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Summary

Humans are able to adjust their movements online in response to changes in the 

surroundings. Different frameworks proposed solutions for the control of these 

movements, including desired trajectory control, equilibrium point control and optimal 

control. This thesis studied the characteristics of online corrections to gain insight in 

the motor control. Online corrections were characterized by the behavioral parameters 

response latency, response intensity, movement duration and end point accuracy. 

Different double-step paradigms were used to evoke movement corrections. The 

characteristics of the corrections were examined at different stages in the timeline of a 

correction: the execution of the correction, the period of information monitoring before 

the movement correction and the period including a history of movement corrections.

 When studying online movement adjustments, one of the interesting 

parameters is their latency. In Chapter 2 we set out to compare three different methods of 

determining the latency: the threshold, confidence interval and extrapolation methods. 

We simulated sets of movements with different movement times and amplitudes of 

movement adjustments, all with the same known latency. We applied the three different 

methods in order to determine when the position, velocity and acceleration of adjusted 

movements started to deviate from the values for unperturbed movements. We did so 

both for averaged data and for data of individual trials. We evaluated the methods on 

the basis of their accuracy and precision, and according to whether the latency was 

influenced by the intensity of the movement adjustment. The extrapolation method 

applied to average acceleration data gave the most reliable estimate of latency, according 

to these criteria.

 To study the strategy in responding to target displacements during fast goal-

directed arm movements, Chapter 3 examined how quickly corrections are initiated and 

how vigorously they are executed. We perturbed the target position at various moments 

before and after movement initiation. Corrections to perturbations before the movement 

started were initiated with the same latency as corrections to perturbations during the 



134

movement. Subjects also responded as quickly to a second perturbation during the 

same reach, even if the perturbations were only separated by 60 ms. The magnitude 

of the correction was minimized with respect to the time remaining until the end of 

the movement. We conclude that despite being executed after a fixed latency, these fast 

corrections are not stereotyped responses but are suited to the circumstances.

 It has been suggested that movements are planned in terms of direction and 

distance. If so, online adjustments to changes in the direction and distance of the 

movements may also differ. Chapter 4 investigated whether fast online movement 

adjustments are the same for perturbations of the direction and of the distance. While 

subjects made fast pointing movements, we perturbed either target direction or 

distance or both shortly after movement initiation. Both kinds of perturbations resulted 

in accurate online adjustments. The response latency and intensity of corrections for 

distance and direction perturbations were quite similar. This suggests that there might 

be one mechanism controlling both distance and direction perturbations.

 Chapter 5 set out to determine whether the fastest online hand movement 

corrections are only responses to changing judgments of the targets’ position or whether 

they are also influenced by the apparent target motion. Introducing a gap between 

when a target disappears and when it reappears at a new position in a double-step 

paradigm disrupts the apparent motion, so we examined the influence of such a gap 

on the intensity of the response. We found that responses to target perturbations with 

disrupted apparent motion were less vigorous. The response latency was 10 ms shorter 

when there was a gap, which might be related to the gap effect that has previously been 

described for initiating eye and hand movements.

 There is debate as to whether it is possible to learn to perform a motor 

sequence without awareness of the sequence. Chapter 6 introduced a new paradigm 

to examine such implicit sequence learning in which subjects’ expectations about the 

upcoming target position can be studied on every trial. The most elementary sequence, 

alternation between two options, was presented to subjects in a double-step paradigm 

in which subjects started to move before the final target position was visible. After 

each experiment we asked subjects whether they had noticed any regularities in the 
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presentations. In an experiment with target jumps that differed relatively little in size, 

we found that subjects learnt to anticipate the average size of the target jump, but they 

did not learn the sequence. Rather, subjects initially tended to move to the previous 

target position. In a second experiment we extended the duration of the learning period 

and increased the difference in size between the target jumps. Five out of twelve subjects 

reported having noticed this sequence. Four of them started moving in anticipation of 

the sequence at some time during the experiment. None of the seven subjects who had 

not noticed the sequence moved in anticipation of the sequence. Thus we did not find 

evidence for implicit sequence learning.

 The findings in the different chapters were related to each other in the epilogue. 

From this it was concluded that the initiation of corrections is very fast and highly 

automatic, but might be influenced by muscle excitation characteristics and the gap 

effect. The execution of corrections is sophisticated and resulted in almost complete 

to perfect corrections. The sophistication was the outcome of response intensity and 

movement time modulations. The modulations depended on online information such 

as the timing of the perturbation, the direction of the perturbation and the apparent 

target motion, and on expectations based on previous trials about the probability of a 

perturbation to occur. The observed movement corrections suggest behavioral analogies 

between responses to target displacements and responses to displacements of (the 

visual representation of) the hand. A minimum jerk model cannot accurately describe 

all movement corrections observed in this thesis. Future research might address the 

interaction between online and experience-based response intensity modulations.


