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FOR THE TEACHER 
(1) Goal of the workshop  

To help learners develop: 
• a broad understanding of 

mathematical inquiry as 
involving the discovery of 
patterns, and the concepts of 
conjecture, theorem, and proof;  

and 
• a rudimentary ability to discover 

patterns and come up with 
proofs. 

Terms that students will need help with: 
Conjecture: a statement of what we think is 

likely to be true (the counterpart of a 
hypothesis in science).  

Theorem: a statement that has been 
demonstrated to be true.  

Proof of a statement: a demonstration that it 
is true.  

(The proof of a conjecture demonstrates that 
it is a theorem.) 

(2) Activities of the workshop 
 Making polygonal shapes by passing a string through straws, tying together the two ends of the 

string, observing the shapes and the patterns in them, articulating the patterns as conjectures, 
and coming up with proofs.  

(3) Additional resources for the workshop 
 Documents downloadable at: https://sites.google.com/site/sciediiserp/additional-materials.  
 “Paper Folding Geometry” is a more comprehensive attempt to develop inquiry abilities in 

mathematics based on patterns in folded papers.  
 “Mathematical Knowledge and Inquiry” introduces students to the nature of mathematical 

knowledge and proofs. 
 “Modeling, Measuring and Calculating,” introduces them to the nature of mathematical 

modeling in applied mathematics. 

(4) Pedagogy of the workshop 
 Inquiry-Based Learning that employs inquiry tasks to facilitate learning, under Inquiry-

Oriented Education, which aims beyond understanding and application, and includes as a 
primary learning outcome the capacity for independent inquiry.   

 This approach to education is outlined in “Simulated Research” (downloadable from 
https://sites.google.com/site/sciediiserp/additional-materials)  

(5) Materials for the workshop 
 The kit to be supplied to the students includes (a) a string, and (b) a set of drinking straws 

(several straws of each colour, of specified lengths):  

WHITE: 25cm     YELLOW: 20cm      GREEN: 15cm  PINK: 10cm ORANGE: 5 cm    

 Students are not told about the colour coding. When pursuing the tasks in this workshop, they 
are expected to discover the patterns, which are initially expressed in terms of colours, but 
depend on the lengths of the straws. At this point, they can find out the lengths of the straws by 
measuring them.  
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(6) Plan of the workshop 
 To do as many tasks as can be done with no pressure to "complete" them, encouraging students 

to attempt the remaining tasks at home. [The teacher could ask the students to form groups, to 
work out the tasks individually first, then to meet in groups outside class hours and discuss 
their solutions, and finally to discuss them jointly in class.]   

(7) How the workshop proceeds 
 Within each task, we expect different students to pursue different paths. We ask them to call 

out what they have discovered, and the teacher writes it down on the blackboard.  
  What the students come up with and how they formulate it would shape what happens 

in the classroom, and the specific paths that we take. In inquiry-based learning, the teacher 
does not have complete control of how the class proceeds. What the teacher has to do is take 
what the students come up with, and what they get excited by, and guide the class, keeping in 
mind the expected learning outcomes. 

(8) Further learning tasks to develop mathematical thinking 
 [There is a chance that these tasks will be appropriate only for more mature students. 

Whether or not to proceed to this section would be for the teacher to decide.] 
In the tasks so far, we have assumed 
without saying so that we are looking at 
the shapes on a flat surface. (We should 
ask the students to place the straw-
shapes on a flat surface, like a tabletop, 
and observe them.) At the end of the 
workshop, however, it is important to 
draw their attention to the flatness of the 
surface on which the shapes exist.  
 Next, we get them to examine the 
shapes away from the tabletop. This 
means moving away from the Euclidean 
geometry of two-dimensional shapes on 
flat surfaces (flat space) to the geometry 
of two-dimensional shapes on curved 
surfaces (curved space.) 

Activity to see the difference first-hand 

Pierce two drawing pins on a flat surface, and 
stretch a string tightly between them. The string is 
a straight line on a flat surface (Euclidean).  

Now take a globe and do the same thing. The 
string is still a straight line, but the straight line 
exists on a curved surface. (Riemannian).  

Draw a rectangle on a piece of paper. Place it flat 
on a tabletop. The rectangle is on a flat 2D space.  

Now place the piece of paper on the curve of 
a cylinder, with all of it touching the surface of the 
cylinder. The same rectangle is still a 2D shape, 
but the surface is no longer a 2D space, it is a 
curved space. 

 We can now give them tasks like the following one, which would serve as a good entry point 
to Riemannian geometry:  

 Task: The theorems we have come up with continue to hold if the straws are replaced by 
stretches of threads tightly tied to drawing pins on a drawing board. But suppose the 
drawing pins are on a spherical surface, and we stretch the threads tightly between them. 
Would the theorems still be the same? What will be the theorems for this kind of 
geometry?  

(9) Distinguishing between scientific and mathematical inquiries 
 It may be a good idea to use the workshop tasks to point to the difference between how we 

inquire in science (scientific inquiry) and how we inquire in math (mathematical inquiry).   
 In scientific inquiry, what a given sample allows us to generalize would limit our 

conclusions. Thus, experiments with straw shapes can justify conclusions about straws, those 
with threads tied to drawing pins justify conclusions about strings, and in both cases the 
conclusion will be limited to small shapes, a few centimeters on each side; they won't apply 
to shapes of a few meters or kilometers.  

 In mathematical inquiry, the “data” are only a trigger for the creation of mathematical objects 
(polygons) and conjectures about them, where straws and stretched strings are abstracted 
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away from experiential objects and idealized as straight lines. (This is what Euler did when 
he converted bridges and parts of the town in Koningsberg to arcs and nodes in graph theory, 
and what Bernouli and Pascal did when they converted gambling problems into problems in 
probability theory.) Students in the 8th/9th standards may not understand this aspect of math, 
but it is worth a try. 

Atmosphere of the workshop 
(10) Arousing interest in children as part of education 
 In order to not push the students beyond their abilities, it would be best to remember that they 

are children whose interest can be aroused, and not view them as potential “young scientists” 
or “young mathematicians” preparing themselves for a research career in science or 
mathematics. Having said that, it would be gratifying if we can infect at least a small subset 
of them with excitement about science and math such that they will be on the trajectory to 
becoming researchers. 

 (11) Making learning enjoyable and exciting vs. turning education into entertainment 
 It is important to make learning enjoyable, because learning associated with positive 

emotions (joy, excitement, fun...) is far more productive and meaningful than that associated 
with negative emotions (boredom, fear, pain, ...). However, it is important also to remember 
that in order to be enjoyable, learning does not become mere entertainment.  

  Our job is to infect students such that systematic inquiry becomes exciting to students. 
Real inquiry takes place when the mind is infected by inquiry questions; and thinking takes 
place in the mind, part conscious and part unconscious, all the time, not just in class or when 
the student sits down to study. It is that constant, engaged pursuit of an inquiry question 
sustained over extended periods that leads a student to becoming a future researcher. This is 
what the learning tasks we give them should ultimately aim at. 

 
  
 

********* 
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For Students  

Introduction  
We can find out a lot of things through our own investigation. This is what we call Inquiry.  

Today, we are going to find out some stuff about shapes, by putting strings through straws, then 
pulling the two ends of the strings tightly and tying them together, like this:  

  

 figure 1 
 

Let us call them straw-shapes for now. The straw-shape in figure 1 has three sides — it is a three-
sided straw-shape. In the straw-shapes in figure 2 below, the one in (a) is three-sided, the one in (b) 
is four-sided, the one in (c) is five-sided, and the one in (d) is six-sided (and so on): 
 
 

 a b c d figure 2 
 three-sided four-sided five-sided six-sided 

A secret behind colour combinations  
1. Using the straws given to you, make a three-sided shape, all sides of the same colour. 

2. Make a three-sided straw-shape, with one side green [15cm] and two sides orange [5cm]. 

3. Make a three-sided straw-shape, with one side green [15cm], one side yellow [20cm], and 
one side pink [10cm].    

4. Did you observe any difference between (1), (2), and (3)? What did you observe?  

5. Give an explanation for what you observed in (4). (State a general principle from which what 
you have observed would follow.)   

6. Check if the principle you formulated in (5) is correct.  Revise your principle if it is not 
correct.     

7. Make two four-sided straw-shapes, one with straws of the same colour, and another one with 
one side white [25cm], one side pink [10cm], and two sides orange [5cm]. 

8. Make two five-sided straw-shapes, one with straws of the same colour, and another one with 
one side white [25cm], and four sides orange [5cm]. 

  If making these shapes with straws is time consuming, you can just draw these shapes 
with a pencil and a ruler.  

9. As you did in (1)-(6), give an explanation for what you observed in (7) and (8), check if your 
principles are correct, and revise them if necessary.   

10. Formulate a single general principle, combining what you came up with in (5)-(6) and in (9). 

11. Check your general principle in (10) by thinking about other kinds of straw-shapes. For 
instance, do you think you can make a ten-sided shape with straight lines in which one side is 
fifteen meters, and the remaining sides are one meter each?  

Finalize your general principle. We will call it conjecture 1. 



 

 5 
 

Rigidity  
12. Take the three-sided, four-sided, and five-sided straw-shapes you have already made, and try 

to change their shape by moving them so that you change the angles. What do you observe? 

13. Give an explanation for what you observed in (12) by stating a general principle such that the 
observational generalizations that you stated follow from the principle.   

14. Check if the principle you formulated in (13) is correct.  Revise your principle if it is not.     

15. Make a three-sided straw-shape, one side 10cm, one 15cm, and one 20cm. Try to change its 
shape. 

16.  Make a four-sided straw-shape, one side 20cm, one 15cm, one 5cm, and one 20cm. Try to 
change its shape. 

17. Did you discover anything from doing (15) and (16)? Does it affect the general principle you 
stated in (13) (and may have revised in (14))? Do you need to revise your principle further?  

Finalize your general principle. We will call it conjecture 2.   

 

Proof  

18. Suppose I say: “My maternal 
grandmother was born when I was 
five years old.” 

19. Can you prove that what I am saying 
is false?    

20. Can you prove what you discovered 
in (12)-(17)? 

Note for the teacher: 
The purpose of task (18) is to help students 
understand the concept of proof in the context of 
something that they already believe to be true. To 
accomplish this task, they would need to: 
(a) define "mother" and  "maternal grandmother",  
(b) set up one or two axioms on birth, and  
(c) derive what needs to be proved from (a)+(b). 

Angles and Sides 

21. Make a six-sided straw-shape with all sides of the same length. Make two of the corners more 
than 90º (that is, more than right angles). Try to do the same thing with a five-sided, four-
sided, and three-sided straw-shape. Write down what you discovered. Prove it. 

22. Make a six-sided straw-shape with each side of a different length. Make two of the corners 
more than 90º. Try to do the same thing with a five-sided, four-sided, and three-sided straw-
shape. Write down what you discovered. Prove it.  

23. Make a six-sided straw-shape with all sides of the same length. Make one of the corners a 
right angle. Try to make one of the other angles either more than a right angle or less than a 
right angle (that is, NOT a right angle) Try to do the same thing with a five-sided and four-
sided straw-shape, with all sides the same length. Write down what you discovered. Prove it.  

24. Make a six-sided straw-shape with each side a different length. Try to make all the corners 
right angles. Do the same thing with a five-sided and four-sided straw-shape, also with each 
side of a different length. Write down what you discovered. Prove it.  

25. Try to make a three-sided straw-shape with all sides of the same length, and the angles of 
each corner different from the others. Now try to make the three-sided straw-shape with each 
side of a different length but with the angles of all corners being the same. Write down what 
you discovered. Prove it.  

26. Can you extend what you discovered (or parts of what you discovered) in (25) to four-sided, 
five-sided and six-sided straw-shapes? Write down what you discovered. Prove it.  
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Areas  
27. Make a three-sided straw-shape, with a 15cm side and a 5cm side forming a right angle. For 

the third side, cut out a straw of the appropriate length. 
        C 
   A      
         B   (AB: 15cm, BC: 5cm, angle B: 90º)   

28. Now take another 5cm straw, and attach one side to C. Cut out another straw such that if one 
end is attached to A and another to C, then BCD is a straight line.  

     D 
 
    C 
  A 
   B  (AB: 15cm, BC and CD: 5cm, angle B: 90º) 

29. Compare the areas of ABC and ACD. Which of the following statements do you think is true? 
 a. The area of ABC is greater than the area of ACD. 
 b. The area of ABC is less than the area of ACD.   
 c. The area of ABC is equal to the area of ACD.    

30. Can you prove what you said in (30)?    

 

Appendix: Polygons 

31. The shapes given below are polygons. 
 
 
  a b c d e f g h i 

32. The shapes given below are not polygons. Can you say why not? 
 
 
  a b c d e    

33. Can you make the following shapes as straw-shapes? Why/Why not?  
 
 
  a b c d e f  

34. Polygons with all sides of equal length are called equilateral. (Lateral = side) Those in which 
all angles are equal are called equi-angular. Polygons that are equi-lateral and equi-angular 
are regular polygons.  

35. Three-sided polygons are called triangles (tri = three), four-sided polygons are called 
quadrilaterals (quadri = four), five-sided polygons are called pentagons (penta = five), and 
six-sided polygons are called hexagons. (hexa = six).  

36. Can you define squares, rectangles, and parallelograms using the terminology in (34)-(35)?  

37. Can you restate everything that you discovered and proved in (1)-(33), using the terminology 
in (34)-(35)?    

 

 


