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Recursion is a widely used concept in symbolic logic, linguistics, 
computer science, and mathematics. It often refers to the 
phenomenon that a function is called in the function itself. The most 
well-known example is the Fibonacci numbers: 0, 1, 1, 2, 3, 5, 8, 13, 
21, 34, 55, 89, 144, … We call the function that generates this 
sequence f(n), then define f(0) = 0 and f(1) = 1. The recursive 
function f(n) = f(n-1) + f(n-2) gives the desired Fibonacci numbers 
for n = 2, 3, 4, 5, … Notice that the definition of the function f(n) 
involves f(n) itself. To evaluate f(n), we have to first compute f(n-1) 
and f(n-2). Similarly, computing f(n-1) requires f(n-2) and f(n-3), and 
so on. We continue to hunt down the indices until we hit f(0) and 
f(1) which are already defined in advance.

The beauty of recursion is that it can carry out complex behaviors 
by following an extremely simple principle. In this project, we will 
explore several important applications of recursions in the arts and 
our daily life, such as fractals, the Droste effect, and how artists use 
them creatively in their works.

Abstract

Zooming into the boundary of the 
Mandelbrot Set
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We all have seen recursions somewhere in our daily life. At some 
point, we all had or saw Matryoshka dolls, a series of dolls that are 
encapsulated in one another. When the smallest one pops out, I 
always hope to find an even smaller doll inside of the smallest doll. 
Have you ever stood in an elevator with mirrors on opposite sides 
of the wall that makes you feel like being trapped in an endless 
tunnel? Or have you looked down on top of spiral stairs and felt 
that the bottomless stairwell is about to suck you in? 

We are fascinated by the infinity or the illusion of infinitely looping 
structures. Of course, due to the constraint of physics, there is 
always a Matryoshka doll small enough that cannot contain anything 
in itself; We cannot see the end of the “mirror tunnel” with our 
naked eyes; The spiral stairs have to reach a bottom in real life.

How can these finite objects present to us a mirage of the infinite? 
It is recursion, a process in which a function calls itself directly or 
indirectly. With recursions, we can generate a vast world using only 
a few blocks. One of the most famous recursion tools is fractal.

Concept/Topic
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• A confined recursion of triangles that form a fractal.
• Each triangle can be extended inward infinitely.
• The outermost triangle can also be viewed as a component of a larger Sierpinski triangle.

Sierpinski Triangle
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We know so little. We know so little that nothing we 
have created comes purely out of our imagination. 
What we did is merely putting together things that 
already exist. In the early age of computer games, 
graphic designers needed an efficient means to create 
nonrepetitive rough terrains on a massive scale to keep 
players excited. Early artists used to draw all the 
details bit by bit to give gaming environments various 
textures such as deserts, mountains, snow, or bushes. 
As players demand more freedom in gameplay and 
larger areas to explore, processing all these graphic 
details consumes more and more computing power. 
Moreover, the sizes of games snowballed to an extent 
that loading a game often takes an extended period of 
time. Is there a way to slim down the game files while 
keeping a diverse terrain texture? Fractals, a structure 
that contains details at arbitrarily small scales, came to 
the rescue.

Fractals: Big Things Have Small Beginnings

Simulated game landscape using fractal-generating 
software.
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• Fractal-generated trees form realistic models of natural patterns.
• The major advantage of fractal is its computational efficiency.
• The resulting images looks realistic because real plants also grow in a recursive fashion.

Fractal-generated Graphics
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• Zoom-in pictures of a Romanesco broccoli display its fractal structure.
• The shape is always alike however close we look at the broccoli.
• The word “fractal” refers to geometric shapes containing detailed structures at arbitrarily 
small scales.

Fractal Food: Romanesco Broccoli
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In 1904, the Dutch cocoa brand Droste released new packaging for 
its products. The image printed on cocoa tins portrays a woman 
holding a cocoa tin on which the same woman holds the same 
cocoa tin with the same image again. This ingenious design by Jan 
Musset started a new trend and therefore was named after the 
brand name Droste.

What makes this design so unique is that it depicts a series of 
infinitely nested pictures in a finite space, i.e., the cocoa tin. 
Although it is obviously impossible for us to see all the cocoa tins 
due to the constraint of resolution (because the image becomes a 
single pixel when we see it at a very small scale), our imagination 
tends to fill in the blanks and tells our brains that the nested image 
goes on forever.

Droste effect: The Infinite Cocoa Tin
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• Prentententoonstelling by M.C. Escher (1956) together with its grid transformation.
• The points A, B, C, D represents four different perspectives.
• Amongst the buildings depicted on the print, he sees paradoxically the very same gallery 
that he is standing in.

M.C. Escher: An Impossible Perspective
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Versions of the Droste Effect can also be found in well-known 
works of art, such as paintings in which the picture is revealed 
by a mirror within the painting or surrealist works that have 
several duplications of an image within itself. Photo 
manipulations that exhibit the Droste Effect can also be 
created in such a fashion.

The Droste Effect was once fairly frequent on product 
packaging, and you might want to look around for some 
examples the next time you're at the store. You can usually see 
a copy of the product package carried by the person on the 
package in Droste Effect product packaging, and in some 
situations, if you look hard, the replication of the product 
packing displays another replication.

If you do not have access to photo editing software or painting 
equipment, setting up two mirrors so that they reflect one 
other is another approach to generating a variant of the 
Droste Effect. If you stand in front of the mirrors long enough, 
you will see yourself infinitely mirrored until the picture 
becomes too tiny to view. This variation of the Droste Effect 
has been discovered in brilliantly mirrored bathrooms and 
bedrooms, and some individuals find it unsettling and confusing.

Droste Art: Do It Yourself
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Recursion is an artistic method to create the sense of infinity in a 
finite world. Of course, the real world we live in is not really “finite” 
because we can always break things into smaller pieces, even blast 
atoms into smaller particles. One cannot assert that there exists the 
finest component of our universe, the most basic particles that 
cannot be broken into smaller particles. However, the means we 
present arts, papers, canvas, color pigments, pencils, brushes, and 
digital screens all have limited resolution. This is when recursions 
come in handy.

Recursion is the art of repetition. Starting from a base function, 
fractals can generate an enormous amount of details. The greatest 
advantage is that there is nothing we need to do. The fractal creates 
all the bells and whistles by itself. The Droste effect is a unique way 
to integrate a series of related images. It can seamlessly present 
many different perspectives in a single picture. Escher’s paintings 
may look paradoxical at a certain angle, but overall we tend to view 
these vastly different perspectives as a whole because they share a 
same vanishing point in the center.

CONCLUSION
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