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Hbout this book

Calculators are too often regarded as devices to produce answers to numerical ques-
tions. Howevera graphics calculator like the Ca$ié-X-9850GB PLUSs much

more than a tool for producing answers. It is a tool for exploring mathematical ideas.
We have written this book tofef some suggestions of how to make good use of this
tool for the particular areas of data analysis and probability

We assume that you will read this book with the calculator by your side, and make use
of it as you read. Unlike some mathematics books, in which there are many exercises
of various kinds to complete, this one contains only a few ‘interactions’ and even
fewer ‘investigations’. The learning journey that we have in mind for this book as-
sumes that you will completdl the interactions, rather than only some. The investi-
gations will give you a chance to do some exploring of your own.

We also assume that you will work through this book with a companion: someone to
compare your observations and thoughts with; someone to help you if you get stuck;
someone to talk to about your mathematical jourhegrning mathematics is not
meant to be a lonely affair; we expect you to interact with mathematics, your calcula-
tor and other people on your journey

Throughout the book, there are some calculator instructions, written in a different font
(like this). These will help you to get started, but we do not regard them as a complete
manual, and expect that you will already be a little familiar with the calculator and will
also use th@wners Manua) our Getting Stared book and other sources to de-
velop your calculator skills.

Data Analysis and Probability are two of the topics in General Mathematics. Data
analysis can involve data collected by other people or data that you collect for your-
self. Both of these aspects are explored in this book. Meaningful interpretation of data
analysis also requires some understanding of probalbifitich is why we have in-
cluded it in this book. Whave also included some exciting material on analysing data
produced through simulation. An important source of data, understanding simulation
also requires an understanding of the basic ideas of probahltitpugh we have
sampled some of the possible ways of using a graphics calculator to learn about these
topics, we have certainly not dealt with all of them.

When this symbol appears in the book, you are being reminded that the data
or calculator programs that you will need to use are available in electronic
form on the Internet at http://wwschool.casio.com.au. Consult @etting
Startted book to learn how to use thé&-f22 Program Link to transfer data and
programs into your calculatoif his will save you some laborious key work.

We hope that you enjoy your journey!
Barry Kissane
Anthony Harradine

Anthony Boys
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Drawing and vsing hisfograms

Every day we are faced with problems that we would dearly like to
solve or situations that we would love to change for the better

In the course of investigating such problems we often need to

» collectinformation (data),
» process this data in some manner and

« make conjectures about the situation or propose
possible solutions to the problem that are based on
findings from the processing of the information.

It is critical that our conjectures and solutions are based on the statistical facts that the
processing of the data reveals. If they are not they will be no more than simple guesses.
In this book you will learn about concepts and tools involved in the investigation of
situations involvingontinuouslata. The first step in such investigations is to produce

a graphic display that illustrates the variation that the data exhibiistdgramis a
suitable tool to use for this purpose.

We have all been in a car that has travelled throug™ -
a road work zone. Such zones often have a spe:
limit considerably lower than that of the stretch of, |
road immediately before the road work zone to erﬁ
sure the safety of the workers. |

Workers regularly complain that drivers either do T'
not bother to slow down or do not slow down enough v
Miles, a year 1 student, decided to investigate these ' P
complaints. He obtained a speed gun and visite "~

one road work zone in the suburb of Collinswood

where the speed limit was 25 km/fihe speed limit of the stretch of road immedi-
ately before this was 60 km/iMiles recorded, to the nearest kmithe speeds of the
first 100 cars that passed through the zone. The data are given below:

40 4 48 29 28 32 26 26 38 21
31 46 32 37 52 39 28 25 26 41
19 30 54 5 4 33 28 32 30 34
29 53 29 34 28 38 34 49 24 36
26 24 28 3H 22 37 36 58 49 21
42 40 48 43 21 25 32 31 25 31
25 33 28 42 34 29 40 24 33 33
37 32 4 31 30 21 31 24 53 19
58 34 26 27 58 29 3 26 45 32
26 56 25 52 38 24 36 24 31 36



%\g{ Interaction A

—
< 1. What is the variable about which Miles collected data?
2. The drivers who had their speeds recorded can be considered as a sample
of a population. Identify the population.
3. Would this sample be considered as a random sample? Explain.

Once Miles had collected these data he began processing this data to see what mys-
teries it had to revedfollow the instructions below to produce a frequency histogram
to illustrate Miles’ data:

e AL ME ML e With the calculator turned on and the main menu
iy A e e ey | Visible, use the arrow key to highlight tBAT
EVHAN TRELE RECUR CoHICE EGUR menu (shown opposite).

LU e ol o1

List 1[List B Liet 3 List ] Then press the blIuEXE key (alternatively
‘ simply press 2). This screen will result.

|
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[GRPHACALCITESTJIHTR 0T 571 I

Now accesS$SET UP (SHIFT thenMENU) to arrive at the preferences for this mod-
ule. Be sure each option is set as shown helése the down arrow key to scroll
down to the lower options.

Aral e iDes T
I aF unc iR Coo :0n
Backaround :Hone Grid 0ff
Flaot.<Line tElue Axes :0n
Arnals tDes Label aff
Coioorad t0n Lisp law tHorml
E-id t0ff 1
[futs[Man Hiong

Press th&XIT key to return to the window containing the lists.

To enter data into the lists, simply use the number
key pad and press the bl&XE key after each
entry Enter Miles’ data on the speed of the cars
into List 1. If you make an error in typing before
you press th&XE key, use the back arrow key to
repair it. If you have pressed tBXE key, simply

use the up arrow to select the wrong data point
and re-enter it.

n C W -

4
GRPHYCALCITE S TITHTR 0TS T I

The title for each list cannot be changed, so you will need to document that List 1
contains Miles’ data.

UseGRPH (F1) to reveal the options shown op-
posite. & are able to set up threefdient graphs.

Lizt I|Lizt 3|List I List u

s W —

4
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Setl InLerwal

Fllch:

DRAL

UseSET (F6) to set up from one to three graphs.
You can select which graph you wish to set up by
usingGPH1 (F1) orGPH2 (F2) orGPH3 (F3).
Graph 1 should be selected nduse the down
arrow key and the F keys to set the options as
shown opposite.

Press theeXIT key:.

AccessSEL (F4) to select which of the three
graphs you want the calculator to draMi three
graphs can be displayed if we wish; they need not
be the same type of graphurfi StatGraph 1 on
and the other two off.

ActivateDRAW (F6) and the screen opposite will
appear

The calculator has suggested the first lower group IBria¢t) and the group width
(pitch) for us. W can change this to whatever we want. A quick scan of the data
shows that the lowest speed was 19 km/hr and the highest speed was 58 km/hr

Setl InLerwal

DRAL

You should always choose these yourself to ensure the histogram shows the data

Use the arrow keys to select the Start and the
pitch and change them to 15 and 5 respectively

grouped in whatever way you desire.

[LuAE

slatiGrarhl

u=an £=11

ActivateDRAW (F6) and the histogram opposite
will result. Note thel VAR option at the bottom
left of the screen. Wwill want to use this later

Use TRCE (SHIFT thenF1) to ‘arrow’ across
the tops of the frequency histogranvars to de-
termine the frequency values for each group
(denoted opposite byf=11).

The X value is the lower group limit, even though
the calculator displays it in the centre of the bar

Do not delete this data from List 1 in your calcula-
tor. You can choose to remove the title StatGraphl
on screen by accessir8ET UP and turning
GraphFunc off.



ceh Iteraction

1. Arrow around to get a feel of the frequency of each group. Use this

histogram to produce a frequency distribution table.

What is the shape of the distribution illustrated by this histogram?

Miles was asked by the Roads and Traffic Authority to explain what the

shape of this distribution revealed about the speeds of the drivers (in an

overall sense) that he had measured. What should have Miles said?

4. Recall that the speed limit in this zone was 25 km/hr. Use your frequency
distribution table to determine how many drivers travelled below the speed
limit of 25 km/hr. How many travelled at the limit? How many travelled
above the limit?

5. Is the shape of a distribution alone adequate to describe what is going on
in this situation? What other information would you like to find out about
this distribution to help you form a conjecture about how drivers behave in
25 km/hr road work zones?

)

Miles extended his study to investigate the speed at which drivers travelled through a
25 km/hr road work zone when the stretch of road before the 25 km/hr zone had a
speed limit of 100 km/hHe repeated the procedure outlined earlier in such a location

in the suburb called Stirling. The speeds of the 100 cars that he sampled at this loca-
tion are given below:

35 46 47 54 45 43 25 36 51 37
55 53 4 54 4 28 36 32 47 29
35 47 29 47 3B 29 53 31 38 39
37 26 49 38 32 33 3B 37 51 37
37 42 33 35 50 44 55 51 45 42
37 29 37 45 37 30 36 42 25 33
53 45 45 49 31 52 4 50 37 39
52 41 41 50 49 43 38 38 39 51
35 27 3B 26 61 32 43 34 30 44
52 34 31 53 39 50 40 42 31 49

Transfer or enter these data into List 2 in your calcul&emember these
data are available on the disk that accompanies this book and are also avail-
able on the Internet at http://wwsghool.casio.com.au.

\e\g{ Interaction C

1. Produce a histogram to illustrate the speed distribution for this situation
using StatGraph 2. Make this histogram orange.

2. Form a frequency distribution table from this distribution.

3. What is the shape of the distribution illustrated by this histogram?

4. Miles was asked by the Roads and Traffic Authority to explain what the
shape of this distribution revealed about the speeds of the drivers (in an
overall sense) that he had measured in this situation. What should have
Miles said?




5. Use your frequency distribution table to determine how many drivers
travelled below the speed limit of 25 km/hr. How many travelled at the
limit? How many travelled above the limit?

6. Set up your calculator so that StatGraph 1 and 2 are turned on. (Use
the SEL option). This will cause the calculator to draw the histograms of
both situations on top of each other. What does this graphical
representation reveal about the difference in driving behaviour (with respect
to speed reduction) of the drivers sampled who travelled from a 60 km/hr
to 25 km/hr area compared to those who went from a 100 km/hr to 25 km/
hr area? Use the TRACE option (or frequency distribution tables) to gain
further evidence to support your opinion - arrow up and down to interchange
between the histograms.

7. Do you think that Miles will be able to form a conjecture about the behaviour
(with respect to speed reduction) of Australia drivers when faced with the
two situations you have studied? Give reasons to support your opinion.

|HVES“[|E|“I]" Use the data that you have entered into your calculator to investigate the effect on the
histogram produced if you use féifent pitch values.ry both small and lge values
for the pitch and comment about the shape and general usefulness of the resulting
histograms.



Measuring and wsing fhe cenfre

0] d

distribukion

Stephanie, also a year 11 student, was intrigued that she could

purchase differently priced spools of fishing line that are rated with

the same breaking strain. She decided to investigate this situation,
wondering if the cheapest brand actually measured up to its quoted
breaking strain.

Stephanie purchased five spools of the cheapest brand of fishing line she could find
with a breaking strain of 1.8 kg. She then cut each spool into 1 metre lengths and
randomly selected ten 1 metre lengths from each spool. On a homemade breaking
strain testershe then recorded the weight required to break each piece of line. This
process was repeated for each of the five spools purchased. The breaking strain data
(in kilograms) Stephanie collected is given below

142 145 09 100 105 1.05 110 115 1.15 1.15
130 130 135 135 150 145 0.70 0.85 0.80 0.85
110 0.90 1.00 1.10 1.20 1.10 1.05 1.20 1.30 0.85
0.80 0.70 1.00 1.00 095 0.90 1.00 1.25 1.10 1.10
140 0.85 0.70 0.80 0.70 0.60 1.20 0.95 0.70 1.20

Transfer or enter the above data into List 3 of your calculator

Interaction 0

1. Produce a histogram using StatGraph 1
(Start: 0.6, pitch: 0.2)thatillus-
trates the breaking strain distribution of this |
sample of data. Make this histogram blue. | ]
Be sure that it looks like the one shown |fms
opposite. Use the TRACE option to deter-
mine the frequencies of each group and then draw a fully scaled and fully
labelled histogram of the breaking strain data in your book.

2. State the shape of this distribution and hence describe how the breaking

strains of the individual pieces vary.




We should never have expected that the fifty pieces of line would have identical
breaking strains. Production processes are open to errors and we find that all quanti-
ties like breaking strain carry with them some amount of variation.

So we should be happy with all pieces not registering 1.8 kg. Howewerwere to

be happy that the quoted breaking strain of the line was 1.8 kg, we would have ex-
pected that about half of the pieces broke with a weight below 1.8 kg and about half
above 1.8 kg. In other words:

We would hope that 1.8 kg (or about that) would be the centre of the distribution.

You should know that there are two commonly used

statistics that measure the centre of a continuous

distribution. They are the mean and the median.

These values can be quickly determined using the

] calculator Recall the histogram that we produced

IRk for these data. Produce this on your calculator
again. Note thd VAR option at the bottom left of
the screen.

Activate 1VAR (F1) and the calculator will calculate the median and the mean of
this data, among other thingso will need to use the down arrow to see all the
values on d&r — see below

1-lariable 1-Varisble 1-larisble

i =1.B524 mink =8.5 Med =1.85

Bx_ =92.6d (i =8.85 @r o =1.2

zx2  =57.9514 Med  =1.65 T-wow=H. 8250031
rin =M. Z2E89695 BE =1.2 Ftrorn=1.27929698
win-l =8, A292EED0 Z—xdn=8.5255628]1 maxi =1.5

] =0 Ttadn=1. 27929698 Mod =1.1

DRAL] DRAL] DRAL]

In this situation the median and the mean are very close together — as we would
expect with a symmetrical distribution.

Interaction E

1. Explain how the fact that the median is approximately 1 kg helps you to
begin to argue that this brand of line does not have the breaking strain that
it is advertised as having.

2. What other feature(s) of this distribution should you consider when build-
ing your argument? Explain your answer.

3. What assumptions would you be making if you were to make the conjec-
ture that the breaking strain was more like 1 kg than 1.8 kg?

Stephanie continued her investigation. She purchased five spools of a ‘mid-range’
priced 1.8 kg line. She repeated the same process on these spools as she used for the
cheapest brand. The data she collected are given.below

105 155 160 1.70 1.75 185 185 195 195 1.95
200 2.05 2.05 220 225 235 085 1.20 1.55 1.50
190 185 185 180 180 205 195 210 190 2.20
215 240 075 125 150 140 185 180 190 1.95
165 2.05 190 190 2.00 0.95 195 185 215 1.80

e
Transfer or enter these data into List 4 in your calculator
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Interaction F

aprwbd

Produce a frequency histogram to illustrate the breaking strain distribution
for the mid-range priced line using StatGraph 2. Make this histogram
orange when you set up StatGraph 2.

Form a frequency distribution table from this distribution.

What is the shape of the distribution illustrated by this histogram?
Determine the mean and the median of this distribution.

Set up your calculator so that StatGraph 1 and 2 are turned on (use the
SEL option). Draw the histograms of both situations on top of each other.
What does this graphical representation reveal about the relative breaking
strain of the cheapest line compared to the ‘mid-range’ line.

What conjecture(s) do you feel Stephanie could make about the actual
breaking strain of the ‘mid-range’ priced line. Why?

. What other information about the distribution would give your conjecture(s)

more support?

Interaction 6

You should still have Miles’ data in List 1 and 2 of your calculator. Deter-
mine the mean and median for each data set. Record these statistics in a
table, along with the shape of each distribution.

Explain the similarity or difference between the mean and median of each
distribution by making reference to the shape of each distribution.



Measuring and vsing fhe spread
of a distribufion

A new drug was developed that is claimed to lower the cholesterol
level in humans. A heart specialist was interested to know if the
claim made by the company selling the drug was accurate. He
enlisted the help of 50 of his patients. They agreed to take part in
an experiment in which 25 of them would be randomly allocated to
a group that would take the new drug and the other 25 would take
an identical looking pill that was actually a placebo (a sugar pill
that will have no effect at all).

The random allocation was carried out by the statistician who was to analyse the data
collected in the experiment, so neither the patients nor the doctor researching this
situation knew who was talking the drug and who was talking the placebo.

All participants had their cholesterol level measured before starting the course of pills
and then at the end of two months of taking the pills, they had their cholesterol level
measured again. The data collected by the doctor are given below

CHOLESTEROL LEVELS OF ALL PARTICIPANTS BEFORE THE EXPERIMENT
71 82 84 65 65 76 72 71 61 6.0
85 650 67 73 89 62 63 71 84 74
76 75 66 81 62 70 81 84 64 76
86 75 79 62 68 75 60 50 83 79
67 73 60 74 74 86 65 76 63 6.2

CHOLESTEROL LEVELS OF THE 25 PARTICIPANTS WHO TOOK THE DRUG
48 56 47 42 48 46 48 52 48 50
47 51 44 47 49 62 47 47 44 56
32 44 46 52 47

CHOLESTEROL LEVELS OF THE 25 PARTICIPANTS WHO TOOK THE PLACEBO
84 88 61 66 76 65 79 62 68 72
75 60 57 83 79 67 73 61 74 84
6.6 65 76 6.1 82

\25;{ Interaction H

/
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The experiment is said to be a ‘double blind’ experiment. What is meant by
this?



Three lists are needed to enter this data into the calcuaiwishould have data in

Lists 1 to 4 at present and so only two of the lists in your calculator should be free. So
that you do not have to re-enter all of the data from the earlier situations again, use a
newFile. The file you are working in now Eile 1.

The calculator has six files that each contain six lists. These can not be named on the
calculator so itis a good idea to keep a record of what is in them on\paipedown
the investigation and variable for which the data in each |iEti.ae 1 applies.

From theMain Menu, select theList (4)

D?gp?a}' : ngmz module.
AccessSET UP (SHIFT thenMENU). The
window opposite should be seen.
IFile | [File2 [Filed [Filey [Files Fileb
e e Activate File2 (F2) and then
Displaw ' Mormz2 presBXIT.

IFile | [Filea|Filea [riley [Files |Fileks

Lizt I|List 8|List |List uf

An empty list set should be available.

You have not deleted the other data; they are just
hidinginFile 1.

M = W =

[5FTA [SRT0 [DEL [Tn=

List 1|List Lizt u

f', —u Now enter or transfer the ‘all before’ choles-
8 ._I terol data inta_ist 1, the ‘drug’ data into
E List 2 and the ‘placebo data’ intaist 3.

L = T
:::Iﬂ:

= = omom
:nru_1:r|=|ru

: ]
Tab
: 1]
Ba'l

[5FTr [SrT0 [DEC [ |IH5

When asked what information she wanted from the analysis of these data the doctor said,

As well as being intested in the cerdrof the distributions, | am also inésted
in the values in between which the middle 50% of chot@derels fell when the
data ae ranked in ascending der and hence how spad the middle 50% of
Scoes ae.

The doctor is wanting to know something aboutdpeadof the data.

A commonly used set of summary statistics that help in cases like this is called the
five number summgr This includes the following statistics:

Minimum score — Min
First quartile (the quarter marker) — Q1
Median
Third quartile (the three quarter marker) — Q3
Maximum score — Max

A useful statistic that is derived from the first and third quartiles intbeguattile
range (IQR). It gives the range of the middle 50% of the scores when ranked in
ascending orderTo calculate the IQR, subtract the first quartile from the third
quartile.

IQR = Q3 — Q1
The range is another measure of spread used sometimes. It is calculated by subtract-
ing the lowest score from the highest score.

Range = Max— Min

—_ W S



These statistics can bdieifently calculated using the calculative shall now do this
for the ‘all participants before’ data.

PressMENU and then pres2 to enter theSTAT

%ﬂar‘ Ereq :E module. ActivateCALC (F2) and then us8ET

%Hgﬁ ﬁti?ﬁ Hg%é (F6) to set up the calculations you want. Set the

2lar Fres i1 options as shown on the screen opposite. Setting
the 1TVAR XList to List 1 means that statis-
tics forList 1 will be calculated.

IListi|Lista|LiztI JLisey LizeE |ListE

PressEXIT and then us@VAR (F1) to make the calculator display the summary
statistics. ¥u should achieve the results seen beldge your arrow keys to scroll
down and reveal all that has been calculated. Much of this is not yet required.

1-Uariahle 1-Uarizble 1-Uarizble
£, i uins 22 4 g Zhgo
® =357, =E, =T,
Zx?  =2eB].39 fled =T.25 F-xdn=g. 23091603
il =B, 923023395 B3 =7.49 F+xon=2. ATTESI9S
xim- =8, 93245561 F-xdn=E. 22891603 maxn =5.9
] =5 F4rin=2, BT 82395 od  =T.E _
T FTRAIRE: ) [1var [2usk 10RF [2UAR

@@5 Interaction |

Use the calculator to determine the five number summaries and calculate
the interquartile ranges for each group of subjects. Record these statistics in
an appropriate table.

The five number summary can be displayed graphically using a boxplot. This can be a
very useful graphic when comparing two distributions or comparing a distribution to a
standard value.

We can produce up to three boxplots on the calculator at any one tinveill\Wow
produce boxplots for the three data sets.

EnterSTAT mode and activatBRPH. UseSET

ETLaLBrarhl to enter the screen that will allow you to set up the
1= e type of graph you wish to useoiY can set up all
Freaquency =1 three graphs by choosi@PH1, GPH2 or GPHS.
fraeh Color 2Blue Use the down arrow key to sel@rtaph Type.
_ _ Use the continuation kefF6) to find more op-
[Hizt [Ear [Eos [H-Oi [EPER]

tions and then activaOX (F2). Set each op-
tion as shown opposite.

Use the arrow keys to selegtatGraph 1 and then set ugstatGraph 2 to be
aMedBox of List 2 and to be orange in colouset upStatGraph 3 to be a
MedBox of List 3 and to be green in colodresEXIT when you are finished.

Use SEL to turn on each of the possible
. — [ StatGraphs and then us®raw (F6) to in-
) I : struct the calculator to draw the three boxplots.

= T

LUAK

You can us&RCE (SHIFT thenF1) to determine the values of the five number
summary from these boxplotstyTit out.
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Investigation

This graphic shows clearly that:

the middle 50% of the before values and the placebo values have very similar
ranges (approximately 6.4 to 7.9) whereas the middle 50% of values of the

drug group were spread over a much smaller range and are generally much
lower than the other two groups values (4.6 to 5.05).

Interaction J

1. Does the analysis you have carried out suggest that the drug has had an
effect on cholesterol level? If so, what is the effect? Support your answer
with statistical evidence.

2. Return to the speed limit investigation. You should have these data still
entered in File 1 of your calculator. Determine the five number summaries
and produce boxplots for the two data sets. Write a paragraph in which
you compare the middle 50% of speeds in each group to the speed limit.

3. Return to the fishing line investigation. You should have these data still
entered in File 1 of your calculator. Determine the five number summaries
and produce boxplots for the two data sets. Write a paragraph in which
you compare the middle 50% of weights at which the samples from each
brand broke, to the advertised breaking strain of each brand.

4. Experiment with the other box option that is available. How are the boxplots
produced by this command different from those you have been producing?

The data collected by the doctor during the cholesterol test can be analysed in a
different mannerThere were two groups of people in this investigation — those who
took the placebo and those who took the drug.cauld create another variable to
consider namely ‘cholesterol value before treatment (Cb) — cholesterol value after
treatment (Ca)’. Complete the table on page 17.

— b Transfer or enter this data into the liskinle 3 of your calculatarinvestigate

<5 the variableCb—Ca with the aim of collecting evidence to support the conjecture
that the drug will have an effect on the cholesterol level of those who take it.
(Hint: What would the value o€b—Ca be if the drug makes no difference?)

Write a short report in which you use the statistical evidence you have collected to
form an argument that allows you to conclude with the conjecture given above.



Placebo Group Drug Group
Subject | o | ca | cb — callSUReC| oy | ca |l cb - ca
Number Number

1 71| 84 26 7.0 4.8
2 8.2 | 8.8 27 81|56
3 8.4 | 6.1 28 8.4 | 47
4 6.5 | 6.6 29 6.4 | 4.2
5 6.5| 7.6 30 76| 4.8
6 76| 6.5 31 8.6 | 4.6
7 7279 32 75|48
8 7162 33 79|52
9 6.1 6.8 34 6.2 | 4.8
10 6.0 72 35 6.8 | 5.0
11 85|75 36 75|47
12 5.0 6.0 37 6.0 | 5.1
13 6.7 | 5.7 38 5.0 44
14 73183 39 83|47
15 89|79 40 79| 4.9
16 6.2 | 6.7 41 6.7 | 6.2
17 6.3 |73 42 73|47
18 71|61 43 6.0 | 4.7
19 84|74 44 74 | 4.4
20 74| 84 45 74 | 56
21 76| 6.6 46 8.6 | 3.2
22 75| 6.5 47 65| 44
23 6.6 | 7.6 48 76| 4.6
24 8.1 6.1 49 6.3 52
25 6.2 | 8.2 50 6.2 | 4.7




Comparing relafive frequency and
probabilify

The mathematics of probability is concerned with things that
happen at random, or unpredictablyA common example is a (fair)
raffle in which each ticket has an equally likely chance of winning.
Nobody knows which ticket will win until the raffle is drawn. In the
same way when you toss a coin in the aityou cant predict reliably
whether it will fall ‘*heads’ or ‘tails’. Most things in the world have
some random aspects in them, which is why it is so hard to predict
the future accurately

If you get a lot of information about a random event, it is often possible to see some
patterns, which will help to understand it bet@ne way to see this uses a standard
six-sided die.

\2\5{ Interaction K

1. Toss the die ten times, recording the number on the uppermost face each
time. Which number(s) occurred most often? Check with other students.

2. Toss the die another ten times. Can you see any patterns in the numbers
that are thrown? For example, how often are two numbers in succession
the same?

3. How many times has each number been thrown? Compare your answers
with other people.

4. Each person in your class has tossed a die 20 times. Work out how many
fives were thrown altogether. Check how many of the other numbers were
thrown altogether. Write a sentence or two to explain what you notice.

Fan® You can use your calculator to generate numbers

H.139343343| 4t random. EnteRUN mode (by pressintlENU
and1). To get the random number command, press
OPTN and then access tf#R0B menu 6 fol-
lowed byF3). ThenRan# (F4) is a command to
give a random number larger than zero and less
than 1 each time it is used.

[t [nPence [han SRR

ant In the screen at righEXE was pressed four times
SLTIZAINE|  aherant wes enered, o halfour random

B. 395245971

A. TREI59R153 bers were generated.

ERMENEEET [




To see a lot of random numbers, it is easier to make a table than t&XEassny
times. EntelTABLE mode (by pressinENU and7). Enter theRan# command in
the function list and ug@ANG (F5) to specify a table of 100 values, as shown below

Tahle Func Y= Tahle Fanaes

Y1 BRani

P Start:i

W : End :18A

ﬁgf | Fifchsl |
[=EL W ({3 MNP ENP [FRe

PressEXIT and then activat& ABL (F6) to generate a table of 100 random num-
bers, which you can explore with the cursor keys.

You can also get a picture of randomness by drawing a graphRd ti#efunction.
First entelGRAPH mode by pressindENU and5. TheRan# function will already be
in the function list.

Uiew Window Set up the viewing window so that the y
Amin . i-6.3 values are between 0 and 1, as shown
max (6.3

scale:d here.

max_ -
scale!

1
[IHIT MRIG[STD

Your graph will look a bit dferent from ours. @ get a new graph, preEXIT after
a graph is finished and th&RAW (F6) again.

: Lannecl.

Dual Screen :
Simul Grarh &
Derivalive
Bac karound
Plotl<Line
[Can [Flat

mZ oo
=0 == =,
30—
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Notice that the graph above is drawn with the points connected, which does not make
much sense here; the graph below is drawn with the points plotted (not connected).
You can change from one type of graph to the other by first acce88hgP
(SHIFT MENU) and then adjusting tHeéraw Type.

gl""-ElF'” EUI"IC- =S| i

Dual Screen 01
Simul Grarh 0ff
Derivative 0ff
Hoh
Blu

Bac karound
Plotl<Line
[Cam [Flzt

\E\g{ Interaction L

1. In RUN mode, use Ran# to generate six random numbers. How many are
larger than 0.5? Repeat this experiment a few times. Compare your re-
sults with others.

2. Make some tables of the Ran# function. Do this a few times. Write a
paragraph to describe the numbers generated.

3. Draw some graphs of the Ran# function. Notice that each one is different.
(Check this by looking carefully at one part of the graph each time — like
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the top right corner.) How would you describe the sets of random num-
bers produced?

4. The Ran# function should produce random numbers evenly spread be-
tween 0 and 1. For example, about half the time the result should be larger
than 0.5. Does this seem to be the case for your tables and graphs?

The probability of an event is a theoretical idea that is useful when there are a
number of equally likely outcomes. A good example is the tossing of a standard six-
sided die. If we assume that the six possible outcomes (1, 2, 3, 4, 5 and 6) are all
equally likely then we can find the probability of events based on these.

For example, the probability of getting a four on one toss of the die is 1/6. Similarly the
probability of tossing an odd number on one toss of the die is 3/6 or 1/2 (since there are
three favourable outcomes and six possible outcomes).

Therelative fequencyof an event is a practical idea: it describes what fraction of
the time an everdctually occurred. In the long run, the relative frequency of an
event will be close to the (theoretical) probabhility

For example, if you toss a die 100 times, you should expect to get a four about one
sixth of the time; that is, around 16 or 17 times. But the relative frequency describes
how many times you actually got a folfryou tossed a four 18 times out of the 100
tosses, the relative frequency would be 18/100 or 18% or 0.18.

You can use your calculatordimulateevents with a certain probability and see what
the relative frequencies of the events are. This is a kind of ‘experimental probability’.

For example, the commarlsht (Ran# + 0.3) will give the value of 1 (a “suc-
cess”) 30% of the time and a value of 0 (a “failure™) 70% of the time. That is, it
will simulate an event with a probability of 0.3 or 30%.RUdN mode, thelnt
command is accessed by first presd®J N and therF6 followed byNUM (F4).

To simulate events with other probabilities, just change the numerical value.
For example, to simulate the event of getting a four when tossing a die, use
Int (Ran#+ 1/6). To simulate getting a head when tossing a fair coin, use
Int(Ran# + 1/2). Use the fraction key to enter fractions like 1/6 and 1/2.

Tr. CEanBrl o) This screen shows the calculator being usét/h
3 mode to simulate five coin tosses. Once the com-
1 mand was entered, tl&XE key was pressed five
4|  times. Each press simulated another toss.
ETNMEA T [

In this sample, there were two heads out of the five simulated tosses, so that the
relative frequency of heads was 2/5 or 40%.

Interaction M

1. Simulate five coin tosses. Write down the relative frequency of heads.
Repeat this a few times. (Each time, press the left cursor key and then
press EXE five times.) Does the relative frequency ever reach 100%? Is it
ever 0%? Compare with your partner.

2. People often think that if something has a probability of 1/2, then it is likely
to happen half the time. To test this, use your calculator to simulate six
coin tosses. Do this several times and describe your results.



3. Simulate an event with probability one sixth, such as tossing a four on a
standard die. How many tosses does it take until you get a four?

4. A company claims that 90% of its TV sets don’t need to be repaired under
warranty. That is, they claim that the probability that a TV set lasts for the
warranty period is 90%. Use your calculator to simulate a series of events
with probability 90%; how long does it take until you get a failure? Compare
your results with other people.

When it is too hard to work out a theoretical probabipgople often use the relative
frequency for a large number of cases as an estimate.

For example, the company mentioned in Interaction M.4 may have found that 9000
out of 10 000 TV sets lasted the warranty period, and used the relative frequency of
9000/10 000 or 90% as an estimate of the probability

You can use your calculator to see what happens in the long run. The calculator
program called_ONGRUN will allow you to simulate a sequence of events with a
certain probability and to find the relative frequency of the event.

Transfer the prograrhONGRUN to your calculator

To use the program after it has been entered into
your calculatar enter the Program mode by se-
lectingPRGM from the main menu or just by press-
ing MENU and then th&og key. Highlight the pro-
gram namel(ONGRUN) and pres€XE.

[EEAEOTTIHELLIDEL JOEL il I

TE%E‘F‘BILIW? The program will ask you for a probabilifgnter
! the desired value and prassE. In this screen, a
probability of 1/2 has been entered.

The calculator will then simulate trials with a suc-
cessful outcome having probability 1/2 and draw a
graph of the relative frequency after each simula-
tion.

In this case, notice that at first the relative fre-
guency was larger than 1/2 (shown by the hori-
PROBREILITY? zontal line), but that after about fifteen simulations
S SR IRy it was a little under 1/2.

d. S5l TaeEslT By the end of the simulations (127 of them) the
relative frequency is a little over 1/2.

In fact, the screen above shows that the relative frequency in this case was approxi-
mately 0.532, or 53.2%, which is quite close to the probability of 1/2.

When the program has finished, you can@s€ (SHIFT F6) to switch between the
graph and the numerical result. On the graph, the vertical scale shows a tick mark at
every 0.1, while the horizontal scale shows a tick mark at every ten simulations.



\\2\{1/{ Interaction N

1. Use program LONGRUN to simulate tossing a fair coin 127 times. You
should expect the relative frequency to be close to 0.5. Why can it not be
exactly 0.5?

2. The probability of getting a four on a die is 1/6. Use the program to simu-
late 127 dice tosses. How close is the relative frequency to the theoretical
probability? Compare your answer with others.

3. Use the program to simulate the production of the TV sets described
above, which have a probability of 0.9 of lasting to the end of the warranty
period. Do this several times. How likely does it seem that the relative
frequency will drop below 85% for 127 TV sets? Discuss your conclu-
sions with your partner.

4. Of course, program LONGRUN makes no sense for ‘probabilities’ that are
less than 0 or greater than 1. Explain what happens when a probability of
0 or a probability of 1 is used to simulate events.

|ﬂVES“[|EI“Uﬂ When someone answers multiple choice questions with four choices, they have a
probability of 1/4 of guessing the correct answer (with a completely random guess).
Investigate how likely it is that this sort of guessing strategy will allow someone to get
more than half the questions correct on a test.



Experimenting with random samples

Samantha was annoyed because the batteries in her portable CD
player had gone flat again. She decided to try and find out how
long a new set of batteries would last.

She knew that the life of the batteries woul

vary a bit, but wanted to get a good idea ,

how long to expect them to laShe paid careful .". : L
attention to how many hours each of the ne AL N

five sets of batteries lastedo The nearest ’ % _ -
hour, she found they lasted 41, 39, 37, 42 al ‘ & "
37 hours.

y .
\2;,\?;\;\ Interaction 0

1. Give some reasons for the sets of batteries lasting different amounts of
time.
2. Find the mean number of hours the sets lasted.

This gave Samantha some information about the battery life. They seemed to last
somewhere between 37 and 42 hours. But she wondered whether the results would
be similar next time she put in fresh batteries.

Samantha had sampleof five battery lifetimes.

In data analysis, we are often interested in some aspecgopftiation but have to
rely on a sample. In this unit, we will see how and why sampling is effective for
finding out about a population.

There are many kinds of samples; the most importambadomsamples, for which
each member of the population has the same chance of being chosen. In this unit, we
will only be studying random samples.

Suppose we had a population of battery lives and wanted to know the mean battery
life. We will study how close the means of samples are to the population mean.

(Of course, if waeally had a population, it wouldhbe necessary to take a sample!
This unit will help you to see what happens with sampling, but it does not show what
you would usually do. Whave to rely on samples because it is usually not possible to
study the whole population direcily

The following tables show a population of 216 battery lives for the CD player

Notice that there are six tables, numbered 1 to 6, with the rows and columns of each
table also labelled 1 to 6.
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You can take a random sample from this population using a standard die (i.e. each
face of the die has the same chance of being thrown).

Heres how:

1. First throw the die to choose one of the six tables.

2. Then throw the die again to choose a column of the table (labelled in
bold on the horizontal axis).

3. Thenthrow the die again to choose a row of the table (labelled in bold
on the vertical axis).

4. The battery life chosen is shown in the column and row of the table (in
italics).

To make sure this is clea@heck that throwing 6 then 3 then 2 gives a sampled battery life
of 32 hours. (In @ble 6, the figure shown in the third column and second row is 32.)

Table 1 Table 2 Table 3
6 34 36 34 34 40 41 6 34 40 44 45 40 38 6 39 45 30 30 41 44
5 35 40 41 40 36 28 5 41 44 38 38 37 42 5 35 32 40 39 42 40
4 42 36 45 40 38 33 4 43 43 44 38 37 36 4 35 36 39 39 39 38
3 42 28 40 30 40 29 3 34 44 27 34 32 45 3 43 37 35 33 37 31
2 42 42 30 37 31 43 2 36 30 36 41 42 34 2 38 37 35 37 29 38
1 39 35 38 33 39 39 1 31 31 39 30 35 32 1 43 33 40 43 34 39
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
Table 4 Table 5 Table 6
6 29 40 42 33 32 29 6 39 40 34 36 40 37 6 37 32 36 34 32 41
5 42 44 31 35 34 35 5 31 41 38 33 40 39 5 32 32 39 37 43 37
4 37 41 46 31 43 4 35 33 44 38 33 39 4 35 36 41 41 37 38
3 34 38 43 41 42 33 3 37 32 35 34 29 28 3 39 36 35 37 40 38
2 42 39 35 41 46 37 2 35 39 41 37 41 31 2 39 33 32 31 35 30
1 38 38 34 35 37 37 1 35 36 30 38 36 33 1 38 33 36 36 36 34
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

Interaction P

=

What battery life is sampled by throwing a 5 then a 1 then another 5?

2. Explain why each of the 216 lives has the same chance of being chosen
by this method.

3. Use the die to select a random sample of five battery lives. Find the mean
battery life of your sample. How does it compare with Samantha’s result?

4. Compare your result with those of other students in your class. Write a
sentence to describe how much the means of samples of size 5 seem to
differ from sample to sample.

5. Consider all the information you have available to you now from the sam-

ples you have seen. Estimate what you think the population mean is likely

to be.

Itis possible, although unlikelthat a random sample might produce the same battery
life more than once. (This kind of sampling is cakagnpling with eplacemeny

Although it is a perfectly adequate way to select random samples, it is rather tedious
to toss a die many times like this. A more efficient way of selecting a random sample
is to use a small calculator program for this purpose.
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Obtain from your teacher the list containing the population of 216 battery
lives and the progra@RANSAMP (which stands fasimple random sample
Transfer the data intbist 1 of a file not yet in use (see page 14) and the
program into the program area.

Use the calculator to check that the population mean is approximately 36.96 hours.
You can use the program to select a random sample and compare how close the
sample mean is to this population mean.

When you run the program, it will ask you to specify
the sample size. Enter a whole number and press
EXE.

SAMFLE SIZE?

The program will then select a random sample of
that size fronL.ist 1 and display the sample mean.

This screen shows an example of this.

SAMFLE SIZE™
EFIMF'LE MEAH This particular sample of size 5 had a mean of

33.6 33.6, which is a little smaller than the population
mean.

To select another random sample immediasédyt
by pressindXE. The calculator will again ask you
SAMFLE MEAM 1z.g| 1O specify the sample size, as shown here.
SAMFLE SIZE?

SAMFLE SIZE™

5 Enter the sample size and pr&s¢& again. The
SAMFLE MERAM screen shows an example of this.

3.6
%H”PLE S1ZE7 For the second sample, the mean was 39.4, which

SAMFLE MEAH 19,4 is a little larger than the population mean.

Inferaction {

1. Use program SRANSAMP to select a random sample of size 5. Then enter
STAT mode (by pressing MENU 2) and check List 6. (You will see the
complete sample of five battery lives stored there.)

2. Use the program ten times in succession to select samples of size 5.
Each time, write down (on paper) the mean of the sample. When you
have finished all ten, enter the means in List 2 and use your graphics
calculator to study them. (E.g., you might draw a box plot or find the mean
of the sample means, or do both of these things.)

3. How close to each other are your ten sample means in List 2? Com-
pare your results with others. How close are the sample means to the
population mean of 36.967?

In general, you will obtain better results from a larger random sample than a smaller
one. But of course, it takes longer (and usually takes more money) to select a larger
random sample.dl'see how much better adar sample is, use your sampling pro-
gram to experiment.



Investigafion

Interaction R

1. Use the program ten times in succession to select samples of size 20.
Each time, write down (on paper) the mean of the sample. When you
have all ten, enter the means in List 3 and use your graphics calculator
to study the ten sample means. Compare your results with others. How
close are the sample means to the population mean of 36.96?

2. How much better is a sample of size 20 than a sample of size 5? Use
your calculator to compare the datain List 2 and List 3 (e.g. with a box
plot of both.) Compare your estimates with others.

3. Now select just one large sample of size 50. Suppose you had only this
sample to predict what the population mean is. Compare your prediction
with those of other students. How close is your prediction to the actual

population mean?

In this case we can compare the actual population mean with the means of the sam-
ples used to predict it, but remember that this is usually not the case. By studying how
sampling works, provided our sampling is at random, we can make an estimate of the
population mean from just one sample (which is usually all we have availalgle). W
can also estimate how close our estimate is likely to be! In general, the larger the

sample size, the better will be the predictions.

When we compared the means of some sampy.
of size 5 with those of some samples of size 20, \|.

1 [ -

obtained the simultaneous box plot shown here.

Which box plot shows which set of sample mean:|

Explain how you can tell.

I

LUAK

Choose two other sample sizes, one smaller than 5 the other larger than 20. Repeat
the sampling experiment and compare your results with these.

If Samantha were to take a sample of size 30 (i.e. check the lives of 30 sets of
batteries and find the mean battery life), how close to the population mean would you

expect her sample mean to be?



Analysing simulated dafa

Some kinds of data are random in nature. A good example occurs in
many board games such asMonopoly and Backgammon To
understand what is happening, it is not possible to gather all the
data (the population), because there is an infinite amount of it.
(That is, you could play Monopoly all of your life and still not have
all the data!). So a sample of data is needed. In some cases, it is
possible to use mathematics to theoretically work out what will
happen; but until you can do this, analyzing a sample is a good
alternative.

You can get a sample of data by tossing a pair of dice many times, but this takes a lot
of time. A more efficient method is ®mulatethe data, so that the results are the
same, but the method of getting them is different.

The most important kind of sample is a random sample - one for which all the possibili-
ties have the same chance of occurring. Consider the case of rolling a standard die,
for which each of the six possibilities: 1, 2, 3, 4, 5 and 6 have the same chance of
occurring.

Recall that the calculat@rrandom number command, Ran#, generates random num-
bers evenly spread between 0 and 1.

To generate suitable data to study a game like
Monopolyor Backgammon, numbers between 0
and 1 are not directly useful. Instead, you need to
transform them to produce counting numbers be-
tween 1 and 6. The easiest way to do this is to use
the transformation shown in the screen.

Int (ExRan#+l)

Lot Lo [ [a ]

Think carefully about the commariesht (6xRan# +1):

Multiplying Ran# by six produces numbers between 0 and 6 (instead of
just 0 to 1).

Adding 1 transforms the result to give a number between 1 and 7.

The Int command takes the integer value of the result, one of
{1,2,3,4,5,6}. So the end result of this transformation is always a number
between 1 and 6, with each of the six possibilities occurring about as
often as each of the others — which is a good model of a standard die.

\E\é{ Interaction

1. Try generating several random numbers using the command
Int (6xRan# + 1). Check to see that all the results are integers be-
tween 1 and 6, just like a standard die.

— oy —



2. What happens if you use the command Int (8xRan# +1) instead of
Int (6xRan# + 1)? Explain why this happens.

3. How could you use the calculator to generate random tosses of a seven-
sided die? Test your answer by trying it out.

4. To model what happens in Monopoly, you need to roll a pair of dice not
just one. What command will simulate this? Try it and see.

To simulate dice rolls using your calculatgou could make a command like those
above and then just preBXE many times.

There are two reasons why this is not a good idea, howewbe first place, it will

take a long time to gather a reasonable sized sample of data and in the second place,
you will need to write down all the results so that you can analyse them. Smart use of
the calculator will allow each of these problems to be solved.

Y&
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Table Func 7= The easiest way to get a sample of several dice
Y1RInt CeRani+12 rolls on the calculator is to generate a table. Enter

E TABLE mode by pressingENU and7 and delete
ﬁg any functions already there.

Insert the command to roll a single six-sided die in
the function list, as shown on the screen.

Then us®®ANGE (F5) to instruct the calculator to
generate five values as shown one the screen.

When you activat&@ ABLE (F6), you will see that
five separate values are generated, each of them

representing a die roll.

The screen shows an example, but of course yours

Wi=Intl C(&ERand+12 _ :
% M will be different.

| 5
[ 2 -,] Notice that only the first four die rolls are shown;
u 2 4 you will need to use the down cursor key to see
| EEEIDEL JRil)) Fon [GFLT the other one.

Interaction T

1. Use the calculator to simulate 20 die rolls. Compare your results with
those of your partner; e.g. how many times was a six rolled?

2. Return to the function list by pressing EXIT or FORM(F1). Then simulate
another set of 20 rolls by pressing TABLE again. Are the results the same
as the first time? Explain why.

3. Use the command Int(6xRan# +1) + Int(6xRan# +1) to simulate
rolling a pair of dice five times and finding the sum of the dice each time.
Compare your results with those of your partner. Would you expect the
results to be the same or different? Explain why.

4. Use a stopwatch to see how long it takes you to simulate a table of 100
rolls of a pair of dice (after you have made the appropriate adjustments to
the RANGE). Compare the time with the time taken to generate 200 rolls of
a pair of dice. Explain your results.



As you have seen, it is much quicker to TABLE mode to simulate a large set of die

rolls than it is to do so by repeated pressing oEie key inRUN mode. In addition,

once you have generated the data, you can examine them using the cursor keys,
which you can’'t do irRUN mode.

Itis quite hard to get a good idea of all the data in a large sample such as one with 100
data points. @ analyse the data, in order to understand what they can tell us about the
results of rolling the pair of dice, it is best to use the calculator to transfer the data into
the Statistics area of the calculator

TI=Tni TEEarEilS To do this, first move the cursor to the appr_opriate
- column of your table of data - the one with the
S - results in it, not the first column which just gives
f: é the number of each data point. Pré®d'N and
thenLIST (F1) followed byLMEM(F2) to pre-
pare the calculator to store the column of data into

aList Memory.

4
LAEr Dvim JFill | Sed [

The screen shows that you have a choice of six
data lists, calledist1 toList®6. (If any of these
[ é-sl already contains data, the next step will replace
3
u

Yi=Intl ceRan#+12
b ¥

the data with your column of data, so be careful
_ |_4 here!) Press thE key associated with a list of
(L | S A B () (35 your choice to store all the data into that list.

To see the results of this, en&FAT mode by pressinENU and 2. You will see
that all of your data has been automatically transferred, and is now ready for analysis.

Interaction U

1. Store a set of 100 rolls of a pair of dice into List 1. Write down the first
few values in the table. Then check the list in STAT mode to confirm that
the first few values are the same and that the list contains 100 values.

2. Return to Table mode and simulate a fresh set of 100 rolls of a pair of
dice. Transfer these to List 2.

To see what happens when a pair of dice is rolled, you need to analyse the data. A
sample of size 100 is large enough to provide a reasonable idea of the likely results.
One way of analyzing the data is to look at a histogram. First ch8&JidP that the

Stat Wind is set toAuto.

=T Trierval I tn this caze_,OI since ontlyri]nte_gerr1 valuelstarf invol}:/ed,
ey it's a good idea to set the pitch equal to 1, as shown
here.
DERL
It looks in this case as if there are more values in
the middle of the range from 2 to 12 and less val-
| ues at the ends.

— That is, its a bit more likely that a total of 5 to 9
AR will be thrown than one of 2to 4 or 10 to 12.




To see how many there were of each score in your samplérase (SHIFT F1).

This is only one sample, howevé&fou can use the calculator to check some other

samples too.

1UAK

In fact, to compare the two distributions, look at the two histograms on the same screen.

= D antn

aLGrar :Drawdn
StatGrarhi :Drawdff

lon [oFF D[RRI

Interaction V

This histogram shows a second sample (which we
stored intd_ist 2 in Interaction U). I8 a good idea
to use a different colour for this second histogram.

Notice that the results are slightly different, al-
though it is still the case that there are more scores
in the middle of the range than at the extremes.

To do this, pres&RPH(F1) and therBEL (F4)
to select bottstatGraph1 andStatGraph2
togetheras shown.

The resulting screen makes it clear that there is a
good deal of similarity in the two distributions. This
display looks better when the two histograms are
drawn in different colours.

1. Draw histograms of your data from Interaction U. How are they like those
shown above? How are they different? Trace each histogram to see which
total was the most common for each sample.

2. Return to TABLE mode and simulate a fresh set of the sums of 100 rolls
of a pair of dice for storing in each of List 1 and List 2. Draw graphs of
the two samples and compare them with your first two samples.

3. Use your histograms to write a few sentences that describe the likely
results of tossing a pair of two dice and finding the sum of their scores.
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Sometimes it is useful to look at numerical sum-
maries of simulated data.

In this case, the mean and median of the samples
give a good idea of an ‘average’ score when a
pair of dice is rolled. The mode shows which sin-
gle result occurred most often. For the first sam-
ple shown above, the mean is 6.75, the medianis 7
and the mode is also 7.

These three figures, which are quite close to each
other in size, are consistent with the graphs show-
ing a distribution that is rather symmetrical about
the middle.



Investigafion

The most likely single result is a total score of 7. Why is this? These screens also
show that the maximum score was 12 and the minimum was 2, which is also clear
from the histogram.

Interaction W

1. Analyse the data in both List 1 and List 2. Compare the results for
your two samples. How similar are they to the results shown here? In
what important ways (if any) are they different? Compare your results
with someone else’s.

2. Ittakes a score of 40 to move a complete revolution of a Monopoly board.
About how many rolls of a pair of dice do you think this is likely to take, on
average?

3. One of the great advantages of using a calculator to study samples of
data like this is that it is fairly easy to obtain and analyse a hew sample.
Return to Table mode, generate a fresh sample, transfer it to List 3 and
study it both graphically and numerically.

4. A larger random sample will give you
more reliable information than a smaller
one. Onthe CFX-9850G PLUS, the larg-
est sample possible has 255 data points.
Generate a sample of 255 dice rolls and
compare the resulting histogram with the
one shown here.

For example, in this case, a score of seven was obtained 46 times, which
is about one time in six. How does this compare with your result?

A new board game uses two dice, one of which is a standard die with six sides, while
the other has eight sides, numbered 1 to 8.

For each die, all faces are equally likely to octMhat is the most likely result of
tossing a pair of dice like this and adding the scores?

Write a brief report, using both graphical and numerical results of studying suitable
random samples
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finswers !

Interaction D

1. A frequency histogram displaying the distribution
of weights at which 50 pieces of a cheap brand of
fishing line broke.

frequency

1 >

>
06 08 10 12 14 16 weight(kg

Some of the questions that have been asked do not have a 2. Approximately symmetrical. Most pieces broke at around

single correct answerln such cases, MR (which stands for 1kg, while approximately equal, but decreasing numbers,
many possible answers ) will be the answer supplied. In b_roke at lesser and greater weights, as low as 0.6kg, and as
many cases some supporting comment is supplied. high as 1.5 kg.
Interaction A Interaction E
1. Speed of cars in a 25 km/hr speed zone. 2. All drivers whé: e know that around half the pieces broke at approxi-
travelled through that road work zone in Collinswood. mately 0.8 kg less than the advertised breaking strain.
3. No. A random sample means that each member of the ~ 2+ 1he spread of the distribution.
population had an equally likely chance to be a chosen as3. Numerous. eg. That the sample of line was representative
part of the sample. of the population of line. That the method used to measure
the breaking strain was appropriate or similar to that used
Interaction B by the company
1. i
Speed 45 150.|25-|30-|35-|40-|45-|50-|55.|  Interaction F
(km/h)
frequenc 2 [ weight 0.6-[0.8-| 1-[12-/14-/16-/18- 2-|22-/24-
fy2 1112412413 (10| 6 | 6 | 4 (kg) ) ) ) ) ) ’ ’ '
_ f’eq“fe”°y1 2012|5421 9] 4]
2. Skewed right.
3. Assuming most drivers traveled at around 60 km/hr before3. Skewed left

4.

5.
Interaction C

2.

5. None below?2 at the limit, 98 above.

entering the zone, he could say: most people made an effgrt j,aan = 1.795 kg, median = 1.875 kg
to slow down but relatively few slowed to, or be]dihe

limit. Only relatively few made little or no effort to slow 5. The pieces of mid-range line have more often than not

down broken at a higher weight than the pieces of cheaper line. A
’ ) median of 1.05 kg compared to 1.875 kg starts to help us

No. Perhaps some ideas of the centre and spread of the  41gye that the mid-range price line has a higher breaking

distribution. strain.

13 drivers belows at the limit, 82 drivers above. 6. The mid-range ling’breaking strain is not @rent from the

advertised value, based on the fact that about half the
pieces broke above the advertised breaking strain and about

Speed half broke below
(km/h) 25-|30-|35-/40-/45-|50-|55-|60 - 7. Information about the spread of the distribution.
freq‘;ency 1014|2715 14 [ 17| 2 | 1 Interaction G
1
. Largely uniform, except for the 35 - group and the very 60km/hr to 25 kmv/hr | 100 km/hr to 25 km/hr
small tail at the end. sample sample
. Assuming most drivers traveled at around 100 km/hr before | __shape skewed right largely uniform
entering the zone, he could say: Drivers seemed to have mean 34.3 40.6
made an effort to slow down, but none slowed to below the (km/hr)
speed limit and only two managed to reach the limit. The median 32 39
driver's speeds were distributed quite uniformly from 25 (km/hr)

km/hr to 50 km/hrexcept for the modal group of 35 km/hr ) ) .
2. The small number of relatively high speeds, illustrated by

the skewness, in the first sample cause the mean value to be

. More drivers coming from the 60 km/hr limit got closer to approximately 2 km/hr higher than the mean. Even though

the 25 km/hr limit than did those from the 100 km/hr zone.  the second sample distribution is largely uniform a similar

Only 16 drivers that came from the 60 km/hr zone traveled  outcome has occurred. The greater the skewness the greater

at 45 km/hr or more compared to 34 drivers that came from the difference between the mean and median in the direction
the 100 km/hr zone. of the skewness.

Interaction H



Neither the researcher nor those participating in the research
know who is taking the drug and who is taking the placebo.

Interaction | 3.
group min [ Q1 |median| Q3 |max|IQR 4.
all before | 5.00[6.40| 7.25 17.90[8.90]1.50
drug Group |3.20|4.60| 4.70 [5.05]6.20]0.45
placebo group| 5.70{6.35| 7.20 |7.908.801.55 1
Interaction J 2.

1. Yes. The cholesterol level distribution for the drug group 3.
had median level of 4.7, over 2 units less than the all before
group. The interquartile range of 0.45 (4.60 to 5.05),
approximately 1 unit less than the all before group, shows
the central 50% of values varied less than the all before
group and were considerable lowéthis, coupled with the
fact that the placebo group had a distribution very similar

MPA; In fact, you are more likely to get two or four heads
than you are to get exactly three heads.

UselInt (Ran# + 1/6). MPA, but it's unusual to take
longer than 20 attempts.

MPA; In the whole class, &' quite likely that someone will
get a failure on the first or second attempt.

Interaction N

MPA. (It cant be exactly 0.5, since that would represent
63.5 successes, clearly impossible.)

MPA

MPA, but it is very unlikely that it will drop below 85%
for 127 attempts.

4. When a probability of zero is used there will be no

successes (impossibility); when a probability of one is
used, there will be no failures (certainty). The relative
frequency will equal the probability in each case.

to the all before group supports the conjecture that the drygeraction O

has been effective in lowering the cholesterol level.

2. The central 50% of speeds for both samples had very
similar ranges, the 60 km/hr group having IQR of 13.5 km/
hr compared to 12 km/hr of the 100 km/hr group. How-
ever, the central 50% of speeds of each group are quite
different in value. The 60 km/hr grosp/alues ranging
between 26.5 km/hr and 40 km/hr compared to 35 km/hr
and 47 km/hr for the 100 km/hr group. The boxplots
illustrate this well.

3. The range of the central 50% of each braimieaking
strains is identical (IQR = 0.35 kg). The central 50% of
breaking strains of the cheap line were, however, much 3.
lower. They ranged from 0.85kg to 1.2 kg compared to 1.65
kg to 2 kg for the mid-value line. 4.

. This option gives a ‘mean boxplot’. The five values 5.
illustrated are minimum score, mean minus one standard
deviation, mean, mean plus one standard deviation and
maximum score.

2

1.
2.

1.
Interaction K
1. MPA 2
2. MPA. It's quite likely that there will be two numbers in
succession the same at least once. 3

3. MPA. After 20 throws, there should be a spread of
numbers thrown.

. MPA. You will need to record the results for the whole
class to check this. It is likely that each number will be

thrown close to one sixth of the total number of tosses, 1.
since the six possibilities are all equally likely 2
Interaction L
1. MPA.
3

2. MPA; It's unlikely that there will be patterns in the
numbers produced. There will probably be a fairly even
spread over the range from 0 to 1.

3. MPA; results are likely to be similar to those obtained With1
the tables of values. '

. MPA. One way to check is to draw the graptyef 0.5
(using the Y2 function) and counting how many points are
on each side of the line.

2.

3.
4.
Interaction M

1. MPA. With only five tosses, it is not unusual for the
relative frequency to be 100% (all scores asg 4t 0% (no
scores are §).

1.
2.

i

1. MPA, e.g. diferent usage of CD playetifferences in

manufacture, temperature effects, etc.

. mean = (41 + 39 + 37 + 42 + 37)+ 5 = 39.2 hours. (Don't

use a calculator to do this!)

Interaction P

31 hours

Each face of the die has the same chance of being tossed. So
each table has the same chance of being selected. In each
table, all 36 scores have the same chance of being chosen.

MPA. (Don't use a calculator!) &ur mean will probably be
between 37 and 42 hours.

MPA; They will probably be close, but not too close.

MPA. One good idea is to take the mean of all your sample
means as an estimate.

Interaction Q

MPA. The mean of the sample means is likely to be close
to the population mean.

. MPA. Draw a histogram and find the mean of the sample

mean scores.

. MPA. The sample means should be rather close to each

other They will probably lie between 36 and 38, making
them close to population mean.

Interaction R

MPA

. MPA; the sample of size 20 will be more reliable. The

means of successive samples are likely to be closer to each
other than were the means of the samples of size 5.

. MPA; test your prediction by comparing it with 36.96.

Your sample mean will probably be close to this.

Interaction S

MPA

Whole numbers between 1 and 8 are generated, since the
range for8xRan# is from O to 8.

Use the commaniint (7xRan# + 1)
Int(6Ran#+1) +Int(6Ran#+1)

Interaction T

MPA; About two to four sixes is likely
The results will be different, since they are randomly



3.
4.

generated.
Different, since each set is randomly generated.

It takes about twice as long to generate twice as many rolls,
since each roll takes about the same time.

Interaction U

1.
2.

The first few should match exactly
MPA. Notice that the two lists are tbfent.

Interaction V

1.

MPA. Both histograms are likely to have peaks near the
middle, with modes of 6, 7 or 8.

. MPA. Similar (but not identical) results to those before are

expected.

. MPA, e.g. the middle scores (e.g., 5 to 9) are more likely

than the end scores (e.g., 2, 3, 11, 12), but sometimes this is
not the case.

Interaction W

1.

MPA. The means should be close to 7 in each case;
minimum of 2 and maximum of 12 are likeMedian will
usually be 7 and the mode will usually be 7.

. MPA. Since the mean score is about 7, it will usually take

about40 + 7 = 6 turns.

. MPA
. MPA; the lager sample will usually mean the results are

more predictable and so the histogram will be like the one in
the text.
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