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How can you get young people interested in science and mathematics? What 
efforts are there to integrate the experiences of middle school students into the 
things they need to do and learn in school? How can action sports, like 
skateboarding and bicycle motocross (BMX), be used to teach physics, algebra, 
data collection, and help students to grow in their engagement and motivation 
in science and mathematics? The answer lies in part to an approach I have 
termed as Action Science.

Action science is an example of the use of transformative educational strategies 
to enhance the study of science for K-16 students. The term “action science” 
can be defined as the use of familiar objects, circumstances and situations 
within the lives of students in order to explain specific concepts in science built 
around student interests, including action sports like skateboarding and BMX.

In schools, the approach to these topics is also done in very traditional manners 
that employ content delivery mechanisms that are often not put in relevant 
terms for the K-16 learner.

About Action Science



Hi, my name is 
Bill Robertson

But you might 
know me better as 

Dr. Skateboard.

Welcome to Dr. 
Skateboard’s 
Action Science.

A comic book series that 
explores the concepts of 
physical science found in 
skateboarding and BMX.

In this comic, Forces, 
you will become 
familiar with various 
types of forces



what they do 
and how 

they help riders 
perform tricks and 

maneuvers on 
boards and bikes. 

It can also be a 
hindering force

such as when a 
salmon is trying to 
swim against the 
current in a river.

as in the way the wind 
will push a sailboat 
forward on the water.

A force is any push or pull, 
and can be a helpful force

So let’s get moving 
and learn about 

forces! 



Gravity is the downward 
pull that objects exert 
on each other due to 
their mass.

Gravity is one force 
that riders must deal 
with at every turn.

When gravity wins

the rider usually ends 
up on the ground.

If the rider counters 
the gravitational 
force correctly

a trick can be 
successful.But . . .

the ability of the 
rider to control and 
affect the forces 
are what allow for 
cool tricks and 
ripping moves. 

and in skateboarding 
and BMX 

Forces are used to 
change the motion 
of an object



Gravity exists between 
any two objects

but the bigger the object 
the more gravity it has.

Because of 
this, the Earth 

has a large 
gravitational 

force
and people 
have a tiny 
force due to 

gravity.

which exerts a 
downward pull

is an upward 
force called lift.

The force that 
opposes gravity

A skateboarder 
catches air by 
overcoming 
gravity with lift.

BMX riders 
can have a 

similar impact 
by overcoming 
gravity with 

lift which can lead 
to incredible 

results.



There you 
have it

gravity exerts a 
downward force

and lift is the 
upward force that 

opposes the 
direction of gravity.

The space 
shuttle uses a 
force of lift

that is greater 
than the force 
of gravity in 
order to get 
into space.

LIFTGRAVITY

In order to be 
successful in 

skateboarding or 
BMX

a rider must 
understand how 
to control the 
distribution of 

their mass

by controlling 
the center of 

gravity.



the center of gravity is 
a point that defines the 
center of your mass

In an individual

and it is roughly 
located around a 
person’s belly button.

CENTER OF 
GRAVITY

The closer the center 
of gravity is to the 
center of the board, 
bike or rotational axis

the better chance the 
rider has of successfully 
completing a trick.

Good riders tend to 
lower their center of 
gravity closer to the 
board or bike 

by bending their 
knees and shifting 
their weight.



Conversely

when a rider elevates 
the center of gravity

the force of gravity 
overcomes the rider

leading to a crash.

such as straightening 
their legs

the center of gravity 
extends too far from 
the board or bike

and inevitably



The center of gravity needs 
to be over the center of the 
board or bike

and the best way to ensure 
this to happen is to bend 
your knees and lower the 
center of gravity.

A person’s center of gravity 
and the ability of the rider 
to control the location of 
that center relative to the 

board or bike

is key to progressing 
with bigger and 
better tricks.

Another set of forces that 
skateboarders and BMX 

riders need to balance are 
thrust and drag.



Friction increases on rougher 
surfaces while it decreases 
on smoother surfaces.

Therefore, 
the smoother 
the surface

the less friction and 
often, the faster the 
rider can move.

Thrust is motion is 
a given direction while drag, also 

known as friction, is 
the force that 
opposes thrust.

THRUST

THRUST

FRICTION

The smoothness or 
roughness of a surface 
affects the amount of 

friction. 

For example

a smooth surface will 
allow riders to go faster

while a rough surface 
will slow a rider down.



A hockey team plays on 
ice, which is a super 
smooth surface with 
little or no friction

A concrete skatepark 
has more friction, but 
at a level where speed 
can be maintained.

Riding a bike on a blacktop 
takes more energy to overcome 
the increase in friction.

For an airplane 
to take off and 
fly in the sky

the plane must be able 
to overcome the forces 
of gravity and friction 
with lift and thrust.



That is why planes have 
to accelerate quickly and 
maneuver the flaps of the 
wings to provide the right 
conditions for take off.

or an ollie off the 
nose of the board . . .

The nollie

In skateboarding

the ollie is a great 
example of a trick 
that embodies the 
essence of flight

in that a rider 
must lift himself 
into the air and 
travel forward 
with a bit of 
momentum.

LIFT

GRAVITY

DRAG THRUST



and can produce 
some cool results.

and friction 
with thrust

. . . also allows the skateboarder 
to overcome gravity with lift

The ollie is a 
trick that can 

make you fly on 
your skateboard.

There are other 
forces that 

skateboarders and 
BMX riders need to 
manage in order to 

land cool tricks

and two 
important ones 
are centripetal 
and centrifugal 

forces.

but like a plane, a 
rider must work 
with the forces 
of gravity, lift, 

thrust and drag.

LIFT

GRAVITY

THRUST

FRICTION



Centripetal force means 
“Center Seeking”.

This is the force that moves a body along 
a curved path. It is directed towards the 
center of a curve on a path. Centripetal 
force is a “real force”.

This is the force felt by a body moving 
along a curved path, with the tendency 
of an object to go in a straight line. 
Centrifugal force is a “perceived force”.

Centrifugal force 
means “To flee 

from the center”.

in skateboarding by 
analyzing 360 revolutions 

and identifying the 
forces present.

The difference between 
centripetal and centrifugal 

forces can also be best 
demonstrated



CENTRIPETALCENTRIFUGAL

When a rider goes 
into multiple 360’s

the centripetal force 
pushes in on the rider.

The experienced rider compensates for this 
force by using his or her body to balance 
the force and continue in a spinning motion. 

As the rider 
is spinning

a centrifugal force 
acts on the rider and 
wants to displace him 

from the rotation.



In order to manage 
that force

the rider must stay 
centered over the 
board and on the 
axis of the wheels.

You can try 
this as you 
spin around.

Get a tennis 
ball and let it 
go as you spin.

In what 
direction does it 

move?

Which forces 
are acting on it?

If the rider wants 
to spin faster often, it is most beneficial to bring 

their arms in toward the body

and to slow down

the rider does the opposite, 
moving their arms out.



What is this 
concept?

It is called the 
Moment of Inertia

which is calculated by 
knowing the mass of an 
object and the length of 
the radius within a spin. 

(I = mr )2

In other words, the 
closer the mass is to 
the center (or axis), 
the less the moment 

of inertia

and the farther the mass is 
from the center (or axis), the 
greater the moment of inertia.

In the 
previous 
example

which rider do you think had 
the greater Moment of 

Inertia given that they both 
weigh about the same?



So, a rider will spin 
faster with their 
arms tucked in

and slower with 
their arms 
pushed out.

Why do you think 
this to be?

The BMX rider has a greater 
radius in the spin, which translates 
to a greater moment of inertia.

Mathematics is often called 
the language of science

and understanding the mathematics within 
a scientific phenomenon is also important 
in explaining the result of forces.

arms out 
translates to a 
higher moment 

of inertia.

Arms in means a 
smaller moment of 

inertia

F=ma
F=Gm

1
m

2
 / r2

P=mv

E=mc2



For example

when a skateboarder makes a 
single circle, or a 360, the 
rider is covering 360 degrees.

When a rider does 2 circles or 
2 - 360s, it is also known as a 
720, which is 2 times 360.

So, if 1 circle is 360 and 2 
circles are 720, how many 
total degrees do I cover 
in the following segment

1
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17 18

19 20
SPINS

in this case 20

and multiply it by 360 
degrees to get a final 
answer of 7200 degrees.

In order to calculate 
the total number of 
degrees covered

you would take the total 
number of revolutions



So, when you hear of 
terms like 360, 540, 
720 or even a 900

you can now understand 
that the total number of 
degrees divided by 360

We have been talking 
about forces and how 
they are used to change 
the motion of an object. are what provide 

the cool tricks and 
ripping moves. 

In skateboarding and 
BMX, the ability of 
the rider to control 
and affect the forces

will give you the number of 
revolutions accomplished.

In this comic book, Forces, you 
have seen various types of forces 
that both skateboarders and BMX 

riders deal with as they ride.

You have also seen 
that a force is any 

push or pull.



LIFT

GRAVITYCertain forces like 
gravity and lift 

are important in order 
to understand the basic 
mechanics of flight.

In skateboarding

the ollie is a good example of 
these concepts being applied.

Thrust and 
Friction (or drag)

are equally important in 
order to understand how 
objects can obtain speed

We have also seen that there are 
other forces that skateboarders 
and BMX riders need to manage 
in order to land cool tricks.

and maintain control 
while perfecting tricks.



Some important concepts are 
centripetal force, centrifugal 
force, and moment of inertia.

The definitions of 
these concepts can 
be best demonstrated 
in skateboarding

by analyzing 360 revolutions and 
identifying the forces present.

You have also looked at the 
use of mathematics as the 
language of science

and how mathematic formulas 
can help you to calculate the 
impact of scientific concepts.

1

2

3
4

5

6
7

8

9

10

11

12

13

14

15

15
SPINS



So, get out on your board or 
bike, and apply your own 
forces to get the action.

Forces are what 
make the world 

go around

and what make 
action sports so 
full of action.

Thanks for reading 
Dr. Skateboard’s Action 

Science — Forces

and be sure to check 
out the other comics on 
Motion, Newton’s Laws 
and Simple Machines.



Dr. Skateboard is Bill Robertson, a Ph.D. in Education and a skateboarder for over 
forty years. Bill has done hundreds of demonstrations nationally and internationally 
in festivals, events and in academic settings. He has performed for thousands of 
students in elementary, middle, and high school levels throughout the United States, 
in Canada, Mexico and into South America. Bill has been an educator for over 
twenty–five years. His academic areas of expertise are science education, curriculum 
development and technology integration. He also teaches and does research in the 
areas of problem-based learning and action science.

About Dr. Skateboard



Dr. Skateboard’s Action Science – Forces comic book is 
the second installment of a series of graphic novels 
based on the fundamental physical science areas, 
which include forces, motion, Newton’s Laws of Motion 
and simple machines. The overarching theme of Dr. 
Skateboard’s Action Science – Forces comic book is the 
appeal of skateboarding and BMX as teaching and 
learning vehicles for young people, adults and families 
in a format that is well presented, easily accessible and 
conceptually correct.

www.drskateboard.com

@drskateboard

@drsk8board

@drskateboard

Dr. Skateboard’s Action Science – Forces is a collaboration 
between Bill Robertson and Creative Studios at The 

University of Texas at El Paso.


