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1. SUMMARY

In an earlier study, we found less efficient elementary visuomotor 

processes using a simple pointing task in 7- to 10-year-old preterm born 

children without Cerebral Palsy (< 34 weeks of gestation and/or birth weight <

1800 g). Here, we performed a detailed analysis of movement adaptations in 

this group of children. We used an ecologically relevant pointing task, in which 

target location could change after movement onset, eliciting a slowing of the 

response and an on-line movement correction. Given the finding of less 

efficient visuomotor processes, we expected a poor performance on this 

complex task in the preterm born group. The results suggest that the ability to 

optimally plan and execute on-line movement adaptations has been 

developed in the majority of 7- to 10-year-old preterm born children without CP 

as in typically developing age mates. However, when speed and accuracy are 

taken into account, the efficiency of these adaptations was slightly lower in the 

preterm born group. Finally, results suggest a different rather than delayed 

developmental course of the visuomotor processes underlying movement 

adaptations in preterm born children without CP. Theoretical implications on 

plasticity of the neural systems subserving visuomotor functioning are 

discussed.

2. INTRODUCTION

In daily life, movements are frequently initiated before the exact 

location of the target is known, for example, taking a bag of candy 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. 

As a result of improved care in the last few decades, an increasing 

number of children survive preterm birth without serious perinatal brain injuries 

(Lemons, Bauer, Oh, Korones, & Papile, et al., 2001). One of the more 

consistent findings of follow-up studies of this group of children is a deficit in 

visuomotor skills as indicated by complex tasks such as Beery�s 

Developmental Visual-Motor Integration test (VMI), the Rey-Osterrieth 

Complex Figure test (ROCF), and the NEPSY (Jongmans, Mercuri, de Vries, 

Dubowitz, & Henderson, 1996; Luoma, Herrg�rd, & Martikainen, 1998; Van 

den Hout, Stiers, Haers, van der Schouw, Eken et al., 2000), and simple 

pointing tasks (Foreman, Fielder, Minshell, Hurrion, & Sergienko, 1997; 

Sagnol, Debillon, & Deb�, 2007; Van Braeckel, Butcher, Geuze, van Duijn, 

Bos, et al., in press). While simple pointing tasks provide insight into 

elementary visuomotor functioning, they do not provide insight into rapid, on-

line movement adaptations. Thus, despite their heightened risk for impaired 

performance on these ecologically relevant aspects of movement, little is 

known about on-line adaptation of movement in preterm born children.

To investigate on-line movement adaptations in preterm born children, 

we presented a pointing task to a group of 7- to 10-year-old preterm born 

children (gestational age < 34 weeks and/or birth weight < 1800 g) without 

Cerebral Palsy, and a group of typically developing age mates. In this task, the 

visual target disappeared 100 ms after movement onset then reappeared 120 

ms later nearer or further, requiring the children to adapt their movements on-

line in order to touch the reappeared target. The first goal of this investigation 

was to determine whether preterm born children are able to adapt movements 

on-line to a late change in target location. To investigate this, we executed a 

qualitative analysis of the pointing movements. The second goal was to 
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investigate whether they executed such adaptations as efficiently as typically 

developing children. The third goal was to investigate whether there is an age-

related change in kinematic characteristics of on-line adapted movements in 

preterm born children, which may be related to a transition in the development 

of movement control as reported around 8 years of age in typically developing 

children.

Research into pointing movements has consistently found that 

movement control develops non-monotonically in typically developing children, 

decreasing in efficiency around 8 years of age (Chicoine, Lassonde, & 

Proteau, 1992; Van Dellen & Kalverboer, 1984; Ferrel, Bard, & Fleury, 2001; 

Hay, 1979; Pellizzer & Hauert, 1996). Around this age, a transition is thought 

to occur in the processing of visual and proprioceptive information, which is 

associated with a slowing of rapid, visually-guided movements without a 

commensurate gain in endpoint accuracy. The current explanation holds that 

until 8 years of age, children process proprioceptive and visual information 

independently during the execution of rapid goal-directed movements 

(Chicoine et al., 1992). Around the age of 8 years, proprioceptive and visual 

information become integrated to form a sensorimotor information processing 

network for the accomplishment of fast, goal-directed movements. In children 

older than 8 years, this newly integrated network is further trained and 

optimized. To investigate the efficiency of on-line adapted movements (second 

goal) and to identify any age-related changes (third goal), specific parameters 

of pointing movements were analyzed quantitatively. Reaction time, (RT), the 

time between presentation of the target and movement onset, provides 

information about the duration of the movement preparation phase, which 

consists mainly of a planning phase for movement selection and a 

programming phase for the specification of movement distance and direction 

(Bock & Arnold, 1992). Movement time (MT), and the duration of the 
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acceleration (ACCT) and deceleration (DECT) phases provide insight into 

differences in visual information processing. Since proprioceptive and visual 

feedback influences a movement at the earliest 100-130 ms after movement 

onset (for proprioceptive feedback: Higgins & Angel, 1970; Newell & Houk, 

1983; for visual feedback: Elliott, Binsted, & Heath, 1999), the acceleration 

phase is less sensitive to feedback than the deceleration phase. Its duration 

therefore reflects mainly the output of the motor program with minimal on-line 

feedback. The duration of the deceleration phase is also the result of the 

motor program, but may in addition be strongly influenced by on-line updating 

and correction using both visual and proprioceptive feedback (Elliott, Helsen, 

& Chua, 2001). The most important marker for movement adaptation 

efficiency was the duration of feedback information processing for the on-line 

movement correction (time of correction, ToC). This was measured as the time 

between the reappearance of the target and the onset of the corrective 

movement towards the new target location. Since the target reappeared after 

the acceleration phase, online adaptation occurred during the deceleration 

phase. Two main visuomotor processes were required: updating the 

movement program with the visual information of the second target location 

while inhibiting the on-going movement, and controlling the corrective 

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

the speed of the first process. Responses were considered less efficient when 

RTs, MTs, ACCTs, DECTs, or ToCs were longer with no commensurate gain 

in endpoint accuracy, or when RTs, MTs, ACCTs, DECTs, or ToCs were 

similar with commensurate loss in endpoint accuracy. 

The motor problem of an on-line change in target location can 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. In a previous study (Van 
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Braeckel, Butcher, Geuze, Stremmelaar, & Bouma, 2007), we showed that 

typically developing children’s adaptations were the result of a movement 

strategy in which a specific component of the movement execution, i.e. DECT, 

was slowed. The final goal of current study was to identify which components 

of the movements were adapted to explore whether the preterm born children 

applied a similar strategy. To investigate this, we compared the responses in 

the stationary condition with the responses to the same target location in 

another, simple pointing task, in which only movement amplitude was 

manipulated (Van Braeckel et al., in press). We analyzed RT to identify 

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

adaptation of movement execution and its kinematic characteristics. To 

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

accuracy.

From a theoretical point of view, the study of movement adaptations in 

preterm born children provides further insight into the consequences of 

atypical events and premature environmental experience occurring in the last 

trimester of term pregnancy for the functioning of neural systems subserving 

visuomotor action. Foreman et al. (1997) suggested that the preterm born 

children’s poorer elementary visuomotor processing most likely reflects dorsal 

visual stream impairment, which has been corroborated by Van Braeckel et al. 

(in press). Milner and Goodale (1995) reinterpreted Ungerleider & Mishkin’s 

(1982) model of visual brain organization. Ungerleider & Mishkin distinguished 

two distinct anatomical visual streams: a ventral, occipito-temporal stream, 

and a dorsal, occipito-posterior parietal stream. The former was proposed to 

subserve object discrimination (“what”-stream), whereas the latter spatial 

localization (“where”-stream). More recently, Milner and Goodale (1995) 

redefined the function of the ventral and the dorsal visual streams as a “what”-

and a “how”-stream respectively. They proposed that the ventral stream 
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processes object characteristics for object recognition, whereas the dorsal 

stream processes visual information for fast goal-directed action, e.g. reaching 

and grasping, (for review, see Creem & Proffitt, 2001). The planning of 

complex movements, such as adaptations and movement strategies, involves 

frontal brain regions more heavily than the dorsal stream (Glover, 2004). Since 

these frontal regions most likely receive afferent information from the dorsal 

stream (Glover, 2004), current investigation provides insight into the 

consequences of dorsal stream impairment for the development of frontal 

brain regions involved in the planning of movement strategies in preterm born 

children.

3. METHOD 

Participants
Participants were 47 preterm born children (GA < 34 weeks and/or 

birth weight < 1800 g) between the ages of 7 and 10 years. The children were 

part of a group of 70 children born in or admitted within 24h of birth to the 

Neonatal Intensive Care Unit of the University Medical Center of Groningen 

between October 1992 and January 1996 who did not go on to develop 

Cerebral Palsy (CP). Five families could not be located, and six families 

refused to participate. A further twelve children could not be included in the 

analysis: two children refused to cooperate, and technical problems led to the 

loss of data of ten children. The perinatal clinical characteristics are presented 

in Table 5.1. At the time of the study, all children were re-examined 

neurologically. None were classified as CP. All children had corrected vision 

when required. None were diagnosed with low vision, as defined by the World 

Health Organization (< 10 c/deg). IQ-data and distribution of sex and 

handedness are presented in Table 5.2.
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Sixty full-term children between 7 and 10 years of age took part in the 

study as control children. All full-term children were recruited through 

mainstream elementary schools in and around the city of Groningen, and had 

uneventful pre- and perinatal histories. Mean GA was 40w2d (range 37w0d –

42w7d). Mean birth weight was 3620g (range 2580g – 4949g). The full-term 

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

the Movement-ABC (Smits-Engelsman, 1998): children with a Total M-ABC 

score or a Fine Motor score < percentile 5 were excluded. Mean Total M-ABC 

percentile was 46 (range 8 – 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. In both groups, IQs were assessed using a short form of the 

WISC-IIINL (Kort, Compaan, Bleichrodt, Resing, Schittekatte et al., 2002). IQ-

data and distribution of sex and handedness are presented in Table 5.2.

Parents gave informed consent to participation in the study, which was 

approved by the Ethical Review Board of the University Medical Center.
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Table 5.1 

Perinatal characteristics of the preterm born group. Data are expressed as mean 

(minimum – maximum), or n/N (%)

Characteristic Preterm Group (N = 47)

Gestational Age 29w6d (25w5d - 33w5d)
Birth Weight (BW) 1194g (595g - 1800g)

Boys : Girls 26 : 21

SGA1 (BW < perc. 5) 12 / 47 (26%)
Prenatal Corticosteroids 33 / 47 (70%)

IPPV2 26 / 47 (55%)
Septicaemia 16 / 47 (34%)

ICH3 gr 1-2 10 / 47 (21%)

ICH3 gr 3-4 none

PVL4 gr 1 19 / 47 (40%)

PVL4 gr 2-3 none

NBRS at term age5 3 (1 - 7)

BPD6 11 / 47 (23%)

Postnatal Corticosteroids 5 / 47 (11%)
Retinopathy of Prematurity none

1. SGA: Small-for-Gestational-Age, according to the Dutch weight centiles of Kloosterman (1970)
2. IPPV: Intermittent Positive Pressure Ventilation
3. ICH: Intracranial Haemorrhage, graded according to Papile et al. (1978)
4. PVL: Periventricular Leukomalacia, graded according to de Vries et al. (1992)
5. NBRS: Nursery Neurobiologic Risk Score, i.e. a neonatal risk score (Brazy et al., 1991)
6. BPD: Bronchopulmonary Dysplasia, defined as oxygen dependency at 36 weeks postmenstrual age
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Table 5.2 

Sample characteristics per age group, and IQ’s for the full-term and preterm born 

groups. Data are expressed as n:n or mean (standard deviation)

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

which was tilted at an angle of 15� from the horizontal. 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 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, p. 101). An infrared reflecting 

marker was attached to the nail of the index finger. The movement of the 

marker was registered with a frequency of 100 Hz 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 

Age group Characteristic Full-term Preterm

7 years Boys : Girls 8:7 2:7
Right : Left Hand Preference 14:1 9:0

8 years Boys : Girls 8:7 10:4
Right : Left Hand Preference 13:2 9:5

9 years Boys : Girls 8:7 8:7
Right : Left Hand Preference 15:0 15:0

10 years Boys : Girls 8:7 6:3
Right : Left Hand Preference 13:2 9:0

All Total IQ 104 (10) 94 (8)
Verbal IQ 105 (12) 94 (9)
Performance IQ 102 (13) 95 (10)
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monitor, allowing one experimenter to present the target only when the child 

was looking at the touch-screen. 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 attending to the task.

Procedure
The children carried out a 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 after 

which a colored picture appeared in the upper left corner of the touch-screen. 

Next, 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 on 

the side of the dominant hand at an eccentricity of 20 from the vertical 

midline. In the simple pointing task, the target appeared at one of three 

distances (T1, T2a, T2b; see Figure 4.1, p. 101). 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%). The centre target and the fixation spot were equidistant 

from the finger key. Ten trials were presented at each target distance in 

pseudo-random order. The target remained visible until the child’s finger 

touched the screen. In the double-step pointing task, T1 remained visible 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. In the double-step task, the 
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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 new location. 

In both tasks, the child was instructed to move quickly and accurately. 

Accurate touches 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 

identification of movement adaptations, the different types of movement to T2a 

and T2b (double-step condition) in the double-step pointing task were first 

identified in a qualitative analysis. Then, the parameters of these movements 

were calculated in a quantitative analysis. Finally, the parameters of the 

movements to T1 in the double-step pointing task (stationary condition), and in 

the simple pointing task (“centre target”-condition) were compared in a 

quantitative analysis. In the double-step pointing task, 89 trials (4.9%) in the 

control group and 71 trials (5.0%) in the preterm born group, were excluded 

from the analyses, because the child was inattentive or anticipated the 

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

experimenter. In the simple pointing task 38 trials (9.7%) in the control group 

and 22 trials (8.2%) in the preterm group were excluded. Technical problems 

led to the loss of a further 125 trials (6.9%) in the control group and 93 trials 

(6.9%) in the preterm group in the double-step pointing task. No trials were 

lost to technical problems in the simple pointing task.
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Method Qualitative Analysis

For each trial, the MATLAB-based program showed the three 2D-

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

representations showed that 94.8% of movements (n=988) in the control 

group and 92.8% of movements (n=796) in the preterm group in the double-

step condition could be classified as 1) one movement ending in a single 

touch within 20 mm from the location of T2 (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 both of them had already disappeared when the screen was 

touched. The remaining 5.2% of movements (n=54) in the control group and 

7.2% of movements (n=57) in the preterm group in the double-step condition 

did not comply with the instruction of moving fast and/or “chasing” T2 and 

were not included in the analysis. Examples of such movements are releasing 

the finger key and holding still and waiting for T2 to appear 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. 

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

the double-step task, the time at which the direction of the movement changed 

towards the position of the second target location was determined manually 

for each trial using 2D-representations of the movements. Time of correction 

(ToC) was the interval between the time at which 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 the target. The parameters over time 

in the double-step condition are presented in Figure 4.2 (p. 105).

Statistical Analysis. Since all time parameters were positively skewed 

in both the double-step and the simple tasks, 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). Here, multilevel analysis allows more accurate statistical 

testing than the standard repeated measures (M)ANOVA-approach, because 

it allows unequal numbers of observations per individual, and it does not 

assume equality of group variances (Maas & Snijders, 2003).  

Efficiency of, and age-related changes in components of adapted 

movements For each parameter, we specified a full model taking the “2 

distances (T2a and T2b) x 10 trials”-design of the double-step condition into 

account. The intercept for all models was the near target location, i.e. T2a, in 

the 7-year-old control group. All terms were a combination of the factors target 

distance, age, and group, leading to 2x4x2 = 16 terms respectively. In these 

models, the effect of age was modeled for each age group separately, 

categorically, since we did not want to assume a linear effect of age. 

General or specific movement strategy? To investigate whether the 

children used a general or a specific movement adaptation, we compared the 
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movements in the stationary condition of the double-step pointing task –

movements to T1 - with the movements in the “centre target”-condition of the 

simple pointing task – also movements to T1. 

For each parameter, we specified a full model taking the “1 distance x 

10 trials”-design into account. The intercept for all models was the 7-year-old 

control group in the simple task. All terms were a combination of the factors 

age, group, and task leading to 4x2x2 = 16 terms respectively. 

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 (backward 

model selection). The first criterion was that the coefficient of a term did not 

reach statistical significance (p > .05). The second criterion was based on 

effect size. For the time parameters, we established this criterion using the 

minimal average lengthening of MT at any age between two target distances 

in a full model of the simple task, reported in Van Braeckel et al. (in press). In 

this model, the 9-year-old control group had the smallest lengthening of MT of 

12.6 ms between the near and far targets. To be conservative, we selected a 

coefficient smaller than 11 ms as this criterion. For pointing error, we selected 

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

we considered differences smaller than this as ecologically irrelevant (Van 

Braeckel et al., 2007; Van Braeckel et al., in press).

All reported results are based on the simplified models. Model-derived 

means rather than raw means were used as the former take the differences in 

numbers of participants per clinical status group, and numbers of observations 

per participant into account. To illustrate how estimates for interaction effects 

are calculated, we calculate the estimated mean RT for the near target in the 

10-year-old preterm group in the double-step task using the model in Table 

5.4 (p. 142) as follows: 5.997 (intercept) + (-0.159; 10-year group) + (-0.002; 
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preterm group) + 0.132 (preterm x 10-year group) = 5.968 ln(ms), then RT 

(ms) = exp(5.968) = 391 ms. To test for differences between an estimated 

mean and the intercept, one uses a t-test. To test for differences between two 

estimated means, one tests the contrast of the parameters’ sum using a chi-

squared test with 1 degree of freedom (see Snijders & Bosker, 1999, Ch. 6.1).

4. RESULTS

Results Qualitative Analysis
Effect of clinical status group on movement type Ninety-five percent of 

movements in the control group and 93% of movements in the preterm group 

could be classified as 1) one movement ending in a single touch within 20 mm 

from the location of T2, 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. The proportion of single touch (ST) and double 

touch (DT) movements in the two groups is presented in Figure 5.3. The 

children were quite consistent in using a single type of movement: 65% (n=39) 

of the control group and 62% (n=29) of the preterm group used ST-

movements on more than two-thirds of the double-step trials (ST-group), while 

33% (n=20) of the control group and 27% (n=13) of the preterm group used 

DT-movements on more than two-thirds of these trials (DT-group). One 7-

year-old control child (2%), and two 8-, and three 9-year-old preterm children 

(11%) were inconsistent, using both ST- and DT-movements with similar 

frequency (mixed group). The distribution of the children in the three 

movement type groups did not differ significantly between the control and the 

preterm groups, 2(2) = 4.103, p = .13. 
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Effect of age on movement type in the control and preterm groups The 

number and percentage of control and preterm born children per age group in 

the ST-, DT-, and mixed groups are shown in Table 5.3. There was no 

significant association between movement type and age group in the control 

group, 2(6) = 4.89, p = .56, or in the preterm group 2(6) = 4.98, p = .55.

Figure 5.3. Classification of the movements of control and preterm groups. On the 

right (≥66.9%) are the children in the Single Touch-group, in the middle (33.5% -

66.8%) are the children in the Mixed group, and on the left (≤33.4%) are the children 

in the Double Touch-group (inside bars: n).
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Table 5.3

Number and percentage of control and preterm children per age group in the Single 

Touch, Double Touch, and mixed groups

Results Quantitative Analyses
The mean RTs, MTs, and PEs in the double-step condition for each 

age group in the control and preterm ST-groups are shown in Figure 5.4. The 

mean ACCTs, DECTs, and ToCs are shown in Figure 5.5. The models for RT, 

MT, and PE in the ST-group are displayed in Table 5.4. The models for ACCT, 

DECT, and the categorical model for ToC are displayed in Table 5.5. 

Efficiency of adapted movements in the ST-group: effect of clinical 

status group At 9 years, mean RT in the preterm group was significantly 

longer than in the control group, 2(1) = 4.17, p = .04. No other differences 

were significant. At 7 years, mean MT in the preterm group was slightly longer 

than in the control group, which was near-to-significant, t(60) = 1.58, p = .06. 

However, at 10 years, mean MT in the preterm group was significantly shorter 

than in the control group, 2(1) = 17.00, p = .000. At 9 years, mean PE in the 

preterm group was 2 mm higher than in the control group, which corresponds 

to the relevance criterion and which was significant, 2(1) = 6.93, p = .008. 

Age
Movement group 7 8 9 10 7 8 9 10

Single Touch 9 9 12 9 5 9 9 6
60% 60% 80% 60% 56% 65% 60% 67%

Double Touch 5 6 3 6 4 3 3 3
33% 40% 20% 40% 44% 21% 20% 33%

Mixed 1 0 0 0 0 2 3 0
7% 0% 0% 0% 0% 14% 20% 0%

Control Preterm
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At 10 years, mean ACCT in the preterm group was significantly longer 

than in the control group, 2(1) = 4.24, p = .04. At 10 years, mean DECT in the 

preterm group was significantly shorter than in the control group, 2(1) = 

18.17, p = .000. Mean ToC did not differ between the preterm and the control 

groups. 

Age-related changes in components of adapted movements in the ST-

groups The age-related differences in the control and preterm groups are 

shown in Figures 5.4 (p. 145) and 5.5 (p. 145). Only comparisons of 

consecutive age groups are reported. In the control group, mean RT in the 7-

year-olds was significantly longer than in the 8-year-olds, t(91) = 1.89, p = .03. 

In the preterm group, mean RTs did not differ significantly between the age 

groups. Mean MT in the 8-year-olds was longer than in the 9-year-olds, which 

was near-to-significant in the control group, 2(1) = 2.99, p = .08, and 

significant in the preterm group, 2(1) = 6.37, p = .01. In the preterm group, 

mean MT in the 9-year-olds was significantly longer than in the 10-year-olds, 

2(1) = 14.86, p = .000. There were no significant differences in mean PE in 

the control and preterm groups.

In the control group, mean ACCT in the 9-year-olds was significantly 

longer than in the 10-year-olds, 2(1) = 5.14, p = .02. In the preterm group, 

there were no significant differences in mean ACCT between the age groups. 

In the control and preterm groups, mean DECT in the 8-year-olds was 

significantly longer than in the 9-year-olds, 2(1) = 4.65, p = .03 in the control 

group and 2(1) = 8.81, p = .003 in the preterm group. In the preterm group, 

mean DECT in the 9-year-olds was significantly longer than in the 10-year-

olds, 2(1) = 7.19, p = .007. In the control group, mean ToC decreased 

significantly between the 7-, and 8-year-olds, t(92) = 1.98, p = .03. In the 

preterm group, there were no significant differences in mean ToC between the 

age groups.  
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Figure 5.4. Mean reaction time (top), movement time (middle), and pointing error 

(bottom) for each age group in the control and preterm Single-Touch groups in the 

double-step condition. *, p≤.05 and t, .10>p>.05 between control and preterm groups; 

+, p≤.05 between age groups in either preterm or control group.
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Figure 5.5. Mean acceleration time (top), deceleration time (middle), and time of 

correction (bottom) for each age group in the control and preterm Single-Touch groups 

in the double-step condition. *, p≤.05 between control and preterm groups; +, p≤.05 

between age groups in either preterm or control group.
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General or specific movement strategy? The differences in mean RT, 

MT, and PE between the stationary condition of the double-step task and the 

centre target condition of the simple task for each age group in the control and 

preterm groups are shown in Figure 5.6 (p. 149). The differences in mean 

ACCT, and DECT are shown in Figure 5.7 (p. 150). The models for all 

parameters are displayed in Table 5.6.

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

task than in the simple task in the control group, 2(1) = 6.38, p = .01, and in 

the preterm group, 2(1) = 6.43, p = .01. In the control group, mean MT in the 

double-step task was significantly longer than in the simple task in all age 

groups, t(54) = 3.08, p = .002 in the 7-year-olds, and 2(1) = 8.61 to 23.35, p = 

.003 to .000 in the remaining age groups. In the preterm group, mean MT in 

the double-step task was significantly longer than in the simple task in the 7-, 

8-, and 9-year-olds, 2(1) = 4.57 to 16.88, p = .03 to .000, and almost 

significantly longer in the 10-year-olds, 2(1) = 3.45, p = .06. Differences in 

mean PE between the double-step and the simple task were not significant in 

either group. 

In the control group, mean ACCTs in the double-step task were 

significantly longer than in the simple task in the 7-, and 8-year-olds, t(55) = 

1.78, p = .04, and in the 9-year-olds, 2(1) = 9.74, p = .002. However, the 

difference between the 7-, and 8-year-olds was smaller than the relevance 

criterion of 11 ms. Note that, since the task by age interaction could be 

removed from the model for the 8-year-olds (double-step x 8-year in Table 

5.6), the main effect of the double step task represents both 7-, and 8-year-old 

control groups. Consequently, only one test suffices to compare 7-, and 8-

year-old control groups between the two tasks. In the preterm group, mean 

ACCT in the double-step task was significantly longer than in the simple task 

in the 10-year-olds, 2(1) = 5.69, p = .02. In the control group, mean DECTs in 
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the double-step task were significantly longer than in the simple task in all age 

groups, t(55) = 3.26, p = .001 in the 7-, and 9-year-olds, and 2(1) = 17.83 and 

7.32, p = .000 and .005 in the 8-, and 10-year-olds respectively. Since the task 

by age interaction could be removed from the model for the 9-year-olds 

(double-step x 9-year in Table 5.6), the main effect of double step task 

represents both 7-, and 9-year-old control groups. Consequently, one test 

suffices to compare 7-, and 9-year-old control groups between the two tasks. 

In the preterm group, mean DECT in the double-step task was significantly 

longer than in the simple task in the 7-, 8-, and 9-year-olds, 2(1) = 6.62 to 

13.30, p = .01 to .000.
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Figure 5.6. Absolute and proportional (% in bars) difference in mean reaction time 

(top), movement time (middle), and pointing error (bottom) between the stationary 

condition of the double-step task and the centre target condition of the simple task for 

each age group in the control and preterm groups. *, .05 ≥ p > .01; **, p ≤ .01.
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Figure 5.7. Absolute and proportional (% in bars) difference in mean acceleration time 

(top), and deceleration time (bottom) between the stationary condition of the double-

step task and the centre target condition of the simple task for each age group in the 

control and preterm groups *, .05 ≥ p > .01; **, p ≤ .01.

0

20

40

60

80

100

7 8 9 10

Age (years)

A
cc

el
er

at
io

n 
Ti

m
e 

(m
s)

D
ou

bl
e-

st
ep

 - 
Si

m
pl

e 
ta

sk
Control Preterm

*

*

**
*

6% 0
12%

6% 0 7% 8

22%

0

20

40

60

80

100

7 8 9 10
Age (years)

De
ce

le
ra

tio
n 

Ti
m

e 
(m

s)
D

ou
bl

e-
st

ep
 - 

Si
m

pl
e 

ta
sk

Control Preterm

**
**

**

** **

**

**

18% 17%

31%
30%

18%
17%

28%

8%



Movement adaptations in preterm born children

151

5. DISCUSSION

We studied movement adaptation in a group of 7- to 10-year-old 

preterm born and 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 

and an on-line movement correction. The majority of the children in both 

groups were able to adapt their movements to meet the requirements of both 

speed and accuracy. Results suggest that this ability has developed in the 

majority of 7- to 10-year-old preterm born and typically developing children. 

However, results showed subtle differences between the two groups 

suggesting slightly lower efficiency in the preterm group. Furthermore, the 

age-related trajectories of the movement components differed between the 

two groups, suggesting different rather than delayed developmental course of 

elementary visuomotor processes involved in movement adaptations in 

preterm born children.

Movement adaptations

The majority of children in both groups used single touch responses, 

which reflected an optimal adaptation to the demands of the task, on more 

than two-thirds of the double-step trials. A minority in both groups used less 

well adapted double touch (DT) responses in more than two-thirds of the 

double-step trials (DT-group). The similar frequencies of the two types of 

responses in the two groups suggest that there is no difference in the way 

children in the two groups adapted their movements. Moreover, the results 

showed that both types of responses occurred equally frequently at all ages in 

the two groups, which suggests that the ability to optimally adapt movements 
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on-line has developed by 7 years of age in the majority of preterm born and 

typically developing children. 

It remains unclear why the DT-group did not slow their response in the 

double-step condition to meet the requirement of accuracy, although the 

children were aware that such responses were inappropriate, since DT-

responses were not followed by an auditory tone. One possibility is that these 

children moved very fast thinking they could touch the first location of the 

target before it disappeared. The significantly shorter mean movement time in 

both DT-groups on the double step task is consistent with this interpretation. 

Another possibility is that the DT-group was unable to inhibit the on-going 

movement. However, since the control and preterm DT-groups touched T1 on 

average 86 ms and 120 ms respectively after the target had reappeared at the 

second location (T2), which is 120 ms after movement onset, they should 

have had sufficient time to inhibit the on-going movement. 

Efficiency of optimally adapted movements

Responses of the preterm ST-group in the double-step condition were 

neither consistently slower nor consistently less accurate than responses of 

the control ST-group. However, when both speed and accuracy of the total

response is taken into account, this holds only for the 8- and 10-year-old 

groups, since subtle differences in efficiency emerged at 7 and 9 years. The 7-

year-old preterm group was less efficient than their control age mates (longer 

MT and similar PE, Figure 5.4). This difference was subtle, since MT was only 

slightly longer. At 9 years, the preterm group was less efficient than their 

control age mates (longer RT and higher PE). At first glance the 10-year-old 

preterm group seemed more efficient than their control age mates (shorter MT 

and similar PE). However, mean response time (RT+MT) in the control group 

(985 ms) did not differ from the preterm group (989 ms). Interestingly, their 
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adaptive strategy was different: the reaction time and acceleration phase were 

longer, and the deceleration phase shorter. This suggests that the 10-year-old 

preterm group spent more time in movement planning and programming, 

which apparently reduced their reliance on on-line feedback for movement 

accuracy, thus shortening deceleration time. This finding is consistent with the 

interpretation of a different, but equally efficient adaptive strategy in the two 

10-year-old groups. 

Time of correction (ToC), the time between the presentation of the 

second target (T2) and movement onset towards this target, was our main 

marker for movement adaptation efficiency. During ToC, the movement 

program is updated with the visual information on the target’s new location 

(T2) while the on-going movement is inhibited. Although mean ToC did not 

differ significantly between the control and preterm groups, mean ToC was 

consistently longer in the preterm group across all age groups. This suggests 

that on-line visual feedback processing for corrective movement programming 

is slightly slower in preterm born children. 

Age-related changes in efficiency of optimally adapted movements

In the control ST-group, the results suggest that movement preparation 

becomes more efficient between 7 and 8 years, while movement execution 

becomes more efficient between 8 and 9 years before leveling off between 9 

and 10 years (Figure 5.4). The decrease in movement time was related to a 

decrease in deceleration, but not acceleration time. The age trajectory in the 

preterm ST-group was different: movement preparation did not differ between 

all age groups, response efficiency did not change between 7 and 8 years, 

and movement execution became more efficient between 8 and 10 years of 

age. The decrease in movement time was related to a decrease in 

deceleration but not acceleration time (Figure 5.5). This suggests that the 
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increases in response efficiency between the 8- and 9-year-old control groups 

and the 8- to 10-year-old preterm groups were associated with a speeding up 

of on-line visual feedback processing rather than an increase in movement 

programming efficiency (Elliott et al., 1999, 2001). The absence of any 

improvement in movement preparation suggests that the developmental 

course of the visuomotor processes involved in on-line movement adaptations 

is different rather than delayed in preterm born children.

The results in the control group of our main marker for movement 

adaptation efficiency, ToC, are in line with the non-monotonic development of 

movement control in 7- to 9-year-old typically developing children (see 

Introduction). In the control group, mean ToC decreased between 7 and 8 

years, and did not differ between the older groups. Since mean deceleration 

time did not differ between the 7-, and 8-year-old control groups, it is likely that 

the 8-year-olds updated the movement program faster than the 7-year-olds 

(decrease in ToC), but required more time to control the corrective movement 

(DECT minus ToC). Since deceleration time but not time of correction 

decreased between the 8- and 9-year-olds, our results further suggest that the 

execution of a corrective movement but not the on-line updating of the 

movement program becomes more efficient in typically developing children 

between 8 and 9 years of age. At the age of 10 years, both deceleration time 

and time of correction did not change, which suggests no age-related change 

in the efficiency of on-line processing during the execution of adapted 

movements. The results in the preterm group suggest a different age 

trajectory of ToC than in the control group, since mean ToC did not differ 

between any age group in the preterm group. However, after close inspection 

of the results on mean ToC (Figure 5.5), a model in which the effect of age 

was modeled linearly fit the data of the control and preterm groups also 

(interval model). This model showed a significant decrease of 15 ms in mean 
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ToC between each consecutive age group in both groups, t(66) = 3.76, p = 

.000. Since a deviance test showed no significant difference in fit between the 

two models, 2(8) = 11.89, p = .16 (for information on comparing multilevel 

models, see Snijders & Bosker, 1999, Ch. 6.2), the interval model could be 

preferred for reasons of parsimony. However, the non-interval model and the 

results shown in Figure 5.5 suggest that such a linear decrease of ToC in the 

control group is more likely related to the significant and large decrease, i.e. 

33 ms, which is double the effect size of age in the interval model, between 

the 7-, and 8-year-olds than to a linear and equal decrease of 15 ms between 

all age groups. Therefore, we argue that the non-interval model is the most 

accurate model to describe the effect of age on mean ToC in the control 

group. Although the current sample size provides insufficient power to 

conclude whether mean ToC decreased linearly or did not differ between the 

age groups in the preterm group, results are consistent with a different age 

trajectory from the control group. This suggests that the age trajectory of on-

line visual feedback processing for corrective movement programming in 

preterm born children is different from typically developing children. 

Interestingly, the lengthening of mean ToC across all age groups in the 

preterm group was near-to-significant, t(65) = 1.37, p = .09, according to the 

interval model, which is consistent with the previous suggestion of slightly 

slower on-line visual feedback processing for corrective movement 

programming in preterm born children.

General or specific movement strategy of optimally adapted movements?

To determine how the children adapted their movements to the 

demands of the task, we compared reaction and movement execution times 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. Reaction 



Chapter 5

156

time allows us to identify adaptations in movement preparation, and 

movement, acceleration, and deceleration times allow us to identify adaptation 

of movement execution. In both groups, only the 9-year-olds showed a 

significant difference in reaction time between the two tasks, suggesting no 

consistent pattern of adaptation in movement preparation over all age groups 

(Figure 5.6). However, we found a clear pattern of longer movement times, 

associated primarily with longer deceleration times in the double-step task, in

all but the 10-year-old preterm group (Figure 5.7). Endpoint accuracy did not 

differ between the two tasks. This suggests that the optimal movement 

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

component of the movement execution, i.e. deceleration time, was adapted. 

These results suggest that both control and preterm ST-groups had some 

implicit understanding of which component could be adapted optimally to meet 

both the speed and the accuracy requirements of the task. 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, 2001). Slowing down during this phase allows for more 

visual control so that accuracy can be maintained. The lengthening of 

movement time in the 10-year-old preterm group was associated with a 

lengthening of acceleration rather than deceleration time. It remains unclear 

why this group differed from the other groups. It could be that this group 

lengthened the acceleration phase to allow the visual information on a 

possible second target to become available during this phase. However, the 

average acceleration time in the 10-year-old preterm group was 203 ms, 

which was still before such information could become available (220 ms after 

movement onset). 
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Limitations of the study

The preterm group had significantly lower IQs than the control group. 

However, we find it unlikely that IQ can explain differences in kinematic 

characteristics of movements on a visuomotor task in which high-level 

cognition has minimal influence. 

Theoretical implications

There is increasing evidence for the hypothesis that impaired dorsal 

visual stream functioning is involved in the visuomotor problems of preterm 

born children without serious neonatal medical complications (Foreman et al., 

1997; Sagnol et al., 2007; Van Braeckel et al., in press). The involvement of 

frontal brain regions in the execution of our double-step pointing task is likely, 

since these regions are involved in the planning of complex visuomotor 

actions, such as movement sequences, adaptations and strategies (Glover, 

2004). Glover further suggests that these frontal regions receive afferent 

information from the dorsal visual stream for the planning of such movements. 

Given this, our finding of slightly less efficient movement execution in the 

preterm group on the double-step task then suggests that impaired dorsal 

visual stream affects the execution of on-line movement adaptations. The 

finding of no difference in the optimality of the adaptation between the two 

groups suggests that impaired dorsal visual stream functioning does not affect 

frontal functioning for planning movement adaptations and strategies. 

We emphasize that the preterm born children studied here had 

survived severe prematurity without developing CP, and that the visuomotor 

processes required for the double-step pointing task had received daily 

practice over a number of years. However, these children performed less 

efficiently on a simple visuomotor task in a previous study (Van Braeckel et al., 

in press) and on the double-step pointing task. The differences found here, 
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though small, add to our understanding of plasticity by suggesting that there 

are limitations to the plasticity of the young human brain, which has been 

affected by atypical early events and premature environmental experience 

even in the absence of serious neonatal brain injuries.

6. CONCLUSION

Current results suggest that the ability to optimally plan and execute 

on-line movement adaptations has been developed in the majority of 7- to 10-

year-old preterm born children without CP as in typically developing age 

mates. The efficiency of these adaptations is only slightly lower in such a 

group of preterm born children, which is surprising given earlier findings of 

impaired elementary visuomotor processes (Foreman et al., 1997; Sagnol et 

al., 2007; Van Braeckel et al., in press). The developmental course of the 

visuomotor processes, underlying movement adaptations, in preterm born 

children is most likely different rather than delayed. 
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