
Rational Tangles 
Facilitation Guide by Chris Bolognese 

 
Overview: Rational tangles are a really cool setting for students as young as 5th grade.  They 
provide a very physical experience where participants bridge physical twisting of ropes with an 
arithmetic structure. 
 
Possible Math Content:  

● Arithmetic on rational numbers 
● Notions of reciprocals and opposites 
● Notions of infinity 
● Lines in the coordinate plane 
● Algebraic properties (commutative, associative, etc.) 

 
Key Math Practices: 

● MP1 - Make sense of problems and persevere in solving them 
● MP3 - Communicate and critique reasoning of others  
● MP8 - Look for and express regularity in repeated reasoning 

 
Materials:  You will need 2 ropes (of possibly different colors) for each group of 4. The ropes should 
be at least 6 feet long.  You will also need some poster paper or a board to record questions and 
math work.  Also, plastic bags might come in handy (see below). 
 
Activity: 

1. Start by calling up 4 volunteers.  Have them stand in square shape and hold ropes in partners 
with two in front and two in the back.  Facing the audience, the two ropes should look like two 
horizontal lines. 

 
Tell the participants that the rope colors are just meant for effect and the position of the people  

 does not matter.  All that matters is how the two ropes interact with one another. 
 Define that this initial state will be called “0”.  
 

2. Next up is twist.  Whoever is in the back right position raises their rope and the person in the 
front fight position goes underneath, switching positions.  Twist will be defined as adding 1 and 
the new state is called “1”.  Note the rope from back left to the front right is on top of the other 
rope. 
 



 

The way we will signify this notation is . 
 

3. At any time, participants can be asked to “display” which requires the front two people to kneel 
and the back two to hold up their rope.  This allows the audience to see the state of the rope. 
Audience members are encouraged to applaud. 
 

4. At this point, pose “What numbers can we make with these definitions?”.  Participants should 
respond that we can make 0, 1, 2, 3, 4, … by continually twisting, so the whole numbers can 
be constructed.  But what about negative integers?  Or rationals? 
 

5. Introduce one last operation, called rotate.  Have participants rotate the 1 state and ask them 
the state of this value.  Some might suggest 2 or -1.  To test, twist the state and find it returns 

to 0:  .  Since we know that twisting adds 1, then x must be -1.  Thus, . 
 

6. This is a good place to ask participants to brainstorm some questions, either as a 
notice/wonder, or just posing questions.  For instance: 
 
Can we generate all negative integers? 
How do you make -2?  
What does the rotate operation do? 
Do R and T commute?  That is, is RT = TR? 
How can you “undo” 2? 

 
7. The last question is a good one for small groups to investigate.  Have people group in 5 (4 to 

hold the ropes and the other to be the audience/observer/recorder).  Encourage groups to use 
the notation presented. 

 
It is likely for groups to assume that rotate makes any number negative, which is incorrect.  

Encourage them to investigate this further by rotating 2, , and seeing if this  
number can be twisted twice to return to 0. By trial and error, groups will arrive at the following: 

.  Participants should recognize that y = -2 but it is still a  
mystery what rotate does. 
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8. To figure out further what rotate does, have a group rotate 0 and then twist.  They should see 

that twisting the rotated 0 state returns to the rotated 0 state.  Thus, .  Since 
twisting adds 1, we must have x + 1 = x, which has no real solution.  However, participants 
might note that x could be positive or negative infinity.  Participants should brainstorm a list of 
candidates for rotate that include the following three observations: 
 
a. Rotating 0 is either positive or negative infinity 
b. Rotating 1 produces -1 
c. Rotating 2 does not produced -2 

 
Candidates to consider might be: 
Makes the value opposite in sign (satisfies b but not a nor c) 
Takes the reciprocal (satisfies a but not b) 
Takes the opposite reciprocal (satisfies a and b) 

 

Testing the opposite reciprocal, we see  which works.  

Thus, it is a good guess that rotate causes the opposite reciprocal:  
 

Participants are encouraged to use this new understanding of rotate to try to undo 3: 

.  
Participants might notice via patterning the following to undo a positive integer: 
Undo 1:  RT 
Undo 2:  RTRTT 
Undo 3:  RTRTTRTT 
 
They might conjecture to undo 4, we would RTRTTRTTRTT 

 
9. The last part of the activity can be to construct a number and then try to undo it.  For example, 

participants could construct . 
 

Then participants could figure out how to undo this number:  

 

To add intrigue, the facilitator could cover the tangle constructed,  , with a plastic bag.  
 Then proceed with the calculations above.  When completed, rip/cut the bag, being sure not to  

cut the ropes.  Once cut, the ropes should return to their initial state of 0. 
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