

Unit 3 Chapter 3 Investigating and modelling linear associations
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x y
mean 1251 | 1065
standard deviation 4796 | 5162

least squares cquation | y = 16.72 - 0.4847x.

8 The equation of the least squares regression line that enables distance travelled by a car
(in 10005 of km) to be predicted from its age (in years) was found to be:
distance = 15.62 + 11.08 x age
a Which is the response variable (RV) and which is the explanatory variable (EV)?
b Use the following information to find the value of the correlation coefficient r,
rounded to three significant figures.

distance | age
mean 780 | 563
standard deviation | 426 | 364
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9 The following questions relate to the formulas used to calculate the slope and intercept

of the least squares regression line.

a Aleast squares line is calculated and the slope is found to be negative. What does
this tell us about the sign of the correlation coefficient?

b The correlation coefficient is zero. What does this tell us about the slope of the least
squares regression line?

© The correlation coefficient is zero. What does this tell us about the intercept of the
least squares regression line?

Using a CAS calculator to determine the equation of the least squares line from data
10 The table shows the number of sit-ups and push-ups performed by six students.

Situps ()| 52 [ 15 |2 [ 42| |x
Pushups(y) | 37 [ 26 | 23 |51 [ 31 | as

Let the number of sir-ups be the explanatory (x) variable. Use your calculator to show
that the equation of the least squares regression line
push-ups = 16.5 +0.566 x sit-ups (rounded to three significant figures)
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41 The table shows average hours worked and university participation rates (%) in six
countries.

Hours | 350 | 430 | 382 | 398 | 356 | 348
Rae |26 |20 [36 |25 [31 |55
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Use your calculator to show that the equation of the least squares regression line that
enables participation rates to be predicted from hours worked

rate = 130 ~ 2.6 X hours (rounded to two significant figures)

12 The table shows the number of runs scored and balls faced by batsmen in a cricket
match,

sfaia7] 3]15[3]2]15]10
1619 6213401692826

Runs ()
Balls faced (x)

27
29

a Use your calculator to show that the equation of the least squares regression line
enabling runs scored to be predicted from balls face

y=-26+073x

b Rewrite the regression equation in terms of the variables involved.
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13 The table below shows the number of TV and cars owned (per 1000 people) in six
countries.

Numberof TVs () | 378 [ 04 [ 471 [ 354 [ 381 [ 624
Number of cars (x) | 417 | 286 | 435 | 370 | 357 | 550

‘We wish to predict the number of TVs from the number of cars.

a Which is the response variable?

b Show that, in terms of x and y, the equation of the regression line is:
3= 61.2+0.930x (rounded to three significant figures).

© Rewrite the regression equation in terms of the variables involved.

Exam 1 style questions

14 Aleast squares line of the form y = a + b s fitted to a scatterplot. Which of the
following statements is always true:

A The line will divide the data points so that there are as many points above the line as
below the line.

B The sum of the vertical distances from the line to each data point will be a

minimum.

xis the explanatory variable and y i the response variable.

i the explanatory variable and x is the response variable.

E Most of the data points will lie on the line.

© o
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15 The statistical analysis of the set of bivariate data involving variables x and y resulted
in the information displayed in the table below:

x y
‘mean 25 | 881
standard deviation 342 | es4

least squares equation | y = ~2.56 + L45x.

Using this information the value of the correlation coefficient 7 for this set of bivariate
data is closest to

A 073 B 034 © 050 D053 E 078
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16 A retailer recorded the number of ice creams sold and the day’s maximum temperature
over § consecutive Saturdays one summer.

Temperature (*C) 2253 [3a[2[2s[ar ]2
Number of ice creams sold | 145 | 155 | 200 | 198 [ 150 | 179 | 230 | 150

The equation of the least squares regression line fitted to the data is closest to:
A mumber of s

e-creams = 4.08 + 58.2x temperature.
e-creams = =129 +0.237x temperature

e-creams = 58.2 + 408 temperature.
3.57 4 72.3% number of ice-creams
—12.8 + 0237 number of ice-creams
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Some basics
1 Use the line on the scatterplot opposite to. 100
determine the equation of the regression line in w©
terms of the variables, mark and days absent. =
Give the intercept correct to the nearest whole. - 60 T~
‘sumber and the slope correct to one decimal 3 »
place.
0
0

012345678
Days absent

Interpreting the intercept and slope of a regression line
2 The equation of a regression line that enables hand span (in cm) to be predicted from
height (in cm) is:
hand span = 2.9+ 0.33 X height
a Write down the value of the intercept, and interpret this value in this context of the
variables in the equation.
b Write down the value of the slope, and interpret this value in this context of the
variables in the equation.
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3 The following regression equation can be used to predict a company’s weekly sales ($)
from their weekly online advertising expenditure ($).
sales = 575 +4.85 x expenditure
a Write down the value of the intercept, and interpret this value in this context of the
variables in the equation.
b Write down the value of the slope, and interpret this value in this context of the
variables in the equation.
Using the regression line to make predictions
4 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 + 040 X age
Use this equation to predict the height (to the nearest cm) of a child with the following
ages. In each case indicate whether you are interpolating or extrapolating.
a 20 months old b 50 months old © 65 months old
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5 When preparing between 25 and 100 meals, a hospital’s cost in dollars) is given by the
equation:
cost = 487.50 + 6.70 x meals
Use this equation to predict the cost (to the nearest dollar) of preparing the following
meals. Are you interpolating o extrapolating?
a 0meals b 80 meals © 110 meals

& For males of heights from 150 cm to 190 cm tall em, the equation relating a son’s
height (in cm) to his father's height (in cm) is:
son's height = 839 +0.525 X father's height
Use this equation to predict (to the nearest cm) the adult height of a male whose father
i the following heights. State, with a reason, how reliable your predictions are in each
case.
a 170 em tall

Using the coefficient of deter
7 Ateacher found the correlation between her students” scores on an 1Q test (/Q) and
their final examination score in Year 12 (exam score) is 0.45, whilst the correlation
between the average number of hours they spend each week studying mathematics
(hours) and their final examination score in Year 12 (exam score) is 0.65.
a Determine the value of the coefficient of determination between exam score and IQ,
expressed as a percentage rounded to one decimal place.
b Determine the value of the coeficient of determination between exam score and
hours, expressed as a percentage rounded to one decimal place.
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© Which of the variables, /Q or hours is more important in explaining the variation in
exam score?
Calculating a residual
8 The equation of a regression line that enables hand span to be predicted from height is:
hand span = 2.9+ 0.33 X height
a Using this equation, show that the predicted hand span of a person who is 160 cm is
557 cm.
b This person has an actual hand span of 58.5 cm. Show that the residual value for
this person is 2.8 em.
9 Fora 100 km trip, the equation of  regression line that enables fuel consumption of a
car (inlitres) to be predicted from its weight (kg) is:
Jfuel consumption = ~0.1+ 0.01 X weight
a Use this equation to predict (to one decimal place) the fuel consumption of a car
which weighs 980k,
b This car has an actual fuel consumption of 8.9 ltres. What is the residual value for
this for this data point?
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10 From the scatterplot shown determine (to the ¥
nearest whole number) the residual values when

the value of xis equal to:
al
b3
EX]

cmmLaLaameD

x
012345678910
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Interpreting a residual plot

11 Each of the following residual plots has been A
constructed after a least squares regression line:
has been fitted to a scatterplot. Which of the

residual plots suggest that the use of a linear
‘model to ft the data was inappropriate? Why?

residual

EM
Eflf

residual
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12 Inan investigation of the association between the food energy content (in calories) and
the fat content (in g) in a standard-sized packet of chips, the least squares regression
line was found to be:

energy content = 218+ 147 x fat content r* = 07569

a Write down the value of the intercept, and interpret this value in this context of the
variables in the equation.

b Write down the value of the slope, and interpret this value in this context of the
variables in the equation.

© Interpret the value of the coefficient of determination in terms of the variables in
energy content and fat content.

d Use this equation to predict the energy content of a packet of chips which contains §
rams of fat.

@ If the actual energy content of a packet of chips containing § grams of fat s 132
calories, what is the value of the residual?
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13 Inan investigation of the association between the success rate (%) of sinking a putt and
the distance from the hole (in cm) of amateur golfers, the least squares regression line
was found to be:

success rate = 98.5— 0278 x distance 1 =

497

a Write down the slope of this regression equation and interpret.

b Use the equation to predict the success rate when a golfer is 90 cm from the hole.

© At what distance (in metres) from the hole does the regression equation predict an
amateur golfer to have a 0% success rate of sinking the putt?

d Calculate the value of 7, rounded to three decimal places.

@ Write down the value of the coeflicient of determination in percentage terms and
interpret.
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14 The scatterplot opposite shows the pay
rate (dollars per hour) paid by a company
10 workers with different years of work
experience. Using a calculator, the equation
of the least squares regression line is found
10 have the equation:

¥=18.56+0289x with r = 0.967

002 4 6 810 12
Experience (vears)

a Is it appropriate to fit a least squares regression line to the data? Why?

b Work out the coeflicient of determination.

© What percentage of the variation in a person’s pay rate can be explained by the
variation in their work experience?
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‘Write down the equation of the least squares line in terms of the variables pay rate
and years of experience.
Interpret the y-intercept in terms of the variables pay rate and years of experience.
‘What does the y-intercept tell you?
Interpret the slope in terms of the variables pay rate and years of experience. What
does the slope of the regression line tell you?
Use the least squares regression equation to:

i predict the hourly wage of a person with 8 years of experience
determine the residual value if the person’s actual hourly wage is $21.20.

The residual plot for this regression

05
analysis is shown opposite. Does 58 N

the residual plot support the initial 3 931 .- °
assumption that the relationship - s

between pay rate and years of <2 . .
experience i lincar? R

Explain your answer. Experience (years)
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15 The scatterplot opposite shows scores on a 5

hearing test against age. In analysing the data, a

statistician produced the following statistics: g 4 T

= coefficient of determination: r> = 0.370 5 N o e

u least squares line: y = 4.9 — 0.043x ¥ T

a Determine the value of Pearson’s correlation 5
coefficient, . for the data. = -

b Interpret the coeflicient of determination L o
e lc:::ol the variables hearing test score Phei,

& Write down the equation of the least squares line in terms of the variables hearing

test score and age.

d Write down the slope and interpret.

@ Use the least squares regression equation to:

predict the hearing test score of a person who is 20 years old
determine the residual value if the person’s actual hearing test score is 2.0.

 Use the graph to estimate the value of the residual for the person aged:
55 years.

i35 years
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& The residual plot for this regression analysi

05
shown opposte. -
Does the residual plot support the initial L
assumption that the relationship between hearing 205
test score and age is essentially linear? Explain ;2]
your answer. 0246 80
age
Reporting the results of a residual analysis
16 Ina study of the effectiveness of a pain relief 255]%
drug, the response time (in minutes) was £ .
‘measured for different drug doses (in mg). Aleast 2 * .
‘squares regression analysis was conducted to g2 L
cnable response time to be predicted from drug = 10 -~
dose. The results of the analysis are displayed. 0001020 30 40 50 60
drug dose
o .
S S —
i . .~

001020 30 40 50 60
‘drug dose.
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Use this information to complete the following report. Call the two variables drug dose
and response time. In this analysis drug dose is the explanatory variable.

Report
From the scatterplot we see that there is a strong | relationship between
response timeand [ |+ =[] There are no obvious outliers.
‘The equation of the least squares regression line is:

response time = [ + [ drug dose.

The slope of the regression line predicts that, on average, response time

by [ | minutes for a I-milligram increase in drug
dose.

‘The y-intercept of the regression line predicts that, on average, the response time
when no drug is administered is || minutes.
The coefficient of determination indicates that, on average, % of the

variation in [ | is explained by the variationin [ |

‘The residual plot shows a | |, calling into question the use of a linear equation
10 describe the relationship between response time and drug dose.
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17 A regression analysis was conducted to investigate
the nature of the association between femr (thigh
bone) length and radius (the short thicker bone
in the forearm) length in 18-year-old males. The
bone lengths are measured in centimetres. The
results of this analysis are reported below. In this 4SS 5135465475
investigation, femur length was treated as the femur
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o.

Regression equationy =a + bx

Fous
~0.30:

Zoool— o
Z o0

4253354 5453465475

femur.

1 in the previous question to summarise findings of

this investigation. Call the two variables femur length and radius length.

Exam 1 style questions

18 The scatterplot shows the weight
(in kg) and waist measurement
(in cm) for a group of people. A
least squares line had been fitted
10 the scatterplot with waist as the
explanatory variable. The equation
of the least squares line is closest
o

Weight(ke)

A weight = 60.0 + 1.10 X waist
© weight = 70,0+ 1.10 x waist
E weight = —17.0 + 1.10 X waist

r’

7 75 S0 85 90 95 100 105 110 115 130
Waist(cm)

B waist = 60.0 + 0.91 x weight
70 + 0.91 x waist

D weight =
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19 The table below shows the life expectancy in years and the percentage of government

expenditure which is spent on health (health) in 10 countries.

Health 173]103[47]60 201 [60[132]77] 101175
Life expectancy (years) |82 |76 |68 |69 [83 [75 [76 |76 |75 |75

Aleast squares line which enables a country’s lfe expectancy to be predicted from
their expenditure on health s fitted to the data. The number of times that a country’s
predicted life expectancy is greater than their actual life expectancy is:

a3 B4 cs D6 E7




image28.png
20 Ina study of the association between the length in em and weight in grams of a certain
species of fish the following least squares line was obtained:
weight = =329 + 233 x length

Which one of the following is a conclusion that can be made from this least squares

line?

A On average, the weight of the fish increased by 23.3 grams for each centimetre
increase in length.

B On average, the length of the fish increased by 23.3 cm for each one gram increase
in weight.

© Onaverage, the weight of the fish decreased by 329 grams grams for each
centimetre increase in length.

D The equation cannot be correct as the weight of the fish can never be negative.

E The weight of the fish in grams can be determined by subtracting 305.7 from their
length.
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1 The table below shows the scores obtained by nine students on two tests. We want to
be able to predict test B scores from test A scores.

TestAscore(x) [ 18 [1s [ o [12 [ [ [n]u]ie

TestBscore(y) | 15 [ 17 | 11 [ 10 [ 13 | 17 [ 11 15 | 19

Use your calculator to perform each of the following steps of a regression analysis.
a Construct a scatterplot. Name the variables est a and fest b
b Determine the equation of the least squares line along with the values of r and .
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© Display the regression line on the scatterplot.
d Obtain a residual plot.

2 The table below shows the number of careless errors made on a test by nine students.
Also given are their test scores. We want to be able to predict test score from the
number of careless errors made.

Test score s s [ol 2w u]u]s
Carelesserrors | 0 | 2 |5 | 6| 4| 1| 8] 3] 1

Use your calculator to perform each of the following steps of a regression analysis.
a Construct a scatterplot. Name the variables score and errors.

b Determine the equation of the least squares line along with the values of r and .
‘Write answers rounded to three significant figures.

© Display the regression line on the scatterplot.
d Obtain a residual plot.
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3 How well can we predict an adult's weight from their birth weight? The weights of 12
adults were recorded, along with their birth weights. The results are shown.

(Birth weight (kg) | 1.9] 2.4] 2.6 27] 2.0] 32[ 3.4] 3.4] 3] 3.7] 28] 41

| Adult weight (kg) 47.6]53.1]52.2[56.2[57.6|59.955.3 58.5]56.759.9]63.5]61.2]

a
b
c

In this investigation, which would be the RV and which would be the EV?
Construct a scatterplot.
Use the scatterplot to:

i comment on the association between adult weight and birth weight in terms of
direction, outliers, form and strength
estimate the value of Pearson’s correlation coefficient, r.

i
Determine the equation of the least squares regression line, the coefficient of

determination and the value of Pearson’s correlation coefficient, r. Write answers
rounded to three significant figures.

© Interpret the coefficient of determination in terms of adult weight and birth weight.

Interpret the slope in terms of adult weight and birth weight.
Use the regression equation to predict the weight of an adult with a birth weight of:
i 30ke 25kg 39ke.

Give answers correct to one decimal place.

Itis generally considered that birth weight is a ‘good” predictor of adult weight. Do
you think the data support this contention? Explain.

Construct a residual plot and use it to comment on the appropriateness of assuming
that adult weight and birth weight are linearly associated.
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Multiple-choice questions

1 When using a least squares line to model a relationship displayed in a scatterplot, one
key assumption is that:
A there are two variables B the variables are related
© the variables are linearly related D505
E the correlation coefficient is positive

2 For the least squares regression line y = ~1.2.+0.52x:

A the yintercept= 052 and  slope=-12

B the y-intercept = 0 and  slope=-12
© the y-intercept = 0.52 and  slope=-12
O theyintercept=-12  and  slope =052
E the y-intercept = 12 and  slope=-052

3 If the equation of a least squares regression line is y = 8 ~ 9x and r* = 0.25:
Ar=-05 B r=-025 ©r=-00625 D r=025 £ r=050

4 Giventhath =
to:
A 0357 B 0598 © 0733 D 0773 E L3

328, 5, = 1.871 and s, = 3391, the correlation cocfficient, r, is closest
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5 The association between the number of oz
errors made in a task, and the rime spent
practicing the task (in minutcs) was found to | <" 800] 345
be approximately lincar, and the values of standard deviation | 240| 125
the following statisties were determined: correlation coeflicient | r = 0236

The equation of the least squares line that enables errors to be predicted from fime is
given by

A ermors = 522~ 1.23 x time B errors = 10.1 - 099 X time

© ermrs =247~ 1.23 x time D errors =326+ 024 x time

E errors =443~ 123 X time

& The speed at which a car s travelling i
(in knyhr), and the distance (in metres)
taken by the car to come to astop when | = 5| 527
e brakes are applied, were recorded sandard deviation | 1124|1349
over speeds from 60knyhr to 120kmyhr. | correlation coefficient | 7 = 0.948

“The association was found to be approximately linear, and the values of the statistics
shown were determined.
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On average, for each additional kn/hr of speed, the distance taken to come to a stop
A decreased by 1.14 metres B decreased by 0.79 metres

© increased by 1.14 metres D increased by 095 metres

E increased by 0.79 metres
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8 Aleast squares regression line of the form =510

3 =a+bris fitted to the data set shown.

y 00|

The equation of the line is:
A y=-069+244x B y=244-069x © y=204+069x
Dy=287-x Ey=287+x
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Aleast squares regression line of the form
¥ =a+bris fitted to the data set shown.

The equation of the line is:
A y=1+05¢ By
75+05x E y=30-05¢

5+ x

15 | 10

30 [ 25
a0 [ 20 [ 30 [ 10

Using a least squares regression line, the predicted value of a data value is 78.6. The

residual value is -5.4. The actual data value
A M2 B 840 © 886
‘The equation of the least squares line plotted on the
scatterplot opposite is closest to:

87-09x

B y=87+09x

09-87x

09+87x

c—buemesmel

D946 E 4244

v

012345678910
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12 The equation of the regression line plotied on the. ¥
scatterplot opposite is closest to:
4+08x

°
-
"
B
¥
4
z

0 2 24 26 28 30
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The following information relates to Questions 13 10 6.
‘Weight (in kg) can be predicted from height (in cm) from the regression line:

weight = ~96 +0.95 X height, with r = 0.79

13 Which of the following statements relating to the regression line s false?
A The slope of the regression line is 0.95.
& The explanatory variable in the regression equation is heigh.
© The least squares line does ot pass through the origin.
© The intercept is 96.
E The equation predicts that a person who is 180 cm tall will weigh 75 ke.

14 This regression line predicts that, on average, weight:
A decreases by 96 kg for each 1 centimetre increase in height
increases by 96 kg for each 1 centimetre increase in height
decreases by 0.79 kg for each 1 centimetre increase in height
decreases by 0.95 kg for each 1 centimetre increase in height

B
c
)
£ increases by 0.95 kg for cach 1 centimetre increasc in height
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15 Noting that the value of the correlation coefficient is r = 0.79, we can say that:
A 62% of the variation in weight can be explained by the variation in height
£ 79% of the variation in weight can be explained by the variation in height
© 885% of the variation in weight can be explained by the variation in height
D 79% of the variation in height can be explained by the variation in weight
£ 95% of the variation in height can be explained by the variation in weight




image40.png
16 A person of height 179 cm weighs 82 ke. If the regression equation is used to predict
their weight, then the residual will be closest to:

A Skg B 3ke © 8ke D 9ke E kg
The following information relates to Questions 17 10 21.

‘The scatterplot shows the association 100

between a student’s mark on a test,

‘and the number of days absent during the term.

Mark

oSB8853388
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17

18

19

20

21

22

“The median mark for this group of students is closest to:
S5 8 60 c 6 0 70 ET

The median days absent for this group of students is closest to:
a2 83 c4 D ss E 625

“The coeflicient of determination between mark and days absent is r* = 0.5,
“The correlation coefficient is closest to:

A -07 B 025 © 025 D05 £ 07

There were two students who were absent for 2 days that term. The values of the
residuals for these students are

a0 B 10 © 60and80 D -10and10 E -10

Using the graph of the least squares line, we predict that a student who is absent for 4
days would receive a mark of about:

A48 B 51 c 6 D65 £ 67

‘The table below shows the weight in grams and the length in cm for a certain species of
fish
Length(em) [ 135 [143 [ 163 [17.5 [ 184 [190 [ 190 [ 198 [212[230
Weight(gm) | 55 {60 [90 [ 120 | 150 [ 140 [170 [ 145 [ 200 | 273
Aleast squares line which enables a a fish’s weight to be predicted from their length is
fitted to the data. The number of times that the fish’s predicted weight is greater than
their actual weight is:
a3 B4 cs 06 E7
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23 The value of the correlation coefficient r for these data is equal to 0.965. The

percentage of variation in fish weight which is not explained by the length of the fish is
closest to:

A 965% B 93.1% © 93% D 69% £ 35%

Written response questions

1 The table below shows the age (in years), the number of seats, and the airspeed (in
Kyh), of eight aircraft.

Age 35 [37 [a7 49 [50 [73 [87 [88
number of seats | 405 | 296 [ 288 | 258 [ 240 [ 193 [ 188 [ 148
airspeed 830 | 797 [ 774 | 736 | 757 | 765 | 760 | 718
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@ Determine (o the nearest whole number:
i the median age of these aircraft.

the mean and standard deviation of the airspeed of these aircraft.

To investigate the association between the number of seats and airspeed, a least squares

line is fitted to the data. The response variable in this investigation is airspeed.

& Determine and write down the equation of the least squares line in terms of number
of seats and airspeed. Round the intercept and slope to 3 significant figures.

© Determine and write down the percentage of variation in the airspeed that is
explained by the number of seats. Write the answer rounded to 1 decimal place.
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2 Inan investigation of the relationship between the hours of sunshine (per year) and
days of rain (per year) for 25 cities, the least squares regression line was found to be:

hours of sunshine = 2850~ 6.88 X days of rain, with > = 0.484
Use this information to complete the following sentences.
& In this regression equation, the explanatory variable is

b The slope is and the intercept s | N
& The regression equation predicts that a city that has 120 days of rain per year will
have hours of sunshine per year
@ The slope of the regression line predicts that the hours of sunshine per year will
by hours for each additional day of rain.
o rel . comeet to three significant figures.
* % of the variation in sunshine hours can be explained by the variation in

& One of the cities used to determine the regression equation had 142 days of rain and
1390 hours of sunshine.

i The regression equation predicts that it has hours of sunshine.

‘The residual value for this city is hours.

1 Using a regression line to make predictions within the range of data used to
determine the regression equation is called | ]
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3 The cost of preparing meals, in dollars, and
the number of meals prepared are plotied
in the seatterplot shown. A least squares
line has been ftted (0 the data which
nables the cost of the meals prepared to
be predicted from the number of meals
prepared.

Cost (§)
EE8888

zsm;smtssass/msslmvsw
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2 Which s the response variable?

b Describe the association in terms of strength, direction and form.

The equation of the least squares line that relates the cost of preparing meals to the

‘number of meals produced i
cost = 222.48 +4.039 X number of meals

© i Use the equation to predict the cost of preparing 21 meals. Round the answer to
the nearest cent.

In making this prediction, are you interpolating or extrapolating?

@ Write down:

the intercept of the regression line and interpret in terms of cost and the number

of meals prepared.

the slope of the regression line and interpret in terms of cost and the mumber of

‘meals prepared.

& When the number of meals prepared was S0, the cost of preparation was $444.
‘Show that, when the least squares line is used to predict the cost of preparing 50
‘meals, the residual is $19.57, to the nearest cent.
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4 We wish to find the equation of the least squares regression line that will enable height
(in cm) to be predicted from femur (thigh bone) length (in cm).

a
b

Arm span is also associated with

‘Which is the RV and which is the EV?

Use the summary satisties .
shown to determine the femur length | height
equation of the least mean 24245 | 166092
squares regression line standard deviation 1873 | 10086
that will cnable heightto | correlation coefficient B

be predicted from femur

lengih.

‘Write the equation in terms of height and femur length. Give the slope and intercept
rounded to three significant figures.

Interpret the slope of the regression equation in terms of height and femur length.
Determine the value of the coeficient of determination and interpret in terms of
height and femur length.

In determining this equation, the
summary statistics displayed in the table
were also calculated.

height = 0.498 + 0.926x arm span

arm span | _height

mean 169.615 | 166.002

standard deviation | 10.761 | 10.086
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«© Determine the percentage of the variation in height explained by the variation in
arm span. Write the answer as a percentage rounded to one decimal place.
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5 The scatter plot shows the height (in cm) of

a group of 10 children plotted against their 150 .
age (in years). The data used to generate this .
scatterplot is shown below. B .
S
50
0 2 01

| Height (cm)| 86.5] 95.5[103.0[109.8[116.4]122.4]128.2[133.8[139.6[145.0]
lAgeears) | 2 [ 3] a5 e[ 7[s8[o]w]|n

The task is to determine the equation of a least squares regression line that can be used

t0 predict height from age.

& In this analysis, which would be the RV and which would be the EV?

b Use the scatter plot to describe the association between age and height in terms of
strength and direction.

& Use your caleulator to confirm that the equation of the least squares regression
line is: height = 76.64 + 6,366 X age and r = 0.9973.

d i Use the regression line to show that the predicted height of a one-year old is 83.0

em, rounded to 3 significant figures.

i In making this prediction are you extrapolating or interpolating?
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© Interpret the slope of the least squares line in terms of height and age.

 Determine the percentage of the variation in height of these children explained by
their age. Round your answer to 1 decimal place.

& Use the least squares regression equation to:

i predict the height of the 10-year-old child in this sample

determine the residual value for this child.
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i Confirm that the residual plot for this
‘analysis is shown opposite.

Explain why this residual plot suggests that
alinear equation s not the most appropriate
model for this association.
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& The heart rate (in beats/minute) was measured and recorded for a group of 13 students..
‘The students then completed the same set of exercises and their heart rate measured
again immediately on completion. The scatterplot below shows the students” heart
rate afier exercise plotted against their heart rate before exercise, with a least squares
regression line fitted. Also shown is the residual plot for this line.
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@ Describe the association between heart rate before exercise and heart rate afier
exercise in terms of strength, direction and form.

The equation of the least squares line is:

heart rate afier exercise = 85.671 +0.561 x heart rate before exercise

b i Use the equation to predict heart rate after exercise when heart rate before

exercise is 100 beats/minute. Round to the nearest whole number.

Are you extrapolating or interpolating?

© The person with a heart rate of 122 beats/minute after exercise had a heartbeat of 76
beats/minute before exercise. If the least squares line is used to predict this person’s
heart rate after exercise, determine the value of the residual. Give your answer
rounded to one decimal place.

@ i What assumption about the form of the association can be tested using a residual

plot?

Referring to the residual plot, explain why this assumption s satisfied.
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Basic ideas
1 Whatis a residual?

2 The least-squares regression line is obtained by:
A minimising the residuals
B minimising the sum of the residuals
© minimising the sum of the squares of the residuals
D minimising the square of the sum of the residuals
£ maximising the sum of the squares of the residuals.

3 Write down the three assumptions we make about the association we are modelling
‘when we fit  least squares line to bivariate data.

Using a formula to calculate the equation of a least square line.
4 Aleast squares line y = a + b is caleulated for a set of bivariate data.
a Write down the explanatory variable for this least squares line.
b Given the following information, determine the equation of the least squares line,
giving the values of the intercept and slope rounded to three significant figures.
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x|y

mean 10,65 [ 19.91

standard deviation | 5.162 | 6,619

correlation coefficient | r = 07818

5 We wish to find the equation of the least squares regression line that enables pollution

level beside a freeway to be predicted from traffc volume.

a Which is the response variable (RV) and which is the explanatory variable (EV)?
b Use the formula to determine the equation of the least squares regression line that
enables the pollution level to be predicted from the traffic volume where:

traffic volume | pollution level
mean 114 231
standard deviation 187 979
correlation coeficient r=0940

‘Write the equation in terms of pollution level and traffc volume with the intercept

and slope rounded to two significant figures.
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6 We wish to find the equation of the least squares regression line that enables ife
expectancy in a country t0 be predicted from birth rate.
a Which is the response variable (RV) and which is the explanatory variable (EV)?
b Use the formula to determine the equation of the least squares regression line that
enables life expectancy to be predicted from birth rate, where:

life expectancy | birth rate

mean 55.1 48
standard deviation 999 541
correlation coefficient r=—-0810

‘Write the equation in terms of life expectancy and birth rate with the y-intercept and
slope rounded to two significant figures.
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Using a formula to calculate the correlation coefficient from the slope
7 The equation of a least squares line y = a + bx is calculated for a set of bivariate data.
a Write down the response variable for this least-squares line.
b Use the following information to find the value of the correlation coefficient 7,
rounded to three significant figures.




