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Sciencesplosion™ is an educational outreach science program that 
merges Mark Nizer’s stage performance with scientific principles and 
school curriculum. This guide is for grades K-5 and will give you the 
background and material that Mark will cover in his Sciencesplosion™ 
show. The show is appropriate for ALL grades. Mark will adjust the 
scope and details based on grades attending.

We will cover:
• Gravity
• The Planets
• Light
• The Diversity of Life
• The Scientific Method

Sciencesplosion™
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GRAVITY
What is gravity?
Gravity attracts all objects towards each other. 
Gravity has been around since the very 
beginning of the universe, and it works the 
same way everywhere in the universe, on all 
kinds of different objects, of all different sizes.
How much gravity an object has depends on 
how big it is (or to be specific, how much mass 
it has). It also depends on how close you are 
to the object; the closer you are, the stronger 
the gravity.
Gravity is very important to our everyday lives. 
Without Earth's gravity  we would fly right off 
our planet! We'd all have to be strapped down 
all the time and if you kicked a ball, it would fly 
off forever. While it might be fun to try for a few 
minutes, we certainly couldn't live life on Earth 
without gravity.
Gravity also is important on a larger scale. It is the Sun's gravity  that keeps the Earth in orbit 
around the Sun. Life on Earth needs the Sun's light and warmth to survive. Gravity  helps the 
Earth to stay just the right distance from the Sun, so it's not too hot or too cold.

Top 10 facts
1 The bigger the object's mass, the more gravity  it will have; the smaller the mass of the 

object, the less gravity it is subject to.
2 Gravity guides the growth of plants and other vegetation.
3 Black holes have the strongest gravitational pull in the entire universe.
4 The Earth is a giant magnet. Its magnetic field is like a bar magnet at its centre.
5 Sir Isaac Newton discovered gravity about 300 years ago. The story is that Newton saw 

an apple fall out of a tree. When this happened he realized there was a force that made it 
occur, and he called it gravity.

6 Ocean tides are caused by the gravity of the moon.
7 If you could travel from planet to planet your mass would stay the same, but your weight 

would vary  depending on how the gravity of that planet pulled on you. Mars is smaller and 
has less mass than Earth and as a result it has less gravity. If you weigh 100 pounds on 
Earth, you would weigh 38 pounds on Mars.

8 At some point when falling, the friction from the air will equal the force of gravity and the 
object will be at a constant speed. This is called the terminal velocity. For a sky diver this 
speed is around 100 miles per hour!

9 We don't actually "feel" gravity. We only feel the effects of trying to overcome it by jumping 
or when we fall.

10 Gravity always pulls, it never pushes.
Did you know?

http://www.theschoolrun.com/homework-help/plants-and-growth
http://www.theschoolrun.com/homework-help/plants-and-growth
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• You are shrinking right now. Every day you are taller in the morning than you are at 
night. In fact, at the end of each day you are about 1/2 inch (1.25 centimeters) shorter 
than when you got up that morning. If you don't believe it, have someone measure you 
when you get up in the morning and then again before you go to bed. This isn't because 
your heavy backpack has weighed you down. It happens because of gravity. As you 
walk around during the day, gravity is pulling you down, or more correctly, toward the 
centre of Earth. Lying down to sleep  at night gives your spine a chance to stretch back 
to your full height.

• On Earth, gravity isn't entirely even. Because the globe isn't a perfect sphere, its mass 
is distributed unevenly, which means slightly uneven gravity.

• One mysterious gravitational anomaly is in the Hudson Bay of Canada. This area has 
lower gravity  than other regions, and a 2007 study found that now-melted glaciers were 
to blame. The ice that once covered the area during the last Ice Age has long since 
melted, but the Earth hasn't entirely snapped back from the burden. Since gravity  over 
an area is proportional to the mass on top of that region, and the glacier's imprint 
pushed aside some of the Earth's mass, gravity  is a bit less strong in the ice sheet's 
imprint. The slight deformation of the crust explains the unusually  low gravity in the 
area. In some places, it’s almost half as strong as it is elsewhere!

• Black holes are some of the most destructive objects in the universe, named because 
nothing, not even light, can escape their gravitational clutches. At the centre of our 
galaxy is a massive black hole with the mass of 3 million suns. The black hole isn't 
really a danger to us Earthlings – it's both far away and it's remarkably calm.

• In the very beginning of the universe, after the Big Bang, gravity pulled atoms together 
to make s ta rs and 
planets. Once the stars 
and planets had formed, 
gravity kept the planets 
in orbit around the stars, 
and moons orbit ing 
around the planets. And 
on each planet that is 
large enough, gravity 
keeps an atmosphere 
around the planet.

• On Earth, gravity keeps 
the air around us (and 
everything else) from 
drifting off into space. 
Gravity also causes hot 
air to rise while colder 
air falls (which in turn 
causes wind).

http://www.theschoolrun.com/homework-help/solar-system
http://www.theschoolrun.com/homework-help/solar-system
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The Planets

In the Solar System alone there are seven other planets (RIP, Pluto), many dwarf planets, 
satellites and moons, and of course, the Sun.
Our solar system is in a galaxy called the Milky Way. In the Milky Way is it estimated that 
there are approximately 30 billion solar systems. We think that there are 100 billion galaxies 
in the universe. This means that the universe is much bigger than we can even imagine!

There are eight planets in the Solar System that all orbit the sun. Each of the planets are 
different: some have moons, some have rings, some are made of rock, and some are made 
of gas. Read on for fascinating facts about each of the planets starting with the one closest 
to the sun, moving outwards.

MERCURY
Mercury is the smallest planet and it is closest to the sun. It takes 59 Earth days to rotate 
once, and 88 Earth days to orbit the sun. This means that there are fewer than two days in 
one year on Mercury!

VENUS
Venus spins in the opposite direction to all of the other planets in the solar system. Its 
surface is covered in volcanoes and it has more volcanoes than any other planet in the 
solar system.

EARTH
Our home planet! Earth is the only planet in our solar system that humans can live on. Did 
you know that three-quarters of the Earth is covered with water? We have one moon that is 
very important in controlling the tides of the sea.
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MARS
Mars is known as the ‘red planet’ because of its reddish appearance. The tallest 
mountain in the solar system, Olympus Mons, is on Mars and it is 21km tall.

JUPITER
Jupiter is the largest planet in our solar system and it is so big that you could fit all of 
the other planets inside it! Jupiter has 62 moons and one of them, Ganymede, is the 
largest moon in the solar system.

SATURN
Saturn is the second biggest planet in the solar system but it is also the lightest as it is 
made almost entirely of gas. Saturn is very well known for its rings that circle around it. 
The rings are made up of chunks of rock and ice.

URANUS
Uranus is the coldest planet in the solar system with a minimum temperature of 
-224°C. Unlike all of the other planets, Uranus spins on its side!

NEPTUNE
Neptune is the planet that is furthest away from the sun. One year in Neptune is 165 
Earth years! The wind on Neptune is the fastest in the solar system and can travel at 
more than 1,500 miles per hour.
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LIGHT
What is light made of? 

This is not an easy question. Light has no 
mass and is not really  considered matter. 
So does it even exist? Of course it does! 
We couldn't live without light. Today 
scientists say light is a form of energy 
made of photons. Light is unique in that it 
behaves like both a particle and a wave. 

Why does light go through some things and 
not others? 

Depending on the type of matter it comes 
into contact with, light will behave 
differently. Sometimes light will pass 
directly through the matter, like with air or 
water. This type of matter is called 
transparent. Other objects completely reflect light, like an animal or a book. These objects 
are called opaque. A third type of object does some of both and tends to scatter the light. 
These objects are called translucent objects. 

Light helps us to survive 

Without sunlight our world would be a dead dark place. Sunlight does more than just help 
us see (which is pretty great, too). Sunlight keeps the Earth warm, so it's not just a frozen 
ball in outer space. It also is a major component in photosynthesis which is how most of the 
plant life on Earth grows and gets nutrients. Sunlight is a source of energy as well as a 
source of vitamin D for humans. 

The speed of light 

Light moves at the fastest known speed in the universe. Nothing moves faster than (or even 
close to) the speed of light. In a vacuum, where there is nothing to slow it down, light travels 
186,282 miles per second! Wow, that's fast! When light travels through matter, like air or 
water, it slows down some, but it's still pretty fast. 

To give you an idea as to how fast light is, we'll give you some examples. The Sun is almost 
93 million miles from the Earth. It takes around 8 minutes for light to get from the Sun to the 
Earth. It takes around 1.3 seconds for light to go from the moon to the Earth. 
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D i v e r s i t y o f 
LIFE
Cells—The Building Blocks of Life

We are all made of trillions of cells. There 
are around 2.5 billion cells in one of your 
hands, but they are tiny. So tiny that we 
cannot see them. If every cell in your hand 
was the size of a grain of sand, your hand 
would be the size of a school bus!
Each cell has its own job, just like humans 
do. Some cells help us detect light and see, 
other cells help us touch, some cells help 
us hear, other cells carry oxygen around, 
other cells help us digest food by secreting 
enzymes. There are over 200 cell types in 
the body - that is 200 different jobs!
But how does each cell know what job  to 
do ? Well how do we (humans) know what 
job to do? Someone tells us. Our cells are 
also told what to do, but not by a person or 
a computer! Our cells are told what to do by 
a very special molecule called DNA.

Fun Fact
If every cell in your hand was the size of a grain of sand, your hand would 
be the size of a school bus!

DNA—Life's Instruction Manual

DNA is a record of instructions telling the cell what its job  is going to be. A good analogy for DNA 
as a whole is a set of blueprints for the cell, or computer code telling a PC  what to do. It is written 
in a special alphabet that is only four letters long! Unlike a book or computer screen, DNA isn't 
flat and boring - it is a beautiful curved ladder. We call this shape a double helix. The letters of the 
DNA alphabet (called bases) make up the rungs, special sugars and other atoms make up the 
handrail.
The rungs are very special. Each one has a name, but they prefer to be called by their initials: A, 
T, C and G They don't like to be by themselves so they always pair up  with a friend. But they are 
very choosy about their friends:

• A and T are best friends and always hang out together
• G and C are best friends and always hang out together

Another way of looking at it is that A, T, G and C are like jigsaw pieces. A and T fit together, C and 
G fit together. You cannot force a puzzle piece into the wrong place!
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Four Letter Alphabet

Think of all the words you can spell. I bet there are loads. But each word is made using the same 
selection of letters. Yes, sometimes we leave letters out, sometimes we repeat letters, but we always 
have the same selection of letters. Depending on how we arrange the letters of the alphabet we can 
make new words. The same is true in the four letter alphabet of DNA.

If you look at a length of DNA, you can read out the letters all in a row:
ATGCGTGGTCAGTCGATATATGGCCCC

These letters make up words that are always three letters long. These are called codons.
ATG CGT GGT CAG TCG ATA TAT GGC CCC

These words make up sentences that the cell understands. These sentences are called genes.
[ATG CGT GGT CAG] [TCG ATA TAT GGC CCC]

Each sentence tells a cell to make a special molecule called a protein. These proteins control 
everything in a cell. In this way, DNA is like the boss of a company, and not the brain of the cell. It 
issues instructions, but doesn't do very much of the actual work :) These proteins help  each cell do its 
job. Each gene makes one protein, and only one protein.

Exercise: Just Four Letters?

How can four letters make something 
as complicated as a human body? Let 
us take a trip  back to my favourite 
childhood toy—Lego.
Give a child 80 pieces of one color 
and ask them to build a tower. No 
matter how they try, they can only 
make one possible combination of 
colors.
Now give a child a box of Lego with 20 
lots of 4 different colors and ask them 
to make a tower. The size is still the 
same, but the combination and order 
of colors is different each time they build. The possibilities are endless...well not 
quite, but still quite large.
Remember it is the sequence of letters (order of the colors in this analogy) that 
stores the information. Each set of 3 letters is a word. With four different letters, 
there are 64 possible three-letter-words. Imagine how many combinations of 
these words there are in a sentence just 100 letters long!

DNA Elegantly Simple, Wickedly Complicated

I hope this has shown you that the basics of DNA are simple and straightforward. Whenever you are 
trying to convey complex ideas to young children, analogies are your friend. Just make sure they know 
what the analogy means, and they are not just saying "DNA is like Lego" or "cells are like buses."
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Scientific Method 

What is the Scientific Method? 

The scientific method is a way for scientists to study and learn things. It doesn't matter what the 
scientist is trying to learn, using the scientific method can help them come up with an answer. 

The first thing to do with the scientific method is to come up  with a question. You can't find the answer 
until you know the question after all! 

Next you need to observe and gather information in order to come up with a guess (called a 
hypothesis) or a number of guesses to the answer. 

Now you run experiments to see if your guess is right. As you run experiments you can change your 
guess, or hypothesis, to fit your results. A key  to good experiments is to only change one thing, or 
variable, at a time. This way you can check your results and know what you changed that changed 
the answer. 

Finally, after running all the tests you can think of, you present your final answer. 

By going through this process, scientists have a way to verify their guesses and to double check each 
other. Another scientist can take a look at your tests and add some more tests and continue to refine 
your answer to the question. 

Scientific Method Steps 

As described above there are steps you take when using the scientific method. Here is an example of 
the steps:

1 Ask a question
2 Gather information and observe (research)
3 Make a hypothesis (guess the answer)
4 Experiment and test your hypothesis
5 Analyze your test results
6 Present a conclusion

Why is the Scientific Method Important? 

The scientific method is the cornerstone to modern science. Without a formal 
method of determining questions and their answers, we wouldn't have science 
or the knowledge we have today.
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Sources:

Understanding Gravity
https://www.theschoolrun.com/homework-help/gravity

Toucan Box - The Planets
https://www.toucanbox.com/activities/teaching-kids-planets

Physics for Kids
https://www.ducksters.com/science/light.php

DNA Made Simple
https://owlcation.com/academia/explaining-dna-to-a-six-year-old

Scientific Method Simply Explained
https://www.ducksters.com/science/scientificmethod.php

 

ABOUT
Mark Nizer has been performing and 
teaching juggling for over 40 years. His 
passion of both juggling and science 
has led to a life of learning and 
invention.

Mark can adapt the amount and focus 
of each of these components to better 
suit the ages and students present.

https://www.theschoolrun.com/homework-help/gravity
https://www.theschoolrun.com/homework-help/gravity
https://www.toucanbox.com/activities/teaching-kids-planets
https://www.toucanbox.com/activities/teaching-kids-planets
https://www.ducksters.com/science/light.php
https://www.ducksters.com/science/light.php
https://owlcation.com/academia/explaining-dna-to-a-six-year-old
https://owlcation.com/academia/explaining-dna-to-a-six-year-old
https://www.ducksters.com/science/scientificmethod.php
https://www.ducksters.com/science/scientificmethod.php
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Sciencesplosion™ is an educational outreach science program that 
merges Mark Nizer’s stage performance with scientific principles and 
school curriculum. This guide will give you the background and material 
that Mark will cover in his Sciencesplosion™ show. 

We will cover:
•Critical Thinking Skills (page 3)
•The Scientific Method (page 4)
•Logical Fallacies (page 7)
•The Math of Juggling (page 8)
•The Diversity of Life (page 10)

Sciencesplosion™
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Critical Thinking
• Critical thinking: Ask open-ended questions. Asking questions  that don't 

have one right answer encourages students to respond creatively without being 
afraid of giving the wrong answer.

• Critical thinking: Categorize and classify. Classification plays an important 
role in critical thinking because it requires identification and sorting according to 
a rule, or set of rules, that students must discover, understand, and apply. If 
you play classification games at home, be sure to follow up the activity with 
questions about the similarities and differences between the groups. You can 
sort everything from dirty laundry to Legos  to produce to doll clothes to 
promote critical thinking.

• Critical thinking: Work in groups. In a group setting, students are exposed to 
the thought processes of their peers. Thus, they can begin to understand how 
others think and that there are multiple ways of approaching problems — not 
just one correct way.

• Critical thinking: Make decisions. Help your students  consider pros and 
cons, but don't be afraid to let them make a wrong choice. Then evaluate the 
decision later. Ask your students, "How do they feel about their decision? What 
would they do differently next time?"

• Critical thinking: Find patterns. Whatever you're doing, whether it's going to 
the park or watching television, encourage your students  to look for patterns or 
make connections for critical thinking practice. 
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The SCIENTIFIC METHOD
Introduction to the Scientific Method

The scientific method is the process by  which scientists, collectively and over time, 
endeavor to construct an accurate (that is, reliable, consistent and non-arbitrary) 
representation of the world.

Recognizing that personal and cultural beliefs influence both our perceptions and our 
interpretations of natural phenomena, we aim through the use of standard procedures and 
criteria to minimize those influences when developing a theory. As a famous scientist once 
said, "Smart people (like smart lawyers) can come up  with very good explanations for 
mistaken points of view." In summary, the scientific method attempts to minimize the 
influence of bias or prejudice in the experimenter when testing an hypothesis or a theory.

The scientific method has four steps
• Observation and description of a phenomenon or group of phenomena.
• Formulation of an hypothesis to explain the phenomena. In physics, the hypothesis often 

takes the form of a causal mechanism or a mathematical relation.
• Use of the hypothesis to predict the existence of other phenomena, or to predict 

quantitatively the results of new observations.
• Performance of experimental tests of the predictions by several independent 

experimenters and properly performed experiments.

If the experiments bear out the hypothesis it may come to be regarded as a theory or law of 
nature (more on the concepts of hypothesis, model, theory and law below). If the 
experiments do not bear out the hypothesis, it must be rejected or modified. What is key in 
the description of the scientific method just given is the predictive power (the ability to get 
more out of the theory than you put in; see Barrow, 1991) of the hypothesis or theory, as 
tested by experiment. It is often said in science that theories can never be proved, only 
disproved. There is always the possibility that a new observation or a new experiment will 
conflict with a long-standing theory.
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Testing hypotheses

As just stated, experimental tests may lead either to the confirmation of the hypothesis, or 
to the ruling out of the hypothesis. The scientific method requires that an hypothesis be 
ruled out or modified if its predictions are clearly  and repeatedly incompatible with 
experimental tests. Further, no matter how elegant a theory is, its predictions must agree 
with experimental results if we are to believe that it is a valid description of nature. In 
physics, as in every experimental science, "experiment is supreme" and experimental 
verification of hypothetical predictions is absolutely necessary. Experiments may test the 
theory directly  (for example, the observation of a new particle) or may test for 
consequences derived from the theory using mathematics and logic (the rate of a 
radioactive decay process requiring the existence of the new particle). Note that the 
necessity of experiment also implies that a theory must be testable. Theories which cannot 
be tested, because, for instance, they have no observable ramifications (such as, a particle 
whose characteristics make it unobservable), do not qualify as scientific theories.

If the predictions of a long-standing theory  are found to be in disagreement with new 
experimental results, the theory may be discarded as a description of reality, but it may 
continue to be applicable within a limited range of measurable parameters. 

We are all familiar with theories which had to be discarded in the face of experimental 
evidence. In the field of astronomy, the earth-centered description of the planetary orbits 
was overthrown by the Copernican system, in which the sun was placed at the center of a 
series of concentric, circular planetary orbits. Later, this theory was modified, as 
measurements of the planets motions were found to be compatible with elliptical, not 
circular, orbits, and still later planetary motion was found to be derivable from Newton's 
laws.
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Common Mistakes in Applying the Scientific Method
As stated earlier, the scientific method attempts to minimize the influence of the scientist's 
bias on the outcome of an experiment. That is, when testing an hypothesis or a theory, the 
scientist may have a preference for one outcome or another, and it is important that this 
preference not bias the results or their interpretation. The most fundamental error is to 
mistake the hypothesis for an explanation of a phenomenon, without performing 
experimental tests. Sometimes "common sense" and "logic" tempt us into believing that no 
test is needed. There are numerous examples of this, dating from the Greek philosophers to 
the present day.
Another common mistake is to ignore or rule out data which do not support the hypothesis. 
Ideally, the experimenter is open to the possibility  that the hypothesis is correct or incorrect. 
Sometimes, however, a scientist may have a strong belief that the hypothesis is true (or 
false), or feels internal or external pressure to get a specific result. In that case, there may be 
a psychological tendency to find "something wrong", such as systematic effects, with data 
which do not support the scientist's expectations, while data which do agree with those 
expectations may not be checked as carefully. The lesson is that all data must be handled in 
the same way.
Another common mistake arises from the failure to estimate quantitatively systematic errors 
(and all errors). There are many examples of discoveries which were missed by 
experimenters whose data contained a new phenomenon, but who explained it away as a 
systematic background. Conversely, there are many examples of alleged "new discoveries" 
which later proved to be due to systematic errors not accounted for by the "discoverers."

Conclusion
The scientific method is intricately associated with science, the process of human inquiry  that 
pervades the modern era on many levels. While the method appears simple and logical in 
description, there is perhaps no more complex question than that of knowing how we come 
to know things. In this introduction, we have emphasized that the scientific method 
distinguishes science from other forms of explanation because of its requirement of 
systematic experimentation. We have also tried to point out some of the criteria and 
practices developed by scientists to reduce the influence of individual or social bias on 
scientific findings. Further investigations of the scientific method and other aspects of 
scientific practice may be found in the references listed below.
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Logical fallacies
A logical fallacy is a flaw in reasoning. Logical fallacies are like tricks or illusions of thought, and 
they're often very sneakily used by politicians and the media to fool people. Don't be fooled!

TOP LOGICAL FALLACIES
• Ad Hominem: This occurs when an author attacks his opponent instead of his opponent’s 

argument. Example: Trina thinks guns should be outlawed but Trina doesn’t go to church, so we 
shouldn’t listen to her.

• Ad Populum: Ad Populum attempts to prove an argument as correct simply because many 
people believe it to be so. Example: 80% of people are for the death penalty, therefore, the death 
penalty is moral.

• Appeal to Authority:   In this fallacious argument, the author claims his argument is right 
because someone famous or powerful supports it. Example: We should change the drinking age 
because Einstein believed that 18 was the proper drinking age.

• Begging the Question: This happens when the author’s premise and conclusion say the same 
thing. Example: Fashion magazines don’t hurt women’s self esteem because women’s 
confidence is intact after reading the magazine.

• False Dichotomy: This fallacy rests on the assumption that there are only  two possible 
solutions, so disproving one solution means that other solution should be utilized. It ignores other 
alternative solutions.Example: The teacher gives too many A’s and therefore must be fired 
because grade inflation is unfair to other students.

• Hasty Generalization: Hasty Generalization occurs when the proponent uses too small of a 
sample size to support a sweeping generalization. Example: Sally  couldn’t find any cute clothes 
at the boutique and neither could Maura, so the boutique doesn’t have any cute clothes.

• Post Hoc/ False Cause: This fallacy assumes that correlation equals causation or, in other 
words, if one event predicts another event it must have also caused the event. Example: The 
football team gets better grades than the baseball team, therefore playing football makes you 
smarter than playing baseball.

• Missing the Point: In Missing the Point, the premise of the argument supports a specific 
conclusion but not the one the author draws. Example: Antidepressants are overly prescribed 
which is dangerous, so they should clearly be made illegal.

• Spotlight Fallacy: This occurs when the author assumes that the cases that receive the most 
publicity are the most common cases. Example: 90% of news reports talk about negative events. 
Therefore, it follows that 90% of events that occur in the real world are negative.

• Straw Man: In this fallacy, the author puts forth one of his opponent’s weaker, less central 
arguments forward and destroys it, while acting like this argument is the crux of the issue. 
Example: My opponent wants to increase teachers’ pay  but studies have shown that professors 
with tenure don’t work as hard at their job to improve themselves.
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THE MATH OF JUGGLING
Juggling contains a hidden math called Siteswaps. Siteswap  is a juggling notation used to 
describe or represent juggling patterns. It encodes the number of beats of each throw, which 
is related to their height, and the hand to which the throw is to be made: "The idea behind 
siteswap is to keep  track of the order that balls are thrown and caught, and _only_ that." It is 
an invaluable tool in determining which combinations of throws yield valid juggling patterns for 
a given number of objects, and has led to previously unknown patterns (such as 441). 
However, it does not describe body movements such as behind-the-back and under-the-leg. 
Siteswap assumes that, "throws happen on beats that are equally spaced in time."

Siteswap beats shown as relative height

The numbers are as follows:
• 0 = "missing"/rest [empty hand]
• 1 = pass [between hands]
• 2 = hold [one hand/no toss]
• 3 = (3-ball) cascade toss [between hands]
• 4 = (4-ball) fountain toss [up and into same hand]
• 5 = high toss [between hands]

For example, a three-ball cascade may be notated "3", while a shower may be notated "5 
1".The name siteswap comes from the ability to generate patterns from "swapping" numbers 
in preexisting patterns, such as 55500 and 50505 (or Flash and Snake).

https://en.wikipedia.org/wiki/File:Siteswap_relative_visualized.png
https://en.wikipedia.org/wiki/File:Siteswap_relative_visualized.png
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How to check if a siteswap is valid:
 
For each throw, add up the time of the throw plus the height.  Then divide by the period (i.e., the 
length of the string) and take the remainder. 
 
If all those remainders are different, then you have no collisions, it's a valid siteswap.
 
Example:  If my phone number is 5159.  Those are the heights.  The times are 1234.  So we add 
heights plus times:
 
5+1 = 6. 
1+2 = 3.
5+3 = 8.
9+4 = 13.
 
Now the period is 4, so we divide by 4 and take the remainders:
 
6/4 has a remainder of 2.
3/4 has a remainder of 3.
8/4 has a remainder of 0.
13/4 has a remainder of 1.
 
2,3,0,1 are all different, so 5159 is a valid siteswap.  That means I'm incredibly cool.  
 
If my phone number is 5158:
 
5+1 = 6. 
1+2 = 3.
5+3 = 8.
8+4 = 12.
 
6/4 has a remainder of 2.
3/4 has a remainder of 3.
8/4 has a remainder of 0.
12/4 has a remainder of 0.
 
Two 0's means we have a collision, so 5158 is not valid.  That means I am not cool.
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Diversity of Life
Using juggling as a metaphor students will learn that there are four essential components of 
natural selection — an important mechanism of evolution:

Variation: All life forms vary genetically within a population.

Inheritance: Genetic traits are inherited from parents and are passed on to offspring.

Selection: Organisms with traits that are favorable to their survival and reproduction are more 
likely to pass on their genes to the next generation.

Time: Evolutionary change can happen in a few generations, but major change, such as 
speciation, often takes many thousands of generations.

Students should understand several of these components. They should understand that all 
individual living things have features that they inherit from their parents. However, offspring 
vary—they do not look exactly like their parents or exactly like one another. Usually, closely 
related individuals (e.g. brothers and sisters) resemble one another more than do distant 
relatives (e.g. cousins). This initial awareness of variation and inheritance will lay  the 
foundation for understanding the process of natural selection later on.
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Sources:

Intro to the scientific method
http://teacher.nsrl.rochester.edu/phy_labs/appendixe/appendixe.html

Think About it: Critical Thinking
http://www.scholastic.com/parents/resources/article/thinking-skills-learning-styles/think-about-it-critical-
thinking

Thou Shalt Not Commit a logical fallacies
https://yourlogicalfallacyis.com

Ten Common Logical Fallacies
http://www.myguruedge.com/our-thinking/myguru-blog/bid/214477/10-Common-Logical-Fallacies

WIKI Site Swaps
https://en.wikipedia.org/wiki/Siteswap

Understanding Evolution
http://evolution.berkeley.edu/evolibrary/home.php

ABOUT
Mark Nizer has been performing and 
teaching juggling for over 40 years. His 
passion of both juggling and science 
has led to a life of learning and 
invention.

Mark can adapt the amount and focus 
of each of these components to better 
suit the ages and students present.
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