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18.1 Introduction to Curve Fitting; the Least Squares line
(Page 683)

Objective: To find the line of best fit for a set of data and to find the correlation coefficient for a
set of data.
18.1 Warm Up!
Describe any trend, or pattern, that you notice in the data. Each set of data refers to the
Olympic gold medalists in the specified event.
a.

Women’s 200-meter Dash

b.

Men’s Platform Diving

Curve Fitting
Fitting curves to a set of data points is a major goal of this chapter. The process of finding an equation of
a curve that fits observed data is called ____________ _______________, and the equation is said to
_____________ the data.
We will begin our study by learning to fit a line to a set of data points.
For example, Ten 25-year-olds are surveyed to find their years of formal education (x) and their annual
incomes (y). The data are given in the table below and the ten points (x, y) are graphed in a
___________________ _________.

The independent (x) variable is also known as the
____________________ variable where the dependent (y)
variable is also the ____________________ variable.
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Curve Fitting cont…
Some of the points lie on this line, while others are
above it and still others are below it. Associated
with every point is a _____________________
distance to the line.
The ________ of all the distances is a measure of
how well the line _____ the points. The
______________ the sum of the distances, the
better the fit.

To find the line that best fits the data, statisticians prefer to work with the sum of the ______________ of
these distances, rather than the vertical distances themselves. The line that minimizes the sum of these
squares is called the ___________-_____________ ________ ( y = ax + b)

Example 1
Find the equation of the least-squares line for the data.
a.

b.

(𝑥, 𝑦) = (1,2), (2,3), (3, 5), (4, 5)

Properties of the Least-Squares Line
1. The line contains the point ______
𝑆𝑦
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2. The line has slope: 𝑚 = 𝑟 𝑆 , where 𝑟 = 𝑛−1 ∑ (
𝑥

𝑥𝑖 −𝑥̅
𝑆𝑥

)(

𝑦𝑖 −𝑦̅
𝑆𝑦

)

In order to measure how closely points tend to cluster about the least-squares line, statisticians us a
_____________________ ______________________, denoted _____.
If the data fit perfectly on a line with positive slope, the correlation coefficient is said to be ______.
If the data fit perfectly on a line with negative slope, the correlation coefficient is said to be ______.
If the points tend not to lie on any line, then the correlation coefficient is close to 0.
Click here for a Geogebra activity on the Least-Squares Line.
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Example 2
Identify the scatter plot as having a: perfect positive correlation, strong positive correlation,
weak positive correlation, perfect negative correlation, strong negative correlation, or no
correlation.
a.

b.

c.

d.

e.

f.

Example 3
Six scatter plots are shown below. Match each scatter plot to one of the following estimated
values of r: 0.8, 0.6, 0.2, 0, -0.2, -0.6, -0.8.
a.

b.

c.

d.

e.

f.
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Example 4
For each pair of variables, tell whether you think the correlation is positive, negative, or
approximately zero.
a.

Average daily temperature in Waterville during January and average daily heating cost
in Waterville during January.

b.

A person’s income and the value of his or her house.

c.

The amount of annual taxes a person pays and his or her height.

d.

The height and weight of a person.

e.

The height of a person and the average height of his or her parents.

f.

The value of an automobile and its age.

g.

The incidence of flu and the outside temperature.

h.

The height of a person and the number of years of formal education that person has
completed.

Example 5
The table shows statistics for four NHL career scoring leaders.
a.

Find the correlation coefficient and use it to describe the
correlation.

b.

Find an equation of the least-squares line.

c.

Bobby Hull played 1063 games. Use the least-squares line to predict the number of
goals he might have scored.
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Example 6:
In a ten-week course, the final grades A, B, C, D, and F were given the scores 𝑦 = 4, 3, 2, 1, 𝑎𝑛𝑑 0
respectively. The least-squares line for predicting scores from x, the number of absences, was
𝑦 = 3.5 − 0.5𝑥. What letter grade can you predict for a student with
a.

1 absence

b.

3 absences

c.

8 absences

Some points to consider…
If two variables are highly correlated, you should not infer that there is a _________-and-____________
relationship between them.
Ex: The reading level of children aged four to ten years is highly correlated to shoe size.
The reason, of course, is not that bigger feet help children read better but that bigger feet and increased
reading level are both related to age.
In order to make a cause-and-effect inference, there must be a well-designed experiment that employs
____________________ assignment.

Example 7
The correlation between the number of students in the Chesterfield High School and the
number of firefighters in the Chesterfield Fire Department is 0.9.
a.

Can you conclude that a change in the student population will cause a change in the
number of firefighters? Give your reasons.
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Example 8: Independent Work *
For each pair of variables, tell whether you think the correlation will be positive, negative, or
approximately zero. Briefly give your reasons.
a.

The number of hours spent studying statistics and the grade on a statistics test

b.

The weight of a car and the car’s fuel economy

c.

The blood pressure of an adult and his or her age

d.

The supply of an item and the demand for that item

Example 9: Independent Work **
Display each set of data in a scatter plot and find the correlation coefficient. Also, find the
equation of the least-squares line and draw the line on your scatter plot. You can screen-shot
and input your calculator images if you’d like.
a.

b.
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Example 10: Independent Work **
Find an equation of the least-squares line, then use it to complete the table.
a.

Example 11: Independent Work ***
The table shows statistics for the ten players of a college basketball team in its opening game
of the season. Use the data to complete the following.

a.

Draw a scatter plot, the least-squares line, find its equation, and find the correlation
coefficient for the set of data. You can screen-shot and input your calculator images if
you’d like.
minutes (x) and points (y)

b.

minutes (x) and fouls (y)

fouls (x) and points (y)

Does this correlation between fouls committed and points scored suggest a cause-andeffect relationship between fouls and points? As a coach, would you advise playing
more defensively and thus committing more fouls as a way of increasing your players’
points scored? Explain your reasoning.
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18.2/18.3 Fitting Exponential & Power Curves (Pages 691 & 698)
Objective: To find an exponential function that models certain sets of data. To fit a power
curve to a set of data.
18.2 Warm Up!
a.

The table below shows the population P of a bacteria colony h hours after an
experiment began. Do you think that linear model is appropriate for the data? Justify
your answer.

b.

Suppose you want to find a mathematical model for the amount A of rubber needed to
manufacture a rubber ball with diameter d. What form would be appropriate for this
model?

Fitting Exponential Curves
In the last section, we fitted lines to data. In this section and the next, we will fit ____________ to data.
Knowing what equations and curves are good candidates for fitting a set of data takes expertise.
We are going to only consider the exponential curve, _____________. This curve and translation of it can
be used to model exponential growth when _______ and exponential decay when _______________.

Test for an Exponential Model
One way to see if an exponential equation fits a set of data (x, y) is to plot the points _________________.
If these points lie on a line, then the original data points (x, y) lie on an exponential curve.
Proof:

if 𝑦 = 𝑎𝑏 𝑥 , then

log 𝑦

=

So, the points (x, y) lie on an exponential curve, 𝑦 = 𝑎𝑏 𝑥 , if and only if the points ___________________
lie on a line.
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Example 1
The average price of an adult ticket to the movies in the United States has increased, as the
entries in the table below show.
a.

Create a scatter plot for the data

b.

Use the movie price data to plot the log of the price (y) versus the year (x). Represent
the years 1948, 1958,… as x = 0, 10, … and plot the new points below.

c.

Fit a line to your plot in part (b) and find an equation of the line.

d.

Find an exponential model for the price data.

e.

Use the equation found in part (d) to predict the price of a movie ticket in the year 2000.
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Example 2
Each year after he bought his new car, Mr. Brown kept track of the market value of the car.

a.

Fit an exponential curve to the data.

b.

Predict the value of the car when it is 10 years old.

c.

Estimate the amount that Mr. Brown paid for the car.

A point to consider…
You have to be careful when using mathematical models to make inferences.
The action of estimating or concluding something by assuming that existing trends will continue or a
current method will remain applicable is called ________________________.
The further you extend predictions from your mathematical model, the more variability in the prediction.
The inferences are more likely to be accurate if the prediction is close or in the range of inputs used to
create the model.

Example 3:
The winning times (in seconds) for various men’s races (in meters) in 1988 Olympics are given
below.

a.

Create a scatter plot.

b.

Fit a line and an exponential curve
to the data and graph it over the
scatter plot.
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Fitting Power Curves
Sometimes data points (x, y) collected experimentally do not appear to lie on a line or an exponential curve.
In such a case, the points may lie along a ____________ curve __________. Power curves occur often in
geometric and scientific applications. Here are three examples
1. The quadratic function ________ is often used when y is the area of a figure, or a price based on
the area, and x is a linear dimension of the figure.
a. For example, the cost y of paving a square parking area x meters on a side is modeled by
𝑦 = 𝑎𝑥 2 and we say that y varies as the square of x.
2. The cubic function ___________ is often used when y is the volume or weight of some object and x
is a linear dimension of the object.
a. In this case, we say that y varies as the cube of x.
3. The power function _________ is used to model the periods of orbiting satellites and planets.
Proof:

if 𝑦 = 𝑎𝑥 𝑚 , then

log 𝑦

=

So, the points (x, y) lie on an exponential curve, 𝑦 = 𝑎𝑥 𝑚 , if and only if the points ___________________
lie on a line. Since (log 𝑦) = 𝑘 + 𝑚(log 𝑥), it follows that (log 𝑦) is a _____________ function of (log 𝑥)

Example 4:
The winning times (in seconds) for various men’s races (in meters) in 1988 Olympics are given
below.

a.

Fit a power curve to the data and graph it over the scatter plot to decide if it is a better
fit that the exponential model. Provide the power curve equation.

b.

If there had been a 1000-meter race in these Olympics, what would you predict the
winning time would have been?
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Example 5: Independent Work *
Fit the appropriate curve to fit the data
a.

Exponential Curve

b.

Power Curve

Example 6: Independent Work **
The observed brightness of stars is classified by magnitude. The table shows how the
difference d in the magnitudes of two stars is related to the ratio of their brightness r.

a.

Use an exponential model to express r in terms of d.

b.

The difference in magnitudes of the brightness of the sun and the full moon is 14. What
is their approximate brightness ratio?

Example 7: Independent Work **
Johannes Kepler spent years trying to discover a relationship between the time for a planet to
revolve around the sun and the distance of the planet to the sun. A table of the data for the
nine planets are shown.
a.

Fit the data to a power curve.

c.

Suppose that some time in the future a new
planet is discovered and its average distance
from the sun is estimated at 7000 million
kilometers. Estimate its time of orbit around
the sun.
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18.4 Choosing the Best Model (Page 705)

Objective: To choose the model that best describes a set of data.
18.4 Warm Up!
a.

How do we know the “best” of anything?

b.

Fill in the table
Graph of Data
(x, y) linear
(x, log y) linear
(log x, log y) linear

Model

Choosing the Best Model
The purpose of this section is to give you the opportunity to choose from among several models the one
that best describes a set of data. To do so:
1. Create a _______________________ for the data
2. ___________ the three different models we learned and choose which one fits the data the best.

Example 1
Model the data in each exercise. To do this, you must choose an appropriate model and then
write an equation. Include the scatter plot and graph that best fits the data.
a.

A scientist caught, measured, weighed, and then released eight Maine landlocked
salmon. The data were then recorded in a table.

b.

Predict the weight of a salmon that is 12 in. long.
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Example 2: Independent Work ***
Model the data in each exercise. To do this, you must choose an appropriate model and then
write an equation. Include the scatter plot and graph that best fits the data.
a.

The table shows the average salaries (in thousands of dollars) of major league baseball
players for selected years from 1967 to 1989.

b.

Estimate the average salary in the year 1970.

Example 3: Independent Work ***
Model the data in each exercise. To do this, you must choose an appropriate model and then
write an equation. Include the scatter plot and graph that best fits the data.
a.

The boiling point of water increases with atmospheric pressure. At sea level, where the
atmospheric pressure is about 760 mm of Hg (mercury), water boils at 100°C. The table
below shows the boiling point of water for different values of atmospheric pressure.

b.

When the atmospheric pressure is 620 mm of Hg, at what temperature does water boil?
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Example 4: Independent Work ***
Model the data in each exercise. To do this, you must choose an appropriate model and then
write an equation. Include the scatter plot and graph that best fits the data.
a.

The gross national product (GNP) is the total sum spent on goods and service by a
country in any year. The table below gives the GNP in billions of dollars for the United
States for various years.

b.

Predict the GNP in the year 2000.
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d (in miles) . y (in Earth-Days)
.. Mercury
…Venus
..
. Mars
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