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SUMMARY 
This contribution to the ISB2011 conference is a tribute to the 
conference topic: the Fibonacci sequence. It’s also meant as a 
stimulus for further search on invariant movement features 
between individuals rather than a distinguished scientific 
study.  
The Golden Proportion (GP) was shown to be the limit of the 
ratio of two consecutive Fibonacci numbers. Aside from its 
mathematical background practical applications can be located 
in architecture, art, music, botany, anatomy, human 
perception, etc. In addition, possible applications of the GP 
may also be found in human motor behavior. A study was 
conducted to analyze the ratio between the total contact time 
and the time for the downward movement in 
countermovement jumps (CMJ) performed by nine 
subpopulations (N=174) with different motor expertise and 
age. An integration of force plate data was used to evaluate the 
different movement phases. Mean ratios between the total 
contact time and the downward movement time were found 
slightly below the GP (=1.618…) across the different 
subpopulations. A statistical analysis of variance on post-hoc 
tests revealed small but significant differences only for two 
subgroups (of volleyball players). In addition, this ratio 
seemed to remain stable when subjects were instructed to 
perform CMJs in different modes of execution. 
 
INTRODUCTION 
Aside from its original background in Euclidian mathematics 
the Golden Proportion (also called: the Golden Ratio or Divine 
Proportion) has been shown to be the limit of the ratio of two 
consecutive Fibonacci numbers (first proof given by the 
German mathematician and astronomer Johannes Kepler 
(1571–1630)). Beyond the formal use in mathematics the 
Golden Proportion (GP) has found various practical 
applications in architecture, art, and music representing a 
harmonic relationship between constituting objects. In 
addition, the GP and the Fibonacci numbers are also detected 
in different fields in flora. Moreover, there are various 
examples related to human perception and human anatomy 
exhibiting ratios close to the numerical value of the GP. It 
remains open, whether there are also examples in human 
motor behavior (e.g. the extensor-flexor ratio for the thigh 
muscles or the ratio between the step-cycle duration and the 
stance phase) were such relationships may be present as 
regards to a harmonic behavior between muscles or between 
body segments. In this conference contribution we examined 
the ratio between the total contact time and the time for the 
downward movement in the countermovement jump (CMJ).  
 
METHOD 
A total of 174 subjects (children, school boys, female and 
male PE students, junior ski-jumpers, international ski-
jumpers (including World champions and Olympic 

champions), national and international level volleyball 
players) were examined.  
In addition, seven male sports students (27.0 ± 1.8 years, 
178.3 ± 4.6 cm, 76 ± 3.6 kg) were asked to perform 10 CMJs 
with very different execution modes. They were instructed to 
vary their CM amplitudes, their movement velocities, and 
their jumping height as much as possible.  
For all jumps, KISTLER-force plate data (sampling rate 1000 
Hz) was used to calculate jumping height, CM amplitude, and 
total contact time. The end of downward movement phase was 
evaluated by an integration procedure of the vertical ground-
reaction force to gain information about the velocity curve for 
the centre of mass (for an explanation of the measurement 
procedure and for the precision of the calculations see [1]). 
Subjects were asked to jump as high as possible. Aside from 
keeping the arms akimbo no specific instruction was given 
regarding the CMJ technique. The best of three trials was used 
for the statistical analysis. A Oneway Anova with Scheffé 
post-hoc tests was calculated to examine differences between 
subgroups.  
 
RESULTS AND DISCUSSION 
The results of the first part of the study are listed in Tab. 1. 
While the total mean value across all subjects was found to be 
1.55 ± 0.07 (lower and upper limits for the 95% confidence 
interval: 1.54 and 1.56) mean values for most subgroups were 
located closely nearby. Significant differences between 
subgroups were found in the Oneway Anova (F=2.53, p < 
0.05) only for the two volleyball teams. While the mean 
values for these subgroups were found above and below the 
total mean value specific techniques for their CMJs are 
assumed. 
For the second part of the study, the subjects performing 
different execution modes showed a mean ratio between the 
total contact time and the time for the downward movement of 
1.50 ± 0.07 (mean jumping height: 23.8 ± 3.0 cm). While large 
variations in CM amplitude and contact time were observed, 
only little variation in the time structure of the jumps was 
present. While this invariance within subjects maybe 
explained by the theory of generalized motor programs [2], the 
invariance between subjects maybe related to common 
biomechanical constraints for the execution of CMJs observed 
as early in children 5 years of age. All in all, the results show 
an amazing invariance in the time structure for the CMJ across 
various subgroups of different motor expertise and age. This 
invariance was found slightly below to the Golden Proportion. 
However, due to the natural variation in biological features a 
precise match was possibly too much to ask for.       
 
CONCLUSION      
The results of this study provide some evidence on a possible 
invariant movement feature in the countermovement jump.  
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Table 1: Anthropometric data and movement features for the countermovement jumps in the different subgroups (children, school 
boys at two different ages, junior ski jumpers and international ski jumpers, male and female physical education students, and 
volleyball players (1 = national level, 2 = international level). For the biomechanical analysis, jump height, countermovement 
amplitude (CM Ampl), and the ratio between the total contact time and the time for downward movement (Time Ratio) are listed.  
 
Subgroups N Age 

(y) 
Weight 

(kg) 
Height 
(cm) 

Jump Height 
(cm) 

CM Ampl 
(cm) 

Time Ratio 

children 15  5.5 ± 0.6 21.7 ± 3.3 119.8 ± 6.3 12.1 ± 1.2 15.4 ± 1.2  1.56 ±±±± 0.05 

young school boys  12 13.5 ± 0.5 53.7 ± 5.9 168.0 ± 6.1 21.8 ± 3.7 29.0 ± 4.3 1.59 ±±±± 0.07 
old school boys  12 15.7 ± 0.8 64.2 ± 3.6 181.0 ± 4.1 30.9 ± 3.1 32.1 ± 6.0 1.55 ±±±± 0.08 
junior ski jumpers 30 15.4 ± 1.4 58.6 ± 7.9 172.9 ± 7.3 40.9 ± 6.1 37.8 ± 4.8 1.56 ±±±± 0.09 
international ski jumpers 25 21.0 ± 2.9 66.0 ± 4.5 177.5 ± 4.7 47.6 ± 6.9 44.1 ± 4.1 1.55 ±±±± 0.06 
male PE students  15 27.9 ± 4.2 77.6 ± 6.7 181.8 ± 4.5 36.8 ± 4.3 31.7 ± 6.5 1.56 ±±±± 0.06 
female PE students 45 23.6 ± 2.3 60.2 ± 5.3 169.3 ± 5.7 25.1 ± 4.4 27.1 ± 4.4 1.53 ±±±± 0.06 

volleyball players 1 10 24.8 ± 4.6 84.2 ± 6.4 190.3 ± 4.2 37.3 ± 3.6 38.0 ± 6.7 1.61 ±±±± 0.07 

volleyball players 2 10 24.8 ± 2.8 86.8 ± 9.0 195.0 ± 5.8 40.0 ± 6.9 33.5 ± 4.1 1.50 ±±±± 0.07 
 


