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emergence are defined which amend the general 
explanation for the whole being more than the sum of its 
parts. First, it does not reject underlying theories, but 
complements them with new principles of organization or 
new laws [7]. The formation of the Stokes wave [8] is an 

example for new behavior of H2O molecules when 
aggregated to deep water. Information on the Stokes 
wave is not obtained from particle physics. Second, for 
emergence in synthesis, an actual instance of an object of 
a higher order must be met before the emergent law can 
be discovered [9]. For the Stokes wave, it could be the 
reckoning of wave formations in deep water. Third, for 
analysis in natural science, emergence can be perceived 
as a metaphysical principle of protection [10-11]. The 
molecules of a fluid could be replaced by another 
chemical element without affecting the shape of the 
waves. Fourth, emergence is restricted by the underlying 
laws of particle physics [12] such as by the fact that the 
weight of water cannot exceed the sum of the weight of its 
molecules. These four criteria are defined as: 

1. Formation of new laws (see section 4.2) 

2. Synthesis problem of emergence (see section 3) 

3. Analysis problem of emergence (see section 3) 

4. Limitation of laws due to the fundamental dynamics 
(see section 4.1) 

 

2 EFFECTIVE MOTION DESIGN 

Many artifacts reveal their functionality and purpose from 
just viewing a picture of it. Geometrical properties are 
recognized from the picture and the observer assigns the 
object into a class of practical relevance such as 
transportation unit, measurement device or sports 
equipment. Besides the identification of geometrical 
properties as a result from the extrapolation of the two 
dimensional picture into a three dimensional object, the 
observer is often able to identify the relevant motion which 
is related to the artifact. The observer may identify a 
round geometry as a wheel before or after he has 
assigned it to the class of transportation units. If the 
artifact is a train, the motion of the wheel in relation to the 
steel line is identified as a simple rolling motion. Though 
the wheel motion varies in speed and acceleration, the 
attribute of rolling characterizes well the whole solution 
space of possible wheel motion in the regular operation 
mode. If the artifact is a car, it becomes more delicate to 
assign an appropriate attribute to the motion behavior of 
the wheel. In figure 2, the observer assigns the correct 
wheels e, h and l to the corresponding cars in motion as 
e/c, h/k, l/f. 

The inverse perspective from the analyzing observer is 
the problem perspective of the designer who synthesizes 
the structure. He seeks to create a wheel which satisfies 
the requirements resulting from a special motion behavior 
by means of synthesis. For the snow rally car of figure 
figure 2k, a maximum traction for turns is intended. For 
the top fuel drag racer in figure 2f, maximum acceleration 
on a straight line is intended. For the energy-efficient car 
in figure 2c, a maximum distance is aimed for a given 
amount of energy. Thus for the wheel designer, the 
geometrical properties are correcting variables to be 
optimized to improve motion parameters which are the 
affected variables. The purpose of the artifact in creation 
is to meet the driver’s preferences in performing a specific 
motion behavior. The picture observer identifies the 
related motion from the analysis of the graphical 
properties due to his experience in mechanics or in 
motorsport. Synthesis and analysis lead to the same 
relation of each one kind of tire to one kind of motion 

behavior. However this 1: 1 relationship is not absolute. It 
results from the disposability of problem related 
knowledge. The engineer benefits from his experience in 
car dynamics. Mental projections are valuable both for the 
designer and for the interested observer. The mental 
projections of the engineer, however, may be of a more 
generic nature. 

For some pictures of artifacts, observers cannot identify 
the substantial motion which is related to the artifact. 
Figures 2b, j and m show three clockwork mechanics. It is 
not obvious which mechanics corresponds to a standard 
clock motion of figures 2a and d and which mechanics 
corresponds to the specific motion of the astronomic 
moon calendar of the town-hall clockwork in Prague, 
figure 2g. The mechanics are a composition of numerous 
parts. A technical drawing reveals the motion after an 
intensive analysis to the experienced observer. 
Consequently, the large compositions of figures 2b, j and 
m are a challenge to the observer, but not a barrier. 

For designers, various alternative mechanical concepts 
enable them to realize the standard clock motion. 
Systematic design as presented in the state of the art 
reduces the solution space to a few favorable variants. 
The clockworks of Big Ben, London (figure 2d) and the 
Zyglogge, Bern (figure 2a) are examples for competing 
solution concepts. If each clockwork solution represents a 
single set of graphical properties, a number of ���� 

graphical property sets are suitable to carry out the same 
standard clock motion. It is a 1: ����  relationship, 

where	���� is any large number. 

A common challenge in sports is to identify new relevant 
motion behavior for a single artifact like a single piece of 
sports equipment. For Olympic disciplines, the 
geometrical properties of the sports equipment are 
predefined. In the coordinative disciplines, sportsmen 
challenge to develop new motion behavior featuring a 
new quality of performance. A large number of different 
motion behavior  ��� is presented with the same sports 

equipment properties, resulting in the relationship 1:���, 

where ���  is any large number. However, if the time 

period under review is increased, it is recognized that the 
geometrical properties of the equipment developed over 
time as well, indicating a relationship of ����: ���. 

Figure 2i shows the evolution of snowboarding from the 
Snurfer board on the left which originated in 1965 until the 
emergence of the modern board properties around the 
1990s, following an ����: ���development. Since then, 

new motion patterns have been developed with pace in 
innovation. Though half pipe snowboarding became an 
Olympic discipline in 2002, new motion behavior has 
been presented at Olympia in 2010. Development of the 
1:��� type took over 20 years and is still ongoing. 

For many 1:���  and ����: ��� relationships, the 

problems of combinatorial explosion, insignificance 
between true and wrong behavior descriptions and small 
parameter spectra occur. For some 1: ���� problems are 

also persistent, but only if the description of the motion 
behavior ��� � 1 is available in an abstract manner. 

Figure 3 shows on the left side the barrier problem of 
emergence between motion and geometry for these 
problems of motion design. The other aspects are 
discussed in the following. 

 

3 MACRO-CAUSATION AND MICRO-COMPOSITION 

Macro and micro are often applied as synonyms for the 
global and local level in emergence. For this work, macro-
causation and micro-composition are derived from 
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