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INTRODUCTION 

I happened upon the following task on nrich.maths.org, a website run by the University of Cambridge’s 
Faculties of Mathematics and Education which focuses on mathematical learning and problem solving2: 

 

 

 

 

 

 

Before continuing with the article, the reader is encouraged to attempt the problem as it leads to some 
exciting mathematics. 

VALUE OF THIS TASK IN THE CLASSROOM 

This problem is an excellent real-world scenario from which to draw discussion and theory about the 
concept of probability. It leads naturally to an exploration of dependent events and how this impacts the 
probabilities on which the concept of fairness for this game relies. It is furthermore an excellent ‘low floor, 
high ceiling’ task that can be unpacked in many different ways. As such, it could be used at various grade 
levels to achieve different ends. In lower grades, the game can be played by students in the classroom and 
serve as an introduction to dependent events, with initial solutions found by trial and error before further 
exploration. In higher grades, it can be tackled with a greater degree of abstraction and algebra can be used 
to find solutions more generally. The task's different entry points also make it ideal for the mixed-ability 
classroom. Altogether, this mathematical challenge lends itself to independent and group investigation, class 
discussion, as well as guided enquiry carefully led by the teacher.  

A SOLUTION STRATEGY 

A rich task such as this can be solved in many different ways, and various solutions can be examined on the 
NRICH website3. Discussing these solutions in the classroom is an excellent extension opportunity for 
strong or motivated students. However, I have attempted to solve the problem using strategies that are as 
accessible as possible for South African Core Mathematics students from grade 10 and upwards. 

 

                                                 
2 https://nrich.maths.org/919 
3 https://nrich.maths.org/919/solution 

Chris and Jo decide to play a game. They put some red and some blue ribbons in a 
box. They each pick a ribbon from the box without looking (and without replacing 
them). Jo wins if the two ribbons are the same colour and Chris wins if the two ribbons 
are a different colour.  

How many ribbons of each colour would you need in the box to make it a fair game? 

Is there more than one way to make a fair game? 

mailto:kmellor@stithian.com
http://www.nrich.maths.org/
https://nrich.maths.org/919
https://nrich.maths.org/919/solution
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I first let the number of blue ribbons be  𝑥𝑥, and the number of red ribbons be  𝑦𝑦, with  𝑥𝑥,𝑦𝑦 ∈ ℕ, and 
visualised the problem scenario with a tree diagram:  

 

FIGURE 1:  Visualising the problem as a tree diagram. 

  𝑃𝑃(𝑡𝑡𝑎𝑎𝑚𝑚𝑡𝑡 𝑐𝑐𝑐𝑐𝑙𝑙𝑐𝑐𝑐𝑐𝑟𝑟) =
𝑥𝑥(𝑥𝑥 − 1)

(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)
+

𝑦𝑦(𝑦𝑦 − 1)
(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)

                                                                           

  𝑃𝑃(𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑𝑡𝑡𝑟𝑟𝑡𝑡𝑛𝑛𝑡𝑡 𝑐𝑐𝑐𝑐𝑙𝑙𝑐𝑐𝑐𝑐𝑟𝑟𝑡𝑡) =
𝑥𝑥𝑦𝑦

(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)
+

𝑦𝑦𝑥𝑥
(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)

                                                                 

In order for the game to be fair, the probability of the colours being the same must equal the probability 
of the colours being different: 

  
𝑥𝑥(𝑥𝑥 − 1)

(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)
+

𝑦𝑦(𝑦𝑦 − 1)
(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)

 =  
𝑥𝑥𝑦𝑦

(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)
+

𝑦𝑦𝑥𝑥
(𝑥𝑥 + 𝑦𝑦)(𝑥𝑥 + 𝑦𝑦 − 1)

    

From this we have:            𝑥𝑥(𝑥𝑥 − 1) + 𝑦𝑦(𝑦𝑦 − 1) = 𝑥𝑥𝑦𝑦 + 𝑦𝑦𝑥𝑥 

                  ∴   𝑥𝑥2 − 𝑥𝑥 + 𝑦𝑦2 − 𝑦𝑦 = 2𝑥𝑥𝑦𝑦 

                     ∴   𝑥𝑥2 − 2𝑥𝑥𝑦𝑦 + 𝑦𝑦2 = 𝑥𝑥 + 𝑦𝑦 

                                ∴   (𝑥𝑥 − 𝑦𝑦)2 = 𝑥𝑥 + 𝑦𝑦 

This is not the typical type of simultaneous equation encountered in the South African curriculum. However, 
this equation is very accessible to understand and lends itself to an interrogation of what algebraic 
expressions and equations mean. Here, can the square of the difference between two natural numbers equal 
their sum? At this point in the solution, strategic trial and error can be used to search for solution pairs - an 
excellent opportunity to grow number sense in higher grades. 
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Another way to tackle the above quadratic simultaneous equation is to create sets of linear simultaneous 
equations using perfect squares and their roots. This highlights to students how known strategies can be 
applied usefully to make progress in unfamiliar contexts.  For example: 

         let  𝑥𝑥 − 𝑦𝑦 = 1  thus  𝑥𝑥 + 𝑦𝑦 = 1 

        This yields  𝑥𝑥 = 1  and  𝑦𝑦 = 0  (not valid given the context) 

or 

        Let  𝑥𝑥 − 𝑦𝑦 = 2  thus  𝑥𝑥 + 𝑦𝑦 = 4 

        This yields  𝑥𝑥 = 3  and  𝑦𝑦 = 1 

or 

        Let  𝑥𝑥 − 𝑦𝑦 = 3  thus  𝑥𝑥 + 𝑦𝑦 = 9 

        This yields  𝑥𝑥 = 6  and  𝑦𝑦 = 3 

or 

        Let  𝑥𝑥 − 𝑦𝑦 = 4  thus  𝑥𝑥 + 𝑦𝑦 = 16 

        This yields  𝑥𝑥 = 10  and  𝑦𝑦 = 6 

and so on… 

One thus establishes that there are many different combinations of red and blue ribbons that lead to a fair 
game. The final challenge is to look for possible relationships between the solution pairs by arranging the 
solutions systematically:  

Number of blue ribbons 
  (𝑥𝑥)  

Number of red ribbons 
  (𝑦𝑦)  

Difference 
  (𝑥𝑥 − 𝑦𝑦)   

Sum 
  (𝑥𝑥 + 𝑦𝑦)  

3 1 2 4 

6 3 3 9 

10 6 4 16 

15 10 5 25 

 
TABLE 1:  Arranging the solutions systematically. 

Upon closer examination one notices that for a fair game, the number of red and blue ribbons need to be 
consecutive triangular numbers, and that the number of red ribbons and blue ribbons in their columns both 
follow the triangular number sequence.  
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As mentioned, my proposed solution is not the most rigorous or elegant but is hopefully quite accessible to 
most students in a guided investigation classroom context. Comparing different solution strategies, in 
particular those found by students, or using those found online, could lead to excellent discussion and 
extension.  

ADAPTING THE TASK 

This versatile task can be put to different purposes depending on the desired outcome. If presented as a 
guided investigation, the following could be given to students to scaffold the start of their investigation: 

 

 

 

 

 

Intuitively, option (ii) looks like a fair game but it quickly becomes apparent that this is not the case.  

Finally, the task could also be altered by considering the problem if three or more different colours were 
used.  

CONCLUDING REMARKS 

This task is set in a real-world context that excellently contains mathematics that is relevant – in an accessible 
way – to our curriculum. The task is challenging enough to develop problem-solving strategies and is 
approachable enough for students of varying abilities to be able to make some progress towards a solution. 
Additionally, the task goes beyond probability to meaningfully incorporate algebra and number patterns, 
thus creating links between these content areas. I found this task to be inspiring and an excellent reminder 
of how outstanding tasks can influence and direct the meaningful learning of mathematics.  

 

Which of the following number of ribbons would lead to a fair game?  

 (i) 3 red ribbons and 1 blue ribbon 

 (ii) 3 red ribbons and 3 blue ribbons 

 (iii) 6 red ribbons and 3 blue ribbons 
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