


Chapter 7 Modelling growth and decay using recursion
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7 The table below shows the response times of 10 patients (in minutes) given
a pain relief drug and the drug dosages (in milligrams)
a Which variable is the explanatory variable?
b Use your calculator to construct an appropriate scatterplot.

[ Drug dosage [05]12[40]53[26[37]5.1[17]03]0s
| Response time | 65 | 35 | 15 [ 10 [22 | 16 [ 10|18 | 70 | 50

8 The table below shows the number of people in a cinema at 5-minute intervals afer
the advertisements started.

| Numberincinema | 87 | 102 | 118 [ 123 | 135 | 137
| Time o s [0 s |2 |2

a Which is the explanatory variable?
b Use your calculator to construct an appropriate scatterplot.
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Building understanding

1 Classify each of the following scatterplots according to direction (positive,
or negative).
an b

vEss

PRI

Classify each of the scatterplots in Question 1 according to form (linear or non-linear).

Classify each of the scatterplots in Question 1 according to strength (weak, moderate
or strong).
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Developing understanding [
4 Write a sentence interpreting each of the following associations:

a There is a positive association between fimess level and amount of daily exercise.

b There is a negative association between rime taken to run a marathon and speed
of the runner.

5 The variables in each of the following scatterplots are associated. In each case:
i Describe the association in terms of its direction (positive/negative), form

(linear/non-linear) and strength (strong/moderate/weak).

‘Wite a sentence describing the direction of the association in terms of the

wvariables in the scatterplot.
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Testing understanding

6 Inamathematics class, a group of students were asked to draw circles on squared
paper. They measured the diameter of the circles they had drawn, and then estimated
the areas of the circles by counting the squares. Their results are given in the following
table:

diameter (cm) [ 35| 62| s4] 37| 73] s6] 37]29[21] 97] 37
area(en?) | 9.5[300(227[102]42657.7] 1055727744 | 110

a Use your calculator to construct a scatterplot of the data, with the variable diameter
as the explanatory variable and the variable area as the response variable.

b Describe the scatterplot in terms of direction, form and strength

© Create a new column of data in your calculator by squaring values of the diameter
(thatis, diameter x diameter). Construct another scatterplot of the data, his time
‘with the variable diameter® as the explanatory variable and area as the response
variable.

d Describe the second scatterplot in terms of direction, form and strength

© What has been the effect on the scatterplot of using diameter” rather than diameter
as the explanatory variable?
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Building understanding
1 What are the two key assumptions justifying the use of Pearson’s correlation
coefficient to quantify the strength of the association between two variables?

2 Estimate the value of the correlation coefficient, ., in each of the following plots,
using the plots on page 420 as a guide.
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3 Estimate the value of the correlation coefficient, r, in each of the following plots,
using the plots on page 420 as a guide.
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Developing understanding

4 Determine the value of Pearson’s correlation coeflicient, . for the data in the
following table. Give your answer rounded to three decimal places.

x| 7[3[7][12][s[17]6]3]10]6
v [10]2]6|12]8] 7[s[6[11

5 The table below shows the weight (in kg) and blood glucose level (in mg/100 mL)
of eight adults.

[ weight [ 82.1[70.1 766 [ 821 [839 [ 732 [ 660 [ 77.5
| Glucose [ 101 | 89 | 98 [ 100 | 108 [ 104 | 04 | 89

Use your calculator to determine the value of Pearson’s correlation coefficient for
this data set. Give your answer rounded to three decimal places.

© The table below shows the scores which a group of nine students obtained on two
class tests, Test 1 and Test 2, as part of their school-based assessment.

Test1 |33 [ as [ 27 [ a2 |50 [ 38 |17 [ 35 [ 20
Test2 | 43 | 46 | 36 |34 [ a8 [ 34 [ 20 [a1 [ 28

Use your calculator to determine the value of Pearson’s correlation coefficient for
this data set. Write your answer rounded to three decimal places.
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7 The table below shows the carbohydrate content (carbs) and the fat content (far)
in 100 g of nine breakfast cereals.

Carbs (g)|88.7]67.0 775 [61.7|86.8[32.4[ 724 77.1 [ 865
Far(e) | 03] 13] 28] 76] 12] 57| 94[100] 07

Use your calculator to determine the value of Pearson’s correlation coefficient for
this data set. Give your answer rounded to three decimal places.

8 Use the guidelines on page 428 to classify the strength of a linear association for
‘which Pearson’s correlation coefficient is calculated to be:

ar=0205 b r=-0303 o r=-08s1 d r=0333
952 £ r=-0740 £ r=0659 h r=-0240
~0.484 ir=0202 kr=1 Fr=-1

9 There is a strong positive correlation between the number of bars and the number of
school teachers in cities around the world. Can we conclude from this that school
teachers spend a lot of time in bars? Give a possible non-causal explanation.

10 There is a strong negative correlation between birth rate and life expectancy in
acountry. Can we conclude that decreasing the birth rate in a country will help
increase the life expectancy of its citizens? Give a possible non-causal explanation.
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11 Inasurvey of nine problem gamblers, the respondents were asked the amount
(in dollars) they had spent on gambling and the number of hours they had spent
‘gambling in the past week. The data collected is recorded in the table below.

[Hows [ 10] 1] 12[ 15[ 20 21] 5] 35] 40
| Amount | 500 | 530 300 | 750 1000 | 1200 | 2000 | 2300 | 5000

@ The aim is to predict the amount of money spent on gambling from the time spent
‘gambling. Which is the explanatory variable and which is the response variable?

b Construct a scatterplot of these data.
© Determine the value of the correlation coefficient, 7, to three decimal places.

d Describe the association between the variables amount and hours in terms of
strength, direction and form.
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12 The following data was recorded through the National Health Survey:

Region Percentage with eye disease
Male (%) Female (%)
Australia 407 49.1
Other Oceania countries 461 662
United Kingdom S 750
North-West Europe T2 75
Southern & Eastern Europe 76 746
North Africa & the Middle East 522 515
South-East Asia 417 548
All other countries 560 620

a Which is the explanatory variable and which is the response variable?

b Construct a scatterplot of these data, with percentage of males on the horizontal
axis and percentage of females on the vertical axis.

© Determine the value of the correlation coefficient, 7, to three decimal places.

d Describe the association between the male and female eye disease percentages
for these countries in terms of strength, direction and form.
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Testing understanding

13 The following table gives the educational level (education), the number of years the
person has worked for the company (years) and their current salary to the nearest

thousand dollars (salary) for a group of current employees of a particular company.

education _years _salary | education _years _salary
Secondary 2 52| Tertiary 2 62
Secondary 3 64| Tertiary 3 69
Secondary 2 56 | Tertiary 4 75
Secondary 4 63| Tertiary 5 76
Secondary 7 65 | Tertiary 4 7
Secondary 6 64| Tertiary 4 68
Secondary 7 52| Tertiary 1 63
Secondary 10 65 | Tertiary 8 85
Secondary 5 59| Tertiary 3 67
Secondary 5 62 | Tertiary 6 kd
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i Use your calculator to construct a scatterplot of the data for all 20 employees,
with the variable salary as the response variable and the variable years as the
explanatory variable.

Determine the value of the correlation coefficient, r, o three decimal places.
Use your calculator to construct a scatterplot of salary against years for those.
‘employees who have Secondary educational level.

Determine the value of the correlation coefficient, r, for these employees

to three decimal places.

© i Use your calculator to construct a scatterplot of salary against years for those
‘employees who have Tertiary educational level.

Determine the value of the correlation coefficient, r, for these employees

to three decimal places.

d Based on the values of the three correlation coefficients determined in parts a, b
and ¢, how would you describe the association between salary and years for the
employees of this company?
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Building understandi

1 For each of the following plots, indicate whether it would be appropriate or not
o fit a least squares regression line to the data.

g
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s

2 For each of the following scatterplots, determine the y-intercept (a), the slope (b) and
hence the equation of the line y = a + bx. Round your answers to 3 significant figures.
aw b«

. I N
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3 For the following scatterplot, determine the equation
of the line shown on the scatterplot. Round your

answer to two significant figures.

4 Use your calculator to find the equation of the least squares regression line,

= a+ bx, which fits this data. Give your answers to three significant figures.

x| 89 [230] 75 [ 80 [180]167] 52 [128]190

164

217

y| 75 [120]60 | 18| 77| 57[38] 57[110

97

99
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Developing understanding

5 A straight line has been fitied by
eye 1o a plot of travelling time, in
‘minutes, (Time) against distance
travelled, in km, (Distance) for nine
plane trips between nine different
cities. Determine the equation
of the line in terms of Time and
Distance.
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6 Astraight line has been fitted 160

by eye to a plotof Infant death ole
rate (per 100000 people) against .

Female literacy rate (%) for a 2K
number of countrcs. Determine the . 5

equation of the line in terms of these:
variables. Give answers correct to
one decimal place.

Infant death rate
-3

3 s 75 100
Female literacy rate (%)
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A straight line has been fitted by
eye o a plot of heart weight (mg)
against body weight (g) for twelve
Iaboratory mice.

Determine the equation of the line
in terms of these variables. Give
answers correct to one decimal
place.

Heart weight (mg)
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o 8 & 8

X,
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8 A straight line has been fitted by eye 10 a
plot of mumber of errors made on a final
assessment against number of practice
sessions attended before the assessment
for a group of university students.
Determine the equation of the line shown,
on the scatterplot in terms of these

Number of errors.
IS

variables. :
2
1
TIi3cikonnnGn
‘Number of pracice sessions
9 The graph opposite shows the wrist 320 .
circumference and forearm length, . :
both in centimetres, of 20 people. A 200 y
least squares line has been fited o the = +
scatterplot, with wrist circumference T30 A
as the explanatory variable. Use the éz‘m e
scatterplot to find the equation of the line 5 .
in terms of the variables in the question. = o
20

160 170 180 190 200 210
Wrist circumference (cm)
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10 Find the equation of the least squares regression line, y = a + bx, when:
r=08 5=68 =205 =150 §=1235
Give the values of the intercept and slope, rounded to two decimal places.
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11 Find the equation of the least squares regression line, y = a + bx, when:
r=-0600 5,=250 5=170 =180 §=157
Give the values of the intercept and slope, rounded to three significant figures.
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12 The table below shows the weight (in kg) and blood glucose level (in mg/100 mL)
of eight adults.

Weight (kg) 821 [ 701 [ 766 [ 821 | 839 [ 132 [ 660 [ 77.5

Glucose (mg/100mL) | 101 | 89 [ 98 [ 100 | 108 | 104 | 94 | 80

a Construct a scatterplot o display the data, with weight as the EV.

b Fit a least squares regression line to the scatterplot and determine its equation.

© Wite the equation of the regression line in terms of the variables glucose and
weight with the coeflicients given, rounded to three significant figures.

d Determine the correlation coefficient to three significant figures.
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13 The table below shows the scores which a group of nine students obtained on two
class tests, Test 1 and Test 2, as part of their school-based assessment.

[ st [ 33 [ 45 [ 27 [ 42 [ 50 [ 38 [ 17 [35 [

[ Zesw2 | 43 | 46 | 36 | 34 | a8 | 34 | 2 | a1 [

a Construct a scatterplot to display these data, with Test / as the EV.

b Fit aleast squares regression line to the scatterplot and determine its equation.

© Wite the equation of the regression line in terms of the variables Test 2 and
Test I with the coeflicients given, rounded to three significant figures.

d Determine the correlation coefficient to three significant figus
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14 The wble below shows the carbohydrate content, in grams, (carbs) and the fat content,
in grams, (far) in 100 grams of nine breakfast cereals.

Carbs | 887 [ 670 | 775 | 617 | 868 | 324 [ 724 | 77.1 | 865
Fat 03| 13 28] 76| 12 57| 9af100] 07

a Construct a scatterplot to display these data, with carbs as the EV.

b Fit aleast squares regression line to the scatterplot and determine its equation.

© Wite the equation of the regression line in terms of the variables far and carbs
with the coefficients given, rounded to three significant figures.

d Determine the correlation coefficient to three significant figures.

15 The table below shows the age and height of six young children.

Age (months) 36 40 4 52 56 60
Height (cm) 84 87 9 92 94 9

a Construct a scatterplot to display these data, with age as the EV.

b Fit aleast squares regression line to the scatterplot and determine its equation.

© Wite the equation of the regression line in terms of the variables height and age
with the coefficients given, to three significant figures.

d Determine the correlation coefficient to three significant figures.
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16 The following table gives the height and arm span, both in centimetres, for a group.
of eight people.

Height(cm) [ 162 [ 170 [ 164 [ 153 [ 171 [ 166 [ 170 [ 163
Arm span (cm) | 163 | 168 | 165 | 154 [ 165 [ 164 [ 170 | 165

a Construct a scatterplot to display these data, with height as the EV.
b Fit aleast squares regression line to the scatterplot and determine its equation.

© Wite the equation of the regression line in terms of the variables arm span
and height with the coeflicients given, to three significant figures.
d Determine the correlation coefficient to three significant figures
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Testing understanding

17 The statistical analysis of a set of bivariate data involving variables x and y resulted
in the information displayed in the table below.

Mean 5=897] =442
Standard deviation 52429 5= 169
Equation of the least squares line | y = 1.62+0312x

Use this information to determine the value of the correlation coefficient, r.
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18 Inamathematics class, a group of students were asked to draw circles on squared
paper. They measured the diameters of the circles they had drawn and then estimated
the areas of the circles by counting the squares. Their results are given in the following
table. Their teacher suggested they investigate the association between the area of each
circle and the square of its diameter.

diameter (cm) |35 | 62| 54| 37| 73| 86| 37(29]21| 97| 37
area(en?) 9.5[300227]102|426|57.7]105|57]27| 744 | 110

a Construct a scatterplot of the data, with the variable diameter” as the explanatory
variable and the variable area as the response variable.

b Use your calculator to find the intercept and slope of the least squares line for this
scatterplot, rounded to three significant figures.

© Complete this equation: area = + | x diameter*

d Compare this equation with what you know to be the exact association between
the diameter and area of a circle.
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Building understanding

1 The following linear model which allows height, in centimetres, to be predicted from
age. in months, was determined from data collected from a group of children aged
from 12 to 36 months.

height = 69 +0.50 x age
a Which is the EV and which is the RV?
b Wite down the values of the intercept and slope.
© Complete the following sentences:
i The slope tells us, on average, that height increases by em for each
‘month increase in age.

‘The intercept tell us, that, on average, students aged ‘months will be
cm tall.
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2 Complete the following sentences.
Using a linear model to make a prediction:
a within the range of data is called ]
b outside the range of data is called | N

3 The linear model relating students” marks (%) on an oral French test (mark) to the
number of hours they spent practising speaking French in the week before the test
(pracice) has the equation:

mark = 48.1 +2.20 x practice
‘The linear model predicts that:
a astudent who practised for 5 hours will score 48.1 +220x | |=| |
per cent.
b a student who practised for 8 hours will score 48.1 +220x | |=| |
per cent.
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Developing understanding

4 The equation, price = 37 650 — 4200 X age, can be used to predict the price
of a used car (in dollars) from its age (in years).

a i Forthis regression equation, write down the value of the intercept.
Interpret the intercept in the context of the variables in the equation.
For this regression equation, write down the value of the slope.
Tnterpret the slope in the context of the variables in the equation.





image34.png
5 The following regression equation can be used
o predict the flavour rating of yoghurt from its
percentage fat content, (calories).

flavour rating = 40 +2.0 X calories
a i Forthis regression equation, write down
the value of the intercept.

Interpret the intercept in the context of

the variables in the equation.

b i For this regression equation, write down

the value of the slope.

Interpret the slope in the context of the
variables in the equation.
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6 For children between the ages of 36 and 60 months, the equation relating their
height (in cm) to their age (in months) is:
height =72 +0.40 x age
Use this equation to predict the height (to the nearest cm) of a child with the
following age. Are you interpolating or extrapolating?
a 40 months old b 55 months old © 70 months old
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7 When preparing between 25 and 100 meals, a cafeteria’s cost (in dollars) is given
by the equation:
cost = 175 + 5,80 X meals
Use this equation to predict the cost (to the nearest dollar) of preparing the following
meals. Are you interpolating o extrapolating?
a no meals
b 60 meals
© 89 meals

8 For women of heights from 150 cm to 180 cm, the equation relating a daughter's

height (in cm) to her mother’s height (in cm)
daughter’s height = 18.3 +0.910 X mother’s height

Use this equation to predict (to the nearest cm) the adult height of women whose
mothers are the following heights. Are you interpolating or extrapolating?
a 168 cmall
b 196 cm tll
© 155 cm tall
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9 Students sit for two exams, two weeks apart. The following regression equation can be
used to predict the students” marks on exam 2 from the marks they obtained on exam 1.

mark on exam 2 = 157 +0.650 X mark on exam 1

a i Forthis regression equation, write down the value of the intercept.

Interpret the intercept in the context of the variables in the equation.
b i For this regression equation, write down the value of the slope.
Interpret the slope in the context of the variables in the equation.

© Use the equation to predict the mark on exam 2 for a student who obtains a mark
of 20 on exam 1. Give your answer to the nearest mark.
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10 Ithas been suggested that the blood glucose level (in mg/100 mL) of adults can be
predicted from their weight (in kg).

glucose = 51+ 0.62 x weight
a i Forthis regression equation, write down the value of the intercept.

Interpret the intercept in the context of the variables in the equation.
For this regression equation, write down the value of the slope.
Interpret the slope in the context of the variables in the equation.

© Use the equation to predict the blood glucose level of a person who weighs 75 kg,
Give your answer rounded to one decimal place.
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Testing understanding

11 A study of the association between the average score in an examination in each of
25 schools and the student:staff ratio in that school, resulted in the information below.

Variable Mean | Stand dev
student:staff ratio. 13404 | 4128
score 71669 12013

Correlation coefficient | r = ~0.651

Use this information o predict the value of average examination scores in a school
with a student:staff ratio of 15. Give your answer rounded to one decimal place.
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12 The following table gives the educational level (education), the number of years the
person has worked for the company (years) and their current salary to the nearest
thousand dollars (salary) for a group of current employees of a particular company.

education _years _ salary | education _years _salary
Secondary 2 52| Tertiary 2 62
Secondary 3 64| Tertiary 3 69
Secondary 2 56 | Tertiary 4 75
Secondary 4 63 | Tertiary 5 76
Secondary 7 65 | Tertiary 4 7
Secondary 6 64| Tertiary 4 68
Secondary 7 52| Tertiary 1 63
Secondary 10 65 | Tertiary 8 85
Secondary 59| Tertiary 3 67
Secondary 62 | Tertiary 6 7
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i Find the equation of a linear model which allows salary to be predicted from
years for those with Secondary education, rounding the values of the intercept
and slope to three decimal places.

Interpret the intercept and slope in the context of the variables in this equation.
Use the equation to predict the salary for an employee with Secondary
‘education who has worked for the company for 5 years. Round your answer to
the nearest hundred dollars.

i Find the equation of a linear model which allows salary to be predicted from
years for those with Tertiary education, rounding the values of the intercept and
slope to three decimal places

Interpret the intercept and slope in the context of the variables in this equation.
Use the equation to predict the salary for an employee with Tertiary education
who has worked for the company for 5 years. Round your answer to the nearest
hundred dollars.

© Are the predictions in parts a ii and b iii reliable? Explain your reasoning.
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Building understanding
1 Identify the EV and the RV in each of the following situations.

a We wish to predict the diameter of a certain type of tree from its age.

b The association between weight loss and the number of weeks a person is on
adietis to be studied.

© Datais collected to investigate the association between age of a second-hand
textbook and its selling price.

d The association between the number of hours a gas heating system is used and
the amount of gas used is to be investigated.

© Astudy is to be made of the association between the number of runs a cricketer
scores and the number of balls bowled to them.

2 For which of the following pairs of variables would it be appropriate to construct
a scatterplot to investigate a possible association?
a Car colour (bluc, green, black, ...) and its size (small, medium, large)
b A food's raste (sweet, sour, bitter) and its sugar content (in grams)
& The weight (in kg) of 12 males and the weight in kg) of 12 females
d The time people spend excrising cach day, in minutes, and their resting pulse rate
in beats per minute
& The arm span (in centimetres) and gender of a group of students
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3 This scatterplot has been constructed from data collected to investigate the association
between the amount of sleep a person has the night before a test and the number of
mistakes they make on the test. Use the scatterplot to answer the following questions.
a Which is the EV and which is the RV? 1
b How many people are in the data set? n
© How much sleep did the individual circled

have, and how many mistakes did they
make?

10

405 6 7 8 9 10
Hours of sleep
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Developing understanding
4 The table below shows the heights and weights of eight people.

Height (cm) [ 190 ] 183 [ 176 [ 178 [ 185 [ 165 [ 185 163
Weight (kg) | 77| 73| 70| 65| 65| 65| 74| 54

Use your caleulator to construct a scatterplot with the variable height as
the explanatory variable and the variable weight as the response variable.

5 The table below shows the ages of 11 couples when they got married.

Ageofwife  [26[29[27]21[23]31]27]20[22]17]22
Age of husband | 29 |43 | 33| 22[ 2736 | 26 [ 25 [ 26| 21] 24

Use your calculator to construct a scatterplot with the variable wife (age of wife)
as the explanatory variable and the variable husband (age of husband) as the

response variable.
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© The table below shows the number of seats and airspeeds (in kn/h) of eight aircraft.

[ Airspeed [ 830 [797 [ 774 [ 736 [ 757 [ 765 | 760 | 718
(Sears |05 296 | 288 | 258240 | 193 | 188 | 148

Use your calculator to construct a scatterplot with the variable seats as the explanatory
variable and the variable airspeed as the response variable.




