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BACKGROUND

The perception of visual space in virtual reality is generally found to be compressed 
-- by as much as 50% (e.g., Loomis & Knapp, 2003), even when photorealistic 
graphics are used (Thompson et al., 2004). However, Interrante et al., (2006) have 
found that virtual space may be perceived accurately (as evidenced by visually-
directed walking performance) when the virtual environment simulates the subject’s 
actual surroundings.

Interrante et al. (2007) considered two hypotheses to account for the improved 
perception of space. One hypothesis supposes that prior direct exposure the real 
environment provides scaling information that is then available for use in the 
simulated one (metric knowledge hypothesis). The hypothesis that Interrante et al. 
favor, however, is that “cognitive presence” -- the belief that they are acting in a 
real environment which corresponds to their visual experience -- facilitates veridical 
action.

Here we utilize live-video, presented via a head-mounted display, to provide 
cognitive presence in the absence of direct metric knowledge. We contrast 
performance in this unique condition with (1) performance when there is prior first-
hand perception of the environment, and with (2) performance when there is 
continual first-hand perception of the environment.

PURPOSE

We aimed to compare veridicality of spatial judgments with a head-mounted 
display, both with and without prior direct visual exposure to the environment.

METHODS
Subjects were 33 undergraduates at Swarthmore College who had never 
been in the experimental hallway before participating in the experiment. 
All were unfamiliar with the experimental hypotheses.

Apparatus: Vizard’s VideoVision hardware and software were used to 
supply real-time high-resolution stereo video images of the appropriate 
visual angle through a NVis HMD with XGA resolution (1280 x 1024 x 60 
Hz.). Head position was monitored with a Hiball optical tracking system 
covering 15 meters of the hallway.

Conditions: Subjects were assigned randomly to one of three conditions.
Video-only condition: subjects were fitted with a head-mounted 

display before they were allowed to see the experimental hallway first-
hand.

Pre-viewed condition: subjects were permitted to see the hallway 
first-hand from the starting point before being fitted with the head-
mounted display. 

Direct vision condition: subjects wore the head-mounted display on 
their heads, to control for weight and encumbrance effects, but were 
allowed to see the hallway unaided.

Procedure: Each subject was met in the lobby of the building and 
brought up to the lab by elevator while blind-folded. Subjects were 
instructed in the main lab room and supplied with hearing attenuators 
before being led without vision into the hallway. For each of eight trials, 
subjects viewed the hallway, with or without a head-mounted display 
according to their condition. Subjects were instructed to walk without 
vision to a target, stopping when they were standing in the place where 
the target had been. The first three trials were treated as practice trials, 
and were not included in the analysis. The test distances were given in 
randomized order, and ranged from 3 to 7 meters. No feedback was
given on performance at any point in the experiment.
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RESULTS

Performance in the pre-viewed condition was the same as that in the direct vision 
condition, which finding is consistent with the metric knowledge hypothesis. Both 
sets of subjects tended to stop at about 82% of the target distance. Surprisingly, 
however, those who were never allowed to see the hallway directly performed most 
accurately, walking 96% of the target distance on average.

DISCUSSION

The fact that the video-only condition differs from the other two strongly suggests 
that metric knowledge is influencing performance of the task in the pre-viewed 
condition, as in the direct vision condition. However, the difference is in a direction 
not predicted by any current theory. Rather than walking shorter distances, as we 
would have predicted (Messing & Durgin, 2005), people in the video-only condition 
show an impressive level of accuracy by walking nearly all the way to the target on 
average. This surprising accuracy demands explanation.

There are at least two different ways to conceive of the visually-directed walking 
task while performing it. In one, the target strategy, the subject focuses her 
attention on the target while viewing, and while walking attempts to close the 
distance between herself and the target (see also Sinai, Ooi & He, 1998). The 
second way to conceive of the task, the environment strategy, is to attend to the 
space of the environment during viewing, and mark the positions of the target, the 
subject’s position, etc. or distances between them. While walking, one attempts to 
maintain an updated representation of the environment.

The instructions we gave strongly encouraged the environment strategy, seeking to 
encourage immersion. Given our results, however, it would appear that focusing 
our subjects’ attention on the environment made them perform less well than is 
typically found in the control condition where no HMD was used. It is intriguing to 
speculate that the limitations of the video-only condition may have prevented our 
subjects from constructing the spatial representation of the environment that the 
other two conditions allowed. Future research on the effect of instruction might 
shed light on such speculations.
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Above: our head-mounted display, with attached stereo
digital video cameras.

Right: the experimental hallway,  from our starting 
point. The target is visible on the ground about 8 

meters away.


