Investigation: Simulation of compound events
Year 9 Maths · A5 question sheet
A simple event has one step, like one shot at goal. A compound event joins two or more steps, like scoring with both of two shots. A simulation uses random numbers to act out an experiment many times, so you can estimate a probability without doing the real thing. In this investigation you will simulate compound events by hand and on a spreadsheet, compare them with simple events, and finish with a problem that is hard to work out by counting. You will need a calculator, a cup with 5 slips of paper, and a computer with a spreadsheet (such as Excel or Google Sheets).
Part A: Random digits by hand
A netball goal shooter scores from 70% of her shots. You can simulate one shot with one random digit: the digits 0, 1, 2, 3, 4, 5 and 6 (7 out of 10 digits) mean she scores, and 7, 8 and 9 mean she misses.
	Row
	Digits
	
	
	
	
	
	
	

	1
	38154
	83352
	83508
	20964
	82270
	60827
	20281
	61649

	2
	44427
	51924
	80681
	02771
	37105
	77639
	31601
	38581

	3
	15019
	43875
	83273
	41538
	04175
	41407
	21468
	86747

	4
	06942
	93922
	48721
	58946
	70534
	97674
	97372
	01775

	5
	34232
	29983
	43921
	61738
	98893
	32242
	35025
	29251

	6
	91567
	84665
	99033
	14914
	66115
	78168
	67665
	90042

	7
	19211
	21711
	82237
	99392
	35647
	79169
	55132
	17848

	8
	17059
	39477
	28721
	87730
	13070
	84441
	98548
	79945



1. A simple event: one shot. Rows 1 and 2 hold 80 digits. Each digit is one shot.
0. Count the scores (digits 0 to 6) in rows 1 and 2.
0. Find the relative frequency of scoring.
0. How close is it to the theoretical probability, 0.7?
1. A compound event: two shots. In rows 3 to 6, split the digits into pairs (15, 01, 94, 38, …). Each pair is one turn of two shots. There are 80 pairs.
0. Before you start, predict P(she scores both shots).
0. Tally the 80 pairs.
	Result
	Tally
	Frequency
	Relative frequency

	Scores both
	
	
	

	Scores exactly one
	
	
	

	Misses both
	
	
	

	Total
	
	80
	1



0. Draw a tree diagram for two shots and find the theoretical probability of each result.
0. Compare your simulation with the theoretical probabilities.
1. Put these events in order from least likely to most likely, and explain why the order makes sense: “scores the first shot” (simple), “scores both shots” (compound), “scores at least one shot” (compound).
Part B: Without replacement, by hand
Write R on 3 slips of paper and B on 2 slips, and put them in a cup.
1. Take out two slips without putting the first one back. Record the result, put both slips back and shake the cup. Do this 30 times.
	Result
	Tally
	Frequency
	Relative frequency

	Two R
	
	
	

	One R and one B
	
	
	

	Two B
	
	
	

	Total
	
	30
	1



1. Use a tree diagram to find the theoretical probability of each result without replacement, then with replacement.
0. Without replacement: P(two R) ______________ P(one of each) ______________ P(two B)
0. With replacement: P(two R) ______________ P(one of each) ______________ P(two B)
0. Do your results in Question 4 match the “without replacement” probabilities better? Explain.
Part C: A thousand trials on a spreadsheet
A gardener plants 3 seeds in each pot. Each seed sprouts with probability 0.75, independently of the others. Set up the spreadsheet like this:
· In A1 type =IF(RAND()<0.75,1,0). It shows 1 (sprouts) about 75% of the time and 0 otherwise.
· Copy A1 across to B1 and C1. These are the three seeds in one pot.
· In D1 type =SUM(A1:C1). This is the number of seeds that sprout in the pot.
· Select A1 to D1 and copy them down to row 1000. Each row is one pot.
Count your results with these formulas (in any empty cells):
· first seed sprouts: =SUM(A1:A1000)
· all three sprout: =COUNTIF(D1:D1000,3)
· exactly two sprout: =COUNTIF(D1:D1000,2)
· at least one sprouts: =COUNTIF(D1:D1000,">=1")
1. Copy and complete the table. Give the theoretical probabilities to 3 decimal places.
	Event
	Simple or compound?
	Theoretical probability
	Frequency in 1000 pots

	The first seed sprouts
	
	
	

	All three sprout
	
	
	

	Exactly two sprout
	
	
	

	At least one sprouts
	
	
	



1. Look at your table.
0. Which event is closest to certain? Why is it more likely than the simple event?
0. Two of the theoretical probabilities are exactly the same. Which two? Explain why using the tree diagram.
1. Change the count formulas so that they only use rows 1 to 50 (for example, =COUNTIF(D1:D50,3)). Press F9 (or change any cell) five times and record the relative frequency of “all three sprout” each time.
0. Results for 50 pots: ______________ ______________ ______________ ______________
0. Now do the same with rows 1 to 1000: ______________ ______________ ______________ ______________
0. What do you notice? What does this tell you about the number of trials in a simulation?
Part D: A probability that is hard to count
A cereal brand puts one of 4 different Australian animal cards (koala, wombat, echidna, platypus) in your book, chosen at random. Noah buys 6 boxes. What is the probability that he gets all 4 cards?
1. Make a prediction.
Set up the simulation on a new sheet:
· In A1 type =RANDBETWEEN(1,4) and copy it across to F1. These are the cards in Noah’s 6 boxes.
· In G1 type =IF(AND(COUNTIF(A1:F1,1)>0,COUNTIF(A1:F1,2)>0,COUNTIF(A1:F1,3)>0,COUNTIF(A1:F1,4)>0),1,0). It shows 1 when all four cards are in the row.
· Copy A1 to G1 down to row 1000, then count the complete sets with =SUM(G1:G1000).
1. Run the simulation.
0. How many of the 1000 sets of 6 boxes had all 4 cards?
0. Press F9 three more times and record the counts.
0. Use your four results to estimate P(all 4 cards in 6 boxes).
1. Compare with a simple event. The probability that one particular card (say the koala) is in at least one of the 6 boxes is 1 − .
0. Work this out to 3 decimal places.
0. Why is P(all 4 cards) so much smaller than P(the koala card)?
1. Change the simulation to model 10 boxes (columns A to J, with the formula in K). Estimate P(all 4 cards in 10 boxes). About how many boxes would Noah need to buy to have a 90% chance of a full set? Describe how you found out.
[image: C:/Users/User/Documents/Mr.%20Scott%20Aus%20Website/tools/doc-icons/sec_reflect.png] Part E: Reflect
1. Write two or three sentences about what you found. Include: how compound events compared with simple events, how close the simulations were to the theoretical probabilities, and what happened when you used more trials.
1. Design your own simulation for a compound event in real life (for example, all three hens in a backyard laying an egg on the same day, or getting at least one 6 in four rolls of a die). Describe what each random number stands for, what you would count, and how many trials you would run.
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