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Linear Models
This handout will guide you through how to use a TI graphing claculator to find a linear model that fits a
given set of data. In order to do this, you need to be familiar with how to type letters on your calculator.
This is done by pressing the "Alpha" key, then pressing the key which has that letter written above and to
the right of it in the same color as your "Alpha" key. You also need to be familiar with the row of keys just
below the screen of your calculator:

Y= is for entering a function to be plotted
STAT PLOT (2nd key, then Y=) is for plotting sets of data
WINDOW and ZOOM are used to set up the area visible in the graph
TRACE is for inspecting a plot or graph point-by-point

You should also be able to locate the STAT and VARS buttons, near the arrow keys.

1. Entering your Data

The first step, of course, is to get the data you want to model into your
calculator. Data on your calculator is stored in lists. To see the lists you
currently have defined, press STAT, then select "Edit..." from the EDIT
submenu. You should see a screen like that on the right. From here, you can:

Edit a whole list by scrolling up in the list until the name is selected,
then pressing "Enter." You can type in anything here that you could
normally assign to a list; for example, 2 * L1 or seq(2X,X,1,14).
Delete the contents of a list by selecting the list name and pressing
CLEAR.
Remove a list from the list editor without deleting or clearing the list itself, by selecting the list
name and pressing DEL.
Create a new empty list, or make an existing list appear in the
editor by scrolling up to select the list name, then scrolling to the right
until an empty space is selected ("_ _ _ _ _") and a prompt at the
bottom says "NAME=". You can type anything that starts with a letter,
and contains letters or numbers; there is a limit of five characters. The
TI82 does not allow you to create custom-named lists; you're stuck
with just L1 through L6.
Enter data in a list by typing into the last row of the list.
Change data in a list by selecting the entry you want to change and
typing the new value.

Enter the information you are fitting into the table. Be sure to correctly
identify which list should be used as the X values, and which as the Y. The
example here shows how the height of a bean plant changes as days go by.
The days, here, are the "independent" variable. Your independent variable is
something that the experimenter had direct control over; they could freely
choose on what days they would record data. The height is known as the
"dependent" variable. It is a measurement whose value depends on the choice
of what value of the independent variable to measure at.
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2. Making a Scatter Plot

Once you have your data entered into the calculator, a good next step is to make a scatter plot of the data.
This serves two purposes: first, it lets you check whether the data really looks like it is linear or not, and
second, you may notice a point that is really out of place and thus discover that you made a mistake in
entering your data.

The menu from which you set up plots of data is called the "STAT PLOT"
menu. You access it by pressing the 2nd key, then the Y= key. You should
see a menu summarizing the settings for the three plots your calculator can
have. Select the first one by hitting enter or pressing "1". You will see a
screen like that at the left. Select the options shown there: turn this plot on,
select the Scatter Plot type, select the box-shaped mark, and enter the name of
your X and Y lists. These are your independent and dependent variables,
respectively.

To enter the name of a list you created, you will need to type its name as you did in the list editor, using the
Alpha key. To enter the name of one of the six built-in lists, press the 2nd key, then the number of the list.

Once you have the plot set up and turned on, you want to view it on the graph. You will probably need to
change the viewing window so that all your points will be visible. We could set this up manually, using the
WINDOW menu. However, there is an easier way.

Press the ZOOM key to see the zoom menu. The ZOOM key is at the center
of the top row of keys. In the ZOOM menu, scroll down to ZoomStat and
press enter, or simply type "9". ZoomStat automatically resizes the viewing
window so that all the points in your stat plots are visible. As soon as you
select this, you should see a plot like that shown at the right, with whatever
data you entered.

You can use this scatter plot to verify that your data do in fact lie in a line.

3. Using TRACE to Inspect your Data

In your scatter plot, you may encounter a point like that shown in the plot to
the right, which is obviously out of line with the others. Sometimes, this
simply means that one data point was really strange for some reason. But
often, it means that you made an typo in entering your data points.

To inspect the coordinates of each point in your scatter plot, press the
TRACE key. You can select a different point by using the left and right
arrow keys. If you have multiple plots or graphs, you can move between them
using the up and down keys. In this case, using the TRACE reveals that my
outlier point was a typo; I entered 2 instead of 20 as the height. I can go back to the list editor and correct
this.

Once you're confident that you have the right data entered, and you're convinced that your data points in the
stat plot lie nearly in a line, it's time to try to find the line that best fits your data.
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4. Finding the Best Fit Line

This processs is called "Linear Regression." It involves a lot of complicated
math, which fortunately your calculator takes care of for you. The linear
regression function is found in the STAT menu, in the CALC submenu; it is
called "LinReg(ax+b)". This means that its job is to find the linear model
of the form y=ax+b that best fits your data. Select this function and press
Enter to copy it to the home screen.

Now we want to tell the calculator what two lists to calculate the regression
of. You can find the names of all your lists in the LIST menu, which you get
to by pressing 2nd-STAT. Select the name of your X list, then, then type a comma (just above "7", then
enter the Y list in the same way. You can't just type the name, because the little "L" at the start of the list
name is important.

Once you've typed in the names of your lists,
separated by a comma, press enter. The
calculator will find the line that best fits your
data points, and report it in the format seen on
the left, giving the coefficients as well as a
variable "r" whose use we'll explain later.

If you don't see r and r2, you need to turn on
the Diagnostic mode. Go to the CATALOG (2nd-0), and type "D" to

scroll down to the functions starting with "D", then scroll further down to DiagnosticOn. Press Enter to
copy it to the home screen, then Enter again to activate it. You can now retrieve your LinReg command by
pressing ENTRY (2nd-Enter) multiple times; hit Enter to re-run the regression.

Once you've found your regression line, you're nearly done. However, you want to check in in three ways:
by plotting the line to make sure it really does match your data, by the "correlation coefficient," and by
plotting the residuals.

5. Plotting your fit line

The LinReg function gave you the slope and intercept of your best fit line.
You probably should write those down, since they are likely what you are
looking for. To plot this line, we will use the function plotting capability of
your calculator. Make sure that you are in Func mode (in the MODE menu),
then press "Y=". You will see a screen on which you can enter functions to be
graphed.

Type the fit line's equation into "Y1=". There
are two ways to do this: you could remember

the coefficients and type them in by hand, or you could have the calculator
enter the equation for you, by selecting VARS:Statistics...EQ:RegEQ.

When you finish entering the equation and press "GRAPH", you should see a
line going as nearly as possible through the middle of you data points.



Residual plot

6. The correlation coefficient

Every time the calculator find a best fit line, it also calculates a value that tells you how good that fit was.
After all, it's possible to fit a line to any random cloud of data; you'd like to have some quantitative way to
say whether that line is a good fit or not. For this reason your calculator finds something called the
"Regression coefficient", denoted as "r", a number between 1 and -1 that says how good the fit is - 0 is
really bad, 1 or -1 is a perfect fit.

The square of the correlation coefficient, r2, also has an important meaning: it says what portion of the
variation in the data can be explained by the linear model. As a rule of thumb, a good fit has an r2 value of
at least .95.

7. Plotting the residuals

Sometimes, a linear fit is fairly good for the data, but some other fit type
would be better. For example, the data might really be along a very slightly
sloping quadratic curve, rather than just a line. A curve in the data would be
evident because points would be more to one side of the data near the start
and end, and more to the other side at the middle, rather than being scattered
haphazardly around the fit line.

The calculator calculates how far off each data point was from the fit line,
and in what direction, and saves this information in a special list called
"LRESID". We can use STAT PLOT to plot the residuals instead of our Y list, by entering "RESID" in the
"Ylist:" slot and leaving the "Xlist:" as it is. Do a ZoomStat again, and we will see a plot like that at
the right. The rule for what makes a good plot is that there should be no pattern at all in the residuals; they
should all be scattered evenly around the line.

Whenever you do a linear fit, you should check it using all three of these methods. Sometimes a plot looks
really good, and has a good correlation coefficient, but upon doing a residual plot we discover a pattern that
shows us that a linear fit really isn't right for it. An example of this is shown below.

Correlation is great... Line looks good... But residuals are bad.

You now know almost everything you need to know about fitting data on your TI graphing calculator.
Congratualtions! I know it seems like a hard and complicated process, but you'll get to the point where you
can do a quick regression and residual plot to check out your data as you're recording it in an experiment.
This will be especially useful to you in college, where professors of lab classes just assume that you know
what to do with your data once you've collected it.


