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Surrogation analysis has been used to identify if postural control is of 
deterministic nature and to evaluate the inherent complexity of this 
skill. Typically, this analysis is conducted by comparing a characteristic 
measure of a data series (i.e. approximate entropy) to the same 
measure of a surrogate time series of that data. While several 
methods of surrogation exist, generally they are directed at producing 
a temporally randomized time series from the original, without 
severely altering its standard properties (i.e. mean and variance) [1].  
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Increasing trends in our results demonstrate that the control of sitting 
posture changes across development, evolving toward determinism.  
 

This development of deterministic structure supports the theoretical 
perspective of optimal movement variability [4], where we have 
proposed that motor learning leads to a more organized structure of 
movement variability allowing for maximally adaptive behavior and 
more effective cooperation of the involved subsystems.  
 

Interestingly, the data suggests that deterministic control develops 
differently for the AP and ML postural axes, indicating that the 
emergence of control of sitting in the AP direction precedes that of 
control in the ML direction.  
 

This work may prove valuable in the continued assessment of the 
acquisition of motor skills; particularly those of postural relevance, but 
possibly extendable to the general evolution of motor development. 
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PURPOSE 

Evaluate the emergence of deterministic control 
of the anteroposterior and mediolateral axes of 

sitting posture in typical infants 
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METHODS 

Mann-Whitney nonparametric tests 
were conducted to compare the 
ApEn values for the 6 original data 
series against those of the 6 
surrogate series. In cases where the 
ApEn values of these sets were 
significantly larger, the conclusion of 
the presence of deterministic 
temporal structure was confirmed. 

Surrogated time series were produced 
using Theiler et al.’s [2] algorithm, while 
approximate entropy [ApEn; 3] was used 
to characterize the temporal structure of 
both the original and surrogate series. 
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Stage-wise comparison of the presence of determinism within the group of 
infants. Data is plotted as the percent of total trials in which the postural 
motion was confirmed deterministic. Data is grouped by postural axis 
(anteroposterior, AP and mediolateral, ML) for each of three sitting Stages. 

An extension of the common interpretations of surrogation analysis 
includes the quality of information that is brought out of the behavioral 
data. Report of deterministic structure in postural data suggests, 
directly, that a considerable control is enacted by the central nervous 
system in an effort to regulate the position of the body in space. 
Especially, surrogation may be useful in uncovering the time course of 
the development of deterministic control of human postural movement. 

Stage 1 Stage 3 

Anteroposterior (AP) Anteroposterior (AP) 

Center of pressure (COP) was recorded 
(via AMTI force platform, 200Hz) from 
a group of 20 infants, throughout their 
development of sitting proficiency.  
 

6 trials were collected at each of 3 
stages of development for each infant; 
ranging from the earliest expression of 
sitting with prop support (Stage 1) to 
fully  independent sitting (Stage 3). 
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