
Results
Two 5 x 2 x 2 repeated measurement ANOVA were calculated:

Method

Participants
N = 20,    = 16, M  = 26.35, SD  = 4.41age age

Measures
Ÿ Verbal distance estimation of 

egocentric and exocentric distance
Ÿ Estimation errors of egocentric and 

exocentric distance (estimated - 
physical distance)

Apparatus & Design

Independent variables:
Ÿ Camera position (5 levels)

Ÿ Exocentric distance
   (3 levels: 5m, 14m, 27m)

Ÿ Egocentric distance
   (3 levels: 10m, 30m, 45m)

Procedure
� Vision acuity test (Landolt C)
‚ Block I: 45 pictures  (factors fully 

crossed), verbal distance estimations
ƒ Block II: repetition of 45 pictures
„ Manipulation check & debriefing

Motivation
Vehicle manufacturers are increasingly considering the implementation of camera-monitor systems 
(CMS) as replacement for conventional side-mounted rear-view mirrors on passenger vehicles. 
Advantages would be improved visibility (see e.g. Brauer & Hecht, 2007), aerodynamics and reduced 
emissions (Terzis, 2016). Moreover, CMS provides designers with the delicate and potentially 
detrimental alternatives regarding the placement of rear-view cameras and display monitors. Thus far, 
research has focused on monitor placement and field of view (Flannagan & Mefford, 2005; Large et al., 
2016). Only one study has highlighted technical advantages of altered camera positions (Fornell 
Fagerström & Gardlund, 2012). The aim of our project is to investigate how altered camera positions 
affect drivers‘ rearward perception. In a first study, we placed a camera in different positions outside a 
vehicle and hypothesized that a higher camera position results in stronger visual compression of 
perceived distance, in particular in exocentric judgments. However, placing the camera further to the 
front or back of the vehicle should not affect distance estimates. 

Conclusion
As expected, larger distances from or between targets produced underestimation of egocentric and 
exocentric distance, respectively. However, a change of camera position did not change distance 
estimation in a straightforward manner. Only a shift of perspective closer to the ground plane produced 
greater distance underestimation. This was not expected, since earlier real-world studies found 
overestimation of egocentric distances in prone posture, which can be explained with increased texture 
compression (e.g. Daum & Hecht, 2009). Thus, drivers might neglect ground texture as a distance cue, 
possibly caused by the low resolution of texture elements on the street surface produced by the camera-
mediated view. Interestingly, an upward displacement of the camera did not change distance estimates 
even though the amount of displacement was identical to that of the lower perspective. It seems that 
even if drivers are not used to observe rearward traffic from a raised perspective this does not impair 
drivers‘ distance perception.

Materials:
Ÿ Raspberry Pi 2B
Ÿ 7" Display, 1024*600 px
Ÿ Nicon D700, 39.6° FOV

Baseline

High

Low

Front

Back

+
 3

5
cm

- 3
5
cm

- 45cm+ 45cm

Contact:

Christoph Bernhard
cbernh@uni-mainz.de

Egocentric distance
Ÿ Participants judged 

egocentric distance to be 
smaller for lower camera 
position, compared to 
baseline position              
(p = .014, η  = .21)p²

Ÿ Participants 
underestimated distance 
with increased egocentric 
distance to the target       
(p = .001, η  = .42) p²

Ÿ Distance estimates 
decresed between the first 
and second exocentric 
distance                           
(p = .027, η  = .19)p²

Exocentric distance
Ÿ Distance was perceived 

smaller for lower camera 
position, compared to 
baseline, front and back 
position (p < .001, η  = .34)p²

Ÿ Distance estimates 
decreased with higher 
exocentric distances                
(p < .001, η  = .71)p²

Ÿ Participants underestimated 
distance for the highest 
egocentric distance               
(p < .001, η  = .44)p²

Ÿ Stronger underestimation 
with higher exocentric and 
egocentric distances           
(p < .001, η  = .47)p²
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Figure 1. Egocentric mean estimation error as function of camera position (lines), egocentric distance 
(x-axis) and exocentric distance (panels). Error bars: +/- 1 SEM
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Figure 2. Exocentric mean estimation error as function of camera position (lines), exocentric 
distance (x-axis) and egocentric distance (panels). Error bars: +/- 1 SEM
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