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Demand for Soft Drinks A convenience store manager notices that sales of soft drinks
are higher o hotter days, 50 he assembles the data in the bl

(@) Make a scater plot of the data
(b) Find and graph a inear function that models the data
(©) Use the model 10 predict soft drink sles if the temperature s 95°F.

High temperature (‘F) | Number of cans sold
55 310
s 335
60 o
o 160
70 450
75 6o
50 735
8 750
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Extent of Arctic Sea Ice  The National Snow and lce Data Center monitors the amount
of ice in the Arctic year round. The table below gives approximate values for the sca icc
extent in millions of square kilometers from 1986 to 2012, in two-year intervals

(a) Make a scatter plot of the data
(b) Find and graph the regression lie.
(©) Use the linear model in part (b) o estimate the ice extent in the yer 2016,

Tee extent Tee extent
Year | Gillion k) || Year | (million k)
1956 75 2000 63
198¢ 75 2002 60
1990 62 2004 60
1992 75 2006 59
1994 72 208 a7
199 79 00 49
1998 606 02 36

Source: National Snow and lee Data Center
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Demand for Candy Bars  In his problem you will determine  linear demand equation
that deseribes the demand for candy bars in your class. Survey your classmates (0 detr-
mine what price they would be willng to pay for a candy bar. Your survey form might look
the sample 10 the left

(@) Make a table of the number of respondents who answered “yes” a each price level.

(b) Make a scate plot of your data.

(€) Find and geaph the regression line 3 = mp + b, which gives the number of responens
» who would buy a candy bar if the price were p cents. This s the demtand equation
Why i the slope m negative?

(@) What i the pinercep of the demand equarion? What does this ntercept ell you
about pricing candy bars?
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FOCUS ON MODELING

Make a model

Use the model

A model is a representation of an object or process. For example, a toy Ferrari is a
aroad map is a model of the streets in a city. A mathematical
model is a mathematical representation (usually an equation) of an object or proces:
Once a mathematical model has been made, it can be used to obtain useful information
or make predictions about the thing being modeled. The process is described in the
diagram in the margin. Tn these Focus on Modeling sections we explore different ways
in which mathematics is used to model real-world phenomena.

m The Line That Best Fits the Data

In Section 1.10 we used linear equations to model relationships between varying
quantities. In practice, such relationships are discovered by collecting data. But real-
world data seldom fall into a precise line. The scatter plot in Figure 1(a) shows the
result of a study on childhood obesity. The graph plots the body mass index (BMI)
versus the number of hours of television watched per day for 25 adolescent subjects.
Of course, we would not expect the data to be exactly lincar as in Figure 1(b). But
there is a linear rrend indicated by the blue line in Figure 1(a): The more hours a
subject watches TV, the higher the BML. In this section we leamn how to find the line
that best fits the data.
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Tuble 1 gives the nationwide infant mortality rate for the period from 1950 to 2000.
The rate is the number of infants who die before reaching their first birthday. out of

every 1000 live births.
TABLE1
US. Infant Mortlity
Year | Rate
1050 | 292
1960 | 260
7 | 200
980 | 126
990 | 02
00 | 69

020 30 4 50

FIGURE 2 U, infunt mortality rate

‘The scater plot in Figure 2 shows that the data lie roughly on a straight line. We can
try to fita line visually (o approximate the data points. but since the data aren’t exactly
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linear, there are many lines that might seem to work. Figure 3 shows two attempts at
“eyeballing” u line (o fit the dat.

O 100 30 a0 so

FIGURE 3 Visual attempts to it
line to data

OF all the lines that run through these data points, there is one that “best” fits the
¥ data, in the sense that it provides the most accurate linear model for the data. We now
describe how to find this linc.

It seems reasonable that the line of bes fi is the line that is as close as possible o
all the data points. This is the line for which the sum of the vertical distances from the
data points to the line is as small as possible (see Figure 4). For technical reasons it is
betier to use the line where the sum of the squares of these distances s smallest. This
i called the regression line. The formula for the regression line is found by using cal-

3 % culus, but fortunately. the formula is programmed into most sraphing calculators. In
Example | we se how to use a TI-83 caleultor to find the regression line for the infant
FIGURE 4 Distunce from the duta  mortality data described above. (The process for other calculators is similar)

points 10 the line

EXAMPLE 1 - Regression Line for U.S. Infant Mortality Rates

() Find the regression line for the infant mortality data in Table |
(b) Graph the regression line on a scatter plot of the data.
(€) Use the regression line to estimate the infant mortality rates in 1995 and 2006.
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SOLUTION

(@) To find the regression linc using a TI-83 calculator, we must first enter the data
into the lists L, and L. which are accessed by pressing the  STAT] key and select-
ing £ ¢. Figure 5 shows the calculator screen afier the data have been entered.
(Note that we are letting x = 0 correspond to the year 1950 s0 that x = 50 corre-
sponds to 2000. This makes the equations casier (o work with.) We then press the.
s7AT] ey again and select Ca Le. then 4:LinReg ax+b), which provides the
output shown in Figure 6(a). This tells us that the regression line is

— 048x + 294

2=

FIGURE 5 Entering the data Here x represents the number of years since 1950, and y represents the corre-
sponding infant mortality rate.
(b) The scatier plot and the regression line have been plotied on a graphing calculator
sereen in Figure 6(b).

30
Linkeg
yeaxeh
4837142857
b=29.40952381
o 55
(@) Output of the LinReg ) Seater plot and regression line

FIGURE 6 command
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(©) The year 1995 is 45 years afer 1950, 50 substituting 45 for x, we find that
¥ = —0.45(45) + 29.4 = 7. So the infant mortaliy rate in 1995 was about 7.5

Similarly, substituting 56 for x, we find that the infant mortality rate predicted for
2006 was ubout —0.48(56) + 2.4 = 2.5 -





