
 

 

 University of Groningen

Pointing to the Future
Van Braeckel, Koenraad Noëlla Josephine Antoon

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2008

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Van Braeckel, K. N. J. A. (2008). Pointing to the Future: New insights into elementary visuomotor
processes in typically developing and preterm born children. [Thesis fully internal (DIV), University of
Groningen]. [s.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/dae1f6b6-4ddd-45cd-9c65-63f742e6ab5a


CHAPTER 4

Movement adaptations

in 7- to 10-year-old typically developing children: 

Evidence for a transition in feedback-based motor 

control

K. Van Braeckel 1,2, P.R. Butcher 1, R.H. Geuze1, M.A.J. van Duijn3, E.F. 

Stremmelaar2, A. Bouma1

1Department of Developmental and Clinical Psychology, University of Groningen, The Netherlands

2Department of Pediatrics, Neonatology, Beatrix Children’s Hospital, University Medical Center of 

Groningen, The Netherlands

3Department of Sociology, Statistics & Measurement Theory, University of Groningen, The Netherlands

Human Movement Science (2007), 26, 927-942



Chapter 4

96

1. SUMMARY

We used a modified double-step pointing task to study movement 

adaptations in 7- to 10-year-old typically developing children. We found that 

the majority (63%) were able to optimally adapt fast, goal-directed visually-

guided movements to a late change in target location meeting the 

requirements of speed and accuracy. A minority (35%) failed to meet the 

requirement of accuracy resulting in a less optimal adaptation. The results 

showed that the ability to adapt movements optimally develops before the age 

of 7 years in typically developing children. Literature proposes a transition in 

development of motor control around the age of 8 years. The present results 

replicate and extend this by suggesting that this transition affects the later 

phases of fast, goal-directed visually-guided movements rather than the early 

phases, such as movement programming and acceleration. Finally, the results 

indicate that the optimally adapted movements were the result of a specific 

strategy in which a specific component of movement execution was slowed on 

all trials. This suggests that 7- to 10-year-old typically developing children 

have developed implicit knowledge about which movement components are 

the most efficient to adapt.

2. INTRODUCTION

In daily life, movements are frequently initiated before the exact 

location of the target is known, such as taking a can of beans from a 

supermarket shelf or a favorite sweet in a bowl among other sweets. The 

general direction and distance of such movements are known at movement 

onset, but precise target location is defined during the movement. This 

requires an adaptation of the reaching movement to achieve the accuracy 
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necessary for successful grasping. Thus, daily-life movements frequently 

involve on-line movement adaptations.

In adults, the elementary visuomotor processes underlying such 

movement adaptations can be expected to have been optimized. However, in 

children, developmental changes in elementary visuomotor processes will 

most likely affect movement adaptations. The study of simple movements, 

such as fast pointing movements towards stationary spots or reaching for and 

grasping stationary objects, has shown that motor control develops non-

monotonically with a temporary regression in movement efficiency around the 

age of 8 years (Chicoine, Lassonde, & Proteau, 1992; van Dellen & 

Kalverboer, 1984; Ferrel, Bard, & Fleury, 2001; Hay, 1979; Pellizzer & Hauert, 

1996). It is generally accepted that around this age a transition occurs in the 

processing of visual and proprioceptive information, which is associated with a 

temporary slowing of fast, goal-directed visually-guided movements with no 

gain in endpoint accuracy. The current explanation (Chicoine et al., 1992) is 

that children younger than 8 years of age process proprioceptive and visual 

information independently during the execution of rapid goal-directed 

movements. Around the age of 8 years, proprioceptive and visual information 

become integrated to form a sensorimotor information processing network for 

the accomplishment of a movement goal. In children older than 8 years, this 

newly integrated network is further trained and optimized.

Movements involving on-line adaptations have been studied less 

extensively, although these movements are ecologically more relevant. From 

a developmental point of view, these movements are also theoretically 

relevant, because they raise the question which movement components of on-

line adaptations are affected by the transition phase around the age of 8 

years? And, at what age do children become able to adapt precise, goal-

directed movements on-line? These questions are particularly interesting as 
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such complex movements involve the rapid integration of information from 

different areas in the brain, a level of information processing that, according to 

longitudinal anatomical brain studies (Lenroot & Giedd, 2006), should become 

increasingly possible in late childhood. Between 7 and 10 years of age, these 

authors showed large increases in the volume of grey matter in the areas 

involved in the control of reaching. This is consistent with the evidence from 

behavioral studies on the transition phase in motor control around the age of 8 

years (Chicoine et al., 1992). The goal of this investigation was to extend our 

understanding of the development of online adaptation of reaching 

movements by applying knowledge about the kinematic characteristics of 

simple pointing and reaching movements to a task requiring on-line movement 

adaptations.

To investigate on-line movement adaptations during a period of 

transition in the development of motor control, we studied the responses of 7-

to 10-year-old children on a pointing task based on the double-step paradigm, 

in which a visual target is presented (step one), and then displaced during the 

response (step two; Rossetti & Pisella, 2002). Komilis, P�lisson, and Prablanc 

(1993) found that adults could make accurate pointing movements to a target 

that was displaced after the acceleration phase of the pointing movement only 

by slowing down the later phases of the movement. We therefore used a task 

in which the target disappeared 100 ms after movement onset and then 

reappeared 120 ms later (Double-Step Condition), thus requiring the children 

to slow their movements in order to maintain accuracy. To discourage 

anticipation, on one-third of the trials the target remained visible and stationary 

(Stationary Condition). 

The pointing movements in the Double-Step Condition were first 

analyzed qualitatively to determine how the children adapted their movements 

to maintain endpoint accuracy. Next, they were analyzed quantitatively to 
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identify age-related differences. We investigated time between presentation of 

the target and movement onset (RT), which provides information about the 

duration of the movement preparation phase. This phase consists mainly of a 

planning phase for movement selection and a programming phase for the 

specification of movement amplitude and direction (Bock & Arnold, 1992). We 

also investigated movement time (MT), and the duration of the acceleration 

(ACCT) and deceleration (DECT) phases to gain insight into differences in 

information processing. Since the processing of visual feedback starts at the 

earliest 100-130 ms after movement onset (Elliott, Binsted, & Heath, 1999), 

the acceleration phase is less sensitive to visual feedback than the 

deceleration phase. Its duration therefore reflects mainly the motor program 

with minimal on-line visual feedback. The duration of the deceleration phase is 

also the result of the motor program, but may be strongly influenced by on-line 

updating and correction using visual and proprioceptive feedback. Given the 

role of online processing in the deceleration phase and the postulated 

increase in the efficiency of on-line sensory information processing for motor 

control after the age of 8 years (Chicoine et al., 1992), we expected a 

decrease in DECT after 8 years of age. We also investigated the time between 

the reappearance of the target (step two) and the onset of the corrective 

movement towards the new target location (Time of Correction; ToC). Since 

the target reappeared after the acceleration phase, two main visuomotor 

processes were required during the deceleration phase: the first was to update 

the movement program with the visual information on the second target 

location, and the second was to control the execution of a corrective 

movement towards this new location. We considered ToC to be an indicator of 

the speed of the first process. 

Finally, a comparison of the responses in the Stationary Condition with 

the responses to the same target location in a simple pointing task, carried out 



Chapter 4

100

immediately before the double-step task, allowed us to explore the strategies 

for adaptation. More specifically, we investigated whether the children applied 

a strategy of adapting the movement preparation, the movement execution, or 

specific components of the movement execution. We analyzed RT to identify 

any adaptation of movement preparation, and MT, ACCT, and DECT to 

identify any adaptation of movement execution and its components. To identify 

any differences in speed-accuracy trade-off, we analyzed endpoint accuracy.

3. METHOD 

Participants
Thirty-two boys and 28 girls, ranging in age from 7 to 10 years, 

participated in the study. There were 8 boys and 7 girls in each age group. All 

children were seen within 6 months of their birthday. One 7-year-old, two 8-

year-olds, and two 10-year-olds were left-handed. The four groups were 

selected to be similar to the general population in performance on the 

Movement-ABC test (Smits-Engelsman, 1998): mean Movement-ABC 

percentile was 46 (range 3 – 92) in the 7-year-olds, 50 (range 15 – 92) in the 

8-year-olds, 37 (range 15 – 75) in the 9-year-olds, and 38 (range 5 – 75) in the 

10-year-olds. All participants attended mainstream elementary schools.

The Ethical Review Board of the University Medical Center of 

Groningen approved the research project.

Apparatus 
The participants carried out the tasks seated in front of a touch-screen 

tilted at an angle of 15� from the horizontal. To reduce visual contrasts in the 

child’s field of vision, the borders of the monitor and the table were matched to 

the color of the computer screen. All movements were made with the 

dominant hand. The participant’s sitting height could be adjusted so that the 
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elbow and forearm rested comfortably on a support while the index finger 

rested on a finger key in front of, and aligned with the centre of, the touch-

screen (Figure 4.1). An infrared reflecting marker was attached to the nail of 

the index finger. The movement of the marker was registered with a frequency 

of 100Hz by three infrared cameras (PRIMAS) suspended in a shallow arc 

above the touch-screen. The child’s face and the display on the touch-screen 

were shown on an SVHS-video monitor, allowing one experimenter to run the 

task on the basis of the child’s responses. A second experimenter stood 

behind the child to ensure that the hand and arm were in the required position 

at the beginning of each trial, and that the child was attentive to the task.

Figure 4.1. View from above of the position of participant, experimenter, and 

equipment, and of target positions on touch screen for right-handed participants. FD, 

Fixation Dot; T1: centre target; T2a-T2b: displaced target.
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PRIMAS

20�

FD

T2a

T1
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Procedure
The children carried out the simple pointing task first, immediately 

followed by the double-step pointing task. Each task was preceded by a 

practice session of 5 to 6 trials and took approximately 3 minutes to complete.

In both tasks, the child started each trial by depressing the finger key. 

A colored picture appeared in the upper left corner of the touch-screen. After 

the child had fixated the picture, a red fixation spot (7.5 mm ) appeared at 

the vertical midline of the screen at a distance of 60% of the average arm-

length of the age group concerned (24 cm in 7- and 8-year-old children, and 

26.5 cm in 9- and 10-year-old children according to Gerver and de Bruin 

(2001). After a variable fixation interval (500-3000 ms), a green target spot 

(7.5 mm ) appeared at an eccentricity of 20 from the vertical midline on the 

side of the dominant hand. In the simple task, the target appeared at one of 

three distances (T1, T2a, T2b; see Figure 1). The distances were scaled to the 

average arm length of the age group: near (T2a; 47.5%), centre (T1; 60%) or 

far (T2b; 72.5%). Each target was presented 10 times in pseudo-random 

order. In the double-step task, T1 also remained stationary until the screen 

was touched on 10 of the 30 trials (Stationary Condition). In the remaining 20 

trials, T1 disappeared 100 ms after the child released the finger key, 

reappearing 120 ms later in 10 trials as a near target (T2a) and in the 

remaining 10 trials as a far target (T2b; Double-Step Condition). The three 

targets were presented in pseudo-random order. Since the mean acceleration 

time of the movements executed during the simple pointing task was less than 

180 ms for all groups, the double-step target in the double-step task could be 

expected to reappear after the acceleration phase was completed. 

In the double-step task, the child was informed that on some trials the 

target would remain stationary, and on other trials it would move. If the target 

moved, he/she was to “chase” it with his/her finger and touch the screen at its 
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new location. In both tasks, the child was instructed to move quickly and 

accurately. The touches on the screen in a radius of 13 mm from the centre of 

the target were rewarded with a short tone. 

Analysis 
The data were analyzed using custom-written software in MATLAB 

(The MathWorks, 2004), in which the movement, the stimulus, the finger key, 

and touch-screen data were integrated on a common time scale. For the 

double-step task, the different types of movement were first identified in a 

qualitative analysis. For both tasks, the movement parameters were calculated 

in a quantitative analysis. 

Eighty-nine trials (4.9%) on which a child was inattentive or anticipated 

the presentation of the stimulus, as assessed during the task by the second 

experimenter, were excluded from the analyses. Technical problems led to the 

loss of a further 125 trials (6.9%).

Method Qualitative Analysis

For each trial, the MATLAB-based program showed the three two-

dimensional representations of the 3D-movement. Visual inspection of these 

representations showed that 94.8% of movements (n=988) in the Double-Step 

Condition could be classified as 1) one movement ending in a single touch 

within 20 mm of the second target location (Single Touch-movement), or 2) 

two movements, one ending in a first touch within 20 mm from the location of 

T1, and one ending in a second touch within 20 mm from the location of T2 

(Double Touch-movement). In a Double Touch-movement, the child missed 

both targets, as neither was visible when the screen was touched. The 

remaining 5.2% of movements (n=54) in the Double-Step Condition did not 

comply with the instruction of moving fast and/or “chasing” the displaced target 

and were not included in the analysis. Examples of such movements are 
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releasing the finger key and waiting for T2 to appear before moving towards 

the second target location or touching T1 without attempting to touch T2.

Method Quantitative Analyses

Children who used Double Touch-movements on more than 13 trials 

(67%) were excluded from the quantitative analyses because they missed the 

targets and thus did not meet the accuracy-requirement. 

Parameter Calculation. In both tasks, Reaction Time (RT) was the 

interval between the presentation of T1 and the release of the finger key, and 

Movement Time (MT) was the interval between the release of the finger key 

and the first touch on the screen. Acceleration Time (ACCT), the interval 

between the beginning of the movement and moment of peak velocity, and 

Deceleration Time (DECT), the interval between moment of peak velocity and 

the end of the movement, were calculated from 3D-movement trajectories. 

Using 2D-representations of the movements, the time at which the direction of 

the movement changed towards the position of the second target location was 

determined manually for each trial. Time of Correction (ToC) was the interval 

between the time the second target appeared and this set time point. Pointing 

Error (PE) was calculated using the touch-screen data (resolution of 0.35 mm) 

and was the absolute distance between the touch on the screen and the 

centre of T2 in the Double-Step Condition or the centre of T1 in the Stationary 

Condition. The parameters over time in the Double-Step Condition are 

presented in Figure 4.2.
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Figure 4.2. Representation of the acceleration signal with the parameters for the 

Single Touch-group in the Double-step Condition. T1, Target 1; T2a/b, Target 2a or 

Target 2b; RT, Reaction Time; ACCT, Acceleration Time; PV, Peak Velocity; DECT,

Deceleration Time; MT, Movement Time; ToC, Time of Correction; PE, Pointing Error

Statistical Analysis. Trials with an RT or MT more than three standard 

deviations above or below the child’s average RT and M were excluded: 38 

trials (5.3%) in the Double-Step Condition and 9 trials (2.6%) in the Stationary 

condition, 0 in the simple task. Since all parameters were positively skewed in 

both the double-step and the simple task, the analyses were carried out on 

logarithmic transformations, and back-transformations are reported. 

The data were analyzed using multilevel modeling (Snijders & Bosker, 

1999) in the statistical program MlwiN 2.00 (Rasbash, Browne, Healy, 

Cameron, & Charlton, 2004). Multilevel models take the dependence structure 

of the data set into account. Further, multilevel analysis is more flexible than 

the standard repeated measures (M)ANOVA-approach, because it allows 

unequal numbers of observations per individual as well as modeling of the 
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within and between-child variance structure. Here, the individual trials (level 1) 

were “nested” within children (level 2). 

Age-related changes in components of movement adaptations. For 

each parameter, we specified a fully multivariate model at level 1 taking the “2 

distances (T2a and T2b) * 10 trials”-design of the Double-Step Condition into 

account. For all models, the near target location, i.e. T2a, in the 7-year-old 

group was the reference set. All terms were a combination of the factors target 

distance and age, leading to 2*4 = 8 terms. 

General or specific movement strategy? To investigate whether the 

children used a general or a specific movement adaptation, we compared the 

movements in the Stationary Condition of the double-step task with the 

movements in the “centre target”-condition of the simple task. For each 

parameter, we specified a fully multivariate model at levels 1 and 2 taking the 

“1 distance * 10 trials”-design into account. The reference set for all models, 

was the 7-year-old group in the simple task. All terms were a combination of 

the factors age and task, leading to 4*2 = 8 terms.

To arrive at a simpler, easier to interpret model, each model was 

simplified by removing terms that were not included in a higher order 

interaction term one-by-one on the basis of two pre-defined criteria. The first 

criterion was that the coefficient of a term did not reach statistical significance 

(p>.05), and the second criterion was that the coefficient of any time 

parameter was smaller than 11 ms. The removal criterion for Pointing Error 

was a coefficient smaller than 2 mm. Given the individual differences at any 

age, we consider differences smaller than these as ecologically irrelevant.

All results are based on the reduced models described above. In view 

of the unbalanced character of the data, we displayed the model-derived, 

weighted means instead of the raw, non-weighted means in the table and the 

graphs. 
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To explain how estimates for interaction effects are calculated, we 

show how to calculate the estimated mean RT in the 10-year-old group in the 

double-step task using the model shown in Table 4.3, p.115. One adds 5.912 

(intercept) + (-0.122; 10-year group) + 0.081 (double-step task) + (-0.081; 10-

year group * double-step task) = 5.791 ln(ms), then MT (ms) = exp(5.791) = 

327 ms.

4. RESULTS

Results Qualitative Analysis 

Movement types. The proportion of Single Touch (ST) and Double 

Touch (DT) movements is presented in Figure 4.3. The children were quite 

consistent in using a single type of movement: 63% (n=38) of the children 

used ST-movements on more than two-thirds of the double-step trials (ST-

group), while 35% (n=21) used DT-movements on more than two-thirds of 

these trials (DT-group). Only one 7-year-old child was inconsistent, using both

ST- and DT-movements with equal frequency (50%).

Distribution of movement types per age group. The ST-group consisted 

of ten 7-year-olds (67%), eight 8-year-olds (53%), twelve 9-year-olds (80%), 

and eight 10-year-olds (53%). The DT-group consisted of four 7-year-olds 

(27%), seven 8-year-olds (47%), three 9-year-olds (20%), and seven 10-year-

olds (47%). There was no association between movement type and age 

group, 2(3)=2.52, p=.47.
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Figure 4.3. Classification of the movements. On the right (≥ 66.9%) are the children in 

the Single Touch-group (ST). On the left (≤ 33.4%) are the children in the Double 

Touch-group (DT; top of bars: n)

Results Quantitative Analyses

Age-related changes in components of movement adaptations in ST-

group. The models for all parameters are displayed in Table 4.1. An overview 

of the significant (p≤.05) and near-to-significant (.05<p≤.10) differences 

between age groups for each parameter in the Double-Step Condition is 

displayed in Table 4.2. The mean RTs, MTs, and PEs in the Double-Step 

Condition for each age group are shown in Figure 4.4 (p. 112). The mean 

ACCTs, DECTs, and ToCs are shown in Figure 4.5 (p. 113). 
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Mean RT was significantly longer in the 7-year-olds than in the 8-, and 

9-year-olds and almost significantly longer than in the 10-year-olds. There 

were no differences between the older groups in mean RT. 

Mean MTs did not differ between the 7- and 8-year-olds, or between 

the 9- and 10-year-olds. Mean MT in the 7-year-olds was significantly longer 

than in the 9-, and 10-year-olds, and mean MT in the 8-year-olds was almost 

significantly longer than in the 9-year-olds and significantly longer than in the 

10-year-olds. 

The differences in mean PE were smaller than the relevance criterion 

of 2 mm.

Mean ACCT did not differ between the 7-, 8-, and 10-year-olds. Mean 

ACCT in the 9-year-olds was significantly longer than in the 10-year-olds. 

Mean DECT did not differ between the 7- and 8-year-olds, or between the 9-

and 10-year-olds. Mean DECT in the 7- and 8-year-olds was significantly 

longer than in the 9- and 10-year-olds. 

Mean ToC in the 7-year-olds was significantly longer than in the older 

groups. Mean ToC did not differ between the older groups.
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Table 4.1.

The models for all parameters in the Double-Step Condition of the double-step task in 

the ST-group. 

Note. in bold: significant at p ≤ .05 and effect size larger than criterion (≥ 11 ms; ≥ 2 

mm).

Reaction Time Movement Time Pointing Error

Predictor term Est. 
ln(ms) t ratio p-value Est. 

ln(ms) t ratio p-value Est.   
(mm) t ratio p-value

Intercept 5.997 6.561 8.9
Far Target 0.011 0.18 .43 0.023 1.30 .10 0.7 1.18 .37
Far target * 8-year -0.066 0.93 .18 0.024 0.98 .17 -1.2 1.67 .08
Far target * 9-year 0.104 1.30 .10 0.028 1.18 .12 -0.6 0.85 .15
Far target * 10-year -0.026 0.29 .41 0.023 1.02 .16 -2.2 2.70 .12

8-year -0.204 1.89 .03 0.002 0.01 .50 -0.2 0.33 .05
9-year -0.180 1.73 .05 -0.086 1.89 .03 -0.9 1.44 .20
10-year -0.159 1.54 .07 -0.101 3.61 .001 0.8 1.07 .006

Acceleration Time Deceleration Time Time of Correction

Predictor term Est. 
ln(ms) t ratio p-value Est. 

ln(ms) t ratio p-value Est. 
ln(ms) t ratio p-value

Intercept 5.178 6.242 5.436
Far Target 0.018 0.04 .48 0.029 1.02 .16 0.004 0.10 .46
Far target * 8-year 0.025 0.44 .33 0.028 0.76 .23 -0.067 1.14 .13
Far target * 9-year -0.021 0.39 .35 0.040 1.04 .15 0.057 0.93 .18
Far target * 10-year 0.017 0.30 .38 0.026 0.71 .24 -0.074 1.18 .12

8-year 0.005 0.01 .50 0.010 0.18 .43 -0.156 1.96 .03
9-year 0.069 0.89 .19 -0.131 2.01 .03 -0.163 2.59 .007
10-year -0.036 0.44 .33 -0.109 2.41 .01 -0.216 3.32 .001
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Table 4.2. 

Overview of significant differences between age groups for each parameter in the 

Single-Touch group in the Double-Step condition.

Parameter age age p-value Parameter age age p -value
RT 7 8 .03 ACCT 9 10 .02
RT 7 9 .05 DECT 7 9 .03
RT 7 10 .07 DECT 7 10 .01
MT 7 9 .03 DECT 8 9 .03
MT 7 10 .001 DECT 8 10 .009
MT 8 9 .07 ToC 7 8 .03
MT 8 10 .002 ToC 7 9 .007
PE 7 9 .08 ToC 7 10 .001
PE 9 10 .008
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Figure 4.4. Mean RT (top), MT (middle), and PE (bottom) for each age group in the 

Single-Touch group in the Double-Step Condition.
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Figure 4.5. Mean ACCT (top), DECT (middle), and ToC (bottom) for each age group in 

the Single-Touch group in the Double-Step Condition.
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General or specific movement strategy in ST-group? The models for all 

parameters are displayed in Table 4.3. For each age group, the means of 

each parameter in the Stationary Condition of the double-step task and in the 

“centre target”-condition of the simple task are displayed in Table 4.4. 

Mean RT in the 7-, 8-, and 10-year-olds did not differ between the 

tasks. Mean RT in the 9-year-olds was significantly longer in the double-step 

task than in the simple task. Mean MT and DECT were significantly longer in 

the double-step task than in the simple task in all age groups. Differences 

between MTs on the two tasks ranged from 59 ms (11%) to 96 ms (18%); 

differences between DECTs on the two tasks ranged from 51 ms (16%) to 76 

ms (22%). Mean ACCT in the double-step task was also significantly longer 

than in the simple task in all age groups, however the difference was smaller 

than the relevance criterion of 11 ms in all but the 9-year-olds. The differences 

in mean PE were smaller than the relevance criterion of 2 mm.
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Table 4.4. 

Mean RT, MT, ACCT, DECT, PE for each age group in the Stationary Condition of the 

double-step task and the centre target condition of the simple task, and the p-value of 

the difference between the task means (n.s., not significant).

5. DISCUSSION

We studied on-line movement adaptations in a group of 7- to 10-year-

old typically developing children. The children carried out a double-step 

pointing task, in which target location remained uncertain for a relatively long 

period after movement onset, eliciting a slowing of the response. The majority 

of the children were able to adapt their movements optimally to meet the 

requirements of both speed and accuracy. The results further suggest that the 

optimally adapted movements were the result of a strategy in which a specific 

component of movement execution was adapted and that the ability to make 

this adaptation develops before the age of 7 years.

Parameter 7 8 9 10
RT Double-Step 401 344 355 327

Simple 369 317 292 327
p -value n.s. n.s. .01 n.s.

MT Double-Step 518 535 527 498
Simple 459 439 449 417
p -value .02 .001 .001 .005

ACCT Double-Step 173 180 192 179
Simple 163 170 171 169
p -value .04 .04 .02 .04

DECT Double-Step 335 337 322 305
Simple 283 261 271 239
p -value .003 .003 .003 .01

PE Double-Step 7.3 7.3 6.4 9.7
Simple 7.6 7.6 6.7 8.4
p -value n.s. n.s. n.s. .05

Age (years)
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Movement adaptations 

Two types of response were used in the Double-Step Condition: the 

first, and most efficient, was a single movement involving an on-line correction 

ending in a rather accurate touch (Single Touch, ST). This was considered an 

optimal adaptation as it met the requirements of both speed and accuracy. 

The majority of children (63%) used ST-responses on more than two-thirds of 

the double-step trials (ST-group; see Figure 4.3). The second, less optimal 

response involved two movements, the first ending in a touch near the location 

at which the target had first appeared, followed by a corrective movement 

ending in a second touch near the location at which the target had reappeared 

(Double Touch, DT). DT-responses were considered less optimal, since the 

change in target location was not integrated into a single, accurate movement. 

A minority (35%) used DT-responses in more than two-thirds of the double-

step trials (DT-group). One 7-year-old child responded inconsistently using 

ST- and DT-responses equally frequently. Since both types of responses 

occurred equally frequently at all ages, the ability to optimally adapt 

movements on-line develops before the age of 7 years.

It remains unclear why the DT-group did not therefore slow down to 

meet the requirement of accuracy, although the children were aware that such 

responses were not appropriate, since DT-responses were not followed by an 

auditory tone. One possibility is that these children thought that they could 

make a movement to the location of T1 before T1 disappeared. Another 

possibility is that they preferred the easier strategy of touching the central 

target without anticipating a potential change in location.
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Age-related changes in efficiency of components of optimally adapted 

movements

Responses of the ST-group in the Double-Step Condition were neither 

consistently faster nor consistently more accurate in the older children. 

However, when both speed (RT and MT) and accuracy (PE) are taken into 

account, the results suggest that movement preparation becomes more 

efficient between 7 and 8 years (decrease in RT), and movement execution 

becomes more efficient between 8 and 9 years (decrease in MT and similar 

PE) before leveling off between 9 and 10 years (Figure 4.4). Remarkably, age 

differences in RT were similar in all conditions of the double-step task (Figure 

4.4 and Table 4.2). They were also similar to the age differences in RT for 

simple pointing tasks, in which movement amplitude and/or direction were 

manipulated (Bard, Hay, & Fleury, 1990). Apparently, age-related differences 

for movement preparation are very robust across different task conditions 

when performing visually-guided, fast and accurate aiming movements. 

Changes in the kinematic parameters provided more insight into the 

basis for age-related changes in response efficiency. The age-related pattern 

of MT was similar to the pattern of Deceleration Time (DECT) rather than of 

Acceleration Time (ACCT; Figure 4.5). This suggests that the 7- and 8-year-

olds required more time for on-line visual feedback processing than the 9- and 

10-year-olds without a commensurate gain in endpoint accuracy (Elliott et al., 

1999). Interestingly, a detailed analysis of the deceleration phase suggests a 

change in the underlying processes between the 7-, and 8-year-olds. As 

discussed in the Introduction, the two main visuomotor processes involved 

during the deceleration phase in the Double-Step Condition were 1) updating 

the movement program with the visual information on the target’s new location 

(Time of Correction, ToC), and 2) controlling a corrective movement towards 
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this new location (Figure 4.2). The only age-related change in ToC was a 

decrease between the 7-, and 8-year-olds. This is remarkably similar to the 

age trajectory of RT. Since DECT did not decrease between the 7-, and 8-

year-olds, it is likely that the 8-year-olds updated the movement program 

faster than the 7-year-olds, but required more time to control the corrective 

movement. Several studies have shown that a transition in the on-line 

processing of proprioceptive and visual information occurs in the development 

of motor control around the age of 8 years (see Introduction). Our results 

extend this literature by suggesting that this transition phase affects the later 

phases of fast, goal-directed visually-guided movements rather than the early 

phases, such as movement programming and acceleration. Since the 

decrease in DECT between the 7-year-olds, and the 9- and 10-year-olds was 

larger than the decrease in ToC, our results suggest that both movement 

program updating and the execution of the corrective movement were faster in 

the 9- and 10-year-olds.

General or specific movement strategy of optimally adapted movements?

The motor problem of an on-line change in target location could be 

solved by applying a strategy of slowing the movement preparation for more 

detailed programming and/or slowing the movement execution, or even 

specific components of the movement execution. To investigate this, we 

compared the responses in the Stationary Condition of the double-step task 

with the responses in a simple pointing task, carried out immediately before 

the double-step task. In this simple task, one of three targets was presented at 

the same location as in the Stationary Condition of the double-step task, but 

this target remained visible and stationary during the trial. Since the visual 

information was identical in the two tasks, any differences in the response 

between the two tasks were related to adaptations in the double-step task. 
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Comparison of RT allowed us to identify any adaptation of movement 

preparation, and comparison of MT, ACCT, and DECT allowed us to identify 

any adaptation of movement execution and its components.

Only the 9-year-olds showed a significant difference in RT between the 

two tasks, suggesting no consistent pattern of adaptation in movement 

preparation over all age groups. However, we found a clear pattern of longer 

MTs, associated primarily with longer DECTs in the double-step task in all age 

groups (Table 4.4). This suggests that the optimal movement adaptations 

were the result of a specific movement strategy in which a specific component 

of the movement execution, i.e. DECT, was adapted. 

These results suggest that the ST-group had some implicit 

understanding of which component was the most optimal to adapt to meet 

both the speed and accuracy requirements in a task with long target location 

uncertainty, namely the deceleration phase. This is remarkably consistent with 

the suggestion that the deceleration phase is the main phase in which on-line 

visual feedback processing of the target’s location is enabled (Elliott et al., 

1999). Slowing down during this phase allows for more visual control resulting 

in maintaining accuracy.

6. CONCLUSION

Several studies have shown that a transition in the on-line processing 

of proprioceptive and visual information occurs in the development of motor 

control around the age of 8 years. Our results extend this literature in that this 

transition phase affects the later phases of fast, goal-directed visually-guided 

movements rather than the early phases. 

Further, since the optimally adapted movements were the result of a 

consistent strategy in which a specific component of the movement execution, 

i.e. the deceleration phase, was slowed on all trials, our results suggest that 7-
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to 10-year-old typically developing children have developed an implicit 

knowledge about which movement components are the most efficient to 

adapt.
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