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Figure 1:  A comparison of the mean number of percept reversals in 60 seconds (2D images) and 120 seconds 
(dynamic images) with standard error  in sitting and supine positions.

BACKGROUND
Ambiguous or perspective reversible figures are visual stimuli that can be interpreted in more than one 
way, referred to as percepts. 

Our perception of the world around us is shaped by the data we are constantly receiving from many 
special sensors throughout our body (e.g. muscle spindle and golgi tendon organ signals from the 
neck muscles, visual input, vestibular, and auditory inputs)

The integration of these inputs is referred to as multimodal convergence and occurs in specialised 
regions of the brain.  Multimodal convergence of sensory input helps create perception and aids 
in making sense of ambiguous images; your brain is a constantly iterating and calculating heuristic 
machine.

Input from the vestibular apparatus of the inner ear plays an important role in interpretation of our 
visual surroundings including depth, distance, and 3-D visual perception. 

In microgravity, the absence of a gravitational vector on the vestibular apparatus may be responsible 
for becoming “snagged” on a particular percept, resulting in a cognitive illusion and possibly causing 
experimental error, loss of data, spatial disorientation, misjudgement of distance, and the possibility 
of accidents jeopardizing mission operations and crew safety.

We propose that changes in the processing of gravitational information by the neurovestibular system 
during spaceflight may alter 3-D visual perception.

Similarly, by orienting the gravitational vector perpendicular to its typical presentation in problem-
solving scenarios (supine vs. upright), this positional change might alter the inputs integrated into 
perception and also alter 3-D visual perception.

DISCUSSION
These results suggest the frequency of reversal between the percepts of 3-D ambiguous figures is 
reduced in the supine position compared to sitting, while position appeared to have less of an effect 
on the 2-D figures.  The differences between the control and experimental trials were not found to 
be statistically significant, although these data highlight an important and interesting trend.  Further 
investigation with higher statistical power is warranted.

This research represents an early step in developing an understanding of human perception and the 
impact of microgravity that will contribute to the development of training software and countermeasures 
to reduce frequency of errors resulting from misinterpretation of visual stimuli.

The results of this study suggest that gravity impacts the interpretation of depth-based stimuli; this 
gravity-based component interferes with visual perception stability.

The decrease in perceptual instability generated by perspective reversible figures in 0 g compared to 1 
g could be due to the fact that depth perspective cues are less salient in 0 g. 

This is consistent with previous findings that the reliance on linear perspective cues for 3-D visual 
perception decreases when subjects are tilted relative to gravity, in 0 g during parabolic flight, and in 
vestibular-defective patients.

OBJECTIVE
To elucidate the effects of altered gravitational vector orientation on subjects’ visual perception of 
ambiguous 2-D and 3-D ambiguous reversible figures. 

In preparation for our upcoming experiment aboard the ISS, we undertook this ground-based proof-of-
concept investigation to elucidate the effect of orientation of the gravitational vector on the vestibular 
apparatus (in sitting and supine positions)

This experiment compares the percept reversals during the visualization of perspective-reversible 
figures between seated and supine states in terrestrial subjects. This will serve as a preliminary adjunct 
to similar studies investigating astronauts before, during and after long-term duration exposure to 
microgravity.  

20 subjects participated in this small scale exploratory study.  The mean age of participants was 25±6 years; 12 were male and 8 female. subjects gave their informed consent to participate in the study

Subjects were briefed on the image percepts and completed a practice trial to abolish the learning curve,  followed by a second seated trial and a supine trial, for a total of three trials.  

Subjects were presented with a random order selected from a series of ten ambiguous figures (as shown in Figure 1) on a standard laptop display with a resolution of 800 x 600 pixels.  

The figures included 3D perspective-reversible figures (displayed for 60s) and animations (displayed for 120s).  

2D ambiguous figures lacking perspective-reversibility were presented as controls or distractors.

A coloured fixation point was overlaid on a homogeneous circular patch covering the centre of the figures to minimize scanning eye movements optokinetic nystagmus. 

Observers were instructed to maintain fixation on the patch for the duration of the stimulus presentation. 
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HYPOTHESIS
The percept reversals of perspective-based reversible figures will be decreased in the supine position 
(analogous to a microgravity scenario) compared to normal gravity, however the percept reversal of 2D 
figures will not be affected.  

It is hypothesized that the orthogonal change in head position from sitting supine relieves the stimulus 
of the vertical gravitational vector upon the inner ear, a scenario somewhat analogous to a microgravity 
environment, in which all gravitational vectors are abolished. These changes in the processing of 
gravitational information by the neurovestibular system may cause changes in 3D visual perception.  

Supine Apparatus

EXPERIMENT ABOARD THE ISS
This experiment will be repeated on board the ISS by 10 crew members, using a head-mounted display 
and 10 figures.  Subjects will be free-floating to remove somatosensory orientation cues and the visor 
will remove any competing visual cues. Subjects will conduct 3 trials in 1G before their increment on 
the ISS, 6 trials during their ISS increment, and 3 trials upon return to 1G. 

Further ground studies of higher statistical power will be conducted.  These trials will focus on 
characterising the properties of the figures that give rise to the illusions, and subsequent studies will 
vary these traits to 

The knowledge gained from these studies will help elucidate the influence of gravitational cues on 
cognitive processes and how they give rise to misperceptions of objects’ depth and shape (which 
represent potentially serious problems during space flight).

Eventually, the  lessons learned from this research program may aid in develop ing  software for flight 
training and piloting as well as improving man-rrobotic operations, tele-operation tasks and space 
habitat design.
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