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It’s a Random World
We are exploring language involving random numbers

We are exploring random number concepts and interpretations

We are exploring the properties of random numbers in context

Exercise 1 – Are You Random?

You will need a die and a table of random numbers.

Task 1: How random are you?

Choose numbers at random from 1, 2, 3, 4, 5 or 6 and write them down in the table. 

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


	Record a way to test if you are chosing these numbers at random.




	Make a comment about how random you are.




Task 2: Is a die random? (Language note…one die, two dice)
Toss a six sided die 30 times and record the results in this table.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


	Make a comment about how randomness of a die.




Task 3: Are the tables random? 

Select 30 numbers from the random number tables.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


	Make a comment about how randomness of numbers in the tables.




	Which of the above tools is the most random?




Exercise 2 – Using Random Number Tables

Here is a table of random numbers. 

	4372642424
	7314143723
	1495965364
	1444304159
	7474143653

	9406184123
	8999350023
	1709466538
	6258098622
	1833110026

	2755600119
	9440063906
	7004248173
	2120873170
	6032983174

	6323543161
	6394964935
	5411818548
	2088035029
	5262363298

	5667900078
	8167958100
	2997038372
	6994888469
	9247172802

	4266091944
	5738475399
	5462166377
	6340649938
	3025872706

	9814791469
	4613718979
	2994696288
	3447166378
	3916293208

	9637668451
	1316222759
	6715187556
	8632754677
	3112528772

	2820777553
	6459025117
	7811269474
	4897600594
	4716030335

	8795344562
	2563648280
	8418537549
	5930150461
	3790090475


1. How many numbers are there in the table? How do you work that out?

	


2. Every time you use this table you should get a different set of numbers. Think up a way in which you might be able to do this and write down your method.

	


3. Use your method and select ten random numbers. Do this 10 times and see if your selection changes everytime. Make a comment about your method.

	
	
	
	
	

	
	
	
	
	

	My comment.




4. Randy has a method which he describes as follows. 


a. Throw a ten sided dice to get a number X from 1 to 5 (eg 3)


b. Throw the dice again to get a number Y from 1 to 10 (eg 7)


c. Move to the box X across and Y down. (eg 3 across and 7 down)


d. Start using numbers in that box and keep moving to the right and down. Then go to the top and keep going.

	Use Randy’s method to select 10 randomn numbers and record them.




5. Write down your method as a series of steps like Randy did.

	The ___________ Method




Exercise 3 – Random? How do you know?
Knowing that a set of numbers are random is very important. Some methods are very good, some not so good and some are very poor. There are some very strange methods and some very obvious methods of finding random numbers. At tiny atomic sizes most particle interactions are random. 

A simple test of randomness is to expect that every number has an equal chance of being selected. If we select a reasonably large group of random numbers, sort them and graph the totals the columns will all be the same height. There will be equal numbers of each selected. Let’s see if this works. 

1. Count up all the 0, 1, 2 ….9 in the following random number table.

	4372642424
	7314143723
	1495965364
	1444304159
	7474143653

	9406184123
	8999350023
	1709466538
	6258098622
	1833110026

	2755600119
	9440063906
	7004248173
	2120873170
	6032983174

	6323543161
	6394964935
	5411818548
	2088035029
	5262363298

	5667900078
	8167958100
	2997038372
	6994888469
	9247172802

	4266091944
	5738475399
	5462166377
	6340649938
	3025872706

	9814791469
	4613718979
	2994696288
	3447166378
	3916293208

	9637668451
	1316222759
	6715187556
	8632754677
	3112528772

	2820777553
	6459025117
	7811269474
	4897600594
	4716030335

	8795344562
	2563648280
	8418537549
	5930150461
	3790090475


Record your totals here.

	# of 0’s =
	1’s =
	2’s =
	3’s =
	4’s =

	5’s =
	6’s =
	7’s =
	8’s =
	9’s =


 2. Are the numbers of each the same? How many of each would you expect to have?

	Comment




3. Use the space below to make a bar chart of your results.


Does the chart confirm that these numbers are indeed random?

	Comment




Exercise 4 – Some Random Events!

You will need a creative thinking cap and a buddy.

You are to list some ways to generate or make random numbers. Then you are going to choose a method to make the numbers and test to see if they are random.

1. Discuss and list at least 10 ways of making, finding or generating random numbers.

Our ways are

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2. Choose one of these ways.

	Our chosen experiment is 




3. Generate enough numbers to test if your experiment is random.

	Our numbers are




4. Record how you are going to test them.

	Our test is 




5. Now do it.

6. Make a comment about the randomness of your method.

	


Exercise 5 – Random or Not?

Here is a long list of experiments that could generate or be used to generate a random number. You task is to make a comment about the randomness of each experiment. Some of the tasks might not be very random at all. 

	Event
	Comments

	1. Tossing a six sided dice
	

	2. The last number on a number plate of cars going past me.
	

	3. Tossing a coin
	

	4. Using RAND function on a calculator or computer.
	

	5. Throwing a dart at a dart board
	

	6. Kicking a ball at some numbered drums
	

	7. Order of race horses finishing
	

	8. Looking at the second hand on a clock
	

	9. Heights of students
	

	10. Thinking of a number between 1 to 10
	

	11. Looking at the digits in the number π
	

	12. Drawing cards from a pack
	

	13. Tossing a drawing pin
	

	14. Dropping the toast on the floor
	

	15. Where rain drops fall
	

	16. Flicking to a page in a book
	

	17. Looking at the date today
	

	18. Pocketing a ball of a pool break
	

	19. Looking at the digits of 1/7th
	

	20. Amount of money of a powerbill
	

	21. Estimating the length of a line
	

	22. Number of children in families of your class.
	

	23. Number of children in a class from day to day
	

	24. The number of cricket balls you can hold.
	

	25. Length of time you can hold your breath
	

	26. Number of marks you get in a test
	

	27. Rolling marbles down a slope
	

	28. How many coins in your pocket
	

	29. The number of clouds in the sky
	


Exercise 6 – How Many Do I Need?

You will need a ten sided die and a friend. 

Your task is to make a conjecture about how many times you need to toss a dice to know that this is a random way of generating numbers.

1. Since there are ten numbers (0, 1, 2…8, 9) we will toss the dice ten times and graph the results. 

(a) How many of each number do you expect?

	Comment




(b) How many of each number do you get? Toss the die ten times.

	Results




2. Graph your results. Was ten tosses enough to show the numbers are random?

	Comment




3.  How many times do you think you will need to throw the dice to convince someone that tossing a die has a random outcome?

	My guess is 




4. Investigate your idea and summarise what you find out in the box below. Make a conjecture about how many is enough!

	Investgate space.




	My Conjecture. 




Exercise 7 – Making a Random Spinner

You will need some card, a round tin about 8cm across, scissors, colouring pencils and a tooth pick.

TASK A – Making the Spinner

You are going to make a spinner that will select the numbers 1, 2, 3 or 4 randomly and all equally likely to be selected. You might need to discuss with your teacher what this means. 


Steps

1. Draw a circle on your card.

2. Divide the circle into four sectors

3. Number and colour the sectors

4. Put the tooth pick through 

the exact centre.

5. Spin to generate random numbers.

The number touching the desk 

is the chosen number.

Have a few practise spins.

TASK B – Using the Spinner

Now use the spinner to generate enough numbers to test and see if you have made a random 1, 2, 3, 4 number generator.

	Comment on your spinner.




TASK C – Designing a Spinner • EASY

Twirl needs to have a spinner that generates the numbers 1 and 2  

but the 2 must come up twice as often as the 1.

Your task is to make the spinner and test it to see if you are correct.

TASK D – Designing a Spinner • HARD

Twirl needs to have a spinner that generates the numbers 1, 2 and 3 

but the 2 must come up twice as often as the 1 

and the 3 has to come up three times as often as the 2.

Your task is to make this spinner and test it to see if you are correct.

Exercise 8 – Going on a Random Walk

You will need a die.

This is a fun game.

Steps to follow.

1. Put your pencil on the dot at the centre of the grid.

2. Toss the die and move


- forward one and turn right if you throw an even number


- forward one and turn left if you throw an odd number.

3. Repeat moving and turning for 30 tosses of the die drawing your path.

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


	Make a comment about the path you travelled.




Change to a different colour pencil and try again.

	Make another comment about the new path.




Random Robot Game

Mark 10 red dots on the grid and have a friend mark 10 blue dots. Now do a random walk for 30 tosses. Score a point for every one of your colour visited by the robot. Winner has the most points.

	Invent a new game.

Rules….




Exercise 9 –Random Walk with No Returns!

You will need a die.

This is a fun game and has applications in chemistry and molecule design. In this game you are never allowed to return to a place you have visited. In chemistry, two atoms cannot be in the same place so this game is used to explore molecule manufacturing.

Steps to follow.

1. Put your pencil on the dot at the centre of the grid.

2. Toss the die and move

- forward one and turn right if you throw an even number


- forward one and turn left if you throw an odd number.

- but if you end up in a place you have been before …throw again.

3. Repeat moving and turning for 30 tosses of the die drawing your path.

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


	Make a comment about the path you travelled.

Are there any holes or other curious new features?




Random Robot Game with No Returns

Mark 10 red dots on the grid and have a friend mark 10 blue dots. Now do a random walk for 30 tosses. Score a point for every one of your colour visited by the robot. Winner has the most points. 

	Invent a new game.

Rules….




Exercise 10 – Random Numbers in Calculators

You will need a calculator that can generate random numbers.

On a CASIO calculator the function RAND(0) generates a anumber between 0 and 1 and displays this number as a decimal.

Here is an example


DISPLAY = 0.367198234

To simulate tossing a coin which has two outcomes, heads and tails we use the function 2xRAND(0) or more simply RAND(2). Try this and keep pressing the ENTER button and see what happens.

	Record your screen displays here.

 


What function would simulate tossing a dice with 6 sides?

	My answer is 

 Does it work?


Exercise 11 – Random Numbers in Computers

You will need access to a computer spreadsheet such as Excel.

On a CASIO calculator the function RAND generates a anumber between 0 and 1 and displays this number as a decimal.

Here is an example


DISPLAY = 0.367198234

To simulate tossing a coin which has two outcomes, heads and tails we use the function 2xRAND. Copy this calculation to an area of the spreadsheet and see if you can generate a random number table.

How could you simulate tossing a dice with 10 sides?

	My answer is 

Does it work?

 


Random Numbers
Teacher’s Notes
These exercises, activities and games are designed for students to use independently or in small groups to practise random number properties. Some involve investigation (Mikes Investigation Sheet link) and may become longer and more involved tasks with subsequent recording/reporting. Typically an exercise is a 10 to 15 minute independent activity. 

Number Framework domain and stage:

Multiplication and Division –Advanced Additive, Advanced Multiplication, Proportional

Curriculum reference:

Number Level 4 and 5

Numeracy Project book reference:

These exercises and activities can follow from a teaching episodes or be a teaching episode. Extra teaching episodes are described with the exercise notes below. 

Materials:


• die, card, scissors


• calculator, Excel

Prior Knowledge. Students should have:

• the notion of probability being between 0 and 1


• the concept of a random event


• the notion of what a conjecture is

During these activities students will meet:


• language of random events and probility including random, experiment, event. 


• the concept of the Law of Large Numbers

Background:

Further information to back up what they will meet:


• FIO Books – Check Number Books for doubling activities.


• Digistore Activities – See http://www.nzmaths.co.nz 


• National Archive of Virtual Manipulatives (NVLM via Google)

Comments on these exercises

Random numbers are very useful tools for  a statistician or mathematician. This set of exercises investigates the notion of randomness, getting random numbers in a variety of ways and using these in some straighforward applications. These exercises are beneficial to all students with the more able students expected to extend and explore further. 

All of these exercises should be linked to simulation of natural events.

Exercise 1 • Are You Random?

Teaching lessons preceeding this exercise could include:- 


• establishing the language of probability


• throwing a dice gives a randon number


• random means “I can not reliably predict the answer” or similar notion

This exercise is a practical and aimed to form introductory ideas of “what is random” in relation to “me”; a dice and a set of randon number tables. No instruction in the use of tables is given as current student notions are to be recorded and noted by the teacher. This is a formative assessment of student knowledge. No suggestions of testing for randomness are made as these are dveloped in following exercises and should be developed during teaching episodes.

Exercise 2 • Using Random Number Tables

Teaching lessons preceeding this exercise could include:- 


• establishing the language of probability


• using a random number table


• exploring student notions of randomness and identifying things that are random

This exercise focuses on the random number table and allows students to create a way to generate random numbers from the table. A sample method is outlined and students are asked to create their own method. Any method that chooses a random place to begin is satisfactory.

Exercise 3 • Random? How do you Know?

Teaching lessons preceeding this exercise could include:- 


• showing how to use random number tables


• discussing randomness


• discussing tests for randomness.

A simple method for testing for randomness is suggested. The main idea is to presume that every number has an equally likely chance of being selected so that in the “long run” a similar number of each is selected. Look up the “Law of Large Numbers” on the internet for more information.

Exercise 4 • Some Random Events

Teaching lessons preceeding this exercise could include:- 


• discussing random events and where to find them

This exercise is formative in that it requests current student understandings and experiences. 

Exercise 5 • Random or Not?

Teaching lessons preceeding this exercise could include:- 


• discussing random events and where to find them

This exercise should be done with a lot of discussion and justification between students. It could be used to assess the key competency of communicating using a rubric.

Exercise 6 • How Many Do I Need?

Teaching lessons preceeding this exercise could include:- 


• discussion to clarify the meaning of conjecture


• discussing expected number


• discussing the idea of mathematical proof and evidence

This exercise should establish introductory and fundamental ideas that a few selections is not sufficient and that thousands is excessive. A practical interpretation by the student is expected and should be but is not always about 30 tosses. Coin behaviour with fewwer outcomes can be established in 10 throws. Students should be encouraged to make conjectures about mathematics at every opportunity.

This is a good place to introduce the notion of variation. The smaller groups will display more variation.

Exercise 7 • Making a Random Spinner

Teaching lessons preceeding this exercise could include:- 


• making things and using equipment


• how to find the centre of a circle


• discussion about how the length of circumference if everything is perfectly balanced represents propbability.

Spinners can be quite difficult things to make because of cutting and locating mistakes. With care a satisfactory spinner can be manufactured. This exercise represents a large class of problems as illustrated in Task D. Another class could be to make a spinner to simulate a coin toss.

Exercise 8 • Going on a Random Walk

Teaching lessons preceeding this exercise could include:- 


• discussing walking and turning in a random way


• establishing what forward turn left and forward turn right means.

This is a fun task and can be used on the playing field as well. Using a LOGO programming language this activity can be used to create fascinating classes of patterns. Use Google to find the free software LOGO or similar downloads. Encourage students to invent and be creative.

Exercise 9 • Random Walk with No Returns

Teaching lessons preceeding this exercise could include:- 

• discussing walking and turning in a random way


• establishing what forward turn left and forward turn right means.


• establishing what “not returning”means and developing an alternative action.

In three dimensions a more sophisticated version of this simple idea is used to explore how protein molecules, for example, assemble themselves. Two atoms can not be in the same place hence the restriction on “no returns”. The resulting patterns are totally different from Exercise 7. Exploring these with LOGO is a fascinating investigation.

Exercise 10 • Random Numbers in the Calculator

Teaching lessons preceeding this exercise could include:- 

• using the calculator to find random numbers

Note that different calculators use different letters to select RAND. Even the same brand notation can vary between models. It is best to check and master well before using.

Exercise 11 • Random Numbers in the Calculator

Teaching lessons preceeding this exercise could include:- 

• using the calculator to find random numbers

Note that different spreadsheets use different expressions to generate random numbers and this should be checked ansd mastered well before use. 

Random Numbers

Answers

Exercise 1 • Are You Random?

Task 1. Various answers. Most people have favorite numbers and these are usually 3, 4 7, 8. These numbers not being near the middle or ends which are often avoided subconsciously.

Task 2. The data will vary but the comments about randomness will confirm a die is random in about 90% of cases.

Task 3. A similar result as task 2 but 30 may not be enough selections.

Exercise 2 • Using Random Number Tables

1.500, 10 groups of 10 numbers in 5 rows.

2. Various methods. Correct if a random way of starting is established.

3. Various. Comment should support randomness.

4. Various

5. Various methods. Correct if a random way of starting is established.
Exercise 3 • Random? How do you Know?

1. Totals migth vary! The totals will not be the same. 

2. 50 of each is expected.

3. Graph. Various, Consistent with Totals. The chart should confirm randomness.

Exercise 4

All answers will vary.

Exercise 5

All are random events to some degree. It is the discussion that is more important.

Exercise 6

1(a) 1 or 2. (b) various

2. No. Variation too great in small groups.

3. Various. About 50 tosses would be OK.

4. Conjecture will vary but is very important.

Exercise 7

Task A. Successful manufacture needs a medal.

Task B. Various

Task C. The two sector will be twice the angle of the 1 sector; 240:120.

Task D. 9 parts. Each part 40degrees. 1 is 40, 2 is 80 and 3 is 240 degrees. These areas do not have to be contiguous.

Exercise 8

All responses various and random.

Exercise 9

All responses various and random.

Exercise 10

All responses various and random.

Exercise 11

All responses various and random.
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