
Mathematical Wonder! 

COLORADO STATE UNIVERSITY EXTENSION  

PROGRAMS ARE AVAILABLE TO ALL  

WITHOUT DISCRIMINATION 

STEM Fun!  

Pentomino—Paper Mathematics!  

4-H Members! 
 
Join Dr. Barb, Ms. Stephanie, and  
Mr. Andrew online for fun activities 
exploring Science Technology  
Engineering and Math!     
 

Collect these materials before watching: 
• scissors 
• 12 markers or color pencils 
• ½” graph paper (https://incompetech.com/

graphpaper//plain/): Grid Spacing, enter “2” 
lines per inch  

• tape 
• 5 Starburst candies or 5 Scrabble tiles, or 5 

other small squares (i.e. cut out paper) 
 

Wonder: 
Caroline Herschel lived from 1750—1848, born in 
Germany.  As a child, she had small pox, scarring her 
face, and typhus, stunting her growth.  Her mother 
decided that Caroline should be the family’s maid.  
William, her brother, wanted to give her a better life.  He 
brought her to England where he was working.  He taught 
her reading and mathematics.  She became his assistant.  
William built telescopes, and Caroline searched the night 
sky.  Together, they found over 2,000 nebula (clouds in 
space), comets, and surveyed the night sky, cataloging all 
the celestial objects they could see in William’s telescope. 

Dr. Barbara J. Shaw, 
Western Region Youth 
Development 4-H STEM 
K/12 and Scientist 
 

 
 
 
Ms. Stephanie Lamm 
CSU Extension  
4-H STEM Agent 
 
 

 
 
 
 
Mr. Andrew Reed 
CSU Extension 
4-H Admin. Associate 
 
 

 
 

Let’s discover 
wonder together! 

Groovy  

I’m ready for 
fun...I mean… 
serious science! 

Get ready for 
some awesome 
STEMing fun! 

https://incompetech.com/graphpaper/plain/
https://incompetech.com/graphpaper/plain/


• Check that it is unique, and 
not symmetrical to another 
pentomino you have already 
found. 

 
Reflect—Puzzling:  
• After you have discovered all 

12 shapes, cut each out with 
the scissors. 

• On one of your graph 
papers, count out a grid that 
is 10 squares by 6 squares, 
and outline with a dark line, 
depicted as the red-shaded 
box below. 

• Can you fill your grid with all 
12 pentomino shapes 
without overlap and gaps?  
This is like a jigsaw puzzle.   

• There are 2,339 different 
solutions for this grid! 

• NOTE: You may have to turn 
over some of your 
pentomino shapes to fit all 
12 on your grid. 

• Change the shape of the grid 
background to 12 squares by 
5 squares.  Can you fill the 

Symmetry (NASA launch) 
• Reflection Symmetry— 

the mirror image 
 
 
• Rotation Symmetry— 

the image flipped over 
 
 
• Translational Symmetry— 

the image is offset 
 

POWER WORDS 
• pentomino: geometric 

shape made from five 
identical squares placed 
together side by side 

• symmetry:  an object 
looks the exact same on 
one side as the other. 
To see if an object 
is symmetrical, you 
draw a line 
of symmetry or a line 
dividing an object to 
show a perfect match 
on each side. It's like 
making a mirror image  

• tessellation: an 
arrangement of shapes 
closely fitted together, 
especially of polygons 
in a repeated pattern 
without gaps or 
overlapping   

A pentomino is made using 5 
squares of identical size.  You 
can make twelve different 
shapes made by joining five 
squares together side-to-side.   

 
Do—Discovery: 
• A pentomino is a  geometric 

figure formed by joining five 
equal squares, edge to edge.   

• You can form 12 different  
unique pentomino shapes, 
NONE symmetrical.   

• Symmetry is a precise and 
well-defined concept of 
balance or patterned self-
similarity. 
ₒ Reflection symmetry—

the mirror image 
ₒ Rotational symmetry—

the image flipped over 
ₒ Translational 

symmetry—the images 
are offset 

• Use your squares to help find 
all 12 of the unique 
pentomino shapes.   

• Each time you find a new 
shape, record it on your 
graph paper, using a 
different color pencil to 
shade in the 5 squares.  

grid with all 12 
pentomino shapes 
without overlap and 
gaps? 

• This grid has 1,010 
solutions! 

• Change the shape of the 
grid to 15 squares by 4 
squares.  Can you fill the 
grid with all 12 
pentomino shapes 
without overlap and 
gaps? 
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Incorrect—

not edge to 

edge 

Correct—edge to edge 



for this activity, you can have 
them for a snack.  If you 
used Scrabble tiles, be sure 
to put them back for your 
next game. 

 

Cool Stuff: 
• There are a total of 12 

unique shapes.  If you 
include symmetrical shapes, 
you can find 18 different 
shapes.  The 12 shapes are 
listed on page 4, including 
one solution to the puzzle 
that is 10 x 6 squares. 

• The game Tetris uses 4 
squares, and those shapes 
are collectively called 
Tetromino.  There are only 5 
different forms.  Tetris, the 
game, was developed by the 
Russian programmer, Alexey 
Pajitnov in 1984. 

 
Info:  
• Polyominoes, captured 

4/2/2020: http://www.recmath.com/
PolyPages/PolyPages/index.htm?

Polyominoes.html ;  
• Peter Ward, Tech Editor, 

Culture Trip (2017) captured 
4/2/2020: https://theculturetrip.com/
europe/russia/articles/the-crazy-history-of-
tetris-russias-most-famous-video-game/   

TESSELLATION  
• A tessellation of a flat surface is the tiling of a plane using 

one or more geometric shapes, called tiles, with no overlaps 
and no gaps.  

• Pentominoes are a tiling that lacks a repeating pattern and is 
called "non-periodic".  

• Tessellation in our lives are things like ceramic squares or 
hexagons to form decorative patterns.  The artist, M. C. 
Escher, often made use of tessellations.  Check out his art on 
the official M. C. Escher website:  
https://mcescher.com/  

• This grid has 368 solutions! 
• Last one.  Change the shape 

of the grid background to 20 
squares by 3 squares.  Can 
you fill the grid with all 12 
pentomino shapes without 
overlap and gaps? 

• This is the toughest grid.  It 
only has 2 solutions! 

 
Apply—Pondering:  
• A cube box is a cube without 

a top.  It has 5 sides.  If the 
shape were a cube, it would 
also have a top, and have 6 
sides. 

• Some of the pentomino 
shapes will make a cube 
box.  Not all of them will.  Lay 
out your 12 shapes.  In your 
mind, image each shape will 
make a cube box. 

• With your marker, write the 
letters M A T H, so that when 
you make your box, each 
side will have one letter, and 
it will spell out MATH. 
 

 
 

 
• Fold the shape and tape it.  

Did it make the cube box?  
Were your letters MATH in 
the right order and 
orientation? 

• How many box cubes can 
you make?  How many did 
not make cube boxes?  Do 
you see any pattern to those 
that can and those that 
cannot make cube boxes? 

• If you used Starburst candies 

HISTORY 
An English 
inventor, Henry 
Ernest 
Dudeney, 
published the 
first pentomino 
problem in 1907.  Instead of 
squares, Dudeny used a Go 
board with 5 stones making 
the 12 unique pentominoes.   
 
The term 
pentomino was 
coined in 1953.  
Solomon W. 
Golomb gave a 
talk to the 
Harvard 
Mathematics 
Club using it. 
https://en.wikipedia.org/wiki/

Henry_Dudeney ; https://
en.wikipedia.org/wiki/
Solomon_W._Golomb  
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Answers to 12 Pentominoes:  
4 Pentomino—Paper Mathematics 

Answers to  which Pentominoes can make a box cube: 

 

SOLUTIONS TO GRID 
PUZZEL: 
http://www.recmath.com/
PolyPages/PolyPages/index.htm?
Polyominoes.html  
 
The answers are located 
about 1 scroll down for  
Pentominoes for all four grids 
and the 3,719 total solutions. 

Just one of 2339 solutions! 
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