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In this chapter, we will explore the 
relationship between emergence, the 

structure of game mechanics, and 
gameplay in more detail. We will see that 
for gameplay to emerge from them, the 
mechanics must be balanced between 

order and chaos.



Gameplay as an Emergent Property of Games

We define gameplay as the challenges that a 
game poses to a player and the actions the player 
can perform in the game. Most actions enable the 
player to overcome challenges, although a few 
actions (such as changing the color of a racing 
car or chatting) may not be related to challenges



Gameplay as an Emergent Property of Games

It’s possible to program the game in such a way 
that every challenge has one unique
action that overcomes it.

In Tetris, nobody programmed in all the possible 
combinations and sequences of
falling tetrominoes (Tetris blocks). The game 
simply releases tetrominoes at random.



Gameplay as an Emergent Property of Games



Gameplay as an Emergent Property of Games



Between Order and Chaos

The behavior of complex systems (see 
the “What Are Complex Systems?” 
sidebar) can be classified as ordered 
to chaotic and anything in between. 

Ordered systems are simple to predict, 
while chaotic systems are impossible 
to predict, even when you fully 
understand the way the parts work 
that make up the system. Emergence 
thrives somewhere between order and 
chaos.



Between Order and Chaos



Between Order and Chaos

Periodic systems progress through a distinct number
of stages in an ongoing and easily predicted sequence



Between Order and Chaos

Emergent systems are less ordered and more chaotic than 
periodic systems. Emergent systems often display stable 
patterns of behavior, but the system might switch from
one pattern to another suddenly and unpredictably

Sid Meier's Civilization®: Beyond 
Earth™

http://store.steampowered.com/app/65980/


Between Order and Chaos



Can emergence be Designed?

Emergence can occur in complex 
systems only after they have been 
set in motion.

This explains why game design 
depends heavily on building 
prototypes and testing the game. 
Games are complex systems, and 
the only way to find out whether 
the gameplay is interesting, 
enjoyable, and balanced is to have 
people play the game in some 
form.



Structural Qualities of Complex Systems

The science of complexity typically concerns itself with 
vast, complex systems. The weather system is the classic 
example. In these systems, a small change can have
large effects over time. This is popularly known as the 
butterfly effect



Active and Interconnected Parts

At the boundary of mathematics, computer 
science, and games lies a peculiar field that 
studies cellular automata (the plural of 
cellular automaton). A cellular automaton
is a simple set of rules governing the 
appearance of spaces, or cells, in a line or 
on a grid.

Image result for cellular automatonmathworld.wolfram.com
A cellular automaton is a collection of "colored" cells on a grid 
of specified shape that evolves through a number of discrete 
time steps according to a set of rules based on the states of 
neighboring cells.



Active and Interconnected Parts

They must consist of simple cells whose rules are defined 
locally. This means the system must consist of parts that 
can be describe relatively easily in isolation.

In Wolfram’s cellular automaton example, eight simple rules 
determine the behavior of each individual cell.



Active and Interconnected Parts

The system must allow for long-range communication. 
Changes in the state of a single part of the complex system 
must be able to cause changes in parts distant
in space or time. Long-range communication is what 
makes the butterfly effect possible. In Wolfram’s cellular 
automaton, communication between parts takes place 
because each cell directly influences its immediate 
neighbors. Because those neighbors also have neighbors, 
each cell is indirectly connected to every other cell in the 
system.



Active and Interconnected Parts

The level of activity of the cells is a good 
indicator for the complexity of the behavior of 
the system. In a system that has only a very 
few active cells, interesting, complex behavior 
is unlikely to emerge. In Wolfram’s automaton, 
activity is understood as changes to a cell’s 
state: A cell is active when it changes from 
black to white or from white to black.





Active and Interconnected Parts

Tower defense games illustrate these properties well (Figure 3.3). 

Tower defense
games consist of a number of relatively simple parts. 

Enemies follow a predesigned
path toward the player’s fortress. 

Each enemy has a particular speed, a number of hit points, and perhaps a few attributes to make 
it more interesting. 

The player places towers to defend his position. Each tower fires projectiles at enemies within a 
certain range and at a certain rate.



Feedback loops Can Stabilize or Destabilize a 
System

A feedback loop is created when the effects of a
change in one part of the system (such as the number of 
predators) come back and affect the same part at a later 
moment in time. In this case, an increase of the number
of predators will cause a decrease of prey, which in turn will 
cause a subsequent decrease of predators. The effects of 
the changes to the predator population size are quite 
literally fed back to the same population size.

https://learn.canvas.net/courses/3/pages/level-4-dot-4-
feedback-loops

https://learn.canvas.net/courses/3/pages/level-4-dot-4-feedback-loops










Different behavioral Patterns emerge at 
Different Scales

Conway’s automaton consists of cells that are laid out on
a two-dimensional grid. In theory, this grid goes on 
indefinitely in all directions.

Each cell on the grid has eight neighbors: the cells that 
surround it orthogonally and diagonally. Each cell can be in 
two different states: It is either dead or alive. In most 
examples, dead cells are rendered white, while live cells are 
colored black.

http://www.bitstorm.org/gameoflife/

https://youtu.be/OEbCsKJKXaE

http://www.bitstorm.org/gameoflife/
https://youtu.be/OEbCsKJKXaE


Different behavioral Patterns emerge at 
Different Scales

• A live cell that has fewer 
than two live neighbors 
dies from loneliness.

• A live cell that has more 
than three live neighbors 
dies from overcrowding.

• A live cell that has two or 
three live neighbors stays 
alive.

• A dead cell that has 
exactly three live 
neighbors becomes alive.

It is a group of five live cells that replicates itself one tile away after four 
iterations. The effect of a glider is that of a little creature that moves across 
the grid (Figure 3.6). More interesting patterns were found, such as a glider 
gun, a pattern that stays in one place but produces new gliders that move 
off every 30 iterations.

To start the Game of Life, you need to set up a grid and choose a number of cells
that are initially alive. An example of the effects that emerge from applying these
rules is depicted in Figure 3.5.



http://gameinternals.com/post/2072558330/
understanding-pac-man-ghost-behavior

http://gameinternals.com/post/2072558330/understanding-pac-man-ghost-behavior


Categorizing emergence

Scientists distinguish among various levels of emergence in 
a complex system. Some effects are more emergent than 
others.

• nominal or intentional emergence
• there is either no feedback or feedback only between agents on 

the same level of organization. 
• Examples of such systems include most man-made machinery 

where the function of the machine is an intentional (and designed) 
emergent property of its components.

• weak emergence
• introduces top-down feedback between different levels within the 

system.
• multiple emergence

• In these systems, multiple feedback traverses the different levels 
of organization. 

• Fromm’s illustrates this category by explaining how interesting 
emergence can be found in systems that have short-range 
positive feedback and long-range negative feedback

In his paper “Types and Forms of 
Emergence,” scientist
Jochen Fromm uses feedback and scales 
to build the following taxonomy of 
emergence
(2005).



Harnessing Emergence in Games

Games are complex systems that can 
produce unpredictable results but must 
deliver a well-designed, natural user 
experience. To achieve this, game designers 
must understand the nature of emergent 
behavior in general and of their game in 
particular.



Summary

• In this chapter, we discussed the definition of complex systems and showed how gameplay 
emerges from them. 

• We described the continuum between strictly ordered systems and entirely chaotic ones and 
showed that emergence takes place somewhere between the two. 

• Three structural qualities of complex systems contribute to emergence: active and interconnected 
parts; feedback loops; and interaction at different scales.

• We used cellular automata as an example of simple systems that can produce emergence, and we 
described how tower defense games work like cellular automata.

• Finally, we introduced Fromm’s categories of emergence, which are produced by different 
combinations of feedback loops and interactions among the parts of a system at different scales.
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