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STATISTICS

(Chapter 20)

8 The graph alongside compares the profits
of two pizza shops from the same chain

Shop A undertook extensive

advertising during this six month period.

of stores.

a In what month were the most profits

b

We are now left with the task of analysing the data and writing a report which states our

for each shop?

What were the profits for each shop

during May?

What features of
the graph indicate
the effectiveness of
the advertising?

Find the total profit
for each shop over
the 6 month period.

conclusions.

When we compare the number or percentage in each category, we look for the mode, or
category which occurs most frequently.

For the Opening Problem, we can write the methods of transport in order from most to

least popular: by car (33%), by school bus (27%), by walking (21%), and by
train (19%). The mode is ‘travelling by car’.

[ Mar

[ Jan

876543210 012345¢678

profits in 1000’s of dollars

e take an unbiased sample
e summarise and display the data.

Back-to-back bar
graphs like this are
often used to compare
two sets of data.

WRITING REPORTS

So far for the Opening Problem we have seen how to:

e collect and organise the data

In writing a conclusion we must be careful not to overstate the situation.

Discuss which of these statements you think would be acceptable:

Statement 1:

Statement 2:

When you write a report of your findings, it is important to discuss how your data:

e was collected properly with no bias

In conclusion, the students of schools in this city are highly likely to travel
to school by car or bus.

In conclusion, the data suggests that students from this school are more
likely to travel to school by car or bus than other modes of transport.

e was in sufficient quantity to accurately reflect the whole population.

Discuss why it is important to include these things in your report.
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| RESEARCH A STATISTICAL STUDY: ‘RED ALERT’
//M} Your task is to test the theory that there are more
red sweets produced than any of the other colours.
\\‘\KL/ You should choose a brand of coloured candy-

coated chocolates or similar sweets, but make sure
everyone in your class has a packet of the same
brand.

What to do:

A complete statistical analysis of the given problem is required. Each member of the
class is expected to hand up his or her own report which must include all six steps of the
statistical method.

1 Describe exactly what the problem is in your own words.
2 a For your box of sweets, count the number of each colour and construct a

frequency table of your results.

b Which colour occurs most frequently in your sample? Do your results support
the theory that there are more red sweets produced?

¢ Combine your results with another person in your class and construct a frequency
table of the combined results. Do these combined results support the theory?
3 a As a class exercise, combine the data of every student in the class. Do these
results support the theory?

b For the combined class results, calculate the percentage of red sweets. What
would you expect this percentage to be if equal numbers of all the colours are
produced?

¢ Which of the previous results (yours, yours and your friend’s, or the whole class)
should give the best data to test the theory? Give a reason for your answer.

L4 Use a spreadsheet to draw a vertical column graph of the data from:
a your results b your results and another person’s
¢ the combined class.

5 What is the mode for:
a your results b your results and another person’s
¢ the combined class results? Write out carefully your conclusion.

6 Submit your completed report to your teacher for assessment.

i NUMERICAL DATA

Numerical data is data which is given in number form.

Numerical data can be organised using a stem-and-leaf plot or a frequency table, and
represented graphically using a column graph.
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STEM-AND-LEAF PLOTS

A stem-and-leaf plot displays a set of data in order of size.

For example, the scores out of 150 for students in an exam were:
116 97 132 124 108 73 111 140 123 102 84 128 91 105 113
131 126 97 106 119 61 125 130 104 98 114 121 106 127 92

For each data value, the units digit is used as the leaf, and the digits before it determine the
stem on which the leaf is placed.

So, the stem labels are 6, 7, 8, 9, 10, 11, 12, 13, 14, and they are written under one another
in ascending order.

We now look at each data value in turn. We remove the last digit to find the stem, then write
the last digit as a leaf in the appropriate row.

Once we have done this for all data values, we have an unordered stem-and-leaf plot. We
can then order the stem-and-leaf plot by writing each set of leaves in ascending order.

Unordered stem-and-leaf plot Ordered stem-and-leaf display
of exam scores of exam scores
6|1 6|1
713 73
8|4 814
971782 9112778
10825646 101245668
11161394 11113469
1214386517 1211345678
131210 131012
1410 unit = 1 1410

Notice that:

e 9/12778 represents the scores 91, 92, 97, 97 and 98.

e The scale (unit = 1) tells us the place value of each leaf.
If the scale was ‘unit = 0.1’ then 9|1 2778 would represent 9.1, 9.2, 9.7, 9.7, 9.8.

|_Example 3

The birth weights of 25 alpacas were recorded
to the nearest 0.1 kg. The weights were:

6.1 98 6.7 81 5.6 64 7.5 86 85 7.2
95 6.8 89 7.3 6.8 7.7 93 9.0 84 7.6
82 85 7.9 83 9.5

a Draw a stem-and-leaf plot of the data.

b What was the
i lightest i heaviest weight recorded?
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a The whole number of kilograms range from 5 to 9 kg. These are the stem values.

Unordered stem-and-leaf plot Ordered stem-and-leaf plot
of alpaca birth weight data of alpaca birth weight data
5| 6 5|6
617488 6114788
7523769 71235679
8116594253 8112345569
985305 9103558
unit = 0.1 kg unit = 0.1 kg
b i The lightest weight was 5.6 kg. il The heaviest weight was 9.8 kg.

EXERCISE 20C.1

1 Kelvin picked watermelons to take to market. To the nearest 0.1 kg they weighed:
7.7,5.6,4.7,9.1,6.9, 5.5, 7.6, 8.0, 6.4, 5.3, 4.8, 7.2, 7.3, 8.2, 7.8,
4.5,8.7,8.2,6.9, 6.1, 5.6, 8.0, 5.0, 7.7, 5.8, 7.3, 6.4, 7.0, 6.5, 6.9

a Construct an unordered stem-and-leaf plot of the data. Make sure you have a title
and a scale.

b Construct an ordered stem-and-leaf plot of the data.
¢ How many watermelons went to market?

d Find the weight of the 1 lighest ii heaviest watermelon taken to market.
2 Piotr performed a reaction test several times. The results 119
were then used to construct the stem-and-leaf plot shown 2124678
alongside. 30345578999
a What was his fastest reaction time? 411579
b What was his slowest reaction time? 5192
¢ How many times was the test performed? unit = 0.01 seconds

d What reaction time occurred most often?

3 The weights of a flock of newborn lambs were recorded to the nearest 0.1 kg as follows:
3.9,4.9,5.0,29, 3.1, 3.6, 4.2, 4.8, 5.5, 2.8, 3.3, 4.7, 5.1, 2.6, 3.6,
4.9,4.7, 3.5, 3.3, 5.4, 4.8, 3.0, 3.3, 4.1, 4.4, 5.0, 4.2, 3.1, 5.2, 3.8

a Construct a stem-and-leaf plot of the data. b What scale did you use?
¢ What percentage of weights were less than 3.2 kg?
d What percentage of weights were at least 4 kg?
& At practice a golfer hit 39 balls with a 7-iron. The distances recorded in metres were:
140, 163, 129, 138, 144, 144, 158, 167, 173, 141, 139, 152, 167,

170, 132, 138, 165, 134, 153, 152, 127, 176, 156, 155, 165, 159,
149, 145, 159, 148, 144, 152, 141, 137, 147, 146, 143, 145, 149

Construct a stem-and-leaf plot of the data.
What was the shortest distance hit?
What percentage of shots were less than 150 m long?

QO an C o

What percentage of shots were between 140 m and 160 m?
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5 Sonya’s best 24 long jump results for the athletics season were, in metres:
6.19, 6.32, 6.52, 6.35, 6.41, 6.49, 6.49, 6.39, 6.23, 6.55, 6.27, 6.46,
6.30, 6.38, 6.40, 6.47, 6.61, 6.21, 6.41, 6.49, 6.35, 6.44, 6.48, 6.38.

a Construct an ordered stem-and-leaf plot of the data.
b What percentage of her jumps were beyond 6.4 m?

FREQUENCY TABLES AND COLUMN GRAPHS

A common method of counting data is to use a tally-and-frequency or frequency table.

" Example 4 | ) Self Tutor

A tennis player has won the following number of matches in tournaments during the
last 18 months:
12013142123400122321632
11122034112302314120312
a Organise the data to form a frequency table.
b Draw a frequency column graph of the data.
¢ How many times did the player advance past the second match of a tournament?
d On what percentage of occasions did the player win less than 2 matches?
a [ Wins Tally Frequency b Tennis matches won
0 J’HT ‘ 6 frequency
L [ HiHruil] 16 20
2 | I 13 15
3l 8 s
[l 1 s I7{ [ |] ]
5 0 0 |_| o
6 1 0 2 3 4 5 6
| matches won
Total 48
¢ 13+8+4+ 1= 26 times d The player won less than 2 matches
on 6+ 16 = 22 occasions.
percentage = 22 x 100%
~ 45.8%

EXERCISE 20C.2

1 Jed breeds cats. The number of kittens in each litter last year were:
435624563425464554334542644545
Construct a frequency table for the kitten data.
Draw a frequency column graph to illustrate the data.
How many litters contained 4 or more kittens?

QO an O o

What percentage of litters had fewer than 4 kittens?



STATISTICS (Chapter 20) 401

2 The members of a girls’ debating club had ages:
15, 14, 12, 13, 11, 13, 15, 12, 15, 13, 14, 16, 13, 12, 14, 15, 13, 17, 12, 13.
a Draw a frequency column graph of the data.

b What percentage of the girls were aged:
i 14 ii lessthan 16  iii more than 13  iv between 13 and 16?

3 During the 2008 season Emma was very
successful at scoring goals for her field hockey 1
team. In fact on one occasion she scored 7
goals in a match. Her goal scoring results are
illustrated on the graph.

Goals scored by Emma
frequency

a How many games did Emma play?

ON MO OO

b On how many occasions did she score 4 or
more goals? goals

¢ In what percentage of games did she score:
i less than 2 goals ii between 2 and 5 goals inclusive
iii more than 4 goals?

4 The tail lengths of a sample of lobster were measured to the nearest centimetre. The
results in centimetres were:
15 19 18 14 21 17 19 17 18 15 17 16 18 16 17
17 17 18 15 17 17 20 15 19 17 15 16 19 15 17
a Construct a tally-frequency table of the data.

b Construct a frequency column graph of the data.
¢ What was the sample size?
d What percentage of lengths were:
i 18 or more centimetres il between 16 cm and 19 cm inclusive?

]| THE MEAN, MEDIAN AND MODE

There are three different numbers which are commonly used to measure the middle or centre
of a set of numerical data. These are the mean or average, the median, and the mode.

THE MEAN

The mean or average is the total of all data values divided by the number of data values.
We use the symbol T to represent the mean.

sum of data values

T =
number of data values
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THE MEDIAN

The median of a set of data is the middle value of the ordered set.

For an odd number of data values there is one middle value which is the median.

For an even number of data values there are two middle values. The median is the average
of these two values.

THE MODE

The mode is the score which occurs most often in a data set.

For example, the mode of the data set 0, 2, 3, 3, 4, 5, 5, 5,6, 7,9 is 5 since 5 occurs for
most frequently.

=) Self Tutor

In the last 7 matches, a basketballer has scored 19, 23, 16, 11, 22, 27 and 29 points.
a Find the mean score of these matches.

b Find the median score for these matches.

¢ In the next game the basketballer scores 45 points.
Find his new i mean ii median.

total of all data values

a The mean, T =
number of data values

19+23+ 16+ 11 + 224 27+ 29

7
147
7
= 21 points
b In order, the scores are:  —+1H16—19 22 232729
the median = 22 points {the middle score of the ordered set}
147 + 4 192
¢ i The new mean = % = % = 24 points.
ii The ordered set is now: +H—16—19-22 23 272945
222
the median = —; 5
= 22.5 points {average of the middle scores}

In the basketball example above:

e Which of the mean or median is more affected by the addition of the
large score of 45?7

e Why is the mode useless as a measure of the centre of this set of data?
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) Self Tutor

An exceptional footballer scores the following numbers of goals for her school during

a season:
13204 21423 03322 52312
Find the: a mean b median ¢ mode for the number of goals she scored.
sum of all scores
a mean =
number of matches
45
- 20
= 2.25 goals

b The ordered data set is:
001112222 22 233333445
=~

242
median = % = 2 goals

¢ mode = 2 goals {2 occurs most often}

EXERCISE 20D

1 Find the mean of:
a 1,2,3,4,5,6,7 b 7,80,3,0,6,0,11,1

2 Find the median of:
a 3,2,2,5,4,4,3,2,6,4,5,4,1 b 7,11,4,8,6,9, 8,8, 13

3 Consider the data set: 7, 8,0, 3,0, 6, 0, 11, 1.
a Findthe i mean il median ili mode of this data.
b  Which is the best measure of the ‘middle’ of this data set? Explain your answer.

4 Hemi snorkles for abalone each day for a fortnight.

His total catches for each day were:
12013230201412
For these catches find the:

a mean b median ¢ mode

5 During the showjumping season, Edwina and her
horse Lightning had the following numbers of
penalties in successive competitions:

05084004441284450
For these results find the:

a mean b median ¢ mode.
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6

Surefix paper clips come in small boxes. The manufacturer claims that the average
contents is 80. When 50 boxes were sampled, the following numbers of clips were
counted in each box:

80 78 79 79 Tr 80 8 79 8 T8 79 8 8O 79 81 79 79
80 81 80 78 78 8 79 80 8 81 79 79 79 8 78 80 79
80 78 81 79 8 79 79 Tr 79 79 80 78 79 8 80 79

a Find the mean contents of the boxes.

b Do you think there is sufficient evidence from this data to prove that the
manufacturer’s claim is false? Explain your answer.

For this column graph on Shoe size
shoe sizes, determine the: 12 frequency
a mode 6
b median shoe size. 4
2
o Oall nflnamas.
5 6 7 8 9 10 11 12 13

size
Consider the performances of two groups of students in the same mental arithmetic test
out of 10 marks.
Group X: 7,6,6,8,6,9,7,5,4,7 Group Y. 9,6,7,6,8,10,3,9,9,8,9
a Calculate the mean mark for each group.

There are 10 students in group X and 11 in group Y. Is it unfair to compare the
mean scores for these groups?

¢ Which group performed better at the test?

KEY WORDS USED IN THIS CHAPTER

biased sample e categorical data e census

column graph e data e data set

dependent variable e horizontal axis e horizontal bar chart
independent variable e mean e median

mode e numerical data e pie chart

raw data e sample e segment bar chart
stem-and-leaf plot e tally and frequency table e vertical axis

vertical bar chart

REVIEW SET 20A

1 State whether a census or a sample would be used to investigate:
a the number of goals scored each week by a lacrosse team

the weight of a 6-week old calf

the most popular make of cars

the favourite foods of students in Year 7 classes

the height of oak trees.

® O n O
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2 Comment on the following statements:

a To find out the students’ opinions on whether ‘fast food” should be available
from the school canteen, the principal asked one student from each year group
for his or her views.

b To find out the students’ views on a possible change to the school uniform, the
principal asked 60 students from Year 12 to give their views.

3 In a survey of school girls to determine their favourite sport, the following data was
obtained:

Sport Netball | Basketball | Tennis | Softball | Hockey
Number of girls | 56 43 47 31 23

a How many girls were surveyed?

b What percentage of those surveyed favoured
netball?

¢ For this group of girls, which was the least
favoured sport?

d Construct a horizontal bar chart to display
this information.

e Can conclusions be made from this survey
about the favourite sport of all school girls?
Give a reason for your answer.

4 50 randomly selected students were asked about

; b frequenc
their method of transport to school. The results of 18] '"eAENSY .
the survey are displayed in the graph opposite. ii -
a What sort of graph is this? i(ZJ
b Which was the most common method of 8
transport to school? 6] |
¢ How many students travelled to school by g ;% 5 E‘ Sl 2
bus? 0 SISl Is[|S],
method

d What percentage of students travelled to
school by car?

e What percentage of students travelled to school either by bicycle or walking?

5 During the 38 game season, Franki played in all games and scored 122 goals. Due
to injury, Hugo played only 25 games in the season, and scored a total of 85 goals.
Which player received the trophy for the ‘greatest average number of goals scored
per match’?

6 The following data are the ages of students in a chess club:
13 14 15 12 17 13 16 12 14 15 14 16 13 15 13 14 14 14
14 14 16 13 15 14 13 15 15 12 15 15 12 17 15 14 13

a Findthe i mean ii median fii mode of the ages.
b Construct a frequency column graph for the data.



406  STATISTICS (Chapter 20)

REVIEW SET 20B

1 State whether each of the following is a census or a sample:

b

All 430 students of a high school were surveyed to determine their preferred
school uniform.

Last Saturday some spectators entering the Entertainment Centre were surveyed
on whether the car parking was adequate at the Centre.

2 Explain any possible bias in the following samples:

a survey of people at the cinema b a questionnaire in a newspaper
a survey of people watching their children playing football.

3 A random sample of people are surveyed about their Blood type
blood type. The results are displayed in the pie chart
opposite.

b

Use your protractor to measure the size of each

sector angle. " |AB

What percentage of people surveyed have type
A blood?

If 7 of the people surveyed have type AB blood,
how many people were surveyed in total?

4 A survey of hair colour in a class of 40 students revealed the following results:

a
b

Construct a segment bar chart to display this data. -~ Frequency
For this group of students, which was the least
. Red 4
common hair colour? B 17
Could conclusions be made from this survey about Brl(::l? 1
the colour of hair of all students?
Give a reason for your answer. Blonde 8
Copy and complete this tally-frequency table Age Tally | Frequency
for the ages of debaters in a university debating 18 | |
club. 19 | ||
Draw a frequency column graph for this data. 20 | 4]
What is the most common age of debaters in 21 |
the club? 22 | I
What percentage of club members have not yet 23 | MM
reached the age of 20? 24 | |
25 | Ml
26| Il
Total

6 To compare the spelling abilities of two groups of students, a special test was given
to both groups. The results were:

Group A 8§, 8,5,6,8,10,7,9,7,7
Group B 10, 9, 10, 10, 4, 10,9, 7, 7, 7, 10

Find the mean score for each group. b Which group performed better?



