
Recent research by Proffitt and colleagues has indicated that the perception of distance is influenced by the 

state of the body.  Most of these studies have demonstrated these effects by inducing large changes in 

physiological state and observing differences in estimates of perceived distance.  The current study examines 

the influence of a more subtle change in physiological state, that of “warming up.” Warming up before 

exercise prepares muscles for work and improves cardiovascular efficiency.   Warming up therefore decreases 

the amount of effort required to traverse a certain distance, whereas fatigue increases the amount of effort 

required.  Following the hypothesis that perceived distance is influenced by the predicted effort required to act 

on that distance, distances would appear closer to those observers who have warmed up, compared to those 

who have not.  

In the current study, two groups of participants first made several distance estimates to targets in a hallway as 

baseline measure.  Then, one group of participants warmed up by riding slowly on a stationary bicycle for 

three minutes, while the other group sat down for three minutes. Finally each group made a second set of 

distance estimates.   A ratio score was constructed by dividing the post test by the pretest estimates.  The ratio 

scores were significantly lower (indicating a relative decrease in estimates) in the group that warmed up, 

compared to the group that sat.  This result further supports the hypothesis that physiological state can 

influence the perception of distance. 
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• Summary

• The above results suggest that “warming up” can affect our perception of distance.  This finding advances 

the hypothesis that our perception of distance is influenced by the effort necessary to traverse that distance.  

• Why Does Warming Up Affect Anticipated Effort?  

• Warming up improves oxygen delivery to the muscles 

• Hemoglobin releases oxygen more readily at higher temperatures.  

• The local vascular bed dilates, resulting in increased blood flow to the muscles.

• Rates of nerve transmission are faster at higher temperatures

• Limitations and Ongoing Research

• The null effect at 10m is likely due to features of this particular hallway.  As can be seen in the pictures at 

left, at 10m the hallway opens up on either side.   At that point the sounds from the adjacent lab can be heard 

more clearly, providing an auditory landmark for  both groups of blindfolded participants.  

• The heart rate achieved on the treadmill in the previous studies (Proffitt et al, 2003; Witt et al, 2004) was 

likely higher than on the stationary bike, so perhaps a higher target heart rate will increase the effect

• Ongoing studies are investigating whether this effect is due to increased temperature alone or also due to 

other concomitant changes in physiological state, such as the increase in heart rate associated by the light 

exercise.

Contact Cedar Riener: cedar@virginia.edu

http://www.faculty.virginia.edu/perlab

Participants were instructed that the experiment was investigating the role of exercise in perception and 

asked to put on a heart rate monitor (Polar, chest strap based).
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In several previous studies investigating the role of effort and energetics on a visuomotor treadmill adaptation, Proffitt et 

al (2003) and Witt et al (2004) have observed a curious pattern of results.  The experiments were designed to investigate 

the role of anticipated effort on perception of distance. The hypothesis was that if a given observer anticipated that a 

distance would demand more effort to traverse, that distance would be seen as relatively farther than the same distance 

seen by an observer who did not anticipate taking as much effort. They predicted (and subsequently found) that 

participants who walked on a treadmill with zero optic flow would increase their estimates of perceived distance 

(compared with pre-adaptation estimates), corresponding with the greater anticipated effort induced by adaptation on a 

treadmill.  

However, they expected that distance estimates would remain unchanged from their pre-adaptation estimates for 

those participants who experienced optic flow appropriate to their walking speed on the treadmill.  It would be the same as 

simply walking briskly for three minutes, and why would that change one’s estimate of distance?  

In several cases, these investigators observed that the estimates of those “control” participants compressed, or 

were closer than their pre-adaptation estimates.  Why would one’s distance estimates change after simply walking briskly 

for three minutes, with a visual world appropriate to that walking speed?  The authors speculated that this result may have 

been due to “warming up,” which may have potentiatedthe observers ability to walk the distance to the cone, thus making 

it seem closer.  The following study investigates this possibility directly, by using a stationary bicycle rather than a 

treadmill, to isolate the effect of warming up from the visuomotor adaptation of the treadmill.

Control participants sat on the stationary bicycle 

for three minutes.  

Warm-up participants pedaled the stationary bicycle 

for three minutes.  They were given the heart rate 

monitor and asked to keep their heart rate as close to 

100 as possible.  This was intended to be light to 

moderate exercise, unlikely to fatigue anyone in three 

minutes.

All participants then made three post-adaptation estimates of distance, at 6, 8, and 10 meters 

(counterbalanced)
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All participants then viewed target cones at five distances (4, 5, 6, 8, 9,10 meters) in a hallway. Participants 

made distance estimates by walking while blindfolded to the location of the target cone.
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