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To move successfully through an environment an observer must be able to accurately 

judge the shape and size of different objects within it. Observers can do so by being attentive to 

the bidirectional interaction between themselves and the area they are observing. The 

information provided by the environment as it relates to an observer influences how an 

individual can and will take action.  

One potential source of information about the size of an object is its relation to the 

observer’s own height. This is called body scaling. An observer’s eye-height (EH) can provide 

visual information about body scaling (Bertamini, Yang, & Proffitt, 1998; Linkenauger, Witt, 

Bakdash, Stefanucci, & Proffitt , 2009; Twedt, Crawford & Proffitt, 2012; Warren & Whang, 

1987; Wraga, 1999). The invariant position of an observer’s EH can provide a significant amount 

of size information. EH scaling is when a perceiver references his/her EH level as a source of 

size information. Prior research indicates that an individual will most accurately observe and 

judge the size of an object when the object’s height is closest to their current EH, even when the 

observer’s EH has been manipulated by adding wooden blocks to the bottom of participant’s feet 

(Mark, 1987) or changing the location of the horizon (Bertamini, et. al., 1998; Dixon, Wraga, 

Proffitt & Williams, 2000).  

Rogers (1996) observed that an individual’s EH will invariantly correspond to the 

horizon’s location. When the horizon is present there is an invariant source of information about 

EH provided by the environment. This environmental invariant increases the accuracy of judging 

the size of objects because of the A/B ratio, where “A” is the distance from where the observer’s 

EH intersects the object at the horizon line to the top of the object and “B” is the distance from 

the base of the object to where it intersects the horizon (Rogers, 1996).  
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The A/B ratio, which can be perceived directly from visual information, could be used as 

a source of information when an individual measures the size of objects, because it is invariant 

for objects at any distance. In other words, the ratio is not influenced by the distance of the object 

from the perceiver because as the object changes distance, the A/B ratio remains constant. This 

means that both the horizon and EH are reliable sources of information (Bertamini, et. al., 1998; 

Rodgers, 1996; Twedt, et. al., 2012). 

Research about EH scaling shows that the role of the body largely influences the way we 

experience and perceive both a natural and virtual environment (Bertamini, et. al., 1998; Dixon, 

et. al., 2000; Mark, 1987; Ozkan & Braunstein, 2010; Rogers, 1996), even when there is no 

immediate action needing to be taken (Twedt, et. al., 2012). For instance, Twedt, et. al. (2012) 

examined whether size judgments could be held in memory for taking action in the future. In a 

series of experiments participants were asked to judge the relative size of two objects that were 

presented sequentially. The results showed that participants are most accurate at making 

comparison judgments when the initial object is at EH. However, because the EH was constant 

for storage and retrieval, it’s not possible to say whether judgments were made with respect to 

stored representations of EH or dynamically updating EH.  

In this study we wish to better understand the relationship of perceived size relative to 

EH and the mental representations for size studied by Twedt, et. al. (2012). In order to justify 

that mental representations are sized based on current EH, the effects of manipulating eye height 

without the knowledge of the participant during the study were considered. To be able to 

manipulate participants’ EHs in virtual reality, we must first consider whether we can replicate 

Twedt, et. al. (2012) in our virtual setup. Dixon, et. al. (2000) compared the effects of 

manipulated EH in an immersive head mounted display (HMD) and a nonimmersive desktop 
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display and examined the effects of these displays on scaling the sizes of objects. The results 

suggested that participants who find themselves highly immersed in an environment use EH 

scaling to judge the sizes of objects (Dixon, et. al., 2000). 

Previous research has suggested that EH plays a role in judging size (Bertamini, et. al., 

1998), taking action (Mark, 1987; Warren, et. al., 1987), and forming mental representations of 

size (Twedt, et. al., 2012).The current study was designed to extend on the research done by 

Twedt, et. al. (2012). The present study examined the extent to which EH influences mental 

representations by putting participants into a virtual environment and changing their EH without 

the participant’s knowledge. If EH can be influenced and successfully manipulated in a virtual 

reality, as Dixon, et. al. (2000) showed, participants should be most accurate at judging and 

comparing the sizes of objects when the objects are at their virtual (manipulated) eye-height 

(VEH) as opposed to their actual EH (AEH). If participants do not make size comparisons with 

regard to their VEH, this would suggest that EH scaled memory representations cannot be 

influenced by a change in EH.   

Method 

Participants 

Sixty California State University, Fresno students participated in this experiment for 

course credit. All participants had normal or corrected-to-normal vision.  

Materials 

A virtual environment was created using a software package for integrating the 

equipment necessary for virtual reality displays. An Oculus Rift head mounted display was used 

for visual input. 

Design  
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Participants’ virtual position was directly in the middle of both the target and comparison 

objects, with a distance of 30.5 cm between the participant and each target. Standard target 

height was equal to the participants VEH (six feet) or 15.2 cm taller, 15.2 cm shorter, 30.5 cm 

taller or 30.5 cm shorter than the participants’ VEH. The comparison target was either the same 

height as, 1.3 cm taller, 1.3 cm shorter, 2.5 cm taller or 2.5 cm shorter than the standard target. 

Each of the standard targets’ possible heights was paired with a comparison target height for a 

total of 25 randomized target pairs. Each participant viewed each pair twice, for a total of 50 

trails per participant.  

Procedure 

Before each session, participants were directed to read and sign a consent form that stated 

the basic procedure of the experiment.  

After filling out the consent form, participants were instructed to put on a head-mounted 

display that immersed them into a virtual room.  

Participants viewed a standard target (a green pole) for three seconds, then closed their 

eyes, turned around, and viewed a comparison target (a red pole). After viewing the comparison 

target, the participants indicated out loud whether the comparison target’s height was taller than 

or shorter than the standard target, along with a confidence rating that ranged from 1 (not at all 

confident) to 7 (very confident). The responses were recorded by the experimenter. The reason 

the target and comparison were presented on opposite sides of the participant was so the 

background of the standard target and comparison targets differ so that the observer could not 

use shared references while making judgments. 

After the 50th trail, participants were administered a rating scale that asked them to rate 

their level of immersion. 
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Results 

Accuracy weighted by confidence Responses were weighted according to accuracy and 

confidence ratings. Weighted accuracy was calculated with these equations: correct judgments = 

.5 + [(1/14) * confidence interval], incorrect judgments = .05 – [(1/14) * confidence interval]. All 

trials where standard and comparison targets were equal in height were thrown out of the 

analysis. This equation weights responses such that if a participant gave a correct response and a 

high confidence interval, the weighted accuracy would differ from the weighed accuracy of a 

correct response and low confidence rating. There were a total of 14 possible judgments, which 

ranged from 0 (incorrect judgment and high confidence) to 7 (correct judgment and high 

confidence). Weighted accuracy was analyzed by using a one way repeated measure analysis of 

variance (ANOVA) with five levels of standard target height. There was a significant main effect 

of standard target height, F(4, 236) = 6.01, p = .0001, ƞ² = .09. There was a significant difference 

in weighted accuracy between the standard target height equal to the participant’s VEH and all 

four other conditions. There was no statistical difference between the four conditions where 

target object height was not equal to VEH. Participants were most accurate in judgments when 

an object’s height was equal to VEH.  

Discussion 

This study’s purpose was to analyze the effects of a manipulated EH on the memory for 

the size of objects. The results showed that participants’ judgments of relative size were 

influenced by their manipulated, virtual EH, such that judgments for objects with heights close to 

VEH, and not AEH, were more accurate than judgments for other heights.  

 

 



7 
 

References 

Bertamini, M., Yang, T. L., & Proffitt, D. R. (1998). Relative size perception at a distance is best 

at eye level. Perception & Psychophysics, 60(4), 673-682. doi:10.3758/BF03206054 

Dixon, M. W., Wraga, M., Proffitt, D. R., & Williams, G. C. (2000). Eye height scaling of 

absolute size in immersive and nonimmersive displays. Journal Of Experimental 

Psychology: Human Perception And Performance, 26(2), 582-593. doi:10.1037/0096-

1523.26.2.582  

Linkenauger, S. A., Witt, J. K., Bakdash, J. Z., Stefanucci, J. K., & Proffitt, D. R. (2009). 

Asymmetrical body perception: A possible role for neural body representations. 

Psychological Science, 20(11), 1373-1380. doi:10.1111/j.1467-9280.2009.02447.x 

Mark, L. S. (1987). Eyeheight-scaled information about affordances: A study of sitting and stair 

climbing. Journal of Experimental Psychology: Human Perception and Performance, 13, 

361–370. doi:10.1037/0096-1523.13.3.361 

Ozkan, K., & Braunstein, M. L. (2010). Background surface and horizon effects in the 

perception of relative size and distance. Visual Cognition, 18(2), 229-254. 

doi:10.1080/13506280802674101 

Rogers, S. (1996). The horizon-ratio relation as information for relative size in pictures. 

Perception & Psychophysics, 58(1), 142-152. doi:10.3758/BF03205483 

Twedt, E., Crawford, L., & Proffitt, D. R. (2012). Memory for target height is scaled to observer 

height. Memory & Cognition, 40(3), 339-351. doi:10.3758/s13421-011-0166-0 

Warren, W. r., & Whang, S. (1987). Visual guidance of walking through apertures: Body-scaled 

information for affordances. Journal Of Experimental Psychology: Human Perception 

And Performance, 13(3), 371-383. doi:10.1037/0096-1523.13.3.371 



8 
 

Wraga, M. (1999). Using eye height in different postures to scale the heights of objects. Journal 

Of Experimental Psychology: Human Perception And Performance, 25(2), 518-530. doi: 

10.1037/0096-1523.25.2.518   


