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Successfully detecting and avoiding collisions is an 
important task for the safety of an observer. Failure to 
perform this task can have serious consequences for a 
moving observer, as well as for other individuals in the 
environment (i.e., pedestrians, bicyclists, or other drivers). 
Consider findings from the fatal analysis reporting system 
of the National Highway Traffic Safety Administration. 
Of the 25,840 fatal crashes in 2001, 42.7% involved two 
moving vehicles (Evans, 2004). In addition, a decreased 
ability to detect and avoid collisions has been shown to be 
a central factor in the high incidence of falls among the 
elderly (Weerdesteyn, Nienhuis, & Duysens, 2005; see 
also Northridge, Nevitt, Kelsey, & Link, 1995; Salgado & 
Greenberg, 1994). 

The conditions that define a collision event are quite 
varied. Consider the motion of an object or observer that 
defines a collision event. The direction of object motion 
can be linear or curved, and the speed of motion can be 
constant or varying (accelerating or decelerating). Simi-
larly, the direction of observer motion can be linear or 
curved, and the speed can be constant or varying. All pos-
sible combinations of object motion and observer motion 
would thus yield 16 different combinations of trajecto-
ries (straight trajectory/constant speed, curved trajectory/ 
constant speed, straight trajectory/variable speed, and 
curved trajectory/variable speed, for object and observer 
motion; see Andersen & Sauer, 2004, for a detailed dis-
cussion). In addition, there are eight other trajectory con-

ditions for a static object and a moving observer or a static 
observer and a moving object. As will be evident from the 
literature review below, many of these conditions have not 
been examined.

A considerable number of studies have investigated 
a related but different issue than collision detection: the 
time to contact (TTC) of an impending collision event. 
Lee (1976) provided one of the earliest analyses, show-
ing that TTC (referred to as τ) is specified by the inverse 
rate of relative optical expansion (i.e., the rate of expan-
sion divided by the image size; see Tresilian [1991] and 
Wann [1996] for variations of this analysis). The utility of 
τ has been examined in several contexts, including inter-
ceptive judgments in sports (Bootsma & van  Wieringen, 
1990; Lee, Young, Reddish, Lough, & Clayton, 1983; 
Savelsbergh & Bootsma, 1994; Zaal & Bootsma, 2004), 
aviation (Flach & Warren, 1995), reaching (Bingham & 
Zaal, 2004), and driving (Andersen & Enriquez, 2006; 
Kiefer, Flannagan, & Jerome, 2006; Schiff, Oldak, & 
Shah, 1992; Vogel, 2003). Other studies (DeLucia, 2004a, 
2004b, 2005; DeLucia, Kaiser, Bush, Meyer, & Sweet, 
2003; Kim & Grocki, 2006) have yielded evidence that 
observers utilize other sources of information (e.g., oc-
clusion, binocular disparity, motion parallax, similar 
size, and shading) in determining TTC. Finally, studies 
have shown the utility of multiple sources of information 
(i.e., motion and disparity) for TTC under conditions in 
which surrounding optical flow is present (during self-
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Consider an object moving along a circular trajectory 
that will either collide with or pass the observer. Under 
these conditions, two predictions can be made regarding 
the detection of a collision. First, we can predict that colli-
sion detection performance will increase with an increase 
in the divergence of the collision and noncollision paths. 
In the present study, we examined this prediction by vary-
ing the display duration (i.e., since the object is approach-
ing, an increase in display duration will result in a greater 
difference between the motion path of the collision and 
noncollision events and, thus, a greater difference in the 
rate-of-bearing change). Second, we can predict that an 
increase in trajectory curvature will result in a decrease in 
collision detection performance.

We conducted three experiments to examine these pre-
dictions. In Experiment 1, we compared circular trajectory 
collision detection performance with linear trajectory col-
lision detection performance. The goal of this experiment 
was to determine whether observers can detect collision 
events on circular trajectories and to determine whether 
circular path collisions are more difficult to detect than 
linear path collisions. In Experiment 2, we examined the 
relationship between the magnitude of trajectory curva-
ture and collision detection performance. In Experiment 3, 
we decoupled information for constant rate-of-bearing 
change from collision stimuli by presenting observers 
with noncollision events that contained this information. 
If observers use constant rate-of-bearing change to iden-
tify collision events, we would predict an increase in the 
false alarm rate under these conditions.

ExpERimEnT 1 
Linear and Circular Trajectories

In Experiment 1, we examined collision detection per-
formance for an object moving on a linear or a circular tra-





1318    ni anD anDersen

sitivity with decreased duration, with a greater decrease 
obtained for circular than for linear trajectories.

An important issue is whether detection performance 
was significantly different than chance. An additional 
analysis was performed to determine whether the d ′s 
were significantly different than chance, using the sta-
tistic (conversion of d ′ scores into a z statistic) proposed 
by Marascuilo (1970). We conducted these tests on the 
basis of the individual d ′ values for each observer in each 
condition. The results indicate that detection sensitivity 
for all the observers was significantly above chance ( p , 
.05) for all the conditions except for the curved trajectory 
event shown for durations of 2.0 and 3.25 sec. Under these 
conditions, no subject was able to detect a collision with 
greater than chance performance.

Bias. The β values for each subject in each condition 
were analyzed in a 4 (duration) 3 2 (motion trajectory) 
ANOVA. The main effects of duration [F(3,21) 5 0.99] 
and motion trajectory [F(1,7) 5 0.72)] were not signifi-
cant ( p . .05). The interaction of duration and motion tra-
jectory also was not significant [F(3,21) 5 2.1, p . .05].

ExpERimEnT 2

In Experiment 1, we found that observers could detect a 
circular trajectory collision event with greater than chance 

approached and eventually passed to the left or right of the observer 
outside the field of view.
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An additional analysis was performed to determine 
whether the d ′s were significantly different than chance, 
using the statistic proposed by Marsacuilo (1970). For the 
4.5- and 5.75-sec durations, the results indicated that de-
tection performance was significantly greater than chance 
for all the observers. The number of observers with greater 
than chance sensitivity decreased at shorter durations. 
For the 3.5-sec duration, the numbers of observers with 
greater than chance sensitivity (out of 8 observers) were 
2, 3, 6, 8, 8, and 8 for the 110-, 225-, 255-, 315-, 410-, and 
550-unit radii trajectories. For the 2.0-sec duration, the 
numbers were 0, 0, 2, 5, 8, and 8 for the 110-, 225-, 255-, 
315-, 410-, and 550-unit radii trajectories, respectively. 
These results indicate that the number of observers with 
greater than chance sensitivity increased with an increase 
in duration and the radius of the trajectory.

Bias. The β values for each subject in each condition 
were analyzed in a 4 (duration) 3 6 (motion trajectory) 
ANOVA. The main effect of duration [F(3,21) 5 4.7] was 
significant ( p , .05). The mean β
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AppEnDix
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Consider an object moving along a circular trajectory in the x (horizontal) and z (depth) plane, where O is the 
viewpoint of the observer, P is the approaching object, xc and zc are the center x- and z-coordinates of the circular 
path, r is the radius of the circle defining the circular path, and d is the visual angle. Furthermore, assume that ω is 
the angular speed and t0 is the initial angular position of the moving object. The trajectory of motion is defined as

 x 5 xc 1 r  cos(ω  t 1 t0) (A1)
and
 z 5 zc 1 r  sin(ω  t 1 t0). (A2)

The relationship of bearing and time is defined as
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z  (A3)
The rate-of-bearing change over time is the time derivative of bearing change:
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