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Orientation

* How we perceive our self relative to our environment

* Cues provided from
* Gravity- our vestibular system
* Our body- such as proprioception
* Vision- viewing polarized objects (objects with an upright)
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Gravity

* The vestibular organ
* Located in the inner ear and responds to head movement
* The otoliths respond to linear accelerations

 Signal is ambiguous: otoliths cannot distinguish physical acceleration
(translation) from the acceleration of gravity (tilt)

The otoliths

The vestibular organ The otoliths Purves et al., (2001)



Body

* Has an “up” corresponding to the top of the head
e Referred to as “the idiothetic vector” (Mittelstaedt)

* Has acceleration receptors that provide information regarding tilt vs
translation

* Example: the kidneys (Oman, 2007; Mittelstaedt, 1996)

* Also provides information from pressure
 Example: pressure on back if lying down, or the feet if standing




Vision

e OQur visual environment impacts how we
interpret our ordination

* The “crazy kitchen” at the Ottawa
Science and Tech Museum is a room
that is slanted but has furniture
designed to visually look upright

* In this sort of unusual environment
vision tends to dominate. You try to
align yourself with the furniture but
then feel off balance




Subjective Visual Vertical (SVV) vs Perceptual Upright (PU)

* Each sense (usually) contributes to our perception of “up”

* There is more than one “up”

The Subjective Visual Vertical is our The Perceptual Upright is the orientation where
“up” estimate based on gravity things look upright or are most recognizable.
Which way would a ball fall? Up? Which ones look like the letter “P”?
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Visual Reorientation Illusions (VRIs)

* |In certain environments with an ambiguous
“up” the identity of surfaces such as ‘floor’ can
vary (Oman, 2007) M

* Example: Microgravity, virtual reality (vision dominates)

* |f you took a fully furnished room and rotated
it 90-degrees and had a person lie supine in it,
up to 84% of people will feel that they are
actually standing upright

&

No VRI
(gravity dominates)
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* This reorientation based on visual cues is
referred to here as a Visual Reorientation
Illusion (VRI) (Howard & Hu, 2001)



Visual Reorientation lllusions

* On Earth, during a VRI there is a conflict between gravity and the
direction of “up” indicated by visual information

* People with a VRI appear to rely more on the visual information

No VRI VRI

No Conflict Conflict
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Perceived as floor

Ll |

Perceived as wall
(“Spiderman”)



What this suggests

* During a VRI it appears that the Perceptual Upright is influenced
mainly by vision
* This suggests a higher visual weighting in proportion to the body and gravity

No VRI Example VRI Example
PU PU
33% gravity 0% gravity
33% body 0% body

33% vision 100% vision

Note: the “p” orientation and weightings used here are theoretical



What this suggests

* Previously our lab has looked at the amount of visual motion needed to
reach a target distance in virtual reality- referred to as a Move to Target
task (MTT)

* The findings from our lab suggest that during a VRI vision appears to be
more effective compared to when there was no VRI (McManus & Harris,

2019)

* |n situations where participants had a high level of VRI they also required
less visual motion to arrive at the target distances
» Shorter travel distances would suggest that vision was more effective



Expectations

Reweighting

* A VRI results from the conflict between the visual and gravity “up”. Individuals who report VRI should be more sensitive to
visual/vestibular conflict than those who do not report VRIs. If this is the case we would expect less immersion and higher nausea
from people who report a VRI (Yang et al., 2012)

* In order to resolve this visual/vestibular conflict some participants appear to rely more on the visual cues. Thus VRI might reflect
participants ignoring the gravity vector in favour of vision. Individuals who report a VRI should therefore have a higher visual
weight when determining PU than those who do not have a VRI

OR

Reinterpreting

* When tilted the vestibular organ (otoliths) registers an ambiguous acceleration that could be a tilt or translation. Since the visual
cues indicate the person is standing the participant might interpret the vestibular cue as translation and not as a tilt

* Since participants do not perceive themselves as tilted they should perceive themselves as standing and experience a VRI

* In this case we would not expect differences in the weightings of the PU between those who report a VRI and those who do not

¢ Both the reweighting or reinterpreting theory would lead to individuals who report a VRI requiring less visual motion to arrive at a
target distance in virtual reality



Hypothesis

* Hypothesis 1: Individuals who report a VRI will require less visual
motion to arrive at a target distance in virtual reality than those who
do not report a VRI

* Hypothesis 2: Individuals who report a VRI will have a higher visual
weight than those who do not report a VRI

* Hypothesis 3: Individuals who report a VRI will have less immersion
and higher nausea than those people who do not report a VRI



What we did

* Two tasks were done to test the hypotheses

* A Move-To-Target task
* A Perceptual Upright task

* Participants in each task were grouped into those who experienced a
VRI and those who did not

e See slides 20-24



Move-To-Target Task

 Participants viewed a virtual reality hallway environment that
extended away from their nose

* Task: Visually move to a previously seen target location while
standing, supine, or prone

* Five target distances were used: 10, 20, 40, 60, 80m with 10 presentations of
each

Standing Supine Prone



Move-To-Target Task

* Participants left clicked on a mouse, the target was extinguished, and
they were visually moved forward

* When the participant felt that they had reached the location of the
previously visible target (i.e. when their head was inside the target)
they clicked the right mouse button to stop
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Move-To-Target Error

* The mean travel distance for each target distance in each posture was
calculated

* The distance traveled while standing was taken as the participants’
perception of the target distance

e Standing travel distance was the participants

)

accurate”

* Then the percent error from standing while supine or prone was
calculated for each target distance

* i.e. For prone for a particular distance:
* ((Prone - Standing)/Standing)*100%



Oriented Character Recognition Test

* The PU was estimated using the Oriented Character Recognition Test
(OCHART; Dyde et al., 2006)

 Participants stood or lay left-side-down and viewed a virtual environment

 Participants saw an ambiguous symbol “&" and indicated if they thought it
was a “p” or a “d”. The response was forced choice.
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Oriented Character Recognition Test

* The angle of the “a” varied based on a PEST function (Adaptive
staircase; Taylor & Creelman (1967)).

* The PEST finds the angle at which participants where equally likely to

ao_ 7 lld ”

judge the letter as a “p” or
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Oriented Character Recognition Test

* For both postures five different visual environments were used with two PESTS for each visual
environment

* One that started more like a “p” and one that started more like a “d”
* An example of two of the visual scenes

Note: These are 2D rectangular renderings of a 3D scene. The whole visual scene was visible to
participants regardless of the scene angle
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Oriented Character Recognition Test

e The mean of the two PESTS in each environment was taken as the PU

* Half way between both ambiguous points corresponds to the least
ambiguous direction- the PU

PU
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* Using a weighted vector sum model, the weightings contributed by
the body and vision relative to gravity were calculated using the
methods of Dyde et al., (2006). These were then converted into
percentages.



Determining VRI

* The VRI was measured in three ways throughout the experiment.

Measure 1: Using a questionnaire during the MTT
Measure 2: Holding a mouse button when experiencing a VRI
Measure 3: Verbal response at the end of the experiment

A scoring system was used to sum the participants’ responses to
determine the VRI group for the OCHART task



VRI Measure 1: Questionnaire

e After each MTT posture participants filled in a questionnaire to assess VRI
likelihood. Participants also verbally described how they felt to help verify
measure.

* Level of immersion and nausea were also collected on a 5 point Likert scale

Examples for scoring a supine participant. If the participant indicated they
felt something similar to:

* Lying on back and looking up- No VRI, score of -1
e Standing upright and looking forwards- VRI, score +1

* |f participant was unsure of how they were oriented or, for example, when
supine felt lying on stomach looking down- Other, score 0

X%



VRI Measure 2: Holding Mouse Button

* Done after completing all three postures of the MTT task
 What a VRI is was explained in detail to participants
* Participants were then placed supine in the hallway environment

* For ~¥90 seconds participants used mouse presses to indicate whether or
not they felt upright

Scoring:

* An “upright” time for a total of 45 seconds or more was grouped as “VRI”,
score +1

* 0 seconds was scored as “No VRI”, score -1
e 1-44 seconds was grouped as “Other”, score 0



VRl Measure 3: Verbal Report a

» After completing the left-side-down posture for the OCHART
participants were asked to describe how they felt during the task,
with regards to their orientation.

If their verbal report more closely matched:

* Upright, they were grouped as VRI, score +1

* Lying down, they were grouped as No VRI, score -1

* Unsure or mixed, they were grouped as Other, score 0



Creating the VRI groups: Oriented Character
Recognition Test

* During the OCHART task the visual background changes every trial

* So unlike the Move-To-Target task, a VRI it cannot be determined at the
end of a body posture

* VRI likelihood while left-side-down might not correlate with supine or
prone

In order to determine VRI groups for the OCHART task, the scores for each
three VRl measures was summed:

* Positive sum or 0 = VRI likely

* Negative sum = VRI unlikely



Results: VRI Measure

MTT Results

“- - “

19 (50%) 12 (32%) 7 (18%)

BB 0 s 15059
33 (43%) 21 (28%) 22 (29%)

No VRI
Likelihood Likelihood

leellhood

OCHART Results

25 (63%)

15 (38%)
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Results: Move-To-Target Task

* A 2- tailed t-test was performed to compare the VRI travel distance
errors to No VRI travel distance errors

* The two groups differed significantly (p= 0.035)
* Those with a VRI needed to travel 4.78% less far than those without a VRI

Distance Traveled Prone/Supine Relative to
Standing

Prone/Supine > standing

A
“ T
v

Prone/Supine < standing
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Difference in Distance Traveled
(%)

No VRI VRI
Note: Error bars are standard error

27



Results: OCHART

* Three 2-tailed t-tests were performed to compare the
two VRI groups for their gravity, body, and vision
weightings

Mean Weight | Gravity % Body % Vision %
(SD)

13.05 (+10.12%) 54.01 (+14.29%) 32.93 (+10.85%)

No VRI 5.95 (+7.76%)

T- test (alpha) o 0.860 0.027

Note: the visual effect disappears if the participant on the top right of the figure
is removed

53.22 (+13.22%) 40.82 (+10.16%)

Individuals with a VRI:

* Use gravity significantly more than those without a VRI

* Might use vision less than those without a VRI

Ternary Plot

0

100
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Gravity %

= NoVRI

Note: The curves represent + 1 SD for all 3 components
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What does this mean?

* People with VRI need visual motion to arrive at a target distance
suggesting an to vision
However

* People with VRI paradoxically seem to rely more on gravity, and
maybe less on vision when determining PU

* This suggests those with VRI are not ignoring the gravity cue in favour
of vision



What does this mean: The Gravity Weighting

* Interestingly, many participants had a 0% gravity weighting, especially
those without a VRI
* 24% of those with a VRI had a 0% gravity weight
* 47% of those without a VRI had a 0% gravity weight

* This might be due to the immersiveness of the virtual environment

* It is interesting to consider why a participant with a 0% gravity weight, and
therefore proportionally higher visual and body weightings, did not perceive
themselves as upright!



Next steps

* The next steps will be to compare the level of immersion and nausea
experienced between the two groups (Hypothesis 3)

* This information was collected during the MTT task VRI questionnaire

* If the VRI is due to higher sensitivity to visual/vestibular conflict we
would expect lower immersion and higher nausea in individuals who
are more likely to report a VRI compared to those who do not



Take-Home Summary

* Compared to individuals who do not report VRIs, individuals who
report a VRI:

* Require less visual motion to arrive at a target distance
e Suggests an enhancement to vision

e Rely more on gravity when determining the PU
* Might rely less on visual cues when determining the PU

* This might suggest that the PU is not a global measure of the
contributions of vision, body, and gravity, but instead important only
for the OCHART



YORK

UNIVERSITE
UNIVERSITY

MULTISENSORY
INTEGRATION

Centre for
(VQ Vision Research Th a N k yo U | g:gzg
Laurence Meaghan Bjoern John Nils Lindsey Sarah Rachel

Harris McManus Joerges Kim Burry Fraser D’Amour Phan

33




References

* Dyde, R. T, Jenkin, M. R., & Harris, L. R. (2006). The subjective visual vertical and the perceptual
upright. Experimental Brain Research, 173(4), 612-622.

 Howard, I. P, & Hu, G. (2001). Visually induced reorientation illusions. Perception, 30(5), 583 600.

* McManus, M., & Harris, L. R. (2019). When Gravity Is Not Where It Should Be: Effects On Perceived Self-
Motion. Journal of Vision, 19(10), 237.

* Mittelstaedt, H. (1996). Somatic graviception. Biological psychology, 42(1-2), 53-74.

* Oman, C. (2007). Spatial orientation and navigation in microgravity. Spatial processing in navigation, imagery
and perception, 209-247.

* Purves D, Augustine GJ, Fitzpatrick D, et al.,(2001). The Otolith Organs: The Utricle and Sacculus. In
Neuroscience. 2nd edition. Sunderland (MA): Sinauer Associates. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK10792/

* Taylor, M., & Creelman, C. D. (1967). PEST: Efficient estimates on probability functions. The Journal of the
Acoustical Society of America, 41(4A), 782-787.

* Yang, S. N,, Schlieski, T., Selmins, B., Cooper, S. C., Doherty, R. A., Corriveau, P. J., & Sheedy, J. E. (2012).
Stereoscopic viewing and reported perceived immersion and symptoms. Optometry and vision
science, 89(7), 1068-1080.




