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• Consider that a breakfast cereal company is running a promotion by 
inserting a famous mathematician card into each box of cereal. If 
there are 6 different cards in the set and the placement of cards is 
equal and random, how many boxes of cereal on average would you 
expect are needed in order to collect the full set of cards?

• Participants will partake in hands-on investigation of the card (or 
coupon) collector problem with the opportunity to explore through 
intuition, simulation and calculation. This classic problem could be 
used as the basis for a Mathematical Methods Investigation task, 
specifically examining expectation, probability distribution and 
confidence intervals. However, at a basic level, it is also accessible 
to junior students and can be used to meet the F-10 curriculum 
requirement to “conduct simulations, using digital tools to determine 
probabilities and describe results (VC2M8P03).”

Session Description





Investigation using simulation in 
Victorian F-10 Maths curriculum V. 2.0



Probability content descriptions include:
Level 7 conduct repeated chance experiments and run simulations 
with a large number of trials using digital tools; compare predicted 
with observed results (VC2M7P02)

Level 8 conduct repeated chance experiments and simulations, using 
digital tools to determine probabilities for compound events, and 
describe results (VC2M8P03 )

Level 9 design and conduct  repeated chance experiments and 
simulations using digital tools to estimate probabilities that cannot 
be determined exactly (VC2M9P03)

Level 10 ... design and conduct simulations using digital tools to 
model conditional probability and interpret results (VC2M10P01)



Consider that a breakfast cereal company is running a 
promotion by inserting a famous footballer 
card into each box of cereal. If there are 6 different cards in 
the set and the placement of cards is equal and random, 
how many boxes of cereal on average would you expect 
are needed in order to collect the full set of cards?

Card (or Coupon) Collector Problem



Consider that a breakfast cereal company is running a 
promotion by inserting a famous female mathematician 
card into each box of cereal. If there are 6 different cards in 
the set and the placement of cards is equal and random, 
how many boxes of cereal on average would you expect 
are needed in order to collect the full set of cards?

Card (or Coupon) Collector Problem

Intuition Simulation Calculation Investigation



Electronic Simulation



Background knowledge
Bernoulli Distribution

•A discrete probability distribution.

•Models a single trial with two possible outcomes:
              Success (1)
              Failure (0)

•Example: Coin flip (heads = 1, tails = 0). 
•                Product quality test (Pass = 1, Fail = 0)
•                Requirement (Met = 1, Not Met = 0)



Background knowledge
Bernoulli Distribution

•Probability of Success (p)
•Probability of Failure (1 – p )
•Random Variable (X)

•E(X) =            = 0 (1-p) + 1 (p) = p
•Var(X) =                 = p (1-p)

x 0 1
Pr (X = x) 1-p p

( )xp x∑
2( ) ( )x p xµ−∑



Background knowledge
Geometric Distribution

•A discrete probability distribution modelling the number of
Trials needed to achieve the first success

•Each trial is independent with:
•Probability of success p
•Probability of failure 1 - p

•Example: Rolling a die until you get a 6



Background knowledge
Geometric Distribution

•For the first success to be at k-th trial:
•First (k -1) trails are failures
•The k-th trial is success

•Probability for this event is :



Background knowledge

Geometric Distribution

•Random Variable (X) – Number of trials until the first success
•Success Probability (p) – Constant probability of success in 
•                                         each trial

x 1 2 3 4 … k
Pr (X = x) P (1-p)(p) 𝟏𝟏 − 𝒑𝒑 𝟐𝟐(𝒑𝒑) 𝟏𝟏 − 𝒑𝒑 𝟑𝟑(𝒑𝒑) 𝟏𝟏 − 𝒑𝒑 𝒌𝒌−𝟏𝟏(𝒑𝒑)



Back to coupon collect problem
Repeated Geometric Distribution

To get the k-th coupon, after collecting k – 1 coupons:
 Failure = getting coupon you already have
         There are k – 1 choices

 Success = getting a new coupon.
         There are n – k + 1, where n is the total 
          number of coupons to be collected

Example: If there are 6 (1, 2,..6) coupons to be collected 
and we have collected cards 1, 3, 4:
 n = 6, k = 4 (to get the 4th coupon)
 k – 1 = 3
           n – (k – 1) = n – k + 1 = 3



Back to coupon collect problem
𝑻𝑻𝒌𝒌 is the discrete random variable representing 
number of purchases needed to get the k-th 
coupons after collecting k-1 coupons

𝑻𝑻𝒌𝒌 is geometric random variable with 
success probability 𝒑𝒑 = 𝒏𝒏−𝒌𝒌+𝟏𝟏

𝒏𝒏

Therefore 𝑬𝑬(𝑻𝑻𝒌𝒌) = 𝟏𝟏
𝒑𝒑

= 𝒏𝒏
𝒏𝒏−𝒌𝒌+𝟏𝟏

 



Calculation
Consider that a breakfast cereal company is running a 
promotion by inserting a card into each box of cereal. If 
there are 6 different cards in the set and the placement 
of cards is equal and random, how many boxes of 
cereal on average would you expect are needed in 
order to collect the full set of cards?
E(X)  

where X = number of cereal boxes needed to 
collect a set of N unique cards.



Calculation

Hoping for a Bernoulli 
trial “success” by adding 
the kth discrete card to 
my collection on the 
opening of next box.

k



Calculation

Hoping for a Bernoulli 
trial “success” by adding 
the kth discrete card to 
my collection on the 
opening of next box.

k 1 2 3 4 5 6



Calculation
Number of unique cards 
I already have k-1 0 1 2 3 4 5

Hoping for a Bernoulli 
trial “success” by adding 
the kth discrete card to 
my collection on the 
opening of next box.

k 1 2 3 4 5 6



Calculation
Number of unique cards 
I already have k-1 0 1 2 3 4 5

Expected number of 
new cereal boxes 
needed in order to 
obtain the kth discrete 
card.

E(Xk)
𝑁𝑁
𝑁𝑁
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Calculation
Number of unique cards 
I already have k-1 0 1 2 3 4 5

Expected number of 
new cereal boxes 
needed in order to 
obtain the kth discrete 
card.

E(Xk)

Example when N=6

E(Xk)
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Calculation
Number of unique cards 
I already have k-1 0 1 2 3 4 5

Expected number of 
new cereal boxes 
needed in order to 
obtain the kth discrete 
card.

E(Xk)

Example when N=6
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Calculation



Calculation         Programs

Thank you 
Ray Rozen

Thank you 
Angel Wong



Calculation         Investigation
• How does the expectation 

relate to the number of 
different cards in the set?

• Can we also calculate the 
standard deviation?

• What does the distribution 
look like?

• What if the cards were not of 
equal likelihood?



Investigation
• How does the expectation relate to the number of 

different cards in the set?



Investigation
• How does the expectation relate to the number of 

different cards in the set?



Coupon collector's problem - Wikipedia

https://en.wikipedia.org/wiki/Coupon_collector%27s_problem
https://en.wikipedia.org/wiki/Coupon_collector%27s_problem


Investigation
• What does the distribution look like?

https://www.randomservices.org/random/urn/Coupon.html

http://www.distributome.org/V3/calc/CouponCollectorCalculator.html

https://www.randomservices.org/random/urn/Coupon.html
http://www.distributome.org/V3/calc/CouponCollectorCalculator.html


https://www.randomservices.org/random/urn/Coupon.html

Investigation
• What does the distribution look like?



Investigation
• What does the distribution look like?



https://www.randomservices.org/random/apps/CouponCollector.html

Investigation
• What is the standard deviation of the number of boxes?

https://www.randomservices.org/random/apps/CouponCollector.html


• We can also consider confidence levels:
    e.g. How many boxes of cereal would I need to be
                 a) 50%
                 b) 95%    
            confident of having now collected the whole set? 

Investigation



Event App



Be in it to WIN!
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