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Chapter Summary

A useful device for examining the relationship between two variables is the scatterplot,

consisting of pointsin the plane. These points represent pairs of values for the variablesin
guestion, one variable being plotted along the x-axis and the other along the y-axis. Often, a
scatterplot suggests a linear relation between the two variables; i.e., the points look as
though they may be scattered about a line in the plane. Such aline is caled a regression
line, which is often used to predict the value of y for a given value of x. There are several
ways of producing regression lines, depending on the method used to measure the
discrepancy between the line and the data. The most common of these lines is the least-
squares regression line, which minimizes the sum of the squares of the vertical distances
between the data and the line.
However, the least-squares regression line exists for any set of data, even one that does not
follow alinear pattern. Hence, there are situations in which it is not appropriate to compute
this line nor to use it in predicting values of y. One way to determine whether the
relationship between x and y is linear is through correlation, denoted by r, which measures
the direction and strength of the linear relationship between two variables. r is aways a
number between -1 and 1. Values of r close to O indicate a very weak linear relationship;
but if | r | is close to 1, then the linear relationship is strong, with the slope of the line
determined by the sign of r.

Skill Objectives

Draw a scatterplot for a small data set consisting of pairs of nhumbers.
From a scatterplot, draw an estimated regression line.

Compute the correlation for a small data set consisting of pairs of numbers and understand the
significance of the correlation between two variables.

Describe how the concept of distance is used in determining the |east-squares regression line.
Compute the equation of the least-squares regression line for a small data set.

Understand correlation and regression describe relationships that need further interpretation
because association does not imply causation and outliers have an effect on these relationships.
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Teaching Tips

1.

When discussing the rationale for the least-squares regression line, some students naotice that the
concept of distance used is not the ordinary geometric distance from a point to a line, but rather
vertical distance. Demonstrating the difference between the complexity of the algebraic
expressions for the two makes the choice obvious. In addition, commenting on the reason for
sguaring the distance provides a nice review of the subtraction of signed numbers.

As students attempt to draw a scatterplot of data given from observations, they have a good
opportunity to review the concepts of independent and dependent variable and functional
notation.

When trying to draw a regression line by hand, it should be observed that a rule of thumb is that
about half of the data points should lie above the line and half should lie below.

Depending on which forms of technology you choose to implement in the discussion of these
topics, you may choose to remind students to be very careful when they input data. If one piece
of datais not correctly placed in the calculator or spreadsheet, all calculations and displays will
be inaccurate.

Research Paper

In the early 1800's, Karl Friedrich Gauss (1777-1855) introduced the procedure for obtaining least-
sguares estimates. This German born mathematician, who is also sometimes called the “prince of
mathematics,” has played a very important role in mathematics and statistics. Students can research
the life of Gauss and his contributions to mathematics and statistics. Also, the life and contributions
of the Scottish born George Undy Y ule (1871-1951) can be suggested as a topic for a paper.

Spreadsheet Project

To do this project, go to http://mww.whfreeman.com/fapp7e.

Spreadsheets are used in this project to analyze mean, standard deviation (Chapter 5) and the

least —squares line. Y ou will need two dice. If dice are not available, a calculator such asaTI-83 can
simulate atoss of adie. The following screenswill guide you to simulating the toss of adie.
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Collaborative Learning

Corrédation Calculation

Professor Amanda Nunley gives a pop quiz before each exam in her algebra course. She has
collected the following data regarding the average of the quizzes and the average of the exams for her
ten students.

Dean | John | Nadia | Denis | Scott Dan | Joanne | Kevin | Adam | Phil
M. S. A. P. H. D. P. L. A. P.

Quiz 52 86 72 35 90 92 85 62 54 77
Average

Exam

63 91 83 60 89 95 87 65 77 80
Average

1. Draw ascatterplot by treating the quiz average as the explanatory variable and the exam average
asthe response variable. The regression line has already been drawn in.
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2. Determine how many units are between each point and the regression line. This distance should
be determined by counting the number of units (points) above or below the line to each point. If
a point is above the line, consider the distance has a sign of positive. If the point is below the
line, consider the distance as a sign of negative.

3. Find the sum of all 10 “distances’ you found in Part 2. What observation do you make about the
sum? What observations can you make about the number of points above or below the line?
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4. Determine the slope of the regression line. Give an interpretation of the meaning of the slope of
the regression line for average quiz scores verses average exam scores

5. Determine the y-intercept of thisline. Give an interpretation of the meaning of the y-intercept of
the regression line for average quiz scores verses average exam SCcores.

6. Fill inthefollowing table of values.

X y X2 y Xy
52 63
86 91
72 83
35 60
90 89
92 95
85 87
62 65
54 77
77 80
sum | X x= Y= 2X= | XY= 2 N=

7. Another way to calculate correlation is to use the following formula.

nyxy-(2x)(2y)
(X)) n(Zy)-(Zy)

Using the calculations from Part 6 (where n=10), determine the correlation.

r=

8. Interpret the meaning of the correlation in terms of average quiz scores verses average exam
scores
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Solutions
Skills Check:

1. a 2 a 3 ¢ 4 b 5 ¢ 6 c 7. a 8 b 9 ¢ 10.b

11. ¢ 122b 13. b 14 b 15.a 16.a 17.a 18 c 19.a 20. b

Exercises:

1. (@) Itismore reasonable to explore study time as an explanatory variable and the exam grade as
the response variable.

(b) 1tismore reasonable to explore the relationship only.

(c) It is more reasonable to explore rainfall as an explanatory variable and the corn yield as the
response variable.

(d) Itismore reasonable to explore the relationship only.

2. Thereisamoderately strong positive linear pattern, but the two clusters and the outlier marked A
are at least as important. Brand A is much lower in both calories and sodium than any other
brand. (In fact, it is the only brand made from vea and also weighs less than others) The
regression line has been drawn based on the data points.
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3. (a) Lifeexpectancy increases with GDP in acurved pattern. Theincreaseisvery rapid at first,
but levels off for GDP above roughly $5000 per person.
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(b) Richer nations have better diets, clean water, and better health care, so we expect life
expectancy to increase with wealth. But once food, clean water, and basic medical care are
in place, greater wealth has only a small effect on lifespan.
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4. (a) Hereisthe scatterplot, with time as the explanatory variable;
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Using a T1-83, we get the following.

WIHDOW ' o
amin=33 . =
Aamax=3r oo o oo
nacl=1
Ymin=1Z28
Ymax=1&8 } oo
W=cl=18 z
Ares=1

(b) Negative: We expect faster times (fewer minutes) to lead to higher pulse rates.
(c) Moderately strong negative linear relationship. (The correlationis r =—0.746.)

Linke=3g
u=g+h
a=479,.9341457
b=-9.694903394
ri=. 596492326
F=-. 74592841325

5. (a) Thescatterplot isasfollows.
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Continued on next page
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(a) continued
Using aTI-83, we get the following.

WIHDOW
amin=aS o
§NET=%E : Bo

scl=

Ymin=5 . mEr
Wrax=48 g
Yezl=5 .

Ares=1

Purists should notice that because the variables measure similar quantities the plot is square
with the same scales on both axes.

(b) Thereisastrong positive straight-line relationship.

The scatterplot, with time as the explanatory variable, is
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Using a T1-83, we get the following.

WIHDOW o
amin=a g "
amax=200 oo
wac1=58 o
Ymin=A o
Ymax=34 o
Wecl=a L
Ares=1 n®

Thereis an extremely strong positive linear relationship.

() Hereisthe scatterplot, with speed as the explanatory variable:
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Continued on next page
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7. (a) continued
Using aTI-83, we get the following.

WIHDOW
amin=a o
amax=16H
nec1=28 a a
Wmin=g o L
Yrax=25 "2 ged"
Yezl=5
Ares=1

(b) The relationship is curved; fuel usage first decreases as speed increases (higher gears cover
more distance per motor revolution) then increases as speed is further increased (air
resistance builds at higher speeds).

(c) Thereisno overall direction.
(d) Therelationship isquite strong. Thereislittle scatter about the overall curved pattern.

8. Answerswill vary.
Positive: years of schooling and income (for adults).
Negative: age and speed to walk or run amile (for adults).

506-386 _ 120

———=——=23L
191-139 52

9. The estimated dlope would be

10. (@) Slope =-9.695. For each additional minute, pulse rate decreases by about 9.7 beats per
minute on average.

(b) Since pulse =479.9-(9.695x34.30)=479.9—332.5385=147.3615, the prediction of
approximately 147.4 beats per minuteislow by 152—-147.4 = 4.6 beats per minute.

11. (@) Choose two values of weeks, preferably near 1 and 150. Find pH from the equation given,
plot the two points (weeks horizontal) and draw the line through them.

6

0 150
Weeks

Continued on next page
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12.

13.

14.

continued

@

Using a T1-83, we get the following.

Exploring Data: Relationships 151

Flatl Flokz Flotz W T HOD0
~NMiES. 43—, BA53H “min=A
M= amax=13a
wr= necl=1
wMy= Ymin=4g
wHe= YMax=6
“ME= Vezl=.1
M= Ares=1

’\

(b)

Week 1: predicted pH =5.43—(0.0053x1) = 5.43—0.0053=5.4247 =~ 5.42

Week 150: predicted pH =5.43—(0.0053x150) = 5.43—0.795=4.635=~ 4.64

(©

period.

(@) Slope =-2.02.

decreases.
(b)

scoreis 984.

Some sample ages would be as follows.

Age of Woman

Age of Man

18

20

20

22

27

29

32

34

41

43

Using aTI-83, we get the following.

The slope —0.0053 says that on average pH declined by 0.0053 per week during the study

This indicates as the percent taking increases, predicted SAT score

Since predicted SAT score =1150—(2.02x82)=1150-165.64 = 984.36, the predicted

k]

Lz =

WIHDOW
amin=a
Amax=ad
necl=5
Ymin=A
Ymax=5d
Yezl=5
Ares=1

Using the linear regression feature, we obtain the following.

Linke=3g
=g+
=2
b=1

Thelineis y=x+2, and the ope would be 1.

Since b=1.1 kilograms per additional centimeter of height, we have b=1.1x1000=1100
grams per additional centimeter of height.
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15. With acorrelation of 0.9757, the indication is avery strong straight-line pattern.

Linke=3g
u=g+h
a=d. 869543954
b=1.111627338
ri=,. 9528455589
=L 97S7 232249

16. (@) With a correlation of —0.746, the indication is a moderately strong negative linear
relationship.

(b) The correlation, r, would not change.

17. The correlation is 0.9934. The correlation is stronger when the Insight is added, because that
point extends (strengthens) the straight-line pattern.

LinFeg WIHDOW o
u=g+hx amin=a
a=6.47 2855153 “max=rd
b=1.802144147 mecl=5
ri=,. 9867495342 Ymin=A o
=L 9933527239 Ymax=rd J#P
Yezl=5
Ares=1

18. The correlation is 0.9958. This matches the close-to-perfect straight-line pattern of the
scatterplot.

19. See the answer to Exercise 7 for the scatterplot. The correlation is —0.1700. Correlation
measures the strength of only linear (straight-ling) relationship. This relationship is strong but
curved.

20. Correlation does not change when units of measurement change.
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21. The correlation would be 1 because there is a perfect straight-line relationship, y=x+2. This
is verified by using the sample data from Exercise 13.

22.

23.

24,

25.

26.

Think about which relationships are stronger and determine accordingly.

(@
(b)
(©

(@
(b)
(©
(d)

(@

(b)
(©)

r = 0.5, heredity partly determines height of son;
r = 0.2, weaker relationship than (a) and (c);
r = 0.8, height of same person.

Negative: older carswill in general sell for lower prices.

Negative: heavier cars will (other things being equal) get fewer miles per gallon.
Positive: taller people are on average heavier than shorter people.

Small: there is no reason to expect that height and 1Q are related.

Correlation does not make sense for gender, which does not have meaningful numerical
values.

r isaways between —1 and 1, sor = 1.09 isimpossible.
r has no units.

Ask how similar the market sector of each fund isto large U.S. stocks and arrange in order.

(@
(b)

@

Dividend Growth, r = 0.98; Small Cap Stock, r = 0.81; Emerging Markets, r = 0.35.
No: it just says that they tend to move in the same direction, whether up or down.

The plot shows a strong linear pattern, so we think all come from one species.

90
80 1 °
70 o
60 - ®
50 -
40 - °
30 1
20 1
10 1
0 T T T
0 20 40 60 80

Humerus length
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Using aTI-83, we get the following.

WIHDOW o
amin=a gt
amax=2d o
necl=18
Ymin=a o
Ymax=94
Y=zl1=14
Ares=1

Continued on next page
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26. continued
(b) Sep1: We havefor thefemur x=58.2, s, =13.20 and for humerus y =66, s, =15.89.

1-Var Stats 1-Mar Stats
®=008.2 H=BE
=x=291 =x=33I8
=xe=17VE33 =R =227
Sx=13.1924247& Sx=15.89824353
ox=11.88502355 ox=14. 2126784
Lh=5 Lh=5

Sep 2 Thetermsinthe sumfor r are asfollows.
38—58.2X41—66 56—58.2)(63—66 59—58.2X70—66
1320 1589 ' 1320 1589 ' 1320 1589 '
64-582 72-66 74-58.2 84-66
X , and X
13.20 15.89 13.20 15.89
Sep 3:  Substituting into the formulafor r we have the following.
1 |38-582 o 41-66 N 56-58.2 o 63— 66 N 59-58.2 o 70-66
5-1] 13.20 15.89 13.20 15.89 13.20 15.89
64-58.2 9 72—-66 N 74-58.2 « 84— 66
13.20 15.89 13.20 15.89
1/-202 -25 -22 -3 0.8 4
=— X + X + X
4 { 1320 1589 1320 15.89 13.20 15.89
5.8 6 158 18
+ X + X
13.20 15.89 13.20 15.89
1 { 505 6.6 3.2 34.8 284.4 }
== + + + +

4] 209.748 209.748 209.748 209.748 209.748
=1{ 834 }: 834 ~0.994
4| 209.748 ] 838.992
(c) Thetwo approximations, 0.994, match to three decimal places.
LinkEeg
g=a+h
a=-3. 629286632
b=1.19:908115
pE=, 98833135819
=.9941435714
27. (@) Predicted MPG =4.87+1.11x.
LinkEeg
=S+
a=4.869543354
b=1.111627333
pE=, 952E4 55659
=9 aV AR

(b) Predicted MPG =4.87+1.11(18) = 4.87+19.98=24.85 MPG.

(c) We assess accuracy from how closely the points in the plot follow a straight line. Looking
at the plot in Exercise 5, we expect quite accurate predictions.
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28. () Predicted length =—-2.395+0.158x.

(b) Predicted length = —2.395+0.158(75) =—2.395+11.85=9.455~ 9.46 cm.

29. Choose two city MPG values, such as x = 10 and x = 30, and use the equation of the line to find

each value of y. Plot the two points and draw the line between them. Hereisthe plot.
x = 10: Predicted MPG =4.87+1.11(10) = 4.87+11.1=15.97 MPG.

x = 30: Predicted MPG = 4.87+1.11(30) = 4.87+33.3=38.17 MPG.

40

35 1

Highway miles per gallon

10

30 1

25 1

20 1

15 1

5 10 15 20 25 30 35 40
City miles per gallon

Predicted highway mileage of a car that gets 18 mpg in the city is approximately 25 mpg (24.85

mph) from exercise 27.

Using a T1-83, we get the following.

AL Flokz Flotz
~MiB4.8F+1.11E
M=
M=
wMy=
wHe=
“ME=
M=

WIHDOW
amin=aS
amax=46
necl=5
Ymin=5
Ymax=44
Yezl=5
Ares=1 ¥=1B . . Y=z4.E% .

Y1=4.87+1.11%
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30.

31.

Choose two times, such as x = 50 and x = 150, use the equation of the line to find each value of
y. Plot the two points and draw the line between them. Hereisthe plot.

x = 50: Predicted length = —2.395+0.158(50) = —2.395+7.9=5.505 cm.

x = 150: Predicted length =—2.395+0.158(150) = —2.395+ 23.7 = 21.305 cm.
30

Icicle length, centimeters
- - N N
o [3,] o [5,]

(4]
L

0 50 100 150 200

Minutes
Predicted length of icicleis approximately 9.5 cm (9.46 cm) from exercise 28.
Using aTI-83, we get the following.

AL Flokz Flotz W T HOD0 yi=-z.20C+ 1CAY
SMiB -2 395+ 1588 | ¥min=E
amax=200
wNe= wac1=58
M= Ymin=A
wMy= Ymax=34
wHe= Yezl=5
“ME= Ares=1 W=PE . w=aymE

Since predicted fuel =11.058—0.0147x speed, we have the following.

Speed = 10 kph: predicted fuel =11.058—0.0147x10=11.058-0.147 =10.911 kpg
Speed = 70 kph: predicted fuel =11.058—0.0147x70=11.058—1.029=10.029 kpg
Speed = 150 kph: predicted fuel =11.058—-0.0147x150=11.058—-2.205 = 8.853 kpg
The predicted values from the eguation given are approximately 10.9, 10.0, and 8.85,
respectively. The observed values are 21.00, 6.30, and 12.88, respectively. The least-squares
line gives the best straight-line fit, which is of little value here.

25

20 -

15 A

10 A

Fuel used (L/100 km)

0 20 40 60 80 100 120 140 160
Speed (km/hr)

Continued on next page
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32.

33.

34.

35.

36.
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continued
Using a T1-83, we get the following.
A Flatz Flok: W I KOO0
~W1H11.853-.68147 || B“min=8
- amax=16A
M= wecl=26
M= Ymin=a
wMy= Ymax=23
o= Y=r1=5
“ME= ares=1
vi=11 0EE-.0147H i.w:n.-:;a-.-uu?:-: i.w:n.u;a-.-uu?:-:
I‘“n uu“"""uu [ I‘“n_:::_ﬂ““““““ [ I‘“n uu“u“"uu_!_
Hedoo . N=ingdd . | |H=P0 v=i00z8 | [H=150 T N [

Slope b = 0.158 centimeter per additional minute of water flow. This is the same as

0.158 = 0.062 inch per minute.
2.54

The dlope of the least-squareslineis b= ri = O.S(%j =0.54. Theintercept isasfollows.
S, .

a=y-bx=685-(0.54)(64.5) = 68.5—34.83= 33.67
For x = 67, we predict 33.67+(0.54)(67) = 33.67+36.18=69.85 inches.

S
(@) Slopeis b=r—y=0.6[%j=0.16. Theintercept is as follows.
S

a=y—bx=75-(0.16)(280) = 75— 44.8=30.2
(b) For x =300, we predict 30.2+(0.16)(300) = 30.2+48=78.2, or 78 was Juli€'s exam score.

The predicted y for x= x isasfollows.

_ - = - s, \— — s, \— s, \— —
predicted y=a+bx=(y—bx)+[r—ij=y—[r—ij+[r—ij=y
S S, S

X X

(a) Forx=timeandy =length, x=95, s =53.3854, Y/ =12.6611, s, =8.4967 and
8.4967
53.3854

intercept a =y —bx =12.6611—(0.1585)(95) = 12.6611-15.0575= 2.3964. These results

agree up to roundoff error with those in Exercise 28. Carrying fewer places in intermediate
steps will increase the roundoff error.

S
r = 0.9958. The regression line has slope b=r—y=0.9958£ jz0.1585 and
S

~6.2567, and

S
(b) Reversethe roles of x andy. The slopeisnhow b=r [wj

—=0.9958
S

the intercept is as follows.
a=y—bx=95—(6.2567)(12.6611) = 95— 79.21670437 = 15.78329563~ 15.78

If length x = 15, we predict time to be as follows.
15.78+(6.2567) (15) = 15.78+ 93.8505 = 109.6305~ 109.6 minutes

Look at the plot in Exercise 6 to see that thisis reasonable.
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37. First compare the distributions for the two years. To make the boxplots, we need the five-
number summary for each data set.

Putting the 2002 data in order, we have the following.

—50.5, —49.5, —47.8, —42, —-37.8, - 26.9, - 234, -21.1, - 189, —-17.2, - 17.1,

-128, -11.7, - 115, - 114, -96, - 7.7, - 6.7, - 56, - 2.3, - 0.7, - 0.7,64.3

The minimum is — 50.5 and the maximum is 64.3. The median is the 2 =2=12" piece of
data, namely —12.8. Since there are 11 observations to the left of the median, Q, is the
41 -2 -6" piece of data, namely — 26.9. Since there are 11 observations to the right of the
median, Q, isthe 12 + 6 = 18" piece of data, namely — 6.7.
Thus, the five - number summary is — 50.5, — 26.9, — 12.8, — 6.7, 64.3.

Putting the 2003 data in order, we have the following.

14.1,19.1, 22.9, 23.9, 26.1, 27.5, 28.7, 29.5, 30.6, 31.1, 32.1,
32.3, 35.0, 36.5, 36.9, 36.9, 41.8, 43.9, 57.0, 59.4, 62.7, 68.1, 71.9

The minimum is 14.1 and the maximum is 71.9. The median isthe 2 =21 =12" piece of data,
namely 32.3. Since there are 11 observations to the left of the median, Q, isthe L1=2=¢"

piece of data, namely 27.5. Since there are 11 observations to the right of the median, Q, isthe
12 + 6 = 18" piece of data, namely 43.9.

Thus, the five - number summary is 14.1, 27.5, 32.3, 43.9, 71.9.

Here are boxplots.

80

60

40

20 |

0_

-20

-40

-60
2002 2003

Using a TI-83, we get the following. The top boxplot isfor 2002 and the bottom one is for 2003.

WIHDOW [:D
ﬁm1n=égﬁ

Mmax= , H] ,
nec1=28

Ymin=a
Ymax=1
Yezl=1
Ares=1

Continued on next page
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37. continued
Histograms (or stemplots) show that the 2003 returns are roughly single-peaked and symmetric,
and that the 2002 returns are | eft-skewed with an extreme high outlier. Below are the

histograms.

Class Count 16
—60 - (—40.0)| 4 o
—40 - (-201)| 4 o
~20- (-01)| 14 N
0-19.9 0 N
20-399 | o .
40-59 | o !

60 — 79.9 1 ) e

-60 -40 -20 0 20 40 60 80

2002
Class Count 16
0- 199 2 N
20 — 39.9 14 1o
40 — 59.9 4 8
60 — 79.9 3 6 1
4l
2
0
0 20 40 60 80

2003
The median returns are — 12.8% in 2002 and 32.1% in 2003 (from the five - number summary).

The correlation isr = — 0.616; because of the influence of outliers on correlation, it is better to
report the correlation without the outlier, r = — 0.838.
With Outlier
W IHOCW 7, LinReg
Amin=—el g, H=a+h
ABmax=5E o a=31.116v2A11
nec1=28 po =-. 4132269055
“Ymin=A qﬂ: o FrE=. 3789574138
“Ymax=36 B oa’ Fr=-.6135951784
Y=cl=18 o
Ares=1

LW THOOL %, Linkea

Amin= -G "o, H=g+h

Amax=2d a=Zl.46168212
Ascl=28 oo b=-.848251 22684
Wmin=d ob | E=, PEHZAI1 3265
$NET=?% @ oo ==L 8379924382

=-1l= a
Ares=1

Continued on next page
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37. continued

That is, the funds that went down most in 2002 tended to go up most in 2003. The scatterplot

confirmsthis:

80
01 °.
60
50 -
40 ..

30 e

2003 return

20 | Coe

10
0

-60 -40 -20

20 40 60 80

2002 return

38. We haver = 0.481. The scatterplot shows that five points lie close to a line, but the point (10,1)
liesfar from the line at the lower right. This outlier reducesr.

WIHDOW LinFeg

amin=a =g+

amax=13 8 a=1.73

mecl=1 b=.45

Ymin=A ré=. 2314285714
VYmax=15 | r=.4218782354
Yezl=1 oo

Ares=1 o o

39. (& All four sets of data have r = 0.816 and regression line y=3.0+0.5x to a close

approximation.

Set A Set B
Linke=3g Linke=3g
=g+ =g+
a=3. 008898982 5=3. 0600989691
b=. 500989631 b=.5
ri=. 6665424595 ri=. 6662420337
r=. 2164285163 r=. 2162355685
Set C Set D
Linke=3g Linke=3g
=g+ =g+
a=3.8002454545 a=3. 881727273
b=.4997 272727 b=. 49998953632
ri=. 6663240411 ri=.6667FETZSE9
r=. 2162867395 r=. 2165214369

Continued on next page



Exploring Data: Relationships 161

39. continued
(b) Here arethe plots:

Data Set A Data Set B
12 12
10 ) 10 . e
8 . : . 8 Lot .
> 6 > 6
4 * a2y
2 2
0 0
4 6 8 10 12 14 4 6 8 10 12 14
X X
Data Set C Data Set D
15 15
10 10
” / >
5 5
0 o1
4 6 8 10 12 14 8 10 12 14 16 18
X X

Using a T1-83, we get the following.

Set A
AL Flokz Flotz W I HOOW
=1 B3.8+. 5% amin=a
MW= s“max=15
we= mecl=1
“Wy= Ymin=a
“We= VYmax=15
WME= Y=zl=1
“MWa= Hres=1
Set B Set C Set D

() Only A isanormal" regression setting in which the line is useful for prediction. Plot B is
curved, C hasan extreme outlier iny, and D has all but one x identical. The lesson: Plot
your data before calculating.

In Exercises 40 — 44, answers will vary.

40. Children who watch lots of TV may lack parental supervision. Such children would study less
and read less and take part in fewer outside activities.
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41.

42.

43,

45,

46.

47.

Heavier people who are concerned about their weight may be more likely than lighter people to
choose artificial sweetenersin place of sugar.

Companies with many employees tend to pay their CEOs more than smaller companies. If they
lay off (say) 5% of their employees, the number laid off is greater than 5% for smaller
companies. So CEO pay and numberslaid off both tend to go up with company size.

Higher income generally means better water and sewage utilities, better diet, and better medical
care, which will produce better health. But better health means more children can go to school
and more workers are able to work and can stay on the job, which raises national income. For
example, AIDS is having a direct negative effect on the economies of African nations.

Suppose that SAT scores roughly measure some combination of ability plus knowledge.
Students in general are learning more in school, so SAT scores in general go up. But grade
inflation means that A students are weaker on the average than they once were, so SAT scores
for A students go down.

Explanatory: parents income. Response: amount of college debt.
We expect a negative association: children of richer parents do not need to borrow as much to

pay for college.

(8 1Q is supposed to measure “general problem-solving ability” and understanding written
material is one kind of problem solving. The scatterplot does show a general lower-left to
upper-right pattern, that is, a positive association.

(b) There are four children with 1Qs roughly 108 to 125 who have much lower reading scores
than other children with similar 1Qs.

(c) The lower-left to upper-right pattern is roughly a straight line, but the association is weak
because there isa great deal of scatter above and below aline that would describe the overall
pattern.

(@) Thereisapositive association, so r will be positive. The pattern is abit irregular, so r won't
be closeto 1.

74

72 .
70 .

Men (y)

68 ° o
66
64

62 64 66 68 70 72

Women (x)

Using a T1-83, we get the following.

W IHOCW
amin=54
Aamax=ra : o
:"‘:5';-].:1 . oo
Ymin=54 :
Ymax=vra
Yezl=1
Ares=1

Continued on next page
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69.56 inches

24 + 4556 =

24 + 0.68 x female height

24+(0.68)(67)

0.68. For each additional inch of women's height, the height of the next

man dated goes up by 0.68 inch on average.

(b) The prediction is asfollows.

predicted male height

from all male heights and changing from inches to centimeters are both changes of scale. Sor is

unchanged.

(b) r=0.5653.
48. Correlation is not affected by changing the scale of one or both variables. Subtracting 3 inches

49. (a) The dlopeish
Word Search Solution

47. continued
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