,220° with 3 screen, 220° with 3

sereens screens
Viewing distance None (probably 2 m) None (probably 2 m) 1,5m
Chin/hdad-rest None None None
Fixation None None None
Viewing period 120 s for each condition [120 s for each condition |16 min

40
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Table 23 (continued)

(i) Lin etal. (2004) (ii) Lin et al. (2005) (iii) Watanabe et al., (2007)
(@) noavatar (VGA), (@) detailed cues for (@) nosigns,
turn,

(b) an earth-fixed VGA (b) signs 750 ms before
without cues for (b) simplified cues for acceleration events,
turns prediction, turn,

(c) signs 3 500 ms before

() anearth-fixed VGA |[(c) no cues for turn, acceleration events.

. Lhdl. ubULi I ULdl.iUll
Experiment to provide cues for |(d) informed, detailed
ronditions dicti cues for turns.
predicting turns,

(d) anon-earth-fixed
VGA that used
both rotation and
translation to
provide cues for
predicting turns.

Fxperimental design |Within subject design Within subject design Within subject design

Physiological None None LH/HF
neasurements

Revised SSQ Question- Revised SSQ Question- Graybiel score
naire (Kim, 1999), an en- |naire (Kim, 1999);an en-
joyment, engagement, and |joyment, engagéeément, and
immersion questionnaire |[immersionquestionnaire
(Lin etal., 2002, 2005) (Lin et al3-2002, 2005)

Psychological
neasurements

6.3 Effective factors: Visual environmental factors

$.3.1 General

Although VIMS is basically induced by image motion, or more specifically, global image motidn, there
dre some effective factors affecting'the severity of VIMS among different viewing environmepts. One
of the well-known environmental viewing factors is image size in the visual field; the severity|of VIMS
inhcreases with image size in:the visual field. Moreover, the literature reports the existence of & “rising
point” and a “saturation point” in terms of the image size in visual field (see 6.3.2). Other wel|-known
factors can be duration ofimage motion and repeated exposure to image motion. Actually, the literature
leports that the severity of VIMS increases when duration of image motion becomes longer and|that the
deverity decreases'when exposures to image motion are repeated within a certain interval (sege 6.3.5).
Another well-knewn factor in this category, but directly related to HMD-presentation, mighf be the
fime delay bétween head movement of observers and the corresponding change of images. Although
4 larger time delay is widely thought to be provocative to induce VIMS, the literature repdrts that
Yariatienof time delay is the factor to induce severe VIMS (see 6.3.4). In 6.3.4, the factor of time delay
yasconsidered only for the VR type of HMD-presentation, which covers the whole visual field [without
4 see-through image. When the AR type of HMD-presentation, showing both the virtual image|and the
lCCl} oCT thl Uush iumsc, ib LUllbidCl Cd, d tilllC dc}a_y CaustToS llUt Ull}_y d tCllllJUl a} llliblllatbh bUtVV en head
position and virtual image position, but also a temporal mismatch between virtual image position
and real see-through image position. This may affect the severity of VIMS, which should be further
investigated.

Another visual environmental factor, which is often produced while it is not necessarily recognized,
is the perspective difference between capturing and rendering images. However, this effect is rather
opposite to what may be intuitively supposed; the literature reports that the severity of VIMS decreases
when the perspective difference between capturing and rendering images increases (see 6.3.3).

In the category of viewing environment, there are some factors reducing the severity of VIMS without
manipulating moving images themselves. One of these factors is changes of the illumination colour;
when the colour of illumination was changed during nauseating image motion, the severity of VIMS
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became slightly smaller than when the colour was not changed (see 6.3.6). Moreover, subjective scores
of VIMS decreased when either pleasant musical sounds (see 6.3.7) or a pleasant odour was presented
with nauseating global image motion (see 6.3.8).

6.3.2 Image size in visual field

6.3.2.1 Key aspect

Effects of image size in visual field: the severity of VIMS increases, when the size of the visual angle

of movihg images, including dynamic motion, increases. The effect becomes clear when the size of the
visual field is larger than 30° and the effect saturates below the horizontal size of 180°.
6.3.2.2 | Description
Y
10
+ 1
9 |
-2
8 |
- 3
Tr -1+ 4
6
5 F
4 +
3 —
2 —
1 —
0 1 1 1 | 1
A B C D E X
Key
X  phase
Y averaged SSQ¢<otal score
A prior to viewing 1 28cm (11 inch) display
B justfafterviewing 2 33 cm (13 inch) display
C 15 I lill ldttl 3 Slblll (ZG illL}l) dlbp‘ldy
D 30 min later 4 94 cm (37 inch) display
E 45 min later

Figure 6 — Effects of image size in visual field on SSQ total score (Ujike et al., 2005)

The same video images are presented on four different display sizes (11, 13, 20, 37) inch using the same
viewing distance (1,0 m) in Ujike et al. (2005), and SSQ was conducted five times, before and just after
viewing the image, and every 15 min until 45 min after the viewing for each display size. The total
scores shown in Figure 6 in Ujike et al. (2005) were significantly the largest for the 37-inch display than
for those with the 20-, 13- and 11-inch displays.
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The same video images are presented in four different sizes [(33, 61, 83, 100)° in the horizontal
direction] of FOV using the same display but different image areas with a constant viewing distance in
Emoto et al. (2008). They found that the SSQ total score shown in Figure 4 in their literature (Emoto et
al., 2008) significantly increases with width of the horizontal field of view. Multiple comparisons with
Wilcoxon signed-rank test showed significant differences between pairs of (pre-exposure, 83°), (pre-
exposure, 100°), (61, 83)°, and (83, 100)°.

Images presented in a driving simulator are used with four different size of FOV [(60, 100, 140, 180)° in
horizontal] in Lin et al. (2002). For the logarithmic SSQ scores shown in Figure 4 in Lin et al. (2002), all

airwise comnparisons are significant excent forthe nairs of (60 _1001° and (140 _180)°
r o r r AY 4 J \Y 4 J

6.3.2.4 Constraints

6.3.2.3 Applications

6.3.2.5 Experimental methods

This factor is useful for considering the effects of visual image size of a moving image;

The investigated conditions were limited so that the resolution of imageswas’changed with im

The methods used in the experiment cited in this factor are shown in Table 24.

Table 24 — Methods used in the factor;\Image size in visual field

hge size.

(i) Ujike H, Yokoi T and
Saida S (2005)

(ii)Emoeto M, Sugawara M
and Nojiri Y (2008)

Parker DE, Abi-Rac
and Furness TA (20

(iii) Lin JJ-W, Duh H%L

dh
2)

(@ 28 cm ¥ inch) LCD
display,

(b) 334cm (13 inch) LCD

display,

() 5lcm (20 inch) LCD
display,

(d) 94 cm (37 inch) LCD

display.

tem, consisting of 436 inch
screen with two different
projectors for R,B and for G
(approx.5 000 lumen.)

Participants 134 (36 males, 98 fe- 15 (1 male, 14 females; age |10 (5 males, 5 femalps; age
males; age range, 19 to. 74, |range, 27 to 37, average, range, 20 to 31)
35,4 £12,5) 32,4)

Pisplay device Four different displays: Super Hi-Vision video sys- |Three projectors, inja real

drive driving simuld
including a full-size
with stereo glasses

tor
real car,

Pisplay céntent

Video images (5 min gray

+ 20 min video footage

+ 2 min gray); 20 min video
footage was that provoked

Video images (5 min sta-
bilized sequence +10 min
vibrating sequence); motion
vector of original sequence

A virtual world, Cra
land, was generated
tinuous roll oscillati
0,2 Hz was combine

ola-
Con-

on at

l with

. =1 e X IN A Y
dINTICIUCIIU O VIIVIS TIT JdpPdIl.

was obtaimedad stabitized
sequence was made by
compensating the motion
vector, while vibrating se-
quence was made by thrice
multiplying the amplitude
of the motion vector.

+1 — +1
LITC TITOLIUIT P4l

stabilized sequence.

2 The four conditions were used for 10 min vibrating sequence, while display size of 10° in horizontal was used for 5 min
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Table 24 (continued)

(i) Ujike H, Yokoi T and

(ii) Emoto M, Sugawara M

(iii) Lin JJ-W, Duh HBL,

inch),

Saida S (2005) and Nojiri Y (2008) Parker DE, Abi-Rached h
and Furness TA (2002)
Display resolution (@) (854 x 480) pixels (11|(a) (1 920 x 1 080) pixels|Three screens of

(33°in horizontal),

(800 x 600) pixels, (hori-
zontally arrayed)

video +2 min gray)

(b) (640 x 480) pixels (13|(b) (3 840 x 2 160) pixels
inch), (61°),
() (640 x 480) pixels (20|(c) (5 760 x 3 240) pixels
inch), (839),
(d) (1 366 x 768) pixels|(d) (7 680 x 4 320) pixels
(37 inch). (100).
Display kize (@ (11 x8)° (11 inch), Screen size was Three of (230\x 175) cm
_ (9,8 x 5,6) m, when
(b) (15x11)° (13 inch), screen resolution was
. i (7 680 x 4 320) pixels. The
(€ (23 x17)° (20 inch), reduced display resolution
o . directly corresponds to the
(d) (34> 26)° (37 inch). size of the display.
Viewing distance 1,0 m 4,0 m Not specified
Chin/hdad-rest Chin/head-rest with arm- |No chin/head-rest;but the |None
rest viewers lay dowx' on a fully
reclined chairjn the supine
position
Fixation None None, butbeing instructed [None
to look'at around the centre
of the'screen
Viewing period 27 min (5 min gray +20 min [45'min (5 min stabilized 120s

sequence (baseline period)
+10 min vibrating sequence
(test period))

Experinpent conditions

Four display size
conditions:

Four display size
conditions? (degrees in

Four FOV conditions:

urements

(@) 11 ingh\display, horizontal): (@) =30 0(60 ):,
(b) 137nch display, (@) 33% E:))) j:ooo ((11400(1))'
(c)-N\20'inch display, (b) 617, ) :_900 (180°),
(d) 37 inch display. (c) 83° ) .
(d) 100°.
Experinpental desigh' |Between subject design Within subject design Within subject design
Physiolqgicalmeas- None During stimulus period: None

Heart rate variability, skin
temperature deviations

Psychological meas-
urements

Every 1 min during
stimulus period: “General
discomfort” of SSQ

Before/after stimulus
period: SSQ

Before/after stimulus
period: SSQ

During stimulus period:
SSCQE (Single Stimulus Con-
tinuous Quality Evaluation)

Pre-test period: SSQ E2I
(Evaluating engagement,
enjoyment, and immersion)

After each stimulus period:
SSQ, E2I

stabilized sequence.

a2 The four conditions were used for 10 min vibrating sequence, while display size of 10° in horizontal was used for 5 min

44
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6.3.3 Perspective difference between capturing and rendering images

6.3.3.1 Key aspect

Effects of perspective difference between capturing and rendering of images: the severity of VIMS
decreases when the visual field size of moving image increases in difference between shooting of
images and presentation of those images.

6.3.3.2 Description

For focusing on the effects of perspective difference between capturing and rendering of dimages, van
Emmerik et al. (2011) manipulated both internal FOV (FOV of captured images) andyexterhal FOV
FOV of rendered images). The results of MISC-A shown in Figure 5 in van Emmeriket‘al. (2011) are
plotted both for their experiment (plotted with light grey dots) and for the experiment of Bps et al.
2010) (plotted with dark grey dots). By comparing the data in the two anchoringsconditions between
yan Emmerik et al. (2011) and Bos et al. (2010) they found there is no significaht difference. Mpreover,
he SSQ total score showed significant effects of session, and condition, which is the same pafttern as
described for MISC-A.

e d

The data was fitted to a surface that can be described by the following equation:
i*iFOV +e*eFOV +|eFOV —iFOV |
Wyhere

[FOV is the internal field of view;

eFOV is the external field of view;

i is a constant of 0,013;
e is a constant of 0,058;
d is a constant of -0,022-

6.3.3.3 Applications

This factor is useful for conhsidering the effects of visual image size of a shooting image relative to that
of a presented image.

6.3.3.4 Constraints

The investigated conditions of global image motion seem limited to forward motion and s¢me roll
motion-Bepending on what types of motion is included in moving image, the distortion appeared
droundthe peripheral area of images, which can be more pronounced with the difference betwgen iFOV
dnd-eFOV, may be more effective.

6.3.3.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 25.
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Table 25 — Methods used in the factor — Field of view difference

van Emmerik ML, de Vries SC, and Bos JE (2011)

40 (19 males, 21 females; age range, 17 to 46, average, 23,3 * 4,8; MSSQ yielded a mean
score of 53,1, representing the 63rd percentile of a normal population)

Participants

Display device DLP projector

A movie consisting of four repetitions of a tour through a virtual environment walking
at a speed of 13,6 km/h, and additional motion pattern of a rotation of the scene on the
antero-posterior axis at a foot level with a peak amplitude of 16°, composed of three
Sines with periods ot 7,2, 4,1, and 4 s.

Display content

Display [resolution (1 024 x 768) pixels

Display kize (1,46 x 1,09) cm [eFOV, (40, 60, 90)° at 200 cm, 126 cm, 76 cm]
Viewing distance (200, 126, 76) cm

Chin/hdad-rest Head rest attached to a comfortable office chair

Fixation None

Viewing period 50 min or until well-being score reaching “5” or higher

Experinpent conditions | Combinations? of the following iFOVs and eFOVs: iFOV: (60, 902 eFOV: (40, 60, 90)°
Experinllental design |Partially® within subject design

Physiolqdgical Before/after stimulus period: Postural sway using balance board
measurements

Before experiments: MSSQ,
Psycholpgical

After each experimental trial: SSQ,
measur¢ments

During stimulus period: MISC.
a A combination of iFOV of 90° and eFOV of 60° was not used.

b EacH subject only participated in three out of the five possible conditions.

6.3.4 [Time delay in HMD

6.3.4.1| Key aspect

Effects ¢f varying time delay in HMD; varying time delay, or latency, induces more severe VIMS amon
HMD uskrs than constant latency,while additional constant latency to the original latency of HMD doep
not indyce larger severity of VIMS than the original.

Uy

6.3.4.2 | Description

An HMI) was used to-show the laboratory scene in front of participants by capturing images in Moss e
al. (201]) using video camera mounted on top of the HMD. This set up enables to examine the effect
of laten¢y of HMD on VIMS without using head tracking which may include tracking errors producin
VariatiO{; of latenicy of the HMD. Three different constant latencies were added to the original latenc

—~ JY Ul T

of an HMD#Then, SSQ total scores (SSQ TS) were obtained before, during and after the experimenta
session,|while the averaged peak SSQ TS value does not show any significant difference among differenit
conditions of additional latency and no HMD condition (Figure 5 in Moss et al., 2011).

Almost the same experimental settings were used by St. Pierre et al. (2015) except the delay conditions.
Those were two constant latency conditions, “baseline”, “constant”, and two other varying latency
conditions, “fixed-frequency and fixed-amplitude”, and “fixed-frequency and varying-amplitude”. The
averaged value of SSQ TS for varying latency conditions was significantly larger than that for constant
latency conditions (Figure 5 in St. Pierre et al., 2015). Moreover, for sinusoidally varying latency of HMD,

SSQ TS was larger with varying amplitude than with fixed amplitude (Figure 4 in St. Pierre et al., 2015).
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6.3.4.3 Applications

This factor is useful and important for considering the reduction of the effects of latency in HMD
system on VIMS; the latency of HMD represents the time between a head movement and change in the
rendering of virtual environment in the display.

6.3.4.4 Constraints

The factor was examined with the devices that have a constant latency of either 40 ms or 70 ms, which

Bandiac

anba ciuaallas J amatbha aduancnannt O o b o ol ooy
Gahoe-Shrarret e peTIOTIT g O errCatr v arrCCImeTIc OT CCCTToTO Ty -

IIn practice, longer constant latency of HMD would induce larger severity of VIMS than-the ¢riginal,
Because variations of latency in HMD system would be produced by tracking error of head - movements.

6.3.4.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 26,

Table 26 — Methods used in the factor — Time délay in HMD

Moss ]D, Austin |, Salley ], Coats ], Williams
K, Muth ER (2011), Exp. 2

29 (12 females, 17 males; age average, 21,
range, 18 to 25), for No HMD condition, 19

St. Pierre ME, Banerjee S, Hoover AW,
Muth ER (2015)

1202 (64 females, 56 males)

Viewing period

als, 1 min break between the trials)

Participants (8 females, 11 males; age average 20, ¥ange
18 to 23)
Display device An HMDP (Kaiser Electro-Optics, An HMD (Kaiser Electro-Optics,
play ProViewTM XL 50) ProViewTM XL 50)
Live video of a digitized view of the labora-|Live video of a digitized view of th¢ labora-
tory captured by a digital camera (Uniq tory captured by a digital camera ([Uniq
Display content Vision, Uniq UC-610CL) mounted on top of |Vision, Uniq UC-610CL) mounted of top of
play the HMD. The sante'image was presented |the HMD. The same image was pregented
to both eyes. FortNo HMD, the laboratory |to both eyes.
scene was seen-directly.
Pisplay resolution (1 024 x 768) pixels, 60 Hz, for No HMD, N/A| (1 024 x 768) pixels, 60 Hz
PDisplay size (40 x30)° (40 = 30)°
Viewing distance NZA N/A
Chin/head-rest None (standing position)¢ None (standing position)d
Fixation No description, may be nothing No description, may be nothing
48 s x 2 (practice sessions) 2 min x 5 (tri- |48 s x 2 (practice sessions) 2 min 5 (tri-

als, 1 min break between the trials

Individuals who self-reported a history of severe motion sickness were excluded.
P Far,No HMD condition, HMD was not used.

A'step ladder was used as a handrail to support balance.

by 7 days.

f  Experimental sessions were separated by 7 days.

&  Latency=Asin(2nft)+K+B, where tis time.

The participants were standing comfortably and grasping the back of the step ladder with both hands.

¢ The task was to perform “object location task”, in which active head movements were made, every 3 s, to locate eight
different objects in the laboratory based on the name and direction of the objects. Experimental sessions were separated
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Table 26 (continued)

Moss ]D, Austin |, Salley ], Coats ], Williams |St. Pierre ME, Banerjee S, Hoover AW,
K, Muth ER (2011), Exp. 2 Muth ER (2015)

Four conditions®f, including three levels |Four different conditions¢ of additional
of additional latency to the original (40 latency8 to the original (70 ms):

ms): (@) 0 ms, (b) 145 ms, (c) 300 ms, and ; _ - _
(d) No HMD. (@) baseline (A=0 ms, f=0Hz, K=0ms,

B =70 ms),
(b) constant (A=0ms,f=0Hz,
ExperinLent K =200 ms, B=70ms),
conditidns

(c) fixed frequency, fixed amplitude
(A=100ms, f=0,2 Hz, K= 200 ms,
B =70 ms),

(d) fixed frequency, varying amplitude
(A =20-100 ms, f =(0,2'Hz, K= 100 ms,
B =70 ms).

Experinental design

Between subject design, within three lev- |Between subject.design
els of additional latency conditions

d

e

f

g

different|
by 7 dayj.

Physioldgical None None
measur¢ments
(Before/between/after trials) SSQ Before/between/after trials: SSQ, Motion
. Sickness Assessment Questionnaire
Psycholpgical (MSAQ)
measurements Before the experiment: Motion Sickness
History Questionnaire (MSHQ)
a  Indiyiduals who self-reported a history of severe motion sicknesswere excluded.

For]
A stg
The
The

Exp¢

Latg

No HMD condition, HMD was not used.
p ladder was used as a handrail to support balance.
barticipants were standing comfortably and grasping the back of the step ladder with both hands.

task was to perform “object location task’(im which active head movements were made, every 3 s, to locate eigh
objects in the laboratory based on the"hame and direction of the objects. Experimental sessions were separated

rimental sessions were separated-by 7 days.

ncy = Asin (2nft )+ K +B, where tis time.

6.3.5

6.3.5.1

Effects
longer, 1
certain

Duration and repeated exposure to visual stimulus

Key aspect

pf expesure duration and repeated exposures: when an exposure to visual motion become
he severity of VIMS increases. However, when exposures to visual motion are repeated with

12~

nterval, the severity of VIMS gradually decreases.

6.3.5.2 Description

Total of 938 cases of exposure period of flight simulators (helicopter flight) are re-examined. When
the simulator data were divided into four categories (0 hto 1 h, 1 hto 2 h, 2 h to 3 h, 3 h or more) of
exposure period, a significant linear trend is found (Figure 1 in Kennedy et al., 2000). The variance of
each data point is rather large, possibly because the data were obtained from different simulators, and
then, different scenario of the simulators.

From a single simulator of a training helicopter, a total of 53 records of sickness scores across seven
consecutive simulated flights were examined. From the analysis, a significant decrease in sickness
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against the flight number was found (Figure 2 in Kennedy et al., 2000). The decrement was significant
for a linear trend, as well as for a quadratic trend.

6.3.5.3 Applications

This factor is useful and important for considering the effects of viewing period of moving visual images
on VIMS. Moreover, it is useful for considering the reduction of VIMS by repetitive exposures to visual
motion from the viewpoint of observers.

6.3.5.4 Constraints

o n = e

6.3.5.5 Experimental methods

The methods used in the experiment cited in this factor are showrin' Table 27.

irst of all, the data shown was obtained with simulators, possibly equipped with a metion base, but
jot in the situation of those in which observers are stationary. Moreover, the data shown is useful
imply in terms of qualitative considerations, because: (a) the rate of increment of sickness scor¢ during
bserving moving images depends on various factors of visual images and viewing conditi
b) the rate of decrement of sickness score across the repetitive exposures,also depends on
factors, including interval period of repeated exposures.

ns, and
various

Table 27 — Methods used in the factor — Duration and fepeated exposure of visual stiljnulus

Kennedy RS, Stanney KM, Dunlap WP
(2000) - Exposure duration

Kennedy RS, Stanney KM, Dunlap WP
(2000) - Repeated exposure

Participants 938 cases 53 records
A variety of simulators of helicopter flight |A simulator of helicopter flight (TH-57C)
Pisplay device at the Naval Air Station (NAS) Whiting, in

Milton, Florida

Pisplay content

A variety of scenarjos of helicopter flight

Presumably a single scenario of he
flight (TH-57C)

icopter

Pisplay resolution N/A N/A

Display size N/A; passibly whole visual field N/A; possibly whole visual field
Viewing distance N/A N/A

Chin/head-rest NyA N/A

Fixation N/A; possibly none N/A; possibly none

Viewing period Categorized into four as duration condi- N/A

tions

F xperimentyconditions

Four different duration categorized for
analysis: (@) Ohtolh,(b)1hto2h,(c)2h
to 3 h, (d) 3 hand more

Different number of simulated fliglhts: one
to seven

F.xperimental design

N/A

N/A

hvcin]ngi(‘nl meas-

None

None

urements

Psychological meas-
urements

After each session: simulator sickness
questionnaire with 26 items to be scored

After each session: simulator sickness
questionnaire with 26 items to be scored

6.3.6 Changes in illumination colour

6.3.6.1 Key aspect

Reduction effects of changes in illumination colour: when a colour of light illuminating visual motion
stimulus is changed to another colour, severity of VIMS can be slightly smaller.
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6.3.6.2 Description

The experiment was conducted with six sessions, in which yaw rotation was presented for four minutes.
In the first three sessions, visual stimulus was illuminated with either a red or green light, and in the
last three sessions, the stimulus was illuminated with a light of a different colour. While magnitude
estimate of motion sickness increased within sessions, the rate of the increment clearly decreased
in the last three session after the changes in illumination colour (Figure 7 in Dobie et al., 1989). This
indicates the reduction of motion sickness in changes of colour illumination. Moreover, this suggests
the reduction of motion sickness in a subtle manipulation of environmental settings of motion sickness
situatiops

6.3.6.3 | Applications

This fadtor may be useful for considering the reduction of VIMS by manipulating visual envirehmentd|l
factors, [including illumination colour.

6.3.6.4 | Constraints

The invgstigated conditions are limited to yaw motion, and illumination of red"and green colour, which
is not rather popular for an illumination light colour.

6.3.6.5 | Experimental methods

The methods used in the experiment cited in this factor are show.in Table 28.

Table 28 — Methods used in the factor — Changes in illumination colour

Dobie TG, May ]G, Dunlap WP, and Aniderson ME (1989)
Participfants 16 (male only (US Navy volunteers); age range, 18 to 27)

Display device A rotating drum (diameter 150 em, height 120 cm)

Alternating black and white-stripes covered the inner surface of the drum; width of

Display content each stripe was 15 cm Rotating velocity was 60°/s (or 10 rpm).

Display [resolution N/A; real objects

Display fize Whole visual field

Viewing distance No descriptiony(maybe below 75 cm)

Chin/hdad-rest Stabilizinghead cup

Fixation None

Viewing period 4(min for each trial. Total: 4 min x 5 trials x 6 sessions.

Experinpent conditions)[€olour of illumination light?: red or green (used in either the first or last three sessions)

Experinllental design/~ | Between subject design

Physiolqggical meas*- None
uremen s

At the last 30 sec of each trial: magnitude estimation of vection intensity, magnitude
estimation of Motion SICKNESS,

) Before/After each session: symptomatology score obtained by scoring 21 different
Psychological meas-  |symptoms (general discomfort (0-3), fatigue (0-3), boredom (0-3), mental depression
urements (0-1), drowsiness (03), headache (0-3), “fullness of head” (0-1), blurred vision (0-1),
dizziness (0-1), change in salivation (0-3), sweating (0-3), faintness (0-1), aware of
breathing (0-1), stomach awareness (01), nausea (0-3), burping (0-1), confusion (0-1),
change in appetite (0-1), desire to move bowels (0-1), vomiting (0-1), and other (0-1)).

a2  Coloured acetate sheets (red or green) are positioned in front of lights.
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6.3.7 Auditory stimulation

6.3.7.1 Key aspect

VIMS-reducing effects of pleasant music: If a dynamic movie was presented simultaneously with the
pleasant musical sounds, VIMS scores were reduced. Music pleasant for general public had this effect,
but it was more important that the music was pleasant for the particular observer who joined the
experiment.

6.3.7.2 Description

'he experiment was conducted by Keshavarz et al. (2014) with four conditions, in whichdifferept types
f music simultaneously with moving images were presented: relaxing, neutral, stressfiil,'and np music.
or those different types of music, no clear significant effect on VIMS scores, such as‘the FMS s¢ore and
he SSQ scores, was shown.

o I — I N |

y restructuring the data based on the pleasantness ratings, the participants were categoritzed into
hree: pleasant, unpleasant, no music. Then, significant effects of music pleasantness and also of gender
r the peak FMS score (Figure 4 in Keshavarz et al., 2014) and the SSQ sub<scores were shown. Mpreover,
r the time-course of the peak FMS-scores (Figure 2 in Keshavarz ét)al,, 2014), a significant pffect of
ime, a significant interaction for time and gender, and for a time andJnusic pleasantness were shown.

.3.7.3 Applications

his factor is useful for considering the influence of thé type of music on VIMS induced by|moving
images which is simultaneously presented with the music.

.3.7.4 Constraints

Moving images used in this research may<not induce feeling of strangeness during simultaneous
presentation of music. When moving images and music are not well matched, which induces f¢eling of
dtrangeness, the effects of music shown'in the result may be different.

6.3.7.5 Experimental methods

The methods used in the experiment cited in this factor are shown in Table 29.

Table 29 —Methods used in the factor: Reduction effects of pleasant music

Keshavarz B, Hecht H (2014)
Participants 932 (50 females, age average, 24,16 * 4,40; 43 males, age average, 25,72 + 5,17)

Pisplay device A projection screen (deduced from other reports of the authors)

A video showing a bicycle ride through the city of Mainz, Germany. The video yvas cap-

Display content tured with a camera mounted on the handlebars of a bicycle.

Pisplay resolution (600 x 480) pixels, 60 Hz
Display size (51 x 40)°[(191 x 144) cm]
Viewing distance 200 cm

Chin/head-rest A chinrest

Fixation None

Viewing period 14 min 15s

a 20 participants ceased the experiment prematurely due to severe sickness or strong discomfort.

b The chosen songs were labelled among the subjects’ peer group as each of the three types of music.
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Table 29 (continued)

Keshavarz B, Hecht H (2014)

Experiment conditions |(b) neutral music: pop music,

Four conditions, consisting of three types of music? and no music:

(@) relaxing music: instrumental music,

(c) stressful music: electronic music,

(dJ no music: no music was presented.

Experinpental design |Between subject design

Phys
measur

iological|lNone
bments

Psychol
measur

Every 1 min during stimulus period: FMS scale,

bgical Before/after the experimental trial: SSQ, stressfulness with seven-point scale (1: very
pments relaxing, ... 7: very stressful), pleasantness with seven-point scale((il:ery pleasant, ...
7: very unpleasant).

a  20p
b The

hrticipants ceased the experiment prematurely due to severe sickness or strong discomfort.

Chosen songs were labelled among the subjects’ peer group as each of the three types of music.

6.3.8

6.3.8.1

Reducti
severity

6.3.8.2

The exl
odour sf
that (i)

and “in]
and “led
four: (a)
and (d)
who nof
of SSQ
compar
sensitiv|

6.3.8.3

This fad
environ

6.3.8.4

The inv
unpleas

6.3.8.5

Odour simulation

Key aspect

bn effects of pleasant odour: when a pleasant odour is presented with visual motion stimulug,
of VIMS can be reduced.

Description

eriment was conducted by Keshavarz et al. (2015) with three conditions, in which differenit
imuli were presented: rose, leather,and no odour. In the pilot experiment, the authors confirmedg
rose is a pleasant odour, (ii) leatheris an unpleasant odour, and (iii) the evaluation of “arousalf’
ensity” of those odours is not significantly different. Almost half of the participants in the “rose/
ither” conditions had noticed each odour. (Therefore, the participants were categorized intp
they noticed “rose” odour,(b) they noticed “leather” odour, (c) they did “not notice” any odour;
they are in the “control™condition, in which no odour was presented.) For those participant
iced the presented-odour, the rose odour significantly reduced the severity of VIMS (in term
cores, shown incEigure 3, and FMS score, shown in Figure 4, both in Keshavarz et al., 2015
bd to the participants who did not notice the odour. Moreover, the participants, whose odoufp
ity is higher; ¥eported higher severity of VIMS.

~

v w

Applications

9%

tébrymay be useful for considering the reduction of VIMS by manipulating the factors of th
ment in which visual images are watched.

Constraints

estigated conditions are limited to rose odour as a pleasant odour and leather odour as an
ant odour.

Experimental methods

The methods used in the experiment cited in this factor are shown in Table 30.
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Table 30 — Methods used in the factor: Reduction effects of pleasant odour

Keshavarz B, Stelzmann D, Paillard A, Hecht H (2015)

Participants 622 (47 females, age average, 23,72 * 6,62; 15 males, age average, 25,87 * 6,24)

Display device A projection screen

Display content Avideo ehowing a bicycle ride through the city of Mainz, Germany. The video was cap-
tured with a camera mounted on the handlebars of a bicycle.

Display resolution (640 x 480) pixels, 60 Hz

tsptay-size 5409t~ omi

Viewing distance 200 cm

Chin/head-rest A plastic chinrest

Fixation None

Viewing period 14 min 15s
(@) “pleasant” odour: rose odour®,

Ec))(rlljgirtiir:r?:t (b) “unpleasant” odour: leather odour®,

() “none”: no odour.

Fxperimental design |Between subject design

Physiological None
neasurements

Every 1 min during stimulus period: FMS/scale,
After the experimental trial: SSQ,

For the participants who noticed an odour during the experiment: SAM (Self-Assess-
Psychological ment Manikin) rating scale of ‘valence”, “arousal”, and “intensity” of the odour.

measurements At the end of the experimeént (for the participants in conditions (a) and (b)): COBS (The
Chemical Odour Sensitivity Scale; containing 11 items that are rated using a 6-point
Likert scale ranging-from 0 (strongly disagree) to 5 (strongly agree)), [0 (The gverall
Importance of Olfaetion; consisting of 20 questions that are rated on a “0” (I totally
disagree) to “3{" (I totally agree)).

16 participants ceased the experiment prematurely due to severe VIMS.

P The odours were presented by‘a srall odourless felt plate (0,10 mg) with five drops of 0,2 mg perfume oil of eafh odour.

h.4 Effective factors:Individual viewer factors

6.4.1 General

here are large individual differences in the severity of VIMS. What is the essential factor of the
individualkdifferences has not been well understood. However, some attributes, such as gender pnd age,
ave been'discussed in terms of individual difference on susceptibility. Females are known to pe more
qusceptible to VIMS than males; however, when the susceptibility to motion sickness was controlled
hetween genders the severlty ofVIMS was almost equlvalent 1nd1cat1ng that the gender differepce may

R eTistics of
gender (see 6.4. 2) For the age difference, there are emplrlcally known effects on traditional motion
sickness, but not on VIMS. The known effects on motion sickness indicate that susceptibility to motion
sickness has a peak at around 12 years (see 6.4.3).

Other factors categorized as individual viewer factors are active/passive viewing and fixation. When a
moving image was viewed with interactive manipulation, such as in a driving simulator, the “drivers”
(active viewer) do not suffer so much from VIMS as the “passengers” (passive viewers) (see 6.4.4).
Moreover, the severity of VIMS becomes smaller when the viewers fixated a point during watching a
moving image than when the viewers are viewing freely (see 6.4.5).
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6.4.2

6.4.2.1

Gender

Key aspect

Different effects between females and males: females may be more susceptible to VIMS than males.

Howeve

1, this may be explained by differences in susceptibility of VIMS possibly produced by individuals’

prior experience or some socialization processes and not by the inherent characteristics of gender.

NOTE

For the possible causes of higher susceptibility to VIMS in females, see 6.4.3.

6.4.2.2 | Description

Kosluchr et al. (2015) exposed participants to back-and-forth movements of a room in which th

partici

question about motion sickness after the exposure, motion sickness incidence of females (38 %, o

26 parti

Flanagan et al. (2005) exposed participants to visual yaw rotation produced by a cylindrical drum fo

20 min
of moti
signific{

between gender and trial (Figure 1 in Flanagan et al., 2005).

Graeber
total of
or for 1
suscept
those ol
but not
subjecti

6.4.2.3

This fad
especia

6.4.2.4

nts were standing four times for a 10 min trial. Based on the participants’ answer to th

™ (U (D

cipants) showed a significantly larger value than males (9 %, or 4 participants).

r
in two conditions: the head movement and head restraint conditions, The composite scorep
n sickness questionnaire obtained before, just after, and 10 min after the exposure showed
int main effects for gender, head movement condition, and trial, and’also a significant interaction

et al. (2002) exposed participants to visual yaw rotation préduced by a cylindrical drum for

B5 min in four conditions. Each two of them are summarized-and averaged for males and femaleg
pw and high susceptibility groups. The different gender groups were controlled in terms g
bility to motion sickness. The SSQ total scores obtained at resting periods during exposure, angl
tained after the exposure showed significant differfénce between different susceptibility groupyg,
between different gender groups. Graeber et al: (2002) suggested the gender difference o1
ve scores of VIMS may be explained by different susceptibility between different gender groups

15

— o~

—

Applications

tor may be useful for considering:the effects of VIMS on observers or users of visual imagey,
ly for different gender groups.

Constraints

betwee
all fema|

Kosluchfr et al. (2015) found)no difference of the severity of VIMS shown by averaged SSQ score

6.4.2.5

The mef

=2l

females and males,/both who reported “getting sick,” although averaged SSQ scores betweel
es and all malesare significantly different.

Experimental methods

hodsiwused in the experiment cited in this factor are shown in Table 31.
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Table 31 — Methods used in the factor — Gender

Koslucher F, Haaland E, Malsch A, We-
beler ], Stoffregen TA (2015)

Flanagan MB, May ]G,
Dobie TG (2005), Exp.2

Graeber DA and Stanney

KM (2002)

1142 (69 females, age average,

20b (10 females;

40¢ (age average,

22,

Participants 21,78 *2,23; 45 males, age average, 10 males) range 19 to 31)
22,81 +3,43)
A moving room A cylindrical drum An optokinetic drum
Display device (diameter 153 cm, (diameter 213 cm,
haoicht 122 ~m) hoicht 192 ~10)
SRS EEEEER] FESR I AR
A cubical frame, 2,44 m on each side, Alternating black and |A wallpaper patt¢rn with
mounted on wheels moves along white vertical stripes, (2,5 (1 inch)\te'5,1 cm (2
anteroposterior axis. The wall and 6 in wide, covered inches)wide waves in
ceiling inside were covered with blue |the inner surface of |various hues of bjue.
Pisplay content and marble-patterned paper. At the the drum. Rotating
centre of the front wall was a map of US |velocity was 60°/s (or
(28 x 19)°. Room motion was a sum of |10 rpm).
10 sines, in the range of 0,02 to 0,4 Hz,
(maximum amplitude was 2,5 cm).
Display resolution |N/A, real objects N/A, real objects N/A, real objects
Pisplay size Whole visual field Whole visual field Whole visual field

Viewing distance

Approximately average of 1,1 m at the
centre of the front wall

No description (maybe
belew 75 cm)

No description (nhaybe

below 100 cm)

Chin/head-rest None (standing position) A'padded headrest No_ description (gossibly
chinrest)
No description Instructed as to where |None
Fixation to fixate so that the
stimulus filled their
entire field of vision
. . 10 min x 4 sessions 20 min for each con- |35 min
Viewing period .
dition
27 participants ceased the experiment\prematurely; 23 due to severe VIMS, 3 due to fatigue, and one du¢ to time
Constraints.
P Four females discontinued the expéeriment in head movement condition, and one female and one male discontjnued the
bxperiment in head restraint condition.
The participants were identified as having either a high or low susceptibility to motion sickness based on thie motion
history questionnaire (MHQ). The gender was balanced within each susceptible group.
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Table 31 (continued)

Koslucher F, Haaland E, Malsch A, We-  |Flanagan MB, May JG, |Graeber DA and Stanney
beler ], Stoffregen TA (2015) Dobie TG (2005), Exp.2|KM (2002)
No specific conditions for independent |[(a) head movement |There were four condi-
variables condition: tions:
par‘;1c1paréts (@) adaptation: one
pertorme 35 min exposure at
alternating head 60°/s
movements '
to the rhythm (b) incremental
of an audible adaptation: one
metronome 35 min exposure,
(0,5 Hz); pseudo- starting at15%s for
Coriolis effect, 5 min, theh30°/s foq
10 min, finally 60°
(b) head restraint forr;(l)nmilrr;a y 60
condition: ’
participants (¢), “habituation: one
Experinjent condi- held their head 5 min exposure, one
tions against a padded 10 min exposure,
headrest. and one 20 min
exposure, all
at 60°/s, with a
48 hours interval
period,
(d) incremental

habituation: one
5 min exposure at
15°/s, one 10 min
exposure at 30°/s,
and one 20 min
exposure at 60°/s,
with a 48 hours
interval period.

measur¢ments

Experinpental N/A, all the participants)participated Between subject Between subject design
design once design
Physiolqgical None None None

Psycholpgical
measur¢ments

Before/after the experiment: SSQ,
questionwhether the participant was
motien sick or not,

Before the experiment: anthropometric
measurements

Before/after, and fur-
ther 10 min after the
experiment: motion
sickness questionnaire
(24 items to be scored
in 4-point scale),

Every 1 min during
exposure, and at the
end of the experiment:

Before the experiment:
motion history ques-
tionnaire

Before/during/after
exposure period: SSQ

motion sickness rat-
ing (0 to 10), vection
intensity (0 to 10)

constraints.

a 27 participants ceased the experiment prematurely; 23 due to severe VIMS, 3 due to fatigue, and one due to time

b Four females discontinued the experiment in head movement condition, and one female and one male discontinued the
experiment in head restraint condition.

¢ The participants were identified as having either a high or low susceptibility to motion sickness based on the motion
history questionnaire (MHQ). The gender was balanced within each susceptible group.
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6.4.3 Gender - Menstrual cycle -

6.4.3.1 Key aspect

Variation of susceptibility to VIMS corresponding to menstrual cycle: for females, susceptibility to
VIMS varies over the menstrual cycle, in which certain days the susceptibility becomes higher than that
in other days. This may explain a part of the results indicating that females may be more susceptible to
VIMS than males.

IOTL Loritha gl oo aiilkbilis FXLINC £ fo0 o] ol
OTL TOT e TIT S IICT SO SCCPTIOTIIC Yy OT v Tivro 10T TCTrarcs; SCC O zs

6.4.3.2 Description

[lemes and Howarth (2005) exposed participants to gaming video images withCHMD. Thg¢ female
articipants, categorized as “Experimental Group A”, who exhibited expected variation of Hormone
evels according to menstrual cycle, showed a significant increase in susceptihility to VIMS on day 12
f their cycle (see Figure 4A in Clemes and Howarth, 2005). However, no change in susceptibility was
bserved for a female control group who takes a combined monophasic oralcontraceptive (see Fjgure 4C
h Clemes and Howarth, 2005) nor for a male control group. Moreover, for the female participants,
ategorized as “Experimental Group B”, whose cycle could not be préecisely followed by the Hormone
nalysis, any consistent variation in susceptibility could not be obsefved over the cycle.

Q) O = N o e

6.4.3.3 Applications

This factor may be useful for considering the effects of VIMS on observers or users of visual[images,
g¢specially for considering the effects on female group.

6.4.3.4 Constraints

(lemes and Howarth (2005) found susceptibility variation of VIMS for a part of naturally mephstrual-
dycling women; however, they could not detéct the variation for the remaining naturally cyclinglwomen,
which may be simply caused by the_condition that they could not set the experiment days gn those
falling in line with peaks and troughs;of ovarian hormone levels.

6.4.3.5 Experimental methods

The methods used in the-experiment cited in this factor are shown in Table 32.

Table:32 — Methods used in the factor — Gender — Menstrual cycle

Clemes SA, Howarth PA (2005)
482 (32 females, 16 males):

(@) Experimental group: 16 premenopausal females (age average, 25,1 + 5,6) whose
menstrual cycles are natural; they were divided into two sub-groups, (al)
experimental group A, 9 females who exhibited expected variation of hormone
levels according to menstrual cycle, (a2) experimental group B, 7 females whose

Participants menstrual cycle could not be precisely followed by the hormone analysis,

(b) Oral Contraceptive group (OC group; the first control group): 16 premenopausal
females (age average 23,3 * 4,8) who take a combined monophasic oral
contraceptive for remaining the dose of the exogenous hormones,

(c) Male group (the second control group): 16 males (age ave. 23,1 + 4,7).

a2 During a screening session, potential participants who did not appear to be susceptible to VIMS were excluded.

b The order of testing was balanced across the female participants, to minimize the influence of any primacy or recency
effects.

¢ For female participants, the cycle is their menstrual cycle, and then, those four days fall in line with peaks and troughs
of ovarian hormone levels. For the participants in OC group, day 5 corresponded to day 5 of their “pill-free” week.
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Table 32 (continued)
Clemes SA, Howarth PA (2005)

A Virtuality Dynovisor Head Mounted Display (0,75 kg) connected to a Sony PlaySta-

Display device tion 2 console
A racing game called “Wipeout Fusion”, in which participants race a hovercraft

Display content using a power pad controller. The hovercraft can move left, right, up, down, and in a
rolling motion.

Display resolution [263(h) x 230(v)] pixels

Display kize 50° (h) x 50° (v)

Viewing distance N/A

Chin/hgad-rest A chinrest

Fixation None

20 min, or if it is before reaching 20 min, viewing stops when reaching a.sickness
rating” of 4

Experinjent conditions |For different daysP of a cycle® of 28 days: (a) day 5, (b) day 12, (c),day 19, (d) day 26.
Experinlnental design |Within subject design

Viewing period

For confirming the menstrual cycle phase of the female partticipants, the following
hormone analysis was performed: measurement of salivary estradiol and progester-
one levels

Physiolqgical
measur¢ments

Every 1 min during stimulus period: Standard sickness rating in 4-point scale,

Before/after the experimental trial: Motion sickniess symptoms questionnaire adapted
from SSQ,

Four standard metrics were used to analyse the results:

1) The mean score of “standard siekness rating” for each minute for each group of
Psycholpgical participants,

measur¢ments
2) The sum of the “standard-sickness ratings” reported over 20 min viewing period,

3) The nausea score int7-point scale included in “motion sickness symptoms
questionnaire”,

4) The time that elapsed before participants first reported an increase in “standard
sickness«ating”, as symptom onset time.

a2  During a screening session, potential-participants who did not appear to be susceptible to VIMS were excluded.

b The prder of testing was balaficed across the female participants, to minimize the influence of any primacy or recency
effects.

¢ For flemale participants,the cycle is their menstrual cycle, and then, those four days fall in line with peaks and troughs
of ovarian hormone levels:Eor the participants in OC group, day 5 corresponded to day 5 of their “pill-free” week.

6.4.4 |Age

6.4.4.1 | (Key aspect

Effects of age: the effect of age has not been made clear because of the shortage of the studies in the
field, either on younger people or on elder people. The effect should be further examined.

The literature has often cited the effects of age obtained mainly from seasickness and airsickness
(e.g. Reason and Brand, 1975), which showed that infants below 2 years old are not susceptible to
motion sickness, while the susceptibility becomes larger from 2 to 12 years old. Then, the susceptibility
decreased largely between 12 and 21 years old; its decline continues and almost disappears beyond the
age of 50. The effect of age may be related not only to development of physiological and psychological
conditions but also to physical and social environment. Therefore, the effect should be further examined
carefully.
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6.4.5 Active/Passive viewing

6.4.5.1 Key aspect

020(E)

Different effects of active and passive viewing: incidence of VIMS is smaller for actively viewing the

images than for passively viewing.

NOTE Active viewing represents watching and simultaneously manipulating moving images interactively,

while passive viewing represents watching moving images without any active control. One example
viewingis driving a virtnal carin a driving simulator

of active

6.4.5.2 Description

A\ between-participants, yoked control design was used with individual “passengers”™being
ndividual “drivers” by Dong et al. (2011). Each of the drivers played a driving vidéo game f
L0 min, while the recording of that performance was viewed by each passenger paired with th
\fter the experimental trial, or at the time of dropping out the trial, theparticipants wer]
vhether they were motion sick. The rate of motion sickness was significantly-larger for the pas
roup than for the driver's group.

a1 N L N LI .

6.4.5.3 Applications

This factor may be useful for considering the effects of active/passive viewing on VIMS, esped
donsidering types of usage of moving images to reduce theqncidence of VIMS from the images.

$.4.5.4 Constraints

The effect of age was examined using a driving(video game. The other types of interactive
iimages should be examined.

6.4.5.5 Experimental methods

The methods used in the experiment ¢ited in this factor are shown in Table 33.

Table 33 — Methods used in the factor — Active/Passive viewing

oked to
br up to
b driver.
e asked
senger's

ially for

moving

Dong X, Yoshida K, Stoffregen TA (2011)

Participants 2615 females, 11 males; age average, 23 + 7,6; Height 1,70 + 0,08 m)

Pisplay device A plasma flat screen display

The driver’s-eye view of a driving simulator game, “Forza Motosport 2”. There

Pisplay contepg other cars on the road.

ivere no

Pisplay resolution Not specified

Pisplayssize 60° x 48° (1,65 m diagonal)

1,0 m (deduced from the display size, while the literature mentioned, “The stod

Vigyng distance 1,8 m from the screen.”)

| was

Chin/head-rest None
Fixation None
Viewing period 40 min

There were two conditions:
Experiment (@) Drivers: playing a driving video game,
conditions

paired driver.

(b) Passengers: watching a recorded image of the driving performance of the

Experimental design |Between subject design
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Table 33 (continued)

Dong X, Yoshida K, Stoffregen TA (2011)

Physiological None

measurements
Before/after the experimental trial: SSQ,

Psychological

measurements After the experimental trial: a self-report of motion sickness (yes/no), movement of
head and torso.

6.4.6 [Fixation

6.4.6.1 | Key aspect

Effects pf fixation on VIMS severity: incidence of VIMS is smaller during eyes’ fixation on @ stationary

point superimposed on a moving image than during eyes’ free viewing.

6.4.6.2

Stern ef]
12 min
restrict
(full vis
every 2
than eit

Webb al
in two d
fixation
Griffin,
in the fi

Bonato
for 5 m
see-thr(
was pre
signific{
al.,, 2011

6.4.6.3
This fac

the display surface;en reducing severity of VIMS.

6.4.6.4

Description

al. (1990) exposed participants to visual yaw rotation produced byyan optokinetic drum fo

in three conditions: (i) the control condition (full visual field without fixation point), (ii) th
bd field condition (restricted visual field without fixation point);iand (iii) the fixation conditio}
pal field with fixation point). The averaged symptom scores/based on Graybiel’s scale obtaine
min showed significant main effect for conditions; the control'‘condition was significantly large
her of the other conditions (Figure 2 in Stern et al., 1990)«

TN = = (U

hd Griffin (2002) exposed participants to visual yawsrotation produced by an HMD for 30 mi
onditions: (i) the normal condition (without fixation point) and (ii) the fixation condition (witl
point). The scores of a 7-point motion sicknesgs\scale obtained every 30 s (Figure 4 in Webb an
2002) were analysed as averaged accumulated values over 30 min in each condition; the valu
kation condition was significantly smaller-than that in the condition without fixation point.

TU e = d

et al. (2015) exposed participants to_visual yaw rotation produced by an optokinetic drum
n in two conditions: (i) the contrel-condition, in which no fixation point was presented on a
ugh display worn by participants) and (ii) the experimental condition, in which fixation poinft
sented as a cross of Cartesian axes on the see-through display. Averaged SSQ scores werg
intly smaller in the experimental condition than in the control condition (Figure 4 in Bonato et

).

Applications

=

tor may be usgeful for considering the effects of presenting fixation point, which is stationary t

Constraints

The eff

v

pct/was examined using visual vaw rotation. The other types of visual motion should b

examined.

6.4.6.5

Experimental methods

The methods used in the experiment cited in this factor are shown in Table 34.
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Table 34 — Methods used in the factor — Fixation

(i) Stern RM, Hu Senqi, An-
derson RB, Leibowitz HW,
and Koch KL (1990)

(ii) Webb NA and Griffin M]
(2002), Exp.2

(iii) Bonato F, Bubka A, and
Krueger WO (2015)

45 (22 females, 23 males;

18 participants

14 (10 females, 4 males; age

Participants students in an introductory average, 23,1 years)
psychology course)
. . A circular vection drum An HMD (Virtual Research, |An optokinetic drum (diam-
Display device

R4
Iy

atar 107 cxa haight
eteF—To—€EHReistt

22 cm)

Pisplay content

Not specified except drum
rotation speed of 60°/s

Simulated yaw rotation of
an optokinetic drum, of
which speed was 30°/s

a black and white'chleck-
erboard pattekn, ‘€a¢h
of which patclvwas
9° (height) = 30° (w
inside the drum

dth)

Pisplay resolution

N/A; real object

(247 x 230) pixels, 60 Hz

N/A; real objects

Display size

Whole visual field in the
control condition and in the
fixation condition, and re-
stricted circular visual field
of 15° with goggles in the
restricted field condition

(48 x 36) °

No’specific value; the
visual stimulus was viewed
through a see-through dis-
play (AdviTech X-MotionTM)

Chin/head-rest

L . 35cm Not specifieds except the 48,5 cm
Viewing distance .
focal distance as 1,0 m
Chinrest The heads of participants Chinrest

were.bestrained using a
strap attached to the display

FFixation

A 1 cm black cross in the
fixation condition, but No
fixation point in the congrol
condition and in the.re-
stricted field condition

None in the normal condi-
tion, and a stationary cross
in the fixation condition

None in the control ¢ondi-
tion, and a fixation goint
presented as a crosg of
Cartesian axes on the see-
through display

Viewing period

12 min for drutn rotation
(total 36 min;12 min each
for baseline, drum rotation,
and recovery periods)

30 min

5 min

Fxperiment conditions

There'were three
conditions:

(@) The control condition:
an unobstructed full
visual field without
fixation point,

The restricted field
condition: a visual
field restricted to
15° circular field by

(b)

There were two
conditions:

(@) The normal condition:
the optokinetic
stimulus without
fixation,

The fixation condition:
the same stimulus
with a superimposed
stationary cross.

(b)

There were two
conditions:

(@) The control conldition:
a see-through display
on which a crosfs of
Cartesian axes fvere
not presented,

(b) The experimental
condition: a see

through display

on

goggles,

The fixation condition:
a 1 cm black cross was
presented as a fixation
point, which is 25 cm
in front of the eyes and
10 cm from the surface
of the drum.

©

which a cross of
Cartesian axes are
presented.

Experimental design

Between subject design

Within subject design

Between subject design
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Table 34 (continued)

(i) Stern RM, Hu Senqi, An-
derson RB, Leibowitz HW,
and Koch KL (1990)

(ii) Webb NA and Griffin MJ
(2002), Exp.2

(iii) Bonato F, Bubka A, and
Krueger WO (2015)

During stimulus period:

None

None

scale, eye movement data
inspected visually.

Physiological EGG (Electrogastrogram),
measurements respiration, horizontal eye
movements
Everv 2 min dnring stimu- Before pvpprimpnf- visual Rpfnrpl/nﬂ'pr the pvpprimpn
lus period: reports of symp- |acuity, motion sickness tal trial: SSQ,
toms of motion sickness, history questionnaire, .
. ) ya After the experimental
which was scored using : . : : '
G o . During stimulus period: trial: overall well-being
raybiel’s scale, vection > . . .
) intensit A 7-point motion sickness scale (0: I feel fine, ., 10: I
Psycholpgical Y scale, a 4-point vection feel awful as if 'am about
measur¢ments

to vomit), self<motion per-
ception (0: 1 didn’t feel like

[ was moeving atall, ..., 10: 1
feltlike [ was rotating and
the drum appeared to be
totally stationary).

7 Susceptibility probability of motion sickness

There i§ insufficient data indicating the distribution of susceptibility to VIMS, but there is sufficient
data in fegard to susceptibility to MS, which can be a useful reference for susceptibility to VIMS.

Lentz dnd Collins (1977) conducted research of MScusing a questionnaire, which was sent tp
3 618 gtudents. Within the questionnaire, they had ‘the students subjectively score 20 differenit
conditidns in terms of the extent to which they easily become sick, on a 5-point scale (0 = never sick;
1 = rardly sick; 2 = occasionally sick; 3 = often siek;"and 4 = almost always sick). Based on the averag
score of each individual, they classified the'students into three degree-of-susceptibility group
(‘unsus¢eptible’, ‘moderately susceptible’, ‘very susceptible’). As a result, ‘unsusceptible’ accounted fo
22 %, ‘moderately susceptible’ 71 %, and-“vVery susceptible’ 7 %. The histogram of the distributions nojt
only of all the students, but also of male and female students is shown in Figure 7.

e B2V

Birren (1949) conducted researchof sea sickness using a questionnaire that was sent to 511 sailory.
He found that people answering that they were “almost always” getting sick accounted for 7,0 % (o
36 peoplle) and those “never’{getting sick accounted for 37,6 % (192 people).

=

KakiucHi et al. (1981a) investigated the distribution of MS susceptibility among 6 861 elementary an
junior hiigh school students in Amagasaki-city and Totsukawa village in Japan with a questionnaire o
MS. They found thatstudents always getting sick accounted for 7,7 % (530 students) and those neve
getting sick accounted for 35,6 % (2 447 students). Moreover, Hasegawa et al. (1963) conducted researcl
on MS op almostone million (976 602) of elementary, junior high and high school students in the Osak
prefectyrein Japan and determined that the students who were always getting sick accounted for 2,5 9
(21 461|ifr872 075) in elementary and junior high schools and 2,11 % (1 164 in 55 151) in senior higl]
schools. ATthough they reported that their research on MS was narrowed down to students who were
always getting sick, they did not describe how they narrowed it down, which makes comparison with
other research difficult. Kakiuchi et al. (1981b) speculated that the reason why the ratio of susceptible
people in Hasegawa et al. (1963) is lower than in others reflects a considerable increase in transport
facilities, especially an increase in the use of automobiles since the work of Hasegawa et al. (1963).

OF W =d PN e

—

In summary, these results are almost similar in that very few susceptible people exist (almost 7 % to
8 %), and that more insusceptible people (20 % to 35 %) exist, irrespective of the age or region that was
investigated.
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Figure 7 — Distribution,af\MS susceptibility in Lentz and Collins (1977)

Scaling of VIMS severity

stimate
asis for
sy if the

erefore,
the SSQ
yerity of
nts and

rate of drop-out.

and the

Based on the idea above, Figure 8 plots the data reported in the previous literature on SSQ total scores
and simultaneously on the rate of drop-out and/or vomit. This figure actually shows that the rate of

drop-out increases with the SSQ total scores, and the rate of vomit is 3 % at most around an S
score of 30 or more.
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Key
X averaged SSQ-TS
Y dropout rate (%)
1  fitted line to “drop-out” rate data (3 to 18):
Y =0,005 7X% + 0,744X - 3,973 9,R%2 = 0,352 4
2 datd of “vomit” rate 14\ Stanney et al. (2003) after 15 min
3 BalKetal. (2013) 15 Stanney et al. (2003) after 30 min
4  Reedetal. (2007) Exp.1 16 Stanney et al. (2003) after 45 min
5 Reegletal. (2007) Exp.2 Cont. 17 Stanney et al. (2003) after 60 min
6 Reedletal. (2007) Exp.2 S 18 Ujike and Watanabe (2017)
7 Reedl etal. (2007) Exp.2 F 19 Kingdon etal. (2001) vomit
8 Reedl etal. (2007) Exp.2 S+F 20 Stanney etal. (1999) vomit
9  Starney etal. (1999) 21 Stanney etal. (2003) vomit 15 min
10 Starney et al. (2002) 22 Stanney et al. (2003) vomit 30 min
11 Ujike etal. (2005) 23 Stanney et al. (2003) vomit 45 min
12 Koslucher et al. (26,1'5) 24 Stanney et al. (2003) vomit 60 min
13 Parketal. (2006} 25 Stanney et al. (2002) vomit
Figurd 8 < Distribution of “drop-out” rate and “vomit” rate as a function of averaged SSQ total
score from literatures on VIMS and simulator sickness

Values of SSQ total score have been categorized in six levels corresponding to the severity of symptoms
by Kennedy et al. (2001) (Table 35). According to this categorization, a score of less than 5 is “negligible”,
while the scores from 10 to 20 become “significant” and “a concern”. Figure 8 seems to correspond to
this categorization. The fitted line to the drop-out rate rises from zero at an SSQ total score of 5, and
then goes over 10 % for the score between 10 and 20, while the vomit rate rises from zero at an SSQ
total score of 20.

Therefore, in order to consider ergonomic guidelines for reducing the incidence of VIMS, it is useful
to use SSQ total score as an index of severity of VIMS (see Annex B) as the basis for determining the
required limit and the recommended limit.
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Table 35 — Categorization of symptoms for SSQ TS

SSQ score Categorization
0 No symptoms
<5 Negligible symptoms
5-10 Minimal symptoms
10-15 Significant symptoms
15-20 Symptoms are a concern
>20 A problem simulator

9 Summary

[mage safety, including VIMS, is now more important, when the role of video imagegs serving soc
Become increasingly important. Although image safety is naturally important, the ambitious prd
gnd use of moving images should preferably not be fully restrained. The issue can be addrg
ddvancing moving image technology based on an understanding of the characteristics of VIMS.

(ne important method of understanding VIMS is to accumulate scientific knowledge, and
dtandardize ergonomic guideline based on the scientific knowledgé~With our eyes set on inter
dtandardization for reducing the incidence of VIMS, this ddcument attempts to summa
dcientific knowledge of VIMS by way of presenting an effective'‘procedure for developing an a
ynderstanding of VIMS.

'he scientific knowledge is summarized in 6.2 to 6.4 which is classified in three categorie
mage factors, visual environmental factors, and individuial viewer factors. For understanding w
cientific findings, the factors are described from the€viewpoints of main effects, ergonomic appl
nd constraints. Also, the methods and results were described of those experiments as cited.

[« % W 7 W LR |

loreover, the idea of scaling severity of VIMS'is described in Clause 8 in terms of SSQ total sc

o wn —

letermining the required limit and the recommended limit.

Furthermore, to view the scientific knowledge from the point of empirical knowledge, the
Bhetween these two types of knowledge are described in Annex C, which can be easier to unders|
people involved in image production.

develop InternationalStandard for reducing VIMS.

iety has
duction
ssed by

also to
hational
fize the
Hvanced

b visual
bl] these
cations,

bre. The

caling is important to consider ergonomic guidelines for reducing incidence of VIMS, especially when

relation
tand for

Based on the scientific knowledge described in this document, the discussions can be pronmoted to
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Annex A
(informative)

Overview of the ISO 9241 series

T bl A4 4o . £l 4o 4o £l A faFaWataW | .
aple 4L PITSCTIILS AIIUVET VICVY UT LT SLTTULTUI T Ul tHT ToU J 47T L STLITS.

The struicture reflects the numbering of the original ISO 9241 standard; for example, displays-wer
originallly ISO 9241-3 and are now the ISO 9241-300 series. In each section, the “hundred’ is aj
introdu¢tion to the section; for example, ISO/TR 9241-100 gives an introduction to theysoftwarer

ergonomics parts.

Tdble A.1 — Structure of the ISO 9241 series, Ergonomics of human-system interaction

9%

=J

Part Title
1 Introduction
2 Guidance on task requirements
11 Usability: Definitions and concepts
20 Accessibility guidelines for informatipn/communication
technology (ICT) equipment and‘services
21-99 To be assigned
100 Software ergonomics
200 Human-system interaction processes
300 Displays and displagsrelated hardware
400 Physical input devices — Ergonomics principles
500 Workplace.ergonomics
600 Environment ergonomics
700 Special'dpplication domains
800 Te-be assigned
900 Tactile and haptic interactions
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