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Age differences in estimating arrival-time
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Abstract
The present study examined the accuracy in extrapolating an occluded trajectory in relation to observer age. Adults and children aged 7,
10, and 13 were tested in a prediction-motion task which consisted of judging, after the occlusion of the final part of its path, the moment of
arrival of a moving stimulus towards a specified position. Results showed that children as young as 7 years old are able to use the same strategy
as adults in the extrapolation of an occluded moving object. However, accuracy in responses improves most significantly for occlusion times
equal to or more than 400 ms and this improvement occurs mainly between 7 and 10 years of age. This confirms that children are less efficient
in performing the computations necessary to extrapolate in time an occluded trajectory.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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A large number of studies have shown that children have
more difficulty than adults when trying to accurately coordinate their actions with the displacement of moving objects in
real-world tasks such as intercepting or catching a ball (e.g.,
[1,24]) and crossing a road (e.g., [11]). It is reasonable to assume that some of the age-related differences in these tasks
come from an inability to correctly estimate the arrival-time
(AT) of the moving object at the position where contact will
occur (e.g., [22]).
One method currently used to study the accuracy of AT
estimates is the occlusion method, which involves the use
of prediction-motion (PM) tasks (e.g., [3,23]). These tasks
consist of presenting a moving object that is occluded just
before it reaches the observer or a specified position. The
observer is required to make a simple response (e.g., press
a button) that will coincide temporally with the moving object’s immediate arrival at the observer’s position or another
specified position in space. The numerous studies carried out
in this field have shown that a linear relationship exists be∗
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tween estimates of the arrival-time after the occlusion and
actual arrival-time (e.g., [5,22]). According to Yakimoff et
al. [26], this relationship can be expressed by the equation:
Tr = α(Ta ) + θ, where Ta is the actual arrival-time of the
moving object, Tr is the response time between the occlusion and the response (which corresponds to the participant’s
estimate of Ta ), and α and θ are the two parameters characterizing the accuracy of extrapolation. It has generally been
observed that the slope α are much lower than 1 and the intercept θ are greater than zero. This means that participants
underestimate the AT for the longer occlusions and overestimate the AT for the shorter occlusions. Generally, the transition point between under- and overestimations is 1 s (e.g.,
[15,21]).
Yakimoff et al. [26] pointed out that the linear model would
only be applicable for occlusions greater than or equal to
200 ms. In making this assertion, they took into account the
duration of a visuo-motor delay during which information
about the time remaining before the arrival of the moving object could not be used to coordinate the response. Following
this assumption, one might infer that for occlusions shorter
than 200 ms, the accuracy of responses should not be differ-
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ent from the accuracy in coincidence-timing tasks without
occlusion.
However, this assumption would be unwarranted if, as
some authors have suggested, the visuo-motor delay is shorter
in coincidence-timing actions than 200 ms. For example, Lee
et al. [12] calculated theoretical visuo-motor delays on the
order of 50–135 ms in their ball-striking task. Using a ballcatching task in which the final part of the trajectory was
occluded, Whiting et al. [25] showed that the catching performances degraded when occlusion was equal to or greater
than 100 ms. This suggested that the information available
up to this time is used to control the action. Bootsma and
van Wieringen [4], in a table-tennis ball-striking task, as well
as Savelsbergh et al. [20], in a catching task, observed that
variability in movement was minimal at about 100 ms before
contact. These authors concluded that this phase of minimal
variability corresponds to the end of the control of the action and that the duration of this interval might correspond
to a visuo-motor delay. Consequently, it can be suggested
that the accuracy in AT estimations could also decrease with
occlusions shorter than 200 ms.
In order to explain the relative inaccuracy in PM tasks,
some authors have taken a specific interest in the processes
involved in extrapolations made after a visual stimulus is occluded (e.g., [6,10,14,23]). Two types of operation are generally proposed to explain performance in PM tasks [6,14]. The
first type posits cognitive temporal extrapolation with both
perception of AT from optical information and utilization of
an internal clock that counts down the estimated AT such
that, when a time equal to this time has elapsed, a response
can be produced (e.g., [23]). The second type posits cognitive motion-extrapolation operations substituting for the
absence of visual information. These operations involve a
cognitive or internal representation of the trajectory permitting extrapolation of the object’s displacement after its occlusion [9,22]. DeLucia and Lidell [6] suggested that cognitive
motion-extrapolation operations imply utilization of mental
images and/or ocular pursuit movements. The respective implication of these two classes of mechanisms has not yet
been fully developed and needs further research. However,
the findings of the existing PM research suggest at least that
higher order cognitive processes (or cognitive extrapolation)
are required in such tasks.
Whereas many studies have been conducted with adults,
rarely have occlusion procedures been used to address the
development of motion prediction in children. Dorfman’s research [7] is therefore of interest. In this study, six different populations (ages 6–7, 8–9, 10–11, 12–13, 14–15 and
18–19) were tested in a task that required participants to
displace a luminous spot with a cursor on an oscilloscope
along a rectilinear trajectory in order to intercept another
luminous spot moving on a transversal axis. In the initial
phase, the participants performed 40 trials with a stimulus
visible throughout its entire displacement (i.e., for 700 ms).
In the next 20 trials, stimulus displacement was occluded after 90 ms of presentation for the remainder of its path (i.e.,

for 610 ms). Dorfman observed that occlusion of the final
part of the trajectory had less effect on accuracy in the participants aged 14–15 and 18–19 than in younger children. As
an explanation, Dorfman suggested that the cognitive processes involved to compensate for the disappearance of the
moving objects were likely to develop later than those required when displacement of the moving object was not occluded.
Using a similar approach, Ripoll [18] corroborated these
results. In this experiment, children of 7, 9, 11 and 13 years
of age had to estimate the moment of arrival of a moving
stimulus at a target in six different visual conditions. In one
of these conditions, the trajectory was presented in its entirety, while in the other five conditions the last part of the
trajectory was occluded with occlusion times of 48, 96, 192,
288, and 384 ms. The results showed that, for 7- to 9-yearolds, the longer the occlusion, the less accurate the responses
and the greater the difference in accuracy between them and
the other groups. Further analysis showed that 7-year-olds
tended to alternate underestimation and overestimation of the
AT, while 9-year-olds overestimated systematically. For the
11-year and 13-year-olds, response accuracy was the same
across conditions and responses were slightly overestimated.
The level of errors did not increase for occlusions greater
than or equal to 96 ms. The only differences between the two
older groups were the variability in the AT estimates, which
decreased slightly for participants between 11 and 13 years of
age. In sum, this study showed that accuracy of AT estimates
improves mainly between 7 and 11 years of age. However, it
was not possible to examine the results in connection with the
model proposed by Yakimoff et al. [26] as no distinction was
made between occlusions less than and greater than 200 ms
and as the occlusions greater than 200 ms were insufficiently
long.
The present study was designed to delve further into these
issues by examining the development of the perceptual and
cognitive processes involved in AT estimates. More precisely,
we referred to the linear model of Yakimoff et al. [26] in order to describe the development of accuracy in PM tasks.
Following the distinction of Yakimoff et al. [26], we used
occlusions greater than and less than 200 ms in order to determine whether the accuracy in PM task differs according
to age. We expected small developmental differences or no
differences for short occlusion durations in which the processes are supposed to be perceptually driven. In contrast,
we expected large differences for longer occlusion durations
which require cognitive extrapolation.
Three groups of 16 males aged 7 (M in years = 7.1, S.D. in
years = 0.3), 10 (M = 9.9, S.D. = 0.7) and 13 (M = 13.2, S.D.
= 0.7) years old participated in this experiment. A fourth
group of 16 male adults (M = 25.0, S.D. = 4.2) also took
part. All participants reported normal or corrected-to-normal
vision. This experiment was conducted in accordance with
the Declaration of Helsinki. Informed consent was obtained
from the participants and from the parents of the children
who participated to this experiment.
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The experimental situation required the participants to estimate the arrival moment of an apparent motion at a target.
The apparent motion was generated on a 4-m-long simulator
by the sequential switching of 200 red LEDs positioned at
2 cm intervals. The illuminated stimulus moved left to right
toward a target situated at the extreme end of the ramp. The
target was represented by two green LEDs, placed above and
below the last red LED. The illumination of the LEDs, trial
onset, and data acquisition were synchronized using Labview
software on a PC (the same system was previously used by
[3]).
Participants sat 2 m away from the apparatus, directly in
front of and facing the target. They initiated each trial by
pressing a button with their left hand and were required to
press another button with their right hand when they thought
that the moving stimulus had reached the target. Response
accuracy (in ms) was defined as the time difference between
the participant’s estimate and the actual AT. Early responses
were marked with a negative sign and late responses with a
positive sign.
During the test, stimulus motion could be presented either
up until the arrival at the target or occluded before reaching
it. The occlusion was produced by the non-illumination of
the LEDs situated in the “occlusion zone.” Testing consisted
of seven conditions with occlusion times of 0, 67, 133, 200,
400, 600 and 800 ms. For each condition, the moving stimulus
speed was 2 m/s and the stimulus was presented for 600 ms
before the arrival at the target for the condition without occlusion and before the occlusion for the occlusion conditions.
The stimulus-presentation duration was set at 600 ms in order to be significantly greater than the duration for which
accuracy in PM tasks begins to decrease. A preliminary experiment had shown that the viewing time had no effect on
extrapolation when it was above 240 ms for either adults or
children aged between 7 and 13 ([2]; see also [19]).
After having been informed by the experimenter of the
purpose of the experiment, the participants had a training
period using both occluded and non-occluded conditions.
During the training, the moving stimulus speed was 1.7 m/s
and presentation time of the stimulus was 600 ms. In the occluded condition, occlusion time was 300 ms. The speed and
the occlusion time during training were different from the
speeds and occlusion periods used in the experiment to prevent specific learning to any of the experimental conditions.
There were six consecutive trials in each condition. In each
trial, the participants were given qualitative knowledge of
results (“too early”, “too late” or, when errors ranged from
−50 to +50 ms, “correct response”). The participants practiced two blocks in each condition. To ensure that the participants had a good idea of the requirements of the task,
we required two “correct responses” in each condition. All
participants met this requirement after the two blocks of practice.
Following the training period, the participants performed
seven randomly presented blocks of six trials corresponding
to each of the seven occlusion conditions. Before perform-
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ing each block, the participants let the first trajectory pass
without giving a response, and thereby got acquainted with
the appearance and occlusion zones of the moving stimulus.
So as to avoid response improvement due to prior knowledge of sequence timing, no feedback was given during the
experiment.
For each occlusion condition, constant error (CE), absolute error (AE), and variable error (VE) were calculated on
the recorded responses.
In order to address the question concerning whether extrapolations were carried out in the same way for short
(0–200 ms) and long (200–800 ms) occlusions, in accordance
with the linear model of Yakimoff et al. [26], we calculated
two linear regressions from the AT estimates of each participant. For the first (0–200 condition), independent variables
corresponded to the four shorter occlusion times (i.e., 0, 67,
133 and 200 ms) and the dependent variables to the average
AT estimates for each condition. For the second (200–800
condition), the same analyses were applied to the longer occlusions (i.e., 200, 400, 600 and 800 ms).1 For each participant, these calculations yielded two slopes, two intercepts and
two coefficients of correlation corresponding, respectively, to
the shorter and the longer occlusions.
CE, AE and VE were separately analyzed in a 4 × 7 (Age
× Occlusion) mixed ANOVA with Age (7, 10, 13 and adults)
as a between-subjects factor and Occlusion time (0, 67, 133,
200, 400, 600 and 800 ms) as a within-subjects factor. The
coefficients of correlation (transformed to Fisher Z scores
[8]), the slopes, and the intercepts obtained from the linear regression were analyzed in a 4 × 2 (Age × Occlusion)
mixed ANOVA with Age (7, 10, 13 and adults) as a betweensubjects factor and Occlusion time (0–200 and 200–800 ms)
as a within-subjects factor. A Newmann–Keuls post hoc test
was used for comparison of the means. An alpha level of 0.05
was used for all statistical tests.
The ANOVA on CE revealed a significant main effect of
Occlusion, F(6, 360) = 12.18 (Table 1). Post hoc comparisons revealed that CE in occlusion conditions 600 and 800 ms
(negative bias) was significantly different from all other conditions (positive bias). In addition, the magnitude of CE was
greater in the 200 ms condition than in the 0 ms condition.
The effect of Age (F[3, 60] < 1) was not significant, nor was
the Age × Occlusion interaction (F(18, 360) < 1).
The ANOVA on AE indicated significant main effects of
Age, F(3, 60) = 20.55, and Occlusion, F(6, 360) = 72.06,
as well as an Age × Occlusion interaction, F(18, 360) =
2.72 (Table 1; Fig. 1). The post hoc analysis of the Age ×
Occlusion interaction showed that the 7-year-olds were less
accurate than the three older groups only for occlusion conditions greater than or equal to 400 ms (Fig. 1). The 10-year-old
group was not different from the two older groups for any condition. The post hoc analyses also showed that, for the two
1 The 200 ms occlusion condition was used for both regression lines
because this duration is described as the transition between short and long
occlusion time (e.g., [26]).
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Table 1
CE, AE and VE according to age and occlusion conditions

Table 2
Average slopes, intercepts and coefficients of correlation (r, raw data), according to age, for the linear regressions 0–200 and 200–800

Occlusion time
0

67

Constant error
7 years
20
10 years −11
13 years
0
Adults
−1

133

200

400

600

800

62
18
20
18

61
17
38
15

66
50
57
14

47
19
20
6

7
−25
−3
−31

−33
−69
−27
−68

Absolute error
7 years
10 years
13 years
Adults

82
51
38
37

108
73
51
56

98
77
66
57

142
106
76
69

205
99
110
91

217
117
141
114

257
140
177
164

Variable error
7 years
10 years
13 years
Adults

86
59
43
32

111
66
43
44

94
77
54
46

129
106
52
64

152
95
76
62

175
126
100
77

198
140
134
102

younger groups, AE in the non-occlusion condition were not
significantly different from AE in the two shortest occlusion
conditions (67, 133) but were different from AE in the other
conditions (200, 400, 600, 800). For the 13-year-old group
and the adults, AE in the non-occlusion condition were not
significantly different from AE in the three shortest occlusion
conditions (67, 133, 200) but were different from AE in the
longer conditions (400, 600, 800). Thus, occlusion induces a
decrease of accuracy for duration equal or superior to 200 ms
as was suggested by Yakimoff et al. [26].
The ANOVA on VE revealed significant main effects of
Age, F(3, 60) = 21.09, and Occlusion, F(18, 360) = 33.66,
were found. Post hoc comparisons for the Age effect indicated
that participants’ variability decreased between the ages of
7 and 10 years, and between 10 and 13 years. There was no
significant difference between 13-year-olds and adults. Post
hoc comparisons for the Occlusion effect indicated that VE in
the non-occluded condition was significantly different from

Fig. 1. AE according to age and occlusion conditions. The analysis of variance indicated a main effect of age and a main effect of occlusion and an
Age × Occlusion interaction.

Population

0–200

200–800

Slopes

Intercepts

r

Slopes

Intercepts

r

7 years
10 years
13 years
Adults

1.24
1.28
1.28
1.05

36
−6
4
7

0.924
0.932
0.976
0.981

0.83
0.80
0.86
0.86

105
94
81
51

0.962
0.986
0.994
0.994

Mean

1.20

10

0.953

0.84

83

0.984

VE in the four longer occlusion conditions (200, 400, 600
and 800). There were no interaction effects involving VE.
In order to assess the linear model of Yakimoff et al. [26],
the three components of the linear regressions were analyzed
(see Table 2).
The [4 × 2 (Age × Occlusion)] ANOVA on slopes revealed a significant main effect of Occlusion, F(1, 60) =
96.06). The slopes were higher for the 0–200 ms condition
than for the 200–800 ms condition (1.22 versus 0.84, respectively). There was no main effect of Age (F(3, 60) = 2.04),
but the interaction between Age and Occlusion (F(3, 60) =
2.60) was significant. Post hoc analyses showed that there
was no difference between the four groups for the long occlusions while the adult group was different from the three
children groups for short occlusions (1.05 versus 1.24, 1.28
and 1.28). This difference is probably due to the fact that
some children in each group systematically waited for the
disappearance of the stimulus before beginning an (inappropriate) extrapolation of its displacement. Indeed, after the experiment, three children explicitly reported doing this. This
strategy resulted in late responses for the shortest occlusion
conditions (67, 133, 200) for the three groups of children
(which appear in CE without significant difference, see CE
in Table 1) and could explain slopes greater than 1. To confirm
this interpretation, we calculated the median of each group.
Results showed medians of 1.10, 1.20, 1.17 and 1.08 (corresponding to the four age groups from the younger to the
older, respectively) that were very close to each other. Differences in the means are probably due to a few children who
had very high slopes (four 7-year-olds, five 10-year-olds and
four 13-year-olds had slopes above 2, whereas no adult was
above 1.5).
The ANOVA on intercepts indicated a significant main
effect of Occlusion, F(1, 60) = 32.33 with smaller intercepts
in the 0–200 ms condition than in the 200–800 ms condition
(10 versus 83, respectively). There was no main effect of
Age (F(3, 60) = 1.25) and no interaction between Age and
Occlusion (F(3, 60) < 1).
The ANOVA on coefficients of correlation revealed a significant main effect of Age (F(3, 60) = 7.18). Post hoc comparisons of the Age effect indicated that 7- and 10-year-old
children had lower coefficients of correlation than the two
older groups. In addition, the ANOVA revealed a significant
main effect of Occlusion (F(1, 60) = 8.01). The coefficients
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of correlation were higher for the 200–800 ms condition than
for the 0–200 ms condition. There was no interaction between
Age and Occlusion (F(3, 60) < 1).
The purpose of this study was to examine how the ability to
extrapolate in time an occluded moving object develops with
age. The results confirmed those obtained by Dorfman [7]
and Ripoll [18] in which the improvement in estimates was
found to occur between the ages of 7 and 13 years. The use
of more numerous occlusion conditions (up to 800 ms) and
the distinction between short and long occlusions (under and
above 200 ms) provide a broader picture of the developmental
processes involved in extrapolation.
As was hypothesized, no difference appeared between
children and adults in short occlusion conditions in which
the processes are supposed to be perceptually driven. In contrast, large differences appeared for longer occlusion durations, which require cognitive extrapolation (see the Age ×
Occlusion interaction for AE in Fig. 1).
The results confirm that 200 ms is the threshold for which
extrapolation mechanisms are necessary [26]. For all age
groups, analyses of both AE and VE showed significantly
more error for occlusion durations equal to or greater than
200 ms than for the non-occlusion condition. This was also
confirmed by the regression analyses which showed very different slopes for short and long occlusion. For short occlusions, the occlusion itself is not really a factor as the occlusion
time corresponds to a visuo-motor delay. The response then
can only be as precise as in situations without occlusion. The
adults’ mean slope was 1.05 which was less than that of the
three younger groups (1.27). The slopes of the children were
likely due to the inappropriate extrapolation strategy of several children in each group. Responses had to be produced
in the shorter occlusion conditions as if there were no occlusion. The children’s expectation of the occlusion and their use
of an extrapolation strategy in such conditions consequently
resulted in delayed responses.
For the longer occlusions, it appears that the estimates
were made using the same extrapolation strategy regardless
of participant age, as the analyses performed from the linear
regressions obtained for each age group showed no differences in the slopes and intercepts (see Table 2). Moreover,
these values (ranging from 0.80 to 0.86) were consistent with
those generally observed in studies using PM tasks (see [5] for
a review). The age-related differences for longer occlusions
concerned the coefficients of correlation and the magnitude
of errors. This difference suggests that in the course of development children produce AT estimates that are progressively
more in accordance with the linear model of Yakimoff et al.
[26].
In connection with the literature on the PM task, two hypotheses can be proposed to explain the results of the young
children. First, it can be suggested that the children have
difficulty in mastering cognitive temporal-extrapolation processes. Following this hypothesis, one might be inclined to
compare these results with those obtained in research studying the development of the ability to estimate duration. The
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mastering of this ability across development has been extensively studied since the seminal works of Piaget [16,17] and
constantly reexamined over the last decades (see [13] for an
overview). Results have shown that the ability to estimate
duration is a late achievement in the course of development
and completely mastered by the age of 11. These data are
in accordance with the chronology of development that we
found in this experiment. The second explanation could be
connected to a difficulty in using a cognitive motion extrapolation. As DeLucia and Lidell [6] have underscored, this process requires imagery, eye movements, and attentional shift
in order to obtain a cognitive representation of the object’s
motion. It would not be surprising if mastering such operations occurred gradually over the course of development.
Both hypotheses require testing in future research.
In sum, the results of this experiment show that, with age,
participants improve their performance in PM tasks at two
levels, corresponding to shorter and longer occlusion times.
For short occlusions (≤200 ms), the responses have to be
produce as if there were no occlusion [27]. Some children
are perhaps less accurate than other children and adults because they use a situation-inappropriate cognitive extrapolation strategy. For the longer occlusion times (≥200 ms),
children as young as 7 years of age are capable of using the
same type of strategy as adults to cope with disappearance
of the moving object and to extrapolate in time the occluded
trajectory (cf. [26]). However, it also appears that response
accuracy improves with age. This improvement is due to enhanced cognitive processes necessary when extrapolating in
time the displacement of the moving stimulus. Such processes
remain to be clearly identified.
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