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1/f fluctuations have been discovered in a number of time series collected in psychological 

and behavioral experiments. This ubiquitous phenomenon has been ignored for a long time 

and classical models were not designed for accounting for these long-range correlations. A 

specific focus on serial correlations allows to question and re-assess these models, and to 

revisit a number of fundamental issues, especially in the domain of motor control. The aim of 

this symposium is to present some recent experimental results, based on serial correlation 

analysis, with a special focus on the theoretical consequences of the presence such persistent 

long-range correlation in motor behavior.  

 

Didier Delignières and Kjerstin Torre present the results of an experiment contrasting self-

paced and externally paced forearm oscillations. The analyses focus on serial dependence and 

limit cycle dynamics, and offer new insights on the distinction between event-based and 

emergent timing processes.  

 

Ana Diniz proposes and evaluates two alternative models for accounting for the presence of 

fractal dependence in self-paced tapping. In the first one the internal timekeeper is modelled 

as a fractionally integrated noise, whereas in the second one, that process is modelled as a 

regime-switching process.  

 

Maarten Wijnants, Anna Bosman, Ralf Cox, Fred Hasselman and Guy Van Orden present a 

study on motor learning, which reveals that lower-dimensional dynamics and clearer 

examples of long-range dependence emerge in more coordinated precision aiming 

movements. Consequences for theory and modelling are discussed. 
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We analyzed serial dependencies in periods and asynchronies collected during self-paced 

forearm oscillations and during oscillations performed in synchrony with a metronome. 

Additional analyses were performed at the level of limit cycle dynamics. In the self-paced 

condition series of period presented 1/f fluctuations, and the limit cycle suggested harmonic 

motion (circular trajectory in the phase portrait) without any anchoring at reversal points. In 

the synchronization condition, results showed that asynchronies present 1/f fluctuations, and 

periods series anti-persistent dependence. Such alteration of serial dependence was already 

observed in synchronization tapping. The analysis of limit cycle dynamics revealed a specific 

asymmetry induced by synchronization, and an anchoring phenomenon located at the 

occurrence of the signal of the metronome. These results suggest that the source of fractal 

fluctuation that underlies self-paced performance is still at work in synchronization. The 

pattern of serial correlation observed in synchronization results from the combination of an 

intrinsic fractal dynamics and a kind of coupling process that stabilizes asynchronies. The 

alteration of limit cycle dynamics suggests a continuous form of coupling, in contrast with 

that invocated for synchronized tapping. We propose a hybrid limit cycle model including a 

cycle-dependent stiffness parameter provided with fractal properties, and a parametric driving 

function based on velocity. This model accounts for most experimentally evidenced statistical 

features, including serial dependence and limit cycle dynamics. We analyze the implications 

of these results within the event-based vs emergent timing distinction.  
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An important issue in several scientific areas is the evolution of phenomena over time. In this 

context, the time series approach in the time and frequency domains has a key role, allowing 

for modelling and inference. In the motor control area, some time series studies related to 

repetitive motor tasks have revealed results that are typical of long-memory processes. This 

presentation focuses on the modelling of long series of inter-response intervals in a tapping 

task, through models which generate long memory and suggest explanations about its 

presence. The analyzed data refer to series of inter-response intervals in a tapping task with 

target intervals of 800 ms and 1600 ms performed by ten students of the Faculty of Human 

Kinetics – Lisbon. The Wing-Kristofferson model which decomposes the inter-response 

intervals into intervals associated to a cognitive component and intervals associated to a motor 

delay is taken as a starting point. In the original model, based on short series, the processes 

related to the cognitive and motor components are treated as independent white noise sources. 

In this presentation, two theoretical alternative models, based on long series, are proposed as 

well as some biological interpretations. In the first alternative model, the process related to the 

cognitive component is modelled as a fractionally integrated noise, whereas in the second 

alternative model, that process is modelled as a regime-switching process.  For each of these 

models, the theoretical autocorrelation function and the spectral density function are derived 

and evaluated. For the second model, some biological explanations are discussed. Finally, 

given the empirical series, the parameters of the two models are estimated with a spectral-

likelihood method and the results are compared through the AIC criterion. 
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When people coordinate their daily actions, the sequence of resulting behaviors is not 

randomly organized in time. A random sequence of actions would entail an infinite amount of 

degrees-of-freedom available for behavior, which leads to incoherent goal-directed actions. 

More constrained, coordinated behaviors only have a compressed subset of those degrees-of-

freedom available. Constraints on movement, e.g. accrued though practice, compress the 

available degrees-of-freedom, and thus reduce randomness in a sequence of repeated 

movements, which results in better coordinated behaviors. This logic holds for simple 

repeated movements. 

 

In a purposefully difficult aiming task, a reduction in randomness is shown over blocks of 

practice, revealing more clearly a 1/f scaling relation as performance improves. A further 

analysis shows the emergence of lower-dimensional and more stable temporal dynamics. An 

analytic strategy consisting out of a converging operation of 1/f scaling estimators, 

Recurrence Quantification Analysis (RQA), and entropy measures reveals exactly those 

characteristics. A purposefully easy, but comparable aiming task is lacking these changes in 

underlying dynamics. These results indicate that the process of motor learning is expressed by 

relative changes in the presence of long-range dependence. The goal is to further develop 1/f 

scaling estimators as a sensitive metric for psychomotor coordination.  

 

The congruity between these results and changes in 1/f scaling observed in time series of 

physiological, motor and cognitive systems makes a strong case for an interaction-dominant 

approach to 1/f noise, despite its theoretical controversy. The case for component-dominant 

accounts for 1/f noise, the most elegant counter-hypothesis, is rather weak; such approaches 

must come up with a rather extraordinary theory to explain these and other empirical findings. 

Consequences for the modelling of aiming movements will also be discussed. 

 


