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DEAR EDITOR 

Uncontrolled Manifold (UCM) approach 

has gained a lot of attention in the field of 

movement variability and related areas of 

research. The diversity of applications and 

the need to explore new UCM-based 

measures along with the advances in 

mathematical methods in UCM have led to 

several formulas for UCM outcome 

measures with different notations and 

conflicting interpretations. This letter is 

intended to summarize the most popular 

indexes while suggesting a unified notation. 

 

Starting from the seminal work of Scholz 

and Schöner (Scholz & Schöner, 1999) 

many researchers have employed this 

approach to understanding the underlying 

principles of human movement and 

force/torque/posture control, as well as 

identifying corresponding control variables. 

In the UCM approach, the variability of 

elements (e.g. joint angles) is decomposed 

into two variances, those who affect the 

performance variable (����) and those who 

don’t (����). These variances provide the 

basic ground to gain insight into the 

underlying phenomena like control of the 

center of mass to maintain a posture. 

However, several measures have been 

introduced as indexes of synergy which 

reflect the relative amount of these two 

kinds of variances. The simplest is the ratio 

� = ����/���� which returns the relative 

amount of good variance to the bad variance 

(Black, Smith, Wu, & Ulrich, 2007; Hsu, 

Scholz, Schoner, Jeka, & Kiemel, 2007); 

others have denoted this by S (Verrel, 2010) 

or ME (motor equivalent index) (Hsu, 

Chou, & Woollacott, 2013). Since in this 

index  ���� is normalized by ����, R is not 

sensitive to simultaneous change of both 

variances. To overcome this, some 

researchers have normalized the difference 

between the two variances to the sum of the 

variances ��� = (���� − ����)/(���� +

����), perhaps assuming that the total 

variance is equal to the sum of variances. In 
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some papers, this is symbolized as T (E. 

Park, Reimann, & Schöner, 2016), DVAR  

(E. Park, Schöner, & Scholz, 2012), S 

(Gianikellis, Sánchez-Margallo, 

Skiadopoulos, Sánchez-Margallo, & de 

Mendoza Aranda, 2015) or even R in (Papi, 

Rowe, & Pomeroy, 2015; Tawy, Rowe, & 

Biant, 2018); which in the latter case, could 

be mistaken with the simple ratio of 

variances. I suggest RMV for a relative 

measure of joint variances to avoid conflict 

with other measures as follows. 

As another point, the total variance is not 

simply the sum of the two variances, hence 

their degrees of freedom (DoF) should be 

considered, i.e. the total variance is 

expressed as ����=[ (� − �) ���� + � ���� ]/

�, where n and d are DoF of elemental and 

performance (task) variables, respectively 

(Verrel, 2010). Therefore, it is better to 

normalize the difference between the two 

variances to ���� as �� = (���� − ����)/

����. This measure is sometimes denoted by 

IMA (index of motor abundance) (Serrien, 

Witterzeel, & Baeyens, 2018; Yen & 

Chang, 2009) or ∆� (J. Park, Singh, 

Zatsiorsky, & Latash, 2012; Robert, 

Zatsiorsky, & Latash, 2008), or confusingly 

by T (Verrel, 2010) or � (Togo, Kagawa, & 

Uno, 2016). I suggest using the notation of 

DV or ∆�. 

Since these indexes of synergy are not 
usually distributed normally, before 
applying statistical hypothesis tests, they 
should be transformed. Log-transformation 
is suggested for the ratio, �� = log(����/
����) (Hsu et al., 2007) and modified 
Fisher’s z-transformation for DV as ��� =

[ log �
|���|���

������
� − log

|���|

���
 ]/2 (Solnik et al., 

2013), where ��� and ��� are the lower and 
the upper bounds of DV, respectively; 
which are calculated as ��� = −�/� and 
��� = �/(� − �). 

 

In summary, to avoid conflicts of notations 

and to facilitate a literature survey, I suggest 

the use of symbols R and Rt for the ratio of 

variances and its log-transformation, 

respectively. If the difference between the 

good and the bad variability is to be 

normalized to the sum of the two variances, 

this could be denoted by RMV, while after 

normalizing to ����, the index could be 

symbolized by DV or ∆�. 
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