Statistics Exploration
How Well Does a Regression Line Fit a Set of Data?

Name: Class: Date:

PURPOSE: This exploration dlows you to explore how to determine how well aleast-squares
regresson linefitsa st of bivariate data

MATERIALS NEEDED: TI-83 Cdculator
REGRHT program for TI-83
Thisworksheet

GOAL: Upon completion of this exploration, you should be able to understand, explain and
interpret how well aleast-squares regression linefits a set of bivariate data.

PART ONE
1. Complete the following teble of calculations using the datain columns L1 and L2
(provided below).
Vdueof y (mean of response variable (L2)): (Round tol decimd place))
L1 L2 v icti -V —\2
(x) (y) y 's Prediction y-y (y_ y)
of y
1 7
3 15
4 14
7 20
8 29
—\ 2
Sum of (y- y) ;

2. Have your teacher check the vadues that you have entered into the table. When your
teacher is satisfied with your entries, he or she will let you download the program
REGRFIT to your caculator (TI-83).

3. The program will overwrite (erase) datain equation 1 (Y1) and pictures8 and 9
(PIC8, PIC 9). If you have unsaved data in those locations that you wish to save,
please do so now.

4. Run REGRHIT. Pressenter and read each screen until you get to the dataset menu
choice screen. (If you need to quit at any point in the program, press ON.)
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10.

11.

The firg time that you run REGRFIT, use the program’s data so that everyonein your
group or classisusng the same data. The vauesthat REGRF T uses by default in
Listl (L1) and List 2 (L2) arethose that are given in thetablein step 1. If you have
unsaved datain L1 and L2 that you wish to save, please do so before you choose to
use the program’ s data because it will overwrite whatever isinL1 and L2. In Part

Three, you will load your own datainto L1 and L2 before running the program.

YOUR OWN

Y ou now have agraph of thedatain L1 and L2. Thedatain L1 isthe explanatory
(independent or x) variable for the graph. The datain L2 isthe response (dependent

or y) variable for the graph.

QUESTION 1: What type of graph ison the screen?

PressENTER

The horizontd line that has

been added

to the graph isthemean ( 'y ) linefor

the response variable.

PressENTER.

QUESTION 2: Verticd lines have been added
to each point. What “datidica term” isused to

refer to these lines?




12. QUESTION 3: Refer back to thetablein step 1 and the picture in step 11. What do
thevauesfor y- y represent? What in the picture represents these values?

13. PressENTER.

14. A number has been added to the screen. Does it match your vaue for the sum of
(y - 9)2 above? If it does not, go back and check your calculations above.

15. PressENTER.

16. Theorigind graph has been redrawn and anew line has been graphed. This new
lineisthe least squares regresson line (also called the linear regresson line).

17. QUESTION 4: What isthe purpose of the linear regression line (equation) of a set
of bivariate data; that is, whet is alinear regression line (equation) used for?

18. PressENTER.

19. QUESTION 5: Verticd lines have been added
to each point. What “ satistical term” isused to
refer to these lines?




20. Complete the following table of caculaions usng the datain L1 and L2 (provided
below).

L1(x) | L2(y) Regression y—Predicted y (y- Predictedy)z
Prediction of y
1 7 7.3494
3 15 12.7108
4 14 15.3916
7 20 23.4337
8 29 26.1145

Sumof (y- Predictedy)”:

21. QUESTION 6: Refer back to the table in step 20 and the picture in step 19. What
do thevaluesfor (y- Predictedy) represent? What in the picture represents these

vaues?

22. PressENTER.

23. A number has again been added to the screen. Does it match your vaue for the sum
of (y- Predicted y)2 above? If it does not, go back and check your calculations
above.

24. QUESTION 7: Compare the sumsthat you got for question 1 and question 21. Are
they the same? If yes, explain why they shoud be the same. If no, explain why they
should not be the same.



Statistics Exploration
How Well Does a Regression Line Fit a Set of Data?

Name: Class: Date:

PURPOSE: Thisexploration dlows you to explore how to determine how well aleast-squares
regression linefits a set of bivariate data

MATERIALS NEEDED: TI-83 Cdculator
REGRFIT program for TI-83
This worksheet

PART TWO
1. Toget the sumsin question 1 and question 20 of Part One, you squared residua
vaues for the data pairs and summed the squared vaues.

2. Inquestion 1 of Part One, you squared the resdua (error) differences between the
reponse valuesin L2 and the sample mean, 'y , of the response valuesin L2 (y).
Y ou then summed these squared values.

3. Suchasumiscdledthetotal variation in y or the Sumof Squares TOtd; let’s
denote it as SSTO. It represents the amount of the variationin y that isexplained
by the mean vaueline.

4. Based on your Part Onework, SSTO =

5. Inquestion 20 of Part One, you squared the residua (error) differences between the
response valuesin L2 (y ) and the predicted vaues of the response values based on
the least squares regression line for the responsevauesin L2 (y ). You then
summed these squared values.

6. Suchasumiscdled the Sumof Squared Errors; let’ sdenote it as SSE. It represents
the amount of the variationin y that is explained by the linear regresson line.

7. Based on your Part One work, SSE =

8. Like SSE, SSTO dso represents an error vaue based on predictions of the response
values where each prediction of y isthe esimated meenvaueof dl y's, y .
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9. QUESTION 1: Inyour work above, which produced the smaler sum: making
predictions of the response variable based on the mean value (SSTO) or making
predictions of the response variable based on the least squares regression line (SSE)?

10. How much better isthe better of the two predictions? Let's create an expression
that will answer this question.

The difference in the two sums that you have caculated, SSTO and SSE, isa
measure of the reduction (improvement) in the squared prediction error:

reduction in squared prediction error = SSTO — SSE

The ratio of the reduction in the squared prediction error to the total variationin y
(SSTO) will serve as ameasure of the percentage of reduction (improvement) in

the squared prediction error asaresult of usng the least-squares regression line
instead of the mean line.

reduction in squared prediction error
total variation

We can write this more symboalicdly as follow:

SSTO- SSE
SSTO

11. Useyour valuesfor SSTO and SSE to calculate the value of this new expresson;
express your answer as a decima to four places.

SSTO- SSE _ -
SSTO

12. What doesthis value represent?? Let’s go back to the linear regresson’s correlation
coefficient for amoment.



13.

14.

15.

16.

17.

18.

19.

20.

21,

Usetheinitid vauesfrom the REGRHT programin L1 and L2 of your caculator;
these values may dill be stored in your caculator.

Make certain that Diagnostics On has been turned on in your calculator. If you are
not sure, it does't hurt to turn it on again.

Now, use your caculator to caculate the vaues for the linear regresson of the data
inLland L2

Notice that two vaues are shown at the bottom of the list of values: r? and r .
Write down the vaues of each:

r’= r=

Ther-vaueisthe correlation coefficient (more formally, the Pearson
product-moment correlaion).

QUESTION 2: What isthe meaning of the correlation coefficient (r)?

Enter thevdue of r into the Home Screen of your caculator and square it. Doesthe
answer equal the value of r? recorded above? It should.

Doesthevauefor r? equd the value that you got for % in question 11

above? It should, or at least be the same to four or more decimal places. (The
regresson prediction values used in question 21 of Part One were rounded to four
decimd places.)

[NOTE: r? isaso referred to as the coefficient of determination.]

What does dl of this mean? Write a short paragraph about what you think these
explorations have reveded to you so far.



Statistics Exploration
How Well Does a Regression Line Fit a Set of Data?

Name: Class: Date:

PURPOSE: This exploration dlows you to explore how to determine how well aleast-squares
regresson linefitsa set of bivariate data.

MATERIALS NEEDED: TI-83 Cdculator
REGRFIT program for TI-83
Additiond data sets
This worksheet

PART THREE: Now you are ready to explore further on your own with new data.

RUN A
1. Choose aset of hivariate data (or use one assigned by your teacher) and enter it into your calculator
(L1andL2)

2. Run REGRFIT and choose “ YOUR OWN" when you get to the dataset menu choice screen.
3. Writein thefollowing values from your exploration:

a.  Sum of Squares Total (SSTO) =

b. Sum of Squared Errors (SSE) =

c. Make certain that Diagnostics On has been turned on in your calculator. Use your calculator
to calculate the values for the linear regression of thedatain L1 and L2

d r°= r=
SSTO- SSE - ~
SSTO
,» SSTO- SSE
4 Does "=z ————?
SSTO

5. Write ashort paragraph about what you think this exploration has revealed to you.
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RUN B

1. Choose another set of bivariate data (or use one assigned by your teacher) and enter it into your
caculator (L1 and L2)
2. Run REGRFIT and choose “ YOUR OWN” when you get to the dataset menu choice screen.
3. Writeinthefollowing values from your exploration:
a.  Sum of Squares Total (SSTO) =
b. Sum of Squared Errors (SSE) =

c. Make certain that Diagnostics On has been turned on in your calculator. Use your calculator
to calculate the values for the linear regression of the datain L1 and L2

d. r?= r=
SSTO- SSE - B
SSTO
, SSTO- SSE
4, Does "= ————?
SSTO

5. Write ashort paragraph about what you think this exploration has revealed to you.

RUNC

1. Choose another set of bivariate data (or use one assigned by your teacher) and enter it into your
caculator (L1and L2)

2. Run REGRFIT and choose “ YOUR OWN" when you get to the dataset menu choice screen.

3. Writein thefollowing values from your exploration:
a.  Sum of Squares Total (SSTO) =
b. Sum of Squared Errors (SSE) =

c. Make certain that Diagnostics On has been turned on in your calculator. Use your calculator to
calculate the values for the linear regression of thedatain L1 and L2

d r’= r=
SSTO- SSE - )
SSTO
, SSTO- SSE
4, Does "= ——7?
SSTO

5. Write a short paragraph about what you think this exploration has reveal ed to you.



Statistics Exploration
How Well Does a Regression Line Fit a Set of Data?

(AKA: Exploration of r-squared: the square of the correlation coefficient)

PURPOSE: Thisexploration dlows you to explore how to determine how well aleast-squares
regression linefitsa set of bivariate data.

GOAL: Upon completion of this exploration, you should be able to
1. explan how wdl aleast-squares regresson line fitsa set of bivariate data.
2. understand the computations that lie behind r-squared.
3. interpret what r-squared means

WRAP-UP:
v r-sguared isa measure of how well aleast squaresregression linefits a set of
bivariate data points.

v" It can assume vaues between 0 and 1.
o A vdueof 1impliesaperfect fit to the data
o A vaueof zero meansthat thereis no correlation between the explanatory
(independent) variable and the response (dependent) variable.

v Expressd differently, r-squar ed is the percent of variation in the response variable
that isexplained by the explanatory variable.

v'Inthefirg run of REGRFIT using the programs data, you obtained the following vaues
SSTO = 266 SSE = 27.41566

v" Youthen caculated r? using both the linear regression capability of your caculator as
SSTO- SSE

well asthe following expresson. —————— . Both values were the same.
SSTO
(2 _ SSTO- SSE _ 23858434 > 8969
SSTO 266

v Thisresult means that gpproximately 89.7% of the variation in the response (dependent)
vaiable is explained by the relationship between the explanatory (independent) variable
and the response varigble. The remaining 10.3% of the variation is unexplained and is
due to other factors such as chance or sampling error.

See the diagram on the next page.
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y Regression line

Unexplained
deviatior Totd
_ deviatior

y / Mean line
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