Unit 3 Chapter 1 Investigating data distributions
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Constructing a frequency table for categorical data
1 Construct appropriately labelled frequency tables showing both frequencies and
percentage frequencies for each of the following data sets:
2 Grades AACBABBBBCC

b Shoesize: 8 9 9 10 8 889 810 128

2 The following data identify the state of residence of a group of people where
1= Victoria, 2 = South Australia and 3 = Western Australia.
21113131133
@ Is the variable state of residence, categorical or numerical?

b Construct a frequency table (with both numbers and percentages) to show the
distribution of state of residence for this group of people.
© Construct a bar chart of the percentaged frequency table.

3 The size (S = small, M = medium, L = large) of 20 cars was recorded as follows.
S S L M M M L S S M
M S L S M M M S S M
a Is the variable size in this context numerical or categorical?

b Construct a frequency table (with both numbers and percentages) to show the
distribution of size for these cars.

© Construct a percentage bar chart.




image6.png
Constructing a percentage segmented bar chart from a frequency table

& The tble shows the frequency dissibution of the [~ prace o777 Percentage
place of birth for 500 Australians. o o
a Is place of birth an ordinal or a nominal
ey Overscas 218
b Display the data in the form of a percentage . 100.1

segmented bar chart.
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S The table records the number of new. =
cars sold in Australia during the first 3 2
quarter of one year, categorised by fype ”f’"/ poicle] | INwber JEPororney)
of vehicle (private, commercial) Private 132736
a Is type of vehicle an ordinal ora Commercial | 49109
nominal variable? Toual

b Copy and complete the table giving the percentages correct to the nearest whole
number.

© Display the data in the form of a percentage segmented bar chart.
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Using the distribution of a categorical variable to answer statistical questions.

& The table shows the frequency

Frequency
distribution of school fype for a number
of schools. The table :?:mplm Schaolrypelil INumbe JEPorcrrasy)
2 Write down the information missing | C*"°H¢ 4 2
from the table. Government 1
b How many schools are categorised as | Independent s 23
“independent’? Total 100

© How many schools are there in total?

d What percentage of schools are categorised as ‘government'?

@ Use the information in the frequency table to complete the following report
describing the distribution of school type for these schools.
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Report

schools were classified according to school type. The majority of these:
schools, | %, were found to be |. Of the remaining schools,
were | while 20% were.

Twenty-two students were asked the question,

Frequency
“How often do you play sport?”, with the

‘possible responses: ‘regularly’, ‘sometimes’ 2iays spors | Number Ferceniazo)

or ‘rarely’. The distribution of responses is Regularly 5 27

summarised in the frequency table. Sometimes | 10 |

a Write down the information missing from | Rarely 318
the table. Total 2 [

b Use the information in the frequency table to complete the following report
deseribing the distribution of student responses (o the question, ‘How often do you
play sport?”





image10.png
Report

] while [ % said that they played sport ]

When students were asked the question, ‘How often do you play sport’,
the dominant response was *Sometimes”, given by | % of the students. OF
the remaining students, | % of the students responded that they played sport

8 The table shows the frequency distribution of

the cye colour of 11 preschool children. Frequency
Eye colour | Number_Percentage
Use the information i the table to writc abricf | Brown 6 545
report describing the frequency distribution of | gryzel 182
eye colour. Bluc 3 73
Toal n 1000
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Exam 1 style questions

9 Ina survey people were asked to select how much of the time they felt happy from
the alternatives ‘almost none of the time”, “some of the time’, ‘most of the time’, or
“almost all of the time’. Their responses are summarised in the following barchart of
the variable happiness.

30)
2

g

15|

Zu

5|
o

‘lmost none some of _most of _almost all
of the time the time  the time _of the time

happiness
‘The percentage of people who chose the modal response to this question is closest to:
A 30% B 43% © 50% D 57% E 0%
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Constructing a frequency table for discrete numerical data taking a small number of
values

1

2

The number times a sample of 20 people bought take-away food over a one week
period is as follows:

05301024310212153004

2 Construct a frequency table for the data, including both the frequency and
percentage frequency.

b What percentage of people bought take away food more than 3 times?

© Whatis the mode of this distribution?

The number of chocolate chips per biscuit in a sample 40 biscuits was found to be as as
follows:
25445464445445665546
45545464645454655646

2 Construct a frequency table for the data, including both the frequency and
percentage frequency.

b What percentage of biscuits contained three or less chocolate chips?

& Whatis the mode of this distribution?

Constructing a grouped frequency table

The following are the heights of the 25 players in a women'’s football team, in
centimetres.
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188
169
162
169
163

a Use the data to complete the grouped frequency table.

175
171
170
181
170

176
177
174
173
164

161
165
168
164
175

183
166
178
179
182

Height (cm)

Frequency

160-164
165-169
170-174
175-179
180-184
185-189

Total

b What is the model height for this group of players?
© What percentage of the players are 180 cm or more in height?

Constructing a histogram from a frequency table

4 Construct a histogram to display the information
in the frequency table opposite. Label axes and

‘mark scales.

Reading information from a histogram

Total

Blo o & s
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The histogram opposite displays the distribution
of the number of words in 30 randomly selected
sentences.

a What percentage of these sentences contained:

i 59 words?

25-29 words?

10-19 words?

v fewer than 15 words?

‘Write answers correct to the nearest per cent

b How many of these sentences contained:
i 20-24 words?

© What is the modal interval?

510 15 20 25 30

Number of words
in sentence.

‘more than 25 words?
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© The histogram opposite displays the 4

distribution of the average batting R
averages of cricketers playing for a
district team. 2

Frequency

a How many players have their 1
averages recorded in this histogram?
b How many of these cricketers had a

o
0510 1520 25 30 35 40 45 50 55
Batting average

iv o457
© What percentage of these cricketers had a batting average:
i 50 or more? i at least 20 but less than 407
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Constructing a histogram from raw data using a CAS calculator

7

The pulse rates of 23 students are given below.
8 8 9 71 9 78 68 71 68 88 76 74
70 78 69 77 64 80 8 78 88 70 86
a Use a CAS caleulator to construct a histogram so that the first column starts at 63
and the column width is two.
b i Whatis the starting point of the third column?
‘What is the ‘count” for the third column? What are the acual data values?
© Redraw the histogram so that the column width is five and the first column starts
at60.
d For this histogram, what s the count in the interval ‘65 to <70°2

“The numbers of children in the families of 25 VCE students are listed below.
1625534127345
3010321 4439433
a Use a CAS calculator to construct a histogram so that the column width is one and
the first colum starts at 0.5.
b What i the starting point for the fourth column and what s the count?

© Redraw the histogram so that the column width is two and the first column starts
a0,

d i Whats the count i the interval from 6 o less than 87
i What actual data value(s) does this interval include?
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Determining shape, centre and spread from a histogram
9 Identify each of the following histograms as approximately symmetric, positively
skewed or negatively skewed, and mark the following.
i The mode (if there is a clear mode)
Any potential outliers
‘The approximate location of the centre

a 20 b 80
21 e
‘o to
= 5 & 20
o Histogram A 0 Histogram B
c 20 d 20
z1s s
S £y
£ £
0 0

Histogram C Histogram D
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10 These threc histograms show the
‘marks obtained by a group of
students in three subjects.

a Are each of the distributions
approximately symmetric or
skewed?

b Are there any clear outliers?

© Determine the interval
‘containing the central mark for
cach of the three subjects. 26 10 14 18 22 26 30 34 38 42 46

ich cubi Subject A Subject B Subject C

d In which subject was the

Marks
spread of marks the least?
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Exam 1 style questions

Use the following information to answer questions 11 and 12

‘The annual salaries for all the sales staff in a large company are summarised in the following
histogram.
0

salary($)
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11 The number of people in the company who ear from $65.000 to less than $70,000 per
yearis equal to:
A 20 B30 c 50 D32 E 62
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12 The shape of this histogram is best described as:
A positively skewed with possible outlliers
B positively skewed with no outliers
© approximately symmetric
D negatively skewed with no outliers
E negatively skewed with outliers
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Constructing a dot plot
1 The following data gives the number of rooms in 11 houses.
46778448878
a Is the variable mumber of rooms discrete or continuous?

b Construct a dot plot

2 The following data give the number of children in the families of 14 VCE students:
162553 44273434
@ Is the variable mumber of children discrete or continuous?
b Construct a dot plot
© Write down the value of the mode. What does the mode represent in the context of
the data?

3 The following data give the average life expectancies in years of 13 countries.
76 75 74 74 73 73 075 71 72 75 15 18 T2
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a Is the variable life expectancy discrete or continuous?
b Construct a dot plot.

 Wite down the value of the mode. What does the mode represent in the context of
the data?

4 Describe the shape of each of the following distributions (egatively skewed, positively
skewed, or approximately symmetric).

S The ages of each member of a running club are as follows:

2220 20 23 21 2 21 25 21 24 18
2 19 2 23 25 19 21 20 21 21 2

a Construct a dot plot of the ages of the players.

b What is the mode of this distribution?

© What is the shape of the distribution of runners ages?

d What percentage of runners are younger than 207 Give your answer to the nearest
whole percentage.
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Constructing a stem plot
6 The data below give the urbanisation rates (%) in 23 countries.
5499 222031 32 925 35 12
16929 6 28 100 17 9 35 27 12
a Is the variable urbanisation rate discrete or continuous?
b Construct a stem plot with an appropriate key.
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Constructing a stem plot with split stems
7 The data below give the wrist circumference (in cm) of 15 men.
169 173 193 185 182 184 199 167
177 165 170 172 176 171 176
@ Is the variable wrist circumference discrete or continuous?
b Construct a stem plot for wrist circumference using:
i stems: 16,17,18, 19
these stems split into halves, that is: 16, 16, 17, 17,
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Interpreting a stem plot
8 Describe the shape of each of following distributions (negatively skewed, positively
skewed, or approximately symmetric).
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b key: 3|1 represents 31

a key: 4|1 represents 4.1

2 3l2
5 427

ol23
0[5666778899

sl0159

100122233333

1155678

6[13357779

7002334467899

825

ane
caor
e

Key: 210 represents 20

25667789

Age (years)
223

in years, of all the people attending a

9 The stem plot on the right shows the ages,
meeting.

301334444

a How many people attended the meeting?

b What i the shape of the distribution of

3555677788899
4f023344

alsses

slo

ages?
© How many of these people were less

than 33 years old?
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Exam 1 style questions

Use the following information to answer questions 10 and 11
The following stem plot shows the distribution of the time it took (in minutes) for each of a
‘2roup of 25 people to solve a complex task.

Time (minutes)  key: 4]0 represents 4.0
26

Sewauou s
B
Do oW
v o
cuam

0

10 The shape of this distribution is best described as:
A positively skewed with a possible outlier
B positively skewed with no outliers
© approximately symmetric
D negatively skewed with no outliers
E negatively skewed with outliers





image29.png
11 The time taken by the slowest 20% of people was:
A more than 8.5 minutes B 8.5 minutesormore € less than 5.6 minutes
D 5.6 minutes or less E more than 5.6 minutes
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Determining the log of a number
1 Using a CAS caleulator, find the logs of the following numbers correct to one decimal
place.
a2s b 25 © 250 d 2500
e 05 £ 005 £ 0.005 b 0.0005
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Determining a number from its log.
2 Find the numbers with the following logs:

a -25 b -L5 c 05 a0

‘Write your decimal answers correct to two significant figures.

Constructing a histogram with a log scale

3 The brain weights of the same 27 animal species (in g) are recorded below.
465 423 120 115 55 S0 4600 419 655
15 26 680 406 1320 5712 70 179 56

10 04 12 175 15T 440 IS5 30 180

a Construct a histogram to display the distribution of brain weights and comment on
its shape.

b Construct a histogram to display the log of the brain weights and note the shape of
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Interpreting a histogram with a log scale
4 The histogram opposite shows the 9
distribution of brain weights (in g)
of 27 animal species plotted on a log
scale.

>

a The brain weight (in g) of a mouse
is 0.4 2. What value would be
plotted on the log scale?

b The brain weight (in g) of an
African elephant is 5712 . What o
i the log of this brain weight (to
two significant figures)?

© What brain weight (in ) is represented by the number 2 on the log scale?

d What brain weight (in g) is represented by the number ~1 on the log scale?

@ Use the histogram to determine the number of these animals with brain weights:

i 1000 g or more. from 1 t0 less than 100 g

Frequency

2 -1 0 1 23 45 6
log(weight)

i 1 g or more
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Exam 1 style questions

5 The histogram shows the carbon dioxide g
cmissions (in thousands of metric tons) for |
239 different countries, plotted on a log i)
scale. M

o,

histogram, the percentage of countries with carbon dioxide emissions (in
thousands of metric tons) from 10 000 to less than 100 000 is equal to:

A2l B 25 c 26 D 50 E 60

Based on
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& The following histogram B
shows the amount spent
by tourists from several
countries in one year
(spending), plotted on a logyg
scale.

2o e o0 T L 0 900 930 10 109 1100110 1200 12 I
e

The number of countries where tourists spent from $100 000 000 to less than
$1.000 000 000 per year is equal

A B 25 c 3 D37 E 51
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Determining the median from data
1 Locate the medians of the following data sets. For each set of data, check that the
‘median divides the ordered data st into two equal groups.
a 4.9 318 6 b 10 9 12 20 14
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2 The prices of nine second-hand mountain bikes advertised for sale were as follows.
$650 $3500 750 $500 $1790 $1200 $2950 $430 S$850
‘What s the median price of these bikes?

Determining the median from a dot plot
3 The dot plot opposite displays the number of

times 20 shoppers visited their supermarket in a

week. Find the median number of visits. .

203 4 05 6
Number of times visited
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Determi

& the median and range from a stem plot
4 The following stem plot shows the distribution of the time it took (in minutes) for each
of a group of 25 people to solve a complex task.

Time (minutes)  key: 4/0 represents 4.0

FRER
51368
6101567
701345789
810259
955

10]6

a Find the median time taken.
b Find the range of the time taken.

Determining the median and quartiles from a dot plot

5 The dot plot shows the distribution of the number of .
children in each of 14 families.
a Determine the median, M.
b Determine the quartiles Q1 and Q3. 01234567
© Calculate the IQR. Children in family
d Calculate the range, R.
© By writing the data values in a line, check that the quartiles and the median have

divided the data set up into four equal groups.
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the median and quartiles from a stem plot

© The stem plot displays the infant mortality rates Key: 07=7
(deaths per 1000 live births) in 14 countries. o7 7 9
a Determine the median, M. 10000224
b Determine the quartiles Q1 and Q3. 15
© Calculate the QR and the range, R. 2lo 1
2|5

7 The stem plot displays the test scores for 20 students.  Key: 110 = 10,

a Describe the shape of the distribution. ilo 2

b Determine the median, M. 15 569

© Determine the quartiles, Q1 and Qs 2033 4

d Caleulate the IQR and the range, R. as 79099
3o 12
EIEY
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8 The dot plot displays the number of goals scored in23 3
games.
a Describe the shape of the distribution and note
outliers (if any).
b Without using your calculator determine:
i the median, M.
the IQR.

9 The stem plot displays the university participation rates  Key: 0]1 =

(%) in 17 countries. o[t 389
a Determine the median, M. 12 3 7
b Determine the quartiles Q1 and Q3. 201256 6
© Calculate the IQR and the range, R. 30 6 7
4
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10 The histogram shows the time taken to complete a complex task by a group of students.
Find possible values for the median and quartiles of this distribution.

Frequency

6 65 70 75 S0 85 9 95 100 105 110 115
time taken to complete task (minutes)
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11 A group of 195 people were asked to record (to one decimal place) the average number
of hours they spent on email each week over a 10 week period. The data are shown in
the following histogram:

55
50|
45
40|
35
30|
25
20|
15
10

5

Frequency

015 20 25 30 35
hours spent per week on email

a Find possible values for the median.
b Find the maximum value for the /OR.
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Determining the mean, median and mode from data

12

14

15

For each of the following data sets, write down the value of n, the value of Ex and
hence evaluate %.

a 2523 b 121520 3225 € 2132535
Caleulate the mean and locate the median and modal value(s) of the following scores.

a 1 3 2 1 2 6 4 5 4 3 2
b 3 1205 4 3 2 6 5 4 5 5 6

The temperature of a hospital patient (in degrees Celsius) taken at 6-hourly intervals
over 2 days was as follows.

356 365 372 355 360 365 355 360
a Calculate the patient’s mean and median temperature over the 2-day period.
b What do these values tell you about the distribution of the patient’s temperature?
The amounts (in dollars) spent by seven customers at a corner store were:

090 080 215 1655 170 080 265

a Calculate the mean and median amount spent by the customers.
b Does the mean or the median give the best indication of the typical amount spent by
customers? Explain your answer.




image43.png
16 For which of the following distributions might you question using the mean as a
‘measure of the centre of the distribution? Justify your selection.
a I b I c I
‘Age distribution in a country  Urban car aceident rates Blood cholesterol levels

47 The stem plot shows the distribution of weights (in ~ Weight (kg)
kg) of 22 footballers. 9

6
a Name the shape of the distribution. Which 702
‘measure of centre, the mean or the median, do. 7l6 678
you think would best indicate the typical weight ¢ |0 o1 5 3 3
of these footballers? 85556
b Determine both the mean and median to check.
ot 912
your prediction.
9|8
3

5
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The concept of standard deviation
18 Which measure of spread:
a always incorporates 50% of the scores?
b uses only the smallest and largest scores in the distribution?
© gives the average variation around the mean?

19 Without using the statistical capabilities of your calculator, write down the mean and
standard deviation of the following six data values: 7.1 7.1 7.1 7.1 7.1 7.1

20 For which of the following variables does it nor make sense to calculate a mean or

standard deviation?
a Speed (in knyh) b Sex © Age (in years)
d Post code ‘@ Neck circumference (in cm)

£ Weight (underweight, normal, overweight)




image45.png
Caleulating the mean and standard deviation using a CAS caloulator

21

A sample of 10 students were given a general knowledge test with the following
results.
2 20 19 21 21 18 20 2 23 17
a Calculate the mean and standard deviation of the test scores, correct to one decimal
place.
b The median test score is 20, which is similar in value to the mean. What does this
tell you about the distribution of test scores?

Calculate the mean and standard deviation for the variables in the table.
Give answers to the nearest whole number for cars and TV, and one decimal place for
alcohol consumption.

Number of TVs/ Number of cars/  Alcohol consumption
1000 1000 (litres)
378 a7 176
404 286 125
an 435 160
354 370 241
539 217 99
381 357 95
624 550 146





image46.png
Exam 1 style questions

Use the following information to answer questions 23 and 24

The stem plot displays the number of times each person in a sample of 16 people bought a
take-away coffee in the last month.

Key: 0]1 = 1
oo 089
123 7
201256 6
3o 6 7

23 The median, M, of the number of take away coffees bought is equal to:
A 105 B 185 © 205 D21 E 26

24 The interquartile range, IQR, of the number of take away coffees bought s equal to:
A 105 B 150 c 155 D 185 E 205
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Use the following information to answer questions 25 and 26

‘The following histogram shows the length (in cm) for each of 159 fish.

Frequency

R
Lenibom)

25 The median fish length (in cm) could be
A 158 B 243 © 252 D314

26 The first quartile (Q)) for this distribution could be
A 122 B 167 © 290 D 202

E 800

E 250
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Constructing a five-number summary from a dot or stem plot
1 Construct a five-number summary for the dot
plot opposite

7
Hours worked

2 Construct a five-number summary for the stem plot Key: 1316 = 136

opposite. 1le 7
143
15)2

6
5
164 5
8
9

o ® =
< w e

8
8
5
9

17|38
18]2
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Constructing a boxplot from a five-number summary
3 Use the following five-number summaries to construct boxplots.
a Min=1,01=4,M=8 0= 135 Max =24
b Min = 136, Q1 = 148, M = 158, 0s = 169, Max = 189

4 a Construct a boxplot from the following five-number summary:
Min = 10, 0, =22, M = 40, 01 = 70, Max = 70
b Explain why the box has no upper whisker.

S University participation rates (%) in 21 countries are listed below.

303 7 8 9 12 13 15 17 20 2
2 25 26 2 2 27 30 36 37 55
a Show that the five number summary for this data is:

Min =3, 0, = 105, M =21, 05 =26.5, Max = 55

b Show that the upper fence is equal to 50.5.

@ Explain why this boxplot will show at least one outlier.

d Construct a boxplot showing the outlier.
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©  The five-number summary for a data set
Min=14 Q=40 M=55 Q;=62 Max=99

a Determine the values of the upper and lower fences.

b The smallest three values in the data set are 6, 18, 34 and the largest are 90, 94, 99.
‘Which of these are outliers?

Constructing a boxplot using a CAS calculator
7 The reaction times (in milliseconds) of 18 people are listed below.
38 36 35 35 43 46 42 64 40 48 35 34 40 44 30 25 39 31

a Use a CAS calculator to construct a boxplot with outliers for the data. Name the
variable rtime.

b Use the boxplot to construct a five-number summary. Identify the outlier

Reading values from a boxplot
8 For each of the boxplots below, estimate the values of:
e median, M the quartiles Q, and Q3
e interquartile range, 1QR iv the minimum and maximun values
v the values of possible outliers.
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35 40 42 44 46 45 S0 52 54 56

3032 34 36
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9 For the boxplots below, determine the location of:
i the upper fence i the lower fence.

il

23
PE:
E:

0 10 20 30 40 80 9 100
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50

40 45

fence for the boxplot

10 a Determine the lower
opposite.

I e

15 20 25 30 35

10
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b When the data were originally entered, a value of 31 was incorrectly entered as 35.
‘Would the 31 be shown as an outlier when the error is corrected? Explain your

answer.

Reading percentages from a boxplot

11 Use the boxplot
opposite to estimate the

percentage of values that  FHHHHHHH
are: 0 s w0
a less than 39, b less than 45

d between 39 and 45 © between S and 45.
12 The boxplot displays the monthly rainfall (in

mm) for 12 months.

Use the boxplot to estimate the percentage of

‘months in which the monthly rainfall was:

a greaterthanS9mm b less than 49.5 mm
d betweenS7and 59 mm e less than 59 mm

3 40 45 50
than 45

RRRAEE|

45

0055 6 65 70
Rainfall (mm)

© between 49.5 and 59 mm
£ between 57 and 70 mm.
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Types of variables: categorical or numerical
1 Classify each of the following variables (in italics) as categorical or numerical:
@ time (in minutes) spent exercising each @ fime spent playing computer games

day (hours)

b number of frogs in a pond § mumber of people in a bus

© bank account numbers & eye colour (brown, blue, green )
d height (short, average, tall) b post code

Categorical variables: nominal or ordinal
2 Classify the categorical variables identified below (in talics) as nominal or ordinal.

a The colour of a pencil
b The different types of animals in a z0o
© The floor levels in a building (0.1,2,3 ...)
d The speed of a car (less than 50 kyhr, 50 to 80 ki/hr, above 80 ka/hr)
© Shoe size (6,8,10,...)
£ Family names
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13 Match these boxplots with their histograms.

ol Seplo2
- — - - e
Borlo3 Boplot

Histogram A Histogram B
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Describing the features of a distribution from a boxplot
14 Describe the distributions represented by the following boxplots in terms of shape,
centre, spread. Give appropriate values.

T
0 5 10 15 20 25 30 35 40 45 50

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
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15 Describe the distributions represented by the following boxplots in terms of shape,
cente, spread and outliers (if any). Give appropriate values.

S 10 15 20 25 30 35 40 45 50
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Using a boxplot to answer statistical questions

16 Taj recorded his travel time to university (in minutes) each day for 60 days, and
summarised the data in the following boxplot. Write a brief report describing the
distribution of his travel time.

60 65 70 75 80 85 90 95 100 105 110 115 120
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Exam 1 style questions

Use the following information to answer questions 17 and 18
The boxplot below shows the distribution of marks scored by 200 students in a test.

17 The percentage of students who scored more than 24 marks is closest to:
A 15% B 25% © 50% D 5% E 100%

5 10 15 20 25 30 35 40 45 S0
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18 The five-number summary for the test scores is closest to:
115 18 24, 50
12,15, 18, 24, 30
112 15 18, 24
12,15, 18, 24, 50
E 12, 15, 24, 30, 50

a
B
c
o

Use the following information to answer questions 19 and 20

The weights (in gm) of 159 fish were measured, and the table gives the mean and the
five-number summary for this data.

mean 398
minimum 2
first quartile () 120
‘median (M) 273

third quartile (Qy) 650
maximum 1650
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19 The shape of the distribution is best described as
A approximately symmetric B positively skewed
© symmetrically skewed D uniform
E negatively skewed

20 The largest five values in the data setare 1100gm, 1250gm, 1550gm, 1600gm and
16502m. Which of these are outliers?
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A {1100, 1250, 1550, 1600,1650) B (1650}
© (1250, 1550, 1600,1650} D {1550, 16001650}
E (16001650}
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The 68-95-99.7% rule

1 The blood pressure readings for executives are approximately normally distributed with
a mean systolic blood pressure of 134 and a standard deviation of 20.
Given this information it can be concluded that:
a about 685% of the executives have blood pressures between and

about 95% of the executives have blood pressures between and

about 99.7% of the executives have blood pressures between and

about 16% of the executives have blood pressures above:

about 2.5% of the executives have blood pressures below.

about 0.15% of the executives have blood pressures below.

about 50% of the executives have blood pressures above:

®m a0 a0 o
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2 The weight of a bag of 10 blood plums picked at U-Pick Orchard is normally
distributed with a mean of 1.8 kg and a standard deviation of 0.2 kg.
Given this information the percentage of the bags of 10 plums that weigh:
a between 1.68 and 2.08 kg is approximately %
b between 1.28 and 2.48 kg is approximately | %
@ more than 2.08 kg is approximately %
d more than 2.28 kg is approximately %
© less than 1.28 ke is approximately %
 more than 1.8 kg is approximately %

3 The distribution of times taken for walkers to complete a circuit in a park s normal,
with a mean time of 14 minutes and a standard deviation of 3 minutes.
a What percentage of walkers complete the circuit in:
more than 11 minutes? less than 14 minutes?

between 14 and 20 minutes?

b Ina week, 1000 walkers complete the circuit. Approximately how many will take:
less than 8 minutes?

4 The distribution of heights of 19-year-old women is approximately normal, with a
mean of 170 em and a standard deviation of 5 cm.

a What percentage of these women have heights

i between 155 and 185 cm?

between 160 and 175 cm?

greater than 180 cm?

b Ina sample of S000 of these women, approximately how many have heights greater
than 175 em?
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Numerical variables: discrete or continuous
3 Classify the numerical variables identified below (in italics) as discrete or continuous.

a The mumber of pages in a book

b The cost (1o the nearest dollar) to ill the tank of a car with petrol

© The volume of petrol (in litres) used to fill the tank of a car

d The speed of a car in kyh

@ The mumber of people at a football match

# The air temperature in degrees Celsius
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5 The distribution of resting pulse rates of a sample of 2000 20-year-old men
approximately normal, with a mean of 66 beats/minute and a standard deviation of 4
beats/minte.

a What percentage of these men have pulse rates of:
i higher than 667 between 66 and 707 between 62 and 747

b Approximately how many of this sample of 2000 men have pulse rates between 54
and 78 bears/minute?

Calculating standard scores

6 Asetof scores has a mean of 100 and a standard deviation of 20. Calculate
standardised scores for each of the following test scores:

al120 b 140 ¢80 4100 e d0 £ 110

7 Asetof scores has a mean of 30 and a standard deviation of 7. Calculate standardised
scores for each of the following test scores. Give your answers to one decimal place.
a3 b2  cd40  d20




image66.png
Applying standardised scores.

8 The table below contains the scores a student obtained in a practice test for each of
their VCE subjects. Also shown are the mean and standard deviation for each subject.

Mark  Mean _Standard deviation

6 60 4

75 60 5

55 55 6
Further Maths 55 a4 10
Psychology 7 82 4

a Calculate the standardised score for each subject.
b Use the standardised score to rate the student’s performance in each subject,
assuming a normal distribution of marks and using the 68-95-99.7% rule.

Using standardised scores to determine percentages
9 The volume of soft drink in a small can is normally distributed with a mean of 300 mL
and a standard deviation of 2 mL.
a If a can selected at random from this population has a standardised volume of z = 2,
‘what percentage of cans in this population contain more soft drink than this can?
b Approximately what percentage of cans contain between between 302 mL and
306 mL?
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10 To be considered for a special training program applicants are required to sit for an
aptitude test. Suppose that 2000 people st for the test, and their scores on the aptitude:
test are approximately normally distributed with a mean of 45 and a standard deviation
of 2. People who score more than 49 are selected for the special training program.
People who are not chosen for the training program, but score more than 47, are invited
10 resit the aptitude test at a later date.

a What percentage of people who sat for the test are eligible for the training program?

b Approximately how many people would be invited o resit the aptitude test at a later
date?
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Calculating actual scores from standardised scores

11

A set of scores has a mean of 100 and a standard deviation of 20.
Caleulate the actual score if the standardised score was:

al bO08 c21  do0 e-l4  f-25

Find the values of the mean and standard deviation

12

13

14

15

The mean salary for retail assistants is $27/hr. If 2.5% of retail assistants ean more
than $30/hr, what is the standard deviation of the salary for retail assistants? Assume
that the salaries are approximately normally distributed.

‘The weights of bananas from a certain grower are approximately normally distributed.
If the standard deviation of the weight of these bananas is 5 g, and 16% of the bananas
weigh less than 96 g, what s the mean weight of the bananas?

‘The birth weights of babies are known to be approximately normally distributed. If
16% of babies weigh more than 4.0 ke, and 0.15% of babies weigh more than 5.0 ke,
estimate the mean and standard deviation of this distribution. Give your answers to one
decimal place.

The marks scored in an examination are known to be approximately normally
distributed. £ 99.7% of students score between 43 and 89 marks, estimate the mean
and standard deviation of this distribution. Give your answers to one decimal place.
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Applications
16 The body weights of a large group of 14-year-old girls have a mean of 54 kg and a
standard deviation of 10.0 kg
a Kate weighs 56 kg. Determine her standardised weight.
b Lani has a standardised weight of ~0.75. Determine her actual weight.
© Find:
i percentage of these girls who weigh more than 74 kg
percentage of these girls who weigh between 54 and 64 kg
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17

percentage of these girls who have standardised weights less than ~1
v percentage of these girls who have standardised weights greater than 2.

Suppose that 1Q scores are normally distributed with mean of 100 and standard

deviation of 15.

a What percentage of people have an an 1Q:

greater than 1157

i less than 707

b To be allowed to join an elite club, a potential member must have an 1Q in the
top 2.5% of the population. What IQ score would be necessary to join this club?

© One student has a standardised score of 2.2. What i their actual score?

The heights of women are normally distributed with a mean of 160 and a standard

deviation of 8

a What percentage of women would be:

taller than 152 cm?

shorter than 176 cm?

b What height would put a woman among the tallest 0.15% of the population?

© What height would put a woman among the shortest 2.5% of the population?

d One woman has a standardised height of -1.2. What is her actual height? Give your
answer to one decimal place.
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Exam 1 style questions

Use the following information to answer questions 19 - 22

A total of 16,000 students sat for a statewide mathematics exam. Their results are are
‘normally distributed with mean 50 and standard deviation 7.

19

21

The percentage of students in the state who scored more than 71 marks s closest to:
A 015% B 25% © 5% D 15% E 03%

The top 2.5% of the state are to be awarded a distinction. What would be the lowest
mark required to gain a distinction in this exam?
A 36 B 43 c 57 D64 ET

Approximately how many students gained a mark of 57 or more?
A 400 B 800 © 2560 D 5120 E 15200

Approximately how many students gained a mark between 43 and 647
A 10888 B 11120 © 13040 D 13440 E 15200
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23 The table below shows Miller’s swimming times (in seconds) for 50 metres in each of

butterfly, backstroke, breaststroke and freestyle. Also shown are the mean and standard
deviation of the times recorded for all of the swimmers in his swimming club. In how
‘many of these swimming styles is he in the fastest 2.5% of swimmers at his swimming

club?
Style Miller's time  Mean _ Standard deviation
Butterfly 388 462 32
Breaststroke 514 551 41
Backstroke 535 483 25
Freestyle 333 382 23

A0 B1 c2 D3 E4




image73.png
Multiple-choice questions

The following information relates to Questions 1 and 2.

Data pertaining to the following five variables was collected about secondhand cars:

colour.
model

number of seats

age (1 = less than 2 years,
mileage (in kilometres)

from 30,000-60,000km, 3 = more than 80.000km)

1 The number of these variables that are discrete numerical
Al B2 3 o4 ES

2 The number of ordinal variables is:
a0 B1 c2 03 E4
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The following information relates to Questions 3 and 4.

The percentage segmented bar chart shows the 100
distribution of hair colour for 200 students.

Hair color
B Other
W Red

3 The number of students with brown hair is jack

closest o Brown
X 534 © s [ Blonde
o7 i)

4 The most common hair colour is:
A black £ blonde
© brown D red E other

Percentage
o3RB8882388
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Exam 1 style questions
4 Respondents to a survey question “Are you concerned about climate change?” were
asked to select from the following responses
1= notatall, 2 = a litle, 3 = somewhat, 4 = extremely
The data which was collected in response to this question is:
A nominal B ordinal © discrete
D continuous E numerical

S The variables weight (light, medium, heavy) and age (under 25 years, 25-40 years, over
40 years)
A a nominal and an ordinal variable respectively

an ordinal and a nominal variable respectively

both nominal variables

both ordinal variables

both continuous variables

B
c
o
E
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Questions 5 10 7 relate to the histogram shown below.

The histogram below displays the test scores of a class of students.
P

6 8 10 1214 16 18 20 22 24 26 28
Test score

5 The number of students in the class who obtained a test score less than 14 is:
a4 B 10 © 4 D16 B

& The shape of the histogram s best described as:
A negatively skewed & positively skewed with an outlier
© approximately symmetric D approximately symmetric with an outlier
E negatively skewed with an outlier

7 The value of the first quartile could be:
A ss 568 89 o105 E 114
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logyo 100 equals:
a0 81 c2 03 £ 100

Find the number with log equal to 2314;
A2 B 21 © 206 D 231 £ 20606
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The following information relates to Questions 10 and 11.

‘The percentage histogram opposite displays 2% 7
the distribution of the log of the annual

per capita CO; emissions (in tonnes) for 2%
192 countries in 2011 é'“
£ 4

T10-05 00 05 10 15 20
log(C0)

10 Australia’s per capita CO; emissions in 2011 were 16.8 tonnes. In which column of the
histogram would Australia be located?
A —05100<00 B 0000<0.5 € 050<l0 D 10w<l5 E L510<20
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11 The percentage of countries with per capita CO2 emissions of under 10 tonnes is.
closest to:

A 14% B 17% © 3% D 69% £ 88%

12 The following is an ordered set of 10 daily maximum temperatures (in degrees
Celsius):
2 02 23 24 24 25 26 27 8 29
‘The five-number summary for these temperatures is:

A 22,23,24,27,29 B22,23,24527,29  © 22,24,245.27,29
D 22,23,245,27520  E 22,24,245,27,29
The following information relates to Questions 13 10 15.

‘The stem plot opposite displays the distribution of the  Key: 115 means 15 marks

‘marks obtained by 25 students. of2
1|5
2[0
3o
a1
5
6lo

bW e o
w e e
wouu e
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13

14

“The median mark is:
a2 B 27

‘The interquartle quartile range (/QR) of the marks

A B 165

©®

© 2

029

D 305

£ 30

E 315
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15 The shape of the data distribution displayed by this stem plot is best described as:

16

17

18

A approximately symmetric

© negatively skewed with an outlier
E positively skewed with an outlier

& approximately symmetric with an
outlier
D negatively skewed

The following information relates to Questions 16 10 23.

: ' ‘ M H|

THT I Il T

5055 60 65 70 75 80 5055 60 65 70 75 80
il TR | It

50 55 60 65 70 75 80
“The median of boxplot A is closest to:

as 853 © 545
The IQR of boxplot B is closest to:
a9 820 c s

The range of boxplot C is closest to:
a4 B 13 c20

D55 £ 60
D65 £S5
D31 E 80
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19 The description that best matches boxplot A is:
A symmetric
© negatively skewed
E positively skewed with outliers

& symmetric with outliers
D positively skewed
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20

21

22

“The description that best matches boxplot B is:
A symmetric & negatively skewed with an outlier
© negatively skewed D positively skewed

E positively skewed with outliers

The description that best matches boxplot D is:
A symmetric & symmetric with outliers
© negatively skewed D positively skewed

E positively skewed with outliers

For the data represented by boxplot D, the percentage of data values greater than 65 i
A 25% B 25% © 50% D 75% £ 100%
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23

24

25

o be an outlier in boxplot D, a score must be:

A either less than 52.5 or greater than 72.5 & greater than 72.5
© cither less than 55 or greater than 70 D greater than 70
E less than 55

“The mean (%) and standard deviation (s) for the following set of test marks
1110 15 16 25 8 10 12
are closest to:

A 71109 575109 € 109,71 D 109,75  E 108,75

It would not be appropriate to determine the mean and standard deviation of a group of

A ages & phone numbers © heights
D weights E family sizes

A symmetric & symmetric withno  C bell-shaped
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27

“The mean length of 10 garden stakes is 180.5 cm, and the standard deviation is 2.9 cm.

If the length of each garden stake is reduced by exactly 5 cm, the mean and standard
deviation of the 10 stakes will be:

A 1755cmand24em B 180Scmand2d4em  © 175.5cmand 29 em
D 1755cmand34em  E 1855and 29 cm

A student’s mark on a test is 50. The mean mark for their class is 55 and the standard
deviation is 2.5. Their standard score is:

A 25 B 20 co D2 E 25

The following information relates to Questions 29 10 33.

Each week, a bus company makes 200 trips between two large country towns. The time
taken to make a rip between the two towns is approximately normally distributed with a
mean of 78 minutes and a standard deviation of 4 minutes.

29

30

‘The percentage of trips each week that take 78 minutes or more is:
A 16% B M% © 50% D 68% E 84%

“The number of trips each week that take between 70 and 82 minutes
a4 B 32 © 68 o127
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6 Data relating to the following five variables were collected from a group of university
students:

study mode (1= on campus, 2 = online)

study load (1= full-time, 2-part-time)

number of contact hours per week

number of subject needed to complete degree

The number of these variables that are discrete numerical variables is:

Al B2 c3 D4 ES
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31 Atrip that takes 71 minutes has a standardised time (z-score) of:
A -L75 B 15 © -125 ERE) E 175
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32

33

3

35

A standardised time for a trip is z = ~0.25. The actual time (in minutes) is:
AT B 7725 © 7175 D 7825 ET79

“The time of a bus trip has a standardised time of z = 2.1. This time is:

A very much below average B just below average  © around average
D justabove average E very much above average

The table shows the time taken to run one kilometre. o Timetming)

(in minutes) by three runners. To be invited to join e e

the athletics tcam the standardiscd score for their ime.

needs 10 be no more than than 0.5, Lincoln 49
Wendy 80

If the mean running time for one kilometre is 7.0 minutes and the standard deviation s
1.2 minutes, who will be invited to join the athletics team?

A Only Wendy & Lincoln and Albie © Only Lincoln

O Albie and Wendy E Al three runners

“The diameter of bolts produced by a machine is normally distributed. If 2.5% of bolts
the bolts have a diameter of more than 4.94 mm, and 0.15% have a diameter less
than 4.84 mm, the mean and standard deviation of this distribution in millimetres are
closest to:

A mean=488  standard deviation
B mean=4.92  standard deviation
standard deviation
D mean =490 standard deviation
E mean=4.90 standard deviation
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Written response questions

1

A group of 52 teenagers were asked,

“Do you agree that the use of marijuana

should be legalised? Their responses are,

summarised in the table.

 Construct a labelled and scaled
frequency bar chart for the data.

& Complete the table by calculating the
percentages o one decimal place.

Frequency
Legalise | Number _Percentage
Agree 18
Disagree 2%
Don'tknow | 8§
Total 52
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© Use the percentages to construct a percentage segmented bar chart for the data.
@ Write a short report describing the distribution of responses.

Students were asked how much they spent 107
on entertainment each month. The results
are displayed in the histogram. Use the
histogram to answer the following questions.
= How many students:

i were surveyed?
spent from $100 to less than $105 per
month?
‘What is the mode?
How many students spent $110 or more
per month?
‘What percentage spent less than $100 per month?
What i
In which interval is the median of the distribution?
In which interval

=

100 10 120 130
Amount (5)

o

the upper quartile of the distribution (Qs)?
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3 The amount of weight lost in one week by 32 people who participated in a weight loss
program was recorded and displayed in the ordered stem plot below.
Weight loss (kg)  key: 2/0 represents 2.0

1ls s 7 8 9 9
22 2 2 3 3 4 4
25 6 6 7 7 8
3o 1 3 3 4
3ls s s 7
a1 2 2

4

5|o

@ Describe the shape of the distribution.

b Determine the median weight loss. Give your answer to 2 decimal places.

 Find the value of the interquartile range. Give your answer to 2 decimal places.

d What percentage of this group had a weight loss of more than 3.5 kg? Give your
answer to 2 decimal places.

@ Is the weight loss of 5.0 kg an outlier for this data set? Justify your answer.

4 The systolic blood pressure (measured in mmHg) for a group of 2000 people
was measured. The results are summarised in the five-number summary below:
Min =75, Q1 = 110, M = 125, 05 = 140, Max = 180

& Use the five-number summary to construct a simple boxplot.
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I Indicate on your plot where the lower and upper fences would be, and hence if there
would be any outlies.

© Assume that the distribution of systolic blood pressure for this sample of 2000
people is approximately normally distributed, with a mean of 128 mmHg and a
standard deviation of 20 mmHg.

Approximately what percentage of people of people have a systolic blood

pressure between 108 mmHg and 148 mmHg?

Suppose a person has a blood pressure three standard deviations below the mean,

what would be their actual blood pressure?

Of the 2000 people measured, how many could we expect to have a blood.

pressure three standard deviations below the mean?

i Of the 2000 people measured, how many actually did have a blood pressure
three standard deviations below the mean?
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5 The hand span in centimetres of 200 women was recorded and displayed in the dot plot
below.

o B ggﬂaa

145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220
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2 Write down the modal hand span, in centimetres, for this group of 200 women.

b The mean hand span for this group of 200 women is 17.9 cm, and the standard
deviation is 1.1 cm. Use the information in the dot plot to determine the percentage
of women in this group who had an actual hand span more than two standard
deviations above or below the mean. Round your answer to one decimal place.

© The five-number summary for this sample of hand spans, in centimetres, is given
below:

Min =15.0, Q) = 17.0, M = 18.0, Q5 =18.5, Max = 21.5
Use the five-number summary to construct a boxplot showing outliers.




