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The ability to detect and avoid looming objects is critical to 
survival. Almost all locomotor animals are sensitive to visual 
looming or changes in optical size (Field & Wann, 2005; Peron 
& Gabbiani, 2009; Sun & Frost, 1998). Sensitivity to optical 
expansion is critical for selection of an appropriate response in 
order to avoid a collision (e.g., when crossing the road). Fail-
ure to detect and process looming information accurately can 
have serious consequences. Globally, pedestrian accidents are 
the third leading cause of death for 5- to 9-year-olds, and chil-
dren’s visual limitations in gauging speed and distance are 
cited as a key deficit contributing to such accidents (Toroyan 
& Peden, 2007). In the United Kingdom alone, there are more 
than 6,500 pedestrian casualties per annum, and 30% of the 
individuals killed are children ages 0 to 15 years (Department 
for Transport, 2010).

At the roadside, most everyday distance cues provide only 
relative estimates or are prone to considerable bias that varies 
with the terrain. For example, a pedestrian could use vertical 
elevation (height in the scene) to gauge the distance of an 
approaching car. But if the car is traveling at 30 mph, and 5 s 
is needed to complete a safe crossing, then just a 1° decrease 
in the slope of the road can make the car’s height in the scene 
equivalent to that of a car 4 times further away. In addition, 
binocular cues to the distance of a car that is traveling at  

30 mph and is 5 s away are negligible (Tresilian, Mon- 
Williams, & Kelly, 1999).

Optical size and optical looming provide available and reli-
able indications of distance and relative speed. The time to 
passage (TTP) of an approaching object (i.e., the time it takes 
the object to reach the observer) can also be determined from 
optical size and looming. Considering these variables over 
time, t, the TTP for a vehicle approaching the observer at con-
stant speed is the ratio of its distance, z(t), and velocity, v(t), 
and this ratio in turn can be perceptually detected by the ratio 
of optical size, θ(t), and the rate of looming,θ

. 
  (t):
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The ratio in Equation 1 has been called tau (Lee, 1976), and 
considerable research has been conducted on adults’ and 
skilled performers’ use of tau in estimating TTP (e.g., McLeod 
& Ross, 1983; Schiff & Detwiler, 1979). However, there has 
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Almost all locomotor animals respond to visual looming or to discrete changes in optical size. The need to detect and process 
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been less consideration of perceptual thresholds for detection 
of looming (see Regan & Beverley, 1979) and no investigation 
of children’s ability to detect looming. Determining detection 
thresholds for looming is crucial, as estimates of speed and 
TTP can be reliable only if the rate of looming is above the 
perceptual threshold of the observer. If θ

.    (t) is below the 
observer’s perceptual threshold, this estimate of TTP goes to 
infinity (i.e., the object would appear to be motionless).

A further problem, however, arises from optical geometry. 
The instantaneous value of θ

.    (t) is dictated by the size of the 
vehicle profile (S), which could be its width or height, and the 
vehicle’s speed and distance (small-angles approximation):
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From Equation 2, one can see that faster vehicles loom at a 
faster rate than slower vehicles if they are at the same distance 
from the observer. But if the observer needs a specific duration 
of TTP to cross the road (time to cross, tc), then substituting 
z2 = (v × tc)

2 into Equation 2 gives
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This demonstrates an important change from Equation 2 
because speed has moved from being in the numerator to being 
in the divisor. Thus, for a set crossing duration and vehicle 
profile, any increase in approach speed will actually lower the 
rate of looming presented to the observer. This sounds coun-
terintuitive, but a faster vehicle must be much farther away to 
allow an equivalent crossing time, and as a consequence will 
be very small optically and also have a lower looming rate. 
The consequence of Equation 3 is that if the approach speed of 
a vehicle is higher, it is more likely to be seen as small and 
static in the scene and may not pop out. Equation 3 can also be 
reversed to show that if one knows an observer’s perceptual 
threshold for looming, θ

.
th, then one can predict the maximum 

vehicle speed, vmax, that would allow the observer to reliably 
gauge whether a suitable crossing time is available:
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The adult threshold for looming detection in driving scenes 
has previously been estimated to be approximately 0.08°/s to 
0.11°/s (Cavallo & Laurent, 1988; Hoffmann, 1994; Lee, 1976), 
although it has been demonstrated that, under strict psychophys-
ical conditions, simple-edge motion can be detected at approxi-
mately 0.02°/s (Regan & Beverley, 1979). Developmental 
differences in accuracy of TTP estimation coincide with casu-
alty statistics demonstrating younger children’s increased vul-
nerability at the roadside (Hoffmann, Payne, & Prescott, 1980). 
Little information, however, exists for children’s perceptual 
ability to detect looming stimuli, which provides the basis for 

judgments of TTP. Estimates of children’s sensitivity to loom-
ing have been derived post hoc from TTP data (Hoffmann, 
1994), but no studies have directly investigated children’s detec-
tion of looming. We devised a task that systematically measured 
children’s looming-detection threshold under different presenta-
tion conditions, and we then converted threshold values to real-
world speeds in order to draw conclusions about the limits of 
children’s ability to evaluate vehicles’ approach speeds.

Method
Participants

A total of 111 schoolchildren and 27 adults were recruited for 
the study. Participants who had high false-positive rates (see the 
Procedure and Stimuli section) or who failed to complete the 
task were excluded, so the number of participants in some con-
ditions was less than the original sample size (see Supplemen-
tary Documentation in the Supplemental Material available 
online for sample demographics). All participants had normal or 
corrected-to-normal vision and were naive to the purposes of 
the study. Parental informed consent was obtained for all chil-
dren in advance of the study, and each child provided verbal 
assent immediately prior to the start of the experiment. The 
study was approved by the ethics panel of the Department of 
Psychology, Royal Holloway, University of London.

Procedure and stimuli
We presented a perspective-correct visual simulation of 
approaching vehicles to adults and children (three develop-
mental groups: 6–7 years, 8–9 years, and 10–11 years) under 
four conditions: In two conditions, the stimuli were presented 
in the fovea (central vision), and in the other two, extrafoveal 
stimuli tested detection just outside of central vision. Within 
each condition, there were both probe trials and null trials. In 
probe trials, the vehicle image changed in size and speed; 
these trials simulated approach at various rates of looming 
from 5 s away. In null trials, the car image remained static at 
the same optic size as the initial image for the equivalent probe 
trial; null trials were incorporated in order to determine the 
reliability of observers’ responses. For each trial, participants 
were asked to verbally indicate whether they thought the car 
image expanded or stayed the same size. There was no time 
pressure on their response.

The computer-generated stimuli were scripted using Python 
and Vizard (Development Edition; WorldViz, Santa Barbara, 
CA) and displayed at 60 Hz. Photo-realistic stimuli of a car, 
approaching at different speeds on different trials, were  
presented against a road-scene background. In the simpler 
foveal condition (isotropic expansion), we presented a brief 
(0.2 s) simulation of a vehicle that moved directly forward 
(probe trial) or remained stationary (null trial; see Fig. 1 for a 
sample frame). This display represented the final 0.2 s that a 
pedestrian would see before making a crossing judgment, 
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while allowing for a tc of 5 s. In a natural setting, any sampling 
of the scene prior to this time would have had a lower rate of 
looming than that presented. In the simpler extrafoveal condi-
tion (isotropic expansion), the same stimuli were presented 
extrafoveally by positioning the car image 4.25° from the cen-
tral fixation point in one of four quadrants. Extrafoveal stimuli 
would occur in natural scenes if pedestrians did not fixate 
directly on a vehicle when visually scanning a cluttered street 
environment. For foveal stimuli, participants viewed the 
screen monocularly from a distance of 4 m so that the number 
of pixels per degree would be maximized, whereas for extrafo-
veal stimuli, they viewed the screen monocularly from 2 m to 
allow for the angular displacement. Images were automati-
cally rescaled according to the viewing distance in order to 
ensure that visual angles were equivalent to those that would 
be experienced at the roadside.

A simulated tc of 5 s was employed, as this was the length 
of time we estimated the children in our study would need to 
cross the width of a two-lane road safely without having to run 
(4.5–4.9 s). Participants’ walking time was measured by ask-
ing them to walk a distance of 4.5 m in the laboratory. Mean 
walking time over three trials was multiplied by a factor of 1.2 
in order to obtain an estimate of walking time required to cross 
a 5.4-m road width, which was the average of urban road 
widths measured in the areas where the road-scene back-
grounds were photographed.

The first two conditions simulated direct approach of a 
vehicle but did not directly test the detection of looming, as 
observers could detect the movement of any edge or set of 
pixels. Therefore, we tested participants with two more condi-
tions using a second set of stimuli that underwent the same 
isotropic expansion as the stimuli in the first set except that the 
image of the vehicle also underwent 1° of lateral displace-
ment, randomly oriented toward one of the four quadrants. 
These stimuli required observers to detect looming (isotropic 

expansion) isolated from simple edge motion; this additional 
lateral edge motion would result if the observer moved his or 
her head while trying to detect approaching vehicles. Thus, 
with this second set of stimuli, we tested participants’ ability to 
detect expansion with lateral displacement in both foveal and 
extrafoveal conditions.

We estimated detection thresholds using a parameter  
estimation by sequential testing procedure (Best-PEST; 
Lieberman & Pentland, 1982). Incremental changes in loom-
ing rate were simulated by first using Equation 3 to set a 
speed (meters/second) that would produce a specific rate of 
optical expansion (radians/second) while affording a TTP 
equal to tc (set to 5 s), and then setting approach distance by 
multiplying the speed by tc. The PEST staircases were stopped 
after the 10th reversal, and threshold was calculated as the 
average of the last 5 reversals. Trials with false-positive rates 
(i.e., frequency of incorrectly reporting movement in null tri-
als) in excess of 33% for a single staircase procedure were 
deemed unreliable, and data from these trials were excluded 
from the final analysis. Further details on creation and pre-
sentation of the stimuli are available in the Method section  
of the Supplementary Documentation in the Supplemental 
Materials.

The effect of age group on detection threshold was  
analyzed using one-way ANOVA with age group (6–7 years, 
8–9 years, 10–11 years, adults) as a between-subjects factor. 
Post hoc Tukey HSD tests were used for group comparisons.

Results
Detection of isotropic expansion

An ANOVA revealed a significant effect of age group on 
detection of looming in foveal vision, F(3, 126) = 24.554, p < 
.001, ηp

2 = .369, and extrafoveal vision, F(3, 118) = 20.129,
p < .001, ηp

2 = .339 (see Table 1 for summary statistics for all 
four conditions). Post hoc Tukey HSD analysis revealed that 
there was no significant difference in detection threshold for 
isotropic expansion in foveal vision between 6- to 7-year-olds 
and 8- to 9-year-olds. Children ages 10 to 11 years had a sig-
nificantly lower (better) threshold than those ages 6 to 7 years, 
but had a threshold similar to that of children ages 8 to 9 years. 
Adults had a significantly lower (better) detection threshold 
than each of the three groups of children (see Table 2 for effect 
sizes and significance levels for all four conditions).

For isotropic expansion in extrafoveal vision, there was no 
difference in detection threshold between children ages 6 to  
7 years and children ages 8 to 9 years, but both of these age 
groups had significantly higher (poorer) thresholds than chil-
dren ages 10 to 11 years. Once again, adults had a significantly 
better threshold than each of the three groups of children. It is 
worth noting that thresholds for detecting looming stimuli pre-
sented in extrafoveal vision were higher (poorer) than thresh-
olds in foveal vision even though our stimuli were presented 
only just outside the foveal field of vision. This demonstrates 

Fig. 1.  Example frame from a stimulus used to test thresholds for detecting 
looming in foveal vision. Each stimulus consisted of a 0.2-s presentation of a 
photo-realistic image of a car against a contextual road-scene background. For 
the extrafoveal conditions, the car image was presented at 4.25° eccentricity 
from the center of the screen.
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that a failure to fixate directly on an approaching vehicle can 
lead to decrements in looming detection even if the fixation is 
only a few degrees off target.

Detection of expansion with additional  
lateral displacement

When the looming vehicle was also displaced laterally, there 
was a significant effect of age group on detection threshold for 
looming in foveal vision, F(3, 99) = 5.047, p = .003, ηp

2 = 
.133, but not in extrafoveal vision, F(3, 86) = 2.142, p = .101, 
ηp

2 = .070 (see Table 1 for summary statistics). Post hoc Tukey 
HSD analysis of trials in which cars loomed with additional 
lateral displacement revealed that there were no significant 
differences between the developmental groups in the threshold 
for foveal detection, but the adult threshold for foveal detec-
tion was significantly better than the threshold for each of the 
three groups of children (see Table 2 for significance levels 
and effect sizes). The absence of a difference in detection 
threshold as a function of age in the extrafoveal condition 
demonstrates that even adult observers have difficulty detect-
ing looming in the presence of lateral image displacement 
unless the vehicle is foveated. There were no gender differ-
ences in detection threshold for any presentation condition 
(see Supplementary Documentation and Fig. S1 in the Supple-
mental Materials for analysis of male and female participants’ 
detection thresholds).

Vehicle-speed thresholds
Using Equation 4, we converted the observed thresholds into 
equivalent vehicle speeds for a typical vehicle width (1.725 m) 
and a tc of 5 s.

Detection thresholds for all age groups in the condition in 
which participants could respond to any discrete edge motion 
(i.e., foveal trials with isotropic expansion) equated to an 
ability to detect vehicle approach for speeds in excess of 
existing urban speed limits (30–40 mph; see Fig. 2a). When 
edge motion was controlled for (i.e., foveal trials with expan-
sion and displacement), adults could still reliably detect 
approaching vehicles traveling close to 40 mph; children 
across all age groups, however, were able to reliably detect 
that a car was moving toward them only if the car was travel-
ing at a speed below approximately 25 mph (see Fig. 2b ). 
Children’s perceptual limitations were also evident in their 
detection of approaching cars in extrafoveal vision, and 
younger children (6- to 9-year-olds) were unable to reliably 
detect cars approaching at speeds over 30 mph in either of 
the extrafoveal conditions (see Figs. 2a and 2b). These 
threshold speeds are lower than typical urban speed limits in 
the United Kingdom (30–40 mph), mainland Europe (31–37 
mph; Simcic, 2010), and many urban areas in the United 
States. The threshold speeds are also lower than actual vehi-
cle speeds monitored near the children’s schools: We 
recorded the time taken for randomly selected free-flowing 
vehicles (vehicles that were not influenced or constrained by 
a vehicle in front of them) to cover a set distance outside 
each school (n = 118) and calculated an average vehicle 
speed of 33.92 mph (range: 21–51 mph).

Table 1.  Descriptive Statistics for Untransformed Detection 
Thresholds for Each Condition and Age Group

Condition and age group
M 

(degrees/second) 95% CI

Isotropic expansion: foveal
  6–7 years 0.165 (0.070) 0.137–0.192
  8–9 years 0.161 (0.126) 0.135–0.187
  10–11 years 0.105 (0.055) 0.076–0.135
   Adult 0.063 (0.015) 0.031–0.094
Isotropic expansion:  
extrafoveal

  6–7 years 0.332 (0.103) 0.296–0.369
  8–9 years 0.333 (0.141) 0.299–0.366
  10–11 years 0.239 (0.072) 0.201–0.277
   Adult 0.189 (0.052) 0.148–0.230
Expansion with lateral  
displacement: foveal

  6–7 years 0.357 (0.152) 0.291–0.423
  8–9 years 0.335 (0.149) 0.273–0.397
  10–11 years 0.357 (0.170) 0.295–0.420
   Adult 0.218 (0.180) 0.153–0.282
Expansion with lateral  
displacement: extrafoveal

  6–7 years 0.418 (0.152) 0.329–0.507
  8–9 years 0.370 (0.175) 0.296–0.445
  10–11 years 0.468 (0.169) 0.391–0.544
   Adult 0.353 (0.221) 0.281–0.425

Note: Standard deviations are given in parentheses. CI = confidence interval.

Table 2.  Effect Sizes for Post Hoc Comparisons of Detection 
Thresholds Between Age Groups

Condition and  
age group

 6–7  
 years

8–9  
years

10–11  
years    Adult

Isotropic expansion
  6–7 years — 0.00 0.76** 1.84***
  8–9 years 0.00 — 0.48 1.00***
  10–11 years 1.04** 0.78* — 1.09***
  Adult 1.71*** 1.24*** 0.81** —
Expansion with lateral 
displacement

  6–7 years — 0.13 0.00 0.84**
  8–9 years 0.30 — 0.12 0.73*
  10–11 years 0.31 0.57 — 0.80**
  Adult 0.36 0.10 0.61 —

Note: For both isotropic expansion and expansion with displacement, effect 
sizes (Cohen’s d) for differences in detection thresholds in foveal vision are 
above the diagonal, and effect sizes (Cohen’s d) for differences in extrafoveal 
vision are below the diagonal.
*p < .05. **p < .01. ***p < .001.
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Discussion

Our study is the first to demonstrate that the neural mechanisms 
for detection of looming are not fully developed until adult-
hood. The perceptual threshold for looming detection has not 
typically been considered in research on use of tau to estimate 
TTP. In principle, detection of looming is an essential compo-
nent in making robust TTP judgments, which dictate effective-
ness in skills such as catching, hitting, and road crossing. The 
developmental trends we observed may explain some of the 
developmental trends in these activities. We have provided  
evidence of clear improvements in looming thresholds  
with increasing age, showing that younger children’s poorer 
perceptual acuity potentially exposes them to greater risk at the 
roadside.

In this study, we determined that children could not reli-
ably detect a vehicle approaching at speeds higher than 
approximately 25 mph and did not reach adult levels of per-
ceptual performance under most viewing conditions. The 
fact that children were able to detect vehicles approaching in 
excess of 50 mph in the foveal isotropic-expansion condition 
confirms that this finding was not just an effect of attention. 
If children are required just to detect any edge motion in cen-
tral vision, then they can be accurate. But if that motion is 
even slightly outside of central vision, or if optical expansion 
occurs in the presence of other scene motion (as might occur 
during self-motion), then children’s performance declines 
dramatically. The thresholds suggest that when children  
do not fixate directly on approaching vehicles, or are in 
motion themselves, they cannot reliably detect the approach 
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Fig. 2.  Mean speed threshold up to which each age group could reliably detect expansion when the object 
(a) expanded isotropically or (b) expanded isotropically with additional lateral translation. Results are presented 
separately for objects in foveal and extrafoveal vision. The dotted lines indicate the typical urban speed limit of 30 mph.
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of vehicles that are 5 s away and traveling at speeds of  
30 mph or higher.

Our findings have important implications for road-safety 
policy in terms of the upper limits of vehicle speed that allow 
children to make accurate judgments, and these findings con-
verge with evidence that the risk of pedestrian accidents 
involving children is nearly 3 times higher in places where 
mean speeds exceed 25 mph compared with places with lower 
mean speeds (Roberts, Norton, Jackson, Dunn, & Hassall, 
1995). These data support the case for reduced speed limits 
outside schools and in other areas densely populated by chil-
dren (Department of Transport, 1999). Existing research 
shows that reducing traffic speeds to 20 mph leads to a 50% 
reduction in the number of 6- to 11-year-olds who are killed or 
seriously injured in traffic accidents (Grundy et al., 2009). In 
part, this reduction is due to speed of impact: Pedestrians have 
a 90% chance of surviving being hit by a car traveling under 
20 mph, but less than a 50% chance of surviving an impact 
with a car traveling at 28 mph or higher (Toroyan & Peden, 
2007). However, our results suggest that children’s perceptual 
limitations place them at greater risk of stepping out in front of 
cars that are traveling at higher speeds. The combined implica-
tion is that driving in excess of 20 mph in a residential or 
school area not only increases the potential severity of any 
impact with a pedestrian, but also increases the risk that a child 
will injudiciously cross in front of the vehicle.
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