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Abstract 

On Earth, visual eye height (VEH) – the distance from the observer’s line of gaze to the 

ground in the visual scene – constitutes an effective cue in perceiving affordance such as the 

passability through apertures, based on the assumption that one’s feet are on the ground. In 

the present study, we questioned whether an observer continues to use VEH to estimate the 

width of apertures during long-term exposure to weightlessness, where contact with the floor 

is not required. Ten astronauts were tested in preflight, inflight in the International Space 

Station, and postflight sessions. They were asked to adjust the opening of a virtual doorway 

displayed on a laptop device until it was perceived to be just wide enough to pass through (i.e. 

the critical aperture). We manipulated VEH by raising and lowering the level of the floor in 

the visual scene. We observed an effect of VEH manipulation on the critical aperture. When 

VEH decreased, the critical aperture decreased too, suggesting that widths relative to the body 

were perceived to be larger when VEH was smaller. There was no overall significant session 

effect, but the analysis of between-subjects variability revealed two participant profile groups. 

The effect of weightlessness was different for these two groups even though the VEH strategy 

remained operational during spaceflight. This study shows that the VEH strategy appears to 

be very robust and can be used, if necessary, in inappropriate circumstances such as free-

floating, perhaps promoted by the nature of the visual scene. 
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Introduction   

Interacting efficiently with an extreme environment such as weightlessness implies to adapt 

its behavior to the spatial relationships newly created. In the absence of gravity, some 

possibilities of actions (i.e. affordances, Gibson 1979) disappear while other emerge or 

evolve. For instance, previous studies have shown that on Earth, visual eye height (VEH) – 

the distance from the observer’s line of gaze to the ground in the visual scene – constitutes a 

crucial reference in perceiving the width of a doorway (Davis et al, 2010; Fath & Fajen, 2011; 

Warren & Whang, 1987; Wraga, 1999). It has been proposed that VEH could be used as a 

reference because the participant’s eye-height and the object to be perceived (e.g. an aperture) 

share a common surface: the ground (Fath & Fajen, 2011). In that case, the geometrical rules 

of optics can express the width of the object as a proportion of the observer’s VEH (Figure 

1). But what about the unusual circumstances of spaceflight, where contact with the floor is 

not required? 

  

Figure 1. The width of the object can be expressed as a proportion of the observer’s VEH, by mean of an VEH 
ratio defined as a visual angle: X/E = 2tan(x/2) / tan(e), where X is the object’s total width, E the proportion of 
the object below the horizon, and x and e are the respective object’s width and VEH expressed as visual angles.  

 

The “PASSAGES” project aimed to understand how individuals use visual information in the 

absence of constraints imposed by gravity. Previously (Bourrelly et al, 2014), we asked 

subjects to adjust the opening of a virtual doorway displayed on a laptop to the critical 

aperture, i.e. just wide enough to pass through without turning or scrunching the shoulders. 

We then manipulated VEH by raising and lowering the level of the floor in the visual scene 
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(Warren and Whang, 1987). We found that individuals still rely on VEH to estimate the 

passability through apertures during acute exposure to weightlessness (≈ 20 s) in parabolic 

flight and this difference in passability perception could not be explained by changes in 

posture between 0g and 1g (Bourrelly et al, in press). We therefore asked whether astronauts 

continue to use the VEH during long-term exposure to weightlessness on board the 

International Space Station (ISS). We hypothesized that VEH would lose its saliency during 

prolonged weightlessness because the ground no longer provides an enduring common 

reference to scale body-related actions.  

Methods  

Participants 

Ten astronauts (2 women, 8 men, 48.9 aged years, SD = 3.1 years) were tested before, during, 

and after a long-duration mission on board the ISS. Mission durations ranged from 155 to 164 

days (M= 160 days, SD = 3.03 days). Subjects were all tested preflight (PRE, < 90 days 

before launch), two times inflight (INF1 within the first 21 days and INF2 after 120 days of 

flight, respectively) and two times postflight (POST1 within the first 3 days after landing and 

POST2 after 20 days). Informed consent was obtained for all participants. Study approvals 

were obtained from the investigators’ institutional boards, as well as from ESA and NASA 

medical boards. All had normal or corrected-to-normal vision with no known vestibular 

deficits.  

Procedure  

The equipment consisted of a laptop (15-inch display) mated with a tunnel (24 cm diameter, 

23 cm depth) and diving mask. The tests were administered on the laptop computer. The 

visual scene represented a virtual room (200 cm wide, 200 cm high, and 1350 cm depth) in 

which a doorway-like aperture was formed in front of the observer. We manipulated VEH by 

https://www.researchgate.net/publication/20196847_Visual_Guidance_of_Walking_Through_Apertures_Body-Scaled_Information_for_Affordances?el=1_x_8&enrichId=rgreq-d22dfd38-8063-439d-8cfb-4ef04b51d3f7&enrichSource=Y292ZXJQYWdlOzI4MDU4NTE1MjtBUzoyNjAxODc3NjQyOTM2MzJAMTQzOTA0NTAwNTc3Mg==
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raising and lowering the level of the floor about 20 cm in the visual scene in order to have 

three visual conditions: VEH_-20, VEH_0, and VEH_20 (Figure 2). Participants were asked 

to adjust the critical aperture for each visual condition by means of a finger trackball.  

During spaceflight, each astronaut was in a quasi free-floating state, letting the legs float off 

of the floor but the head and the hands were fixed. For the ground sessions the device was 

strapped to a support at eye-level. Participants stood upright, just slightly bending the head 

when necessary to make contact with the mask (Figure 2).  

 
Figure 2. a) Participants looked at the visual scene displayed onto the screen and adjusted the critical aperture 
by mean of a trackball. b) The visual scene represented a virtual room in which a doorway-like aperture was 
formed between two movable partitions. In the VEH_-20 and the VEH_+20 conditions, the floor was lowered or 
raised about 20 cm relative to the VEH_0 condition (flat floor). In this illustration, the line indicates the level of 
the eyes at the center of the screen, and the yellow arrows, the VEH. These lines were not actually present in the 
visual scenes. 

 

During each session (PRE, INF 1, INF 2, POST 1, POST 2), the critical aperture was adjusted 

8 times per visual conditions (VEH_-20, VEH_0, VEH_20) in a random order, leading to a 

total of 24 adjustments per session.  

Data analysis 

We computed the critical aperture (A), in centimeters, as the mean of the 8 judgments within 

each visual condition and session. The Shapiro-Wilk test showed that A did not follow a 

normal distribution. Thus, nonparametric Friedman’s ANOVA were used to test the effect of 
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VEH (VEH_-20, VEH_0, VEH_20) and the effect of the session (PRE, INF 1, INF 2, POST 

1, POST 2) on the mean of A.  

We determined the effect of VEH (∆VEH) within each gravitational session by computing the 

variation of the critical aperture between the VEH_20 and VEH_-20 conditions as follows: 

∆!"#=
  A!"#_!" −   A!"#_−!"

40
 

A Friedman’s ANOVA was then used to compare the effect of ∆VEH between gravitational 

sessions. The limit of statistical significance was set at 0.05 for all analyses. 

Results 

Due to atypical response profile and important disparities between preflight and postflight 

data, 2 subjects were excluded from the analysis. Specifically, they did not return to their 

prefight baseline during postflight sessions and presented an important intra-subject 

variability (±12 cm) during inflight sessions, twice more than the other subjects (±6 cm). 

Consequently, the statistical analyses were conducted on eight astronauts. 

VEH effect 

Friedman’s ANOVA showed a significant effect of VEH on the critical aperture: p < 0.01 

(Figure 3a). Specifically, the critical aperture decreased significantly with the lowering of 

VEH (VEH_-20 = 64.4±16.6 cm, VEH_0 = 67.2±16.7 cm, VEH_20 = 69.6±18.2 cm). 

Furthermore, the effect of the manipulation of VEH on the critical aperture was not different 

across gravity conditions (i.e. across sessions): p = 0.83 (∆VEHPRE = 0.15±0.09, 

∆VEHINF1 = 0.15±0.12, ∆VEHINF2 = 0.14±0.10, ∆VEHPOST1 = 0.15±0.09, 

∆VEHPOST2 = 0.10±0.08).	   

Gravity effect 
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The ANOVA showed no significant effect of gravitational session on the critical aperture: 

p = 0.06 (PRE = 67.2±17.5 cm, INF1 = 68.4±15.4 cm, INF2 = 64.5±17.9 cm, 

POST1 = 69.4±19.4 cm, POST2 = 65.9±17.2 cm). We considered, however, individual-

specific effects of gravity (Figure 3b). We applied a hierarchical classification analysis to the 

change in critical aperture between INF1 and PRE and between INF2 and PRE, using the 

squared Euclidean distance. This analysis separated the participants into two groups based on 

their response profiles. What is interesting to note is that all participants in group 1 showed an 

increase in A for INF1, compared to PRE and a subsequent return to preflight levels for INF2. 

Conversely, participants in group 2 showed a (slight) decrease for INF1 and also a return 

toward preflight levels for INF2. We therefore hypothesized that participants may be affected 

by early exposure to weightlessness, in a subject-dependent manner, but with the possibility 

of adaptation to weightless conditions after several months on orbit. 

 

 

 

 

Figure 3. a) Mean ±SEM of critical aperture in cm as a function of session and visual condition (VEH_-20, 

VEH_0, and VEH_20). b) Mean (bold lines) and individual critical aperture (thin lines; each line represents a 

participant) adjusted by the two groups of astronauts across sessions. SEM= Standard Error of the Mean, VEH= 

Visual Eye Height, ** p<0.01. 

Discussion 

Our first main result showed a significant effect of VEH on the adjustment of the critical 

aperture. We found that decreasing VEH in the visual scene make apertures appear more 

passable. This result is consistent with our previous report (Bourrelly et al, 2014) and with the 

literature that found a global lowering of the critical aperture with decreasing VEH (Davis et 

b) a) 
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al, 2010; Fath & Fajen, 2011; Warren & Whang, 1987; Wraga, 1999). Indeed, in both 

gravitational conditions we found that referred to the flat floor condition (VEH_0), the mean 

of critical aperture was significantly decreased with the lowering of VEH (VEH_-20), and 

increased with the elevation of the VEH (VEH_20). An aperture that appeared too narrow in 

the VEH_20 could appear to be passable when VEH was reduced. Everything happens as if 

widths relative to the body were perceived to be larger when VEH was reduced or the 

participant perceived himself thinner relative to the scene. Another explanation is that the 

door was perceived more distant when VEH was reduced (Rand et al, 2011). Further analyses 

will be necessary to discriminate between these two explanations. 

Contrary to our hypothesis, however, our results demonstrated that the effect of VEH on the 

critical aperture remained consistent across sessions. The VEH effect did not disappear or 

diminish in trials performed inflight, indicating that the VEH strategy remains very robust 

even after several months in weightlessness. It can be assumed that the visual scene, which 

presented high terrestrial connotations, played an important role in determining the present 

result. Specifically, the presence of a visual floor may have led the participants to imagine 

acting in a usual ground context because it suggested a natural bipedal locomotion toward the 

door. Thus, the ground seems to remain an enduring reference to scale body-related actions. 

The second main result was that despite the absence of significant effects of gravity on the 

mean of critical apertures across subjects, prolonged exposure to weightlessness did modify 

the individual perception of the passability. Hierarchical classification analysis revealed two 

participant profile groups. The first showed an increase of the critical aperture in the early 

flight followed by a decreasing after several months inflight. The second showed an overall 

decrease of the critical aperture throughout the flight. This suggests that although the VEH 

effect remained the same across sessions, the specific parameters used to tune the strategy 

appear to rely on or to be affected by gravitational cues or context that adapt with time. These 



Bourrelly et al, 2015; Cognitive Processing 

 
8 

important individual differences suggest the existence of differential sensory compensation 

strategies when graviceptive signal is absent or inappropriate (Clément 2007). Moreover, the 

gravity effect was found here to change over time during inflight session and even reversed 

for some astronauts after several months spent in weightlessness. Such fluctuations of the 

perceived critical aperture suggest a continuous updating of the body schema, an internal 

representation of body based on proprioceptive, somatosensory but also vestibular cues as 

attested by recent studies that stressed the influence of vestibular dysfunction or stimulation 

on the perceive shape and size of the body (Lopez et al, 2012). Nevertheless, the specific 

influence of weightlessness on the perceived body dimension remains to test.  

Conclusion 

This study shows that the VEH strategy for perceiving affordances appears to be very robust 

and can be used, if necessary, in inappropriate circumstances such as free-floating, perhaps 

promoted by the nature of the visual scene. Our results also show important individual 

differences concerning the effect of gravity, suggesting the existence of different strategies in 

the using of the specific parameters that tune the perception of the affordance of passability in 

weightlessness. 
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