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Chapter 1: Linear Regression with One Predictor Variable

Introduction 

Main purpose of statistics: Make inferences about a population through the use of a sample.

Suppose we are interested in estimating the average GPA of all students at UNL.  How would we do this?  (Assume we do not have access to any student records.) 

a) Define the random variable: let Y denote student GPA

b) Define the population: all UNL students

c) Define the parameter that we are interested in: ( = population mean GPA

d) Take a representative sample from the population: suppose a random sample of 100 students is selected 

e) Calculate the statistic that estimates the parameter: 
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f) Make an inference about the value of the parameter using the statistical science: construct confidence intervals or hypothesis tests using the sample mean and sample standard deviation 

The diagram below demonstrates these steps.  Note that not all GPAs could be shown in the diagram.      
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What factors may be related to GPA? 

1) High school (HS) GPA

2) ACT score

3) Involvement in activities

4) Etc.

Suppose we are interested in the relationship between college and HS GPA and we want to use HS GPA to predict college GPA.  How could we do this?  Assume we do not have access to any student records.
Use similar steps as on page 1.1, but now with regression models.
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Data shown as: (HS GPA, College GPA)

Example: HS and College GPA (gpa.xls)
A random sample of 20 UNL students is taken producing the data set below (data is different from above).  Don’t worry about capital or lowercase letters being used for X and Y below.  
	Student
	X (HS GPA)
	Y (College GPA)

	1
	X1=3.04
	Y1=3.10

	2
	X2=2.35
	Y2=2.30

	3
	2.70
	3.00

	4
	2.05
	1.90

	5
	2.83
	2.50

	6
	4.32
	3.70

	7
	3.39
	3.40

	8
	2.32
	2.60

	9
	2.69
	2.80

	10
	0.83
	1.60

	11
	2.39
	2.00

	12
	3.65
	2.90

	13
	1.85
	2.30

	14
	3.83
	3.20

	15
	1.22
	1.80

	16
	1.48
	1.40

	17
	2.28
	2.00

	18
	4.00
	3.80

	19
	2.28
	2.20

	20
	1.88
	1.60


Scatter plot of the data: 
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Regression allows us to develop an equation, like 
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 = 0.71 + 0.70*(HS GPA), to predict College GPA from HS GPA.
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Origins of Regression (p. 5 from KNN):

“Regression Analysis was first developed by Sir Francis Galton in the latter part of the 19th Century.  Galton had studied the relation between heights of fathers and sons and noted that the heights of sons of both tall & short fathers appeared to ‘revert’ or ‘regress’ to the mean of the group.  He considered this tendency to be a regression to ‘mediocrity.’  Galton developed a mathematical description of this tendency, the precursor to today’s regression models.” 

Note that I will use KNN to abbreviate Kutner, Nachtsheim, and Neter  

Algebra Review:
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Y = dependent variable

X = independent variable

b = y-intercept

m= slope of line; measures how fast (or slow) that y changes as x changes a by one-unit increase

Goal of Chapter 1:  

Develop a model (equation) that numerically describes the relationship between two variables using simple linear regression
Simple – one variable predicts another variable

Linear – no parameter will appear in an exponent or is divided by another parameter… (see model)
Suppose you are interested in studying the relationship between two variables X and Y

(X may be HS GPA and Y may be college GPA)
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where 


Y = Response variable (a.k.a., dependent variable)
X = known constant value of the predictor variable 
(a.k.a, independent variable, explanatory variable,

covariate)  

Y = (o + (1X+ ( is the population simple linear regression 
model 

· (o = y-intercept for population model

· (1 = slope for population model

· (o & (1 are unknown parameters that need to be estimated

· ( = random variable (random error term) that has a normal probability distribution function (PDF) with E(() = 0 and Var(() = 
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; there is also an “independence” assumption for ( that will be discussed shortly  
· Notice that X is not a perfect predictor or of Y

· E(Y)=(o + (1X what Y is expected to be on average for a specific value of X since 

E(Y) 
= E((o + (1X+ () 

= E((o) + E((1X) + E(()

= (o + (1X + 0

= (o + (1X
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 is the sample simple linear regression model (a.k.a., estimated regression model, fitted regression line) 
· 
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 estimates E(Y)=(o + (1X
· b0 is the estimated value of (o; Y-intercept for sample model 
· b1 is the estimated value of (1; slope for sample model
· More often, people will use 
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 to denote b0 and b1, respectively
· Formally, 
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 is the estimated value of E(Y) (a.k.a., fitted value); 
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 is the predicted value of Y (IMS Bulletin, August 2008, p. 8)
· Finding b0 and b1 is often referred to as “fitting a model”
Remember that X is a constant value – not a random variable:

· Notationally, this is usually represented in statistics as a lower case letter, x.  KNN represents this as an upper case letter instead.  Unfortunately, KNN does not do a good job overall with differentiating between random variables and observed values.  This is somewhat common in applied statistics courses.   
· In settings like the GPA example, it makes sense for HS GPA to be a random variable.  Even if it is a random variable, the estimators derived and inferences made in this chapter will remain the same.  Section 2.11 will discuss this some and STAT 970 discusses it in more detail.

Suppose we have a sample of size n and are interested in the ith trial or case in the sample.  
· Yi = (o + (1Xi+ (i where (i ~ independent N(0,(2)

· E(Yi) = (o + (1Xi
· 
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Below are two nice diagrams showing what is being done here.
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Calculation of b0 and b1:

The formulas for b0 and b1 are found using the the method of least squares (more on this later):
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where (X assumes summing from i=1,…,n

b0 = 
[image: image20.wmf]Y

 - b1
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Example: What is the relationship between sales an advertising for a company?

Let X = Advertising ($100,000)


Y= Sales units (10,000)

Assume monthly data below and independence between monthly sales.

	
	X
	Y
	X2
	Y2
	X*Y

	
	X1=1
	Y1=1
	1
	1
	1

	
	X2=2
	Y2=1
	4
	1
	2

	
	3
	2
	9
	4
	6

	
	4
	2
	16
	4
	8

	
	5
	4
	25
	16
	20

	(
	15
	10
	55
	26
	37


(Ex. (X2=55)
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b0 = 
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 - b1
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 = 10/5 – (0.70)(15/5 = 2-2.1 = -0.1
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Scatter Plot: A plot where each observation pair is plotted as a point
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Scatter Plot with sample regression model: 
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Suppose X = 1.  Then 
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 = -0.10 + (0.70)1 = 0.6 
Residual (Error)

· ei 
= Yi – 
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= observed response value – predicted model value.

· This gives a measurement of how far the observed is from the predicted.

· Obviously, want these to be small
· 
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Example: Sales and advertising

What does the sales and advertising sample model mean?  Remember advertising is measured in $100,000 units and sales is measured in 10,000 units.  
1) Estimated slope b1 = 0.7:

Sales volume (Y) is expected to increase by 
(0.7) (10,000 = 7,000 units for each 1(100,000 = $100,000 increase in advertising (X).  

2) Use model for estimation:

Estimated sales when advertising is $100,000.
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Estimated sales is 6,000 units

Estimated sales when advertising is $250,000.
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Note: Estimate E(Y) only for min(X) ( X ( max(X)  

Why?
Least Squares Method Explanation: Method used to find equations for b0 and b1.

Below is the explanation of the least squares method relative to the HS and College GPA example.  

· Notice how the sample regression model seems to go through the “middle” of the points on the scatter plot.  For this to happen, b0 and b1 must be -0.1 and 0.7, respectively.  This provides the “best fit” line through the points.
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· The least squares method tries to find the b0 and b1 such that SSE = 
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 is minimized (where SSE = Sum of Squares Error).  These formulas are derived through using calculus (more on this soon!).    
· Least squares method demonstration with least_squares_demo.xls : 
· Uses the GPA example data set with b0 = 0.7060 and b1 = 0.7005 
· The demo examines what happens to the SSE and the sample model’s line if values other than b0 and b1 are used as the y-intercept and slope in the sample regression model.  
· Below are a few cases:
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Notice that as the y-intercept and slope get closer to b0 and b1, SSE becomes smaller and the line better approximates the relationship between X and Y!  

The actual formulas for b0 and b1 can be derived through using calculus.  The purpose is to find an b0 and b1 such that   

SSE = 
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is minimized.  Here’s the process:

· Find the partial derivatives with with respect to b0 and b1
· Set the partial derivatives equal to 0

· Solve for b0 and b1!
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Setting the derivative equal to 0 produces, 
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(1)

And, 
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Setting the derivative equal to 0 produces,
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(2)

Substituting (1) into (2) results in, 
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Then b0 becomes 
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It can be shown that these values do indeed result in a minimum (not a maximum) for SSE.  
Properties of least square estimators (Gauss-Markov theorem): 

i) Unbiased – 
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ii) Minimum variance among all unbiased estimators

Note that b0 and b1 are thought of as random variables here (better to call them B0 and B1?).  The minimum variance part is proved in STAT 970 (or see Graybill (1976) p. 219)
Why are these properties good? 

Reminder of how to work with expected values: 

Suppose b and c are constants and W1 and W2 are random variables.  Then

· E(W1 + c) = E(W1) + c  
· E(cW1) = cE(W1)

· E(bW1 + c) = bE(W1) + c

· E(W1 + W2) = E(W1) + E(W2)
· E(W1W2) ≠ E(W1)E(W2) – except for one specific situation (name that situation!)
Please see my Chapter 4 notes of STAT 380 (www.chrisbilder.com/stat380/schedule.htm) if it has been awhile since you have seen these properties.  

Proof of 
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Perhaps this is a simpler proof of 
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Example: HS and College GPA (HS_college_GPA.R)

See Introduction to R handout first.  
The predictor variable is high school GPA (HS.GPA) and the response variable is College GPA (College.GPA).  The purpose of this example is to fit a simple linear regression model (sample model) and produce a scatter plot with the model plotted on it. 

Below is part of the code close to as it appears after being run in R.  Note that I often need to fix the formatting to make it look “pretty” here.  This is what I expect your code and output to look like for your projects!  

> #########################################################

> # NAME:  Chris Bilder                                   #

> # DATE:                                                 #

> # PURPOSE: Chapter 1 example with the GPA data set      #                                                       > # NOTES: 1)                                             #

> #                                                       #

> ##########################################################

> #Read in the data

> gpa<-read.table(file = "C:\\chris\\UNL\\STAT870\\
    Chapter1\\gpa.txt", header=TRUE, sep = ““)

> #Print data set

> gpa

   HS.GPA College.GPA

1    3.04         3.1

2    2.35         2.3

3    2.70         3.0

4    2.05         1.9

5    2.83         2.5

6    4.32         3.7

7    3.39         3.4

8    2.32         2.6

9    2.69         2.8

10   0.83         1.6

11   2.39         2.0

12   3.65         2.9

13   1.85         2.3

14   3.83         3.2

15   1.22         1.8

16   1.48         1.4

17   2.28         2.0

18   4.00         3.8

19   2.28         2.2

20   1.88         1.6

> #Summary statistics for variables

> summary(gpa)

     HS.GPA       College.GPA   

 Min.   :0.830   Min.   :1.400  

 1st Qu.:2.007   1st Qu.:1.975  

 Median :2.370   Median :2.400  

 Mean   :2.569   Mean   :2.505  

 3rd Qu.:3.127   3rd Qu.:3.025  

 Max.   :4.320   Max.   :3.800  

> #Print one variable (just to show how)
> gpa$HS.GPA

 [1] 3.04 2.35 2.70 2.05 2.83 4.32 3.39 2.32 2.69 0.83 2.39 
     3.65 1.85 3.83 1.22

[16] 1.48 2.28 4.00 2.28 1.88
> gpa[,1]

 [1] 3.04 2.35 2.70 2.05 2.83 4.32 3.39 2.32 2.69 0.83 2.39  

     3.65 1.85 3.83 1.22

[16] 1.48 2.28 4.00 2.28 1.88
> #Simple scatter plot

> plot(x = gpa$HS.GPA, y = gpa$College.GPA, xlab = "HS GPA", 
      ylab = "College GPA", main = "College GPA vs. HS GPA", 

      xlim = c(0,4.5), ylim = c(0,4.5), col = "red", pch = 
      1, cex = 1.0, panel.first=grid(col = "gray", lty = 
      "dotted"))
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 Notes: 

· The # denotes a comment line in R.  At the top of every program you should have some information about the author, date, and purpose of the program.

· The gpa.txt file is an ASCII text file that looks like:


[image: image71.jpg]P gpa.oxt-Notepad  [C HEHX‘

Format View Help
College.GPA

I W W0 N R R N W W N W N W

.
2.
2
P
E
4.
3.
[
2.
0.
2.
3.
1.
3.
1.
»
2.
4.
22
1.






The read.table() function reads in the data and puts it into an object called gpa here.  Notice the use of the “\\” between folder names.  This needs to be used instead of “\”.  Also, you can use “/”.  Since the variable names are at the top of the file, the header = TRUE option is given.  The sep = “” option specifies white space (spaces, tabs, …) is used to separate variable values.  One can use sep = “,” for comma delimited files.  

· There are a few different ways to read in Excel files into R.  One way is to use the RODBC package.  Below is the code that I used to read in an Excel version of gpa.txt.

library(RODBC)

z<-odbcConnectExcel("C:\\chris\\UNL\\STAT875\\R_intro
                 \\gpa.xls")

gpa.excel<-sqlFetch(z, "sheet1")

close(z)

The data is stored in sheet1 of the Excel file gpa.xls.  R puts the data into the object, gpa.excel, with slightly modified variable names.    


· You can save an Excel file in a comma delimited format (.csv) and read it into R using read.table() with the option of sep = ",”. Below is the code: 

write.table(x = gpa.excel, file = "C:\\chris\\UNL\\
  STAT875\\gpa-out.csv", quote = FALSE, row.names =   

  FALSE, sep=",")

· The gpa object is a object type called a data.frame.  To access parts of the objects, I can simply use the following format: 

object.name$part.of.object

For example, gpa$HS.GPA provides the HS GPA’s.  A data.frame is actually a special type of an object called a list which has elements stored in a matrix format type.  Using a form of matrix syntax, I can access parts of the data.frame.  For example, gpa[1,1] gives me the first HS GPA observation.  
· The summary() function summarizes the information stored within an object.  Different object types will produce different types of summaries.  An example will be given soon where the summary() function did produce a different type of summary.  

· The plot() function creates a two dimensional plot of data.  Here are descriptions of its options:
· x = specifies what is plotted for the x-axis.  

· y = specifies what is plotted for the y-axis.  

· xlab = and ylab = specify the x-axis and y-axis labels, respectively.

· main = specifies the main title of the plot.

· xlim = and ylim = specify the x-axis and y-axis limits, respectively.  Notice the use of the c() function.  

· col = specifies the color of the plotting points.  Run the colors() function to see what possible colors can be used. 

· pch = specifies the plotting characters.  Below is a list of possible characters.


[image: image72.jpg]2/
s+
4 X
5

6 \/

7 X
8 K
0 <P

10D

12HH

1383

14 /N

15

16 @

17‘

18 @

19@

20 @

210

22 []

24A

25\/




· cex = specifies the height of the plotting characters.  The 1.0 is the default.

· panel.first = grid() specifies grid lines will be plotted.  The line types can be specified as follows: 1=solid, 2=dashed, 3=dotted, 4=dotdash, 5=longdash, 6=twodash or as one of the character strings "blank", "solid", "dashed", "dotted",  "dotdash", "longdash", or "twodash".

· The par() function’s Help contains more information about the different plotting options!
· The plot can be brought into Word easily.  In R, make sure the plot window is the current window and then select FILE > COPY TO THE CLIPBOARD > AS A METAFILE.  Select the PASTE button in Word to paste it.  

More code and output:

>###########################################################

> # Find estimated simple linear regression model

> #Fit the simple linear regression model and save the 
       results in mod.fit
>   mod.fit<-lm(formula = College.GPA ~ HS.GPA, data = gpa)

>   #A very brief look of what is inside of mod.fit - see 
       the summary function for a better way

>   mod.fit

Call:

lm(formula = College.GPA ~ HS.GPA, data = gpa)

Coefficients:

(Intercept)       HS.GPA  

     0.7076       0.6997  

>   #See the names of all of the object components

>   names(mod.fit)

 [1] "coefficients"  "residuals"     "effects"       "rank"          
     "fitted.values"

 [6] "assign"        "qr"            "df.residual"   
     "xlevels"       "call"         

[11] "terms"         "model"        
>   mod.fit$coefficients 

(Intercept)      HS.GPA 

  0.7075776   0.6996584 

>   mod.fit$residuals

          1           2           3           4           5           6           7           8 

 0.26546091 -0.05177482  0.40334475 -0.24187731 -0.18761083 -0.03010181  0.32058048  0.26921493 

          9          10          11          12          13          14          15          16 

 0.21034134  0.31170591 -0.37976115 -0.36133070  0.29805437 -0.18726921  0.23883914 -0.34307203 

         17          18          19          20 

-0.30279873  0.29378887 -0.10279873 -0.42293538 

>   #Put some of the components into a data.frame object

>   save.fit<-data.frame(gpa, College.GPA.hat = 
              round(mod.fit$fitted.values,2), residuals = 
              round(mod.fit$residuals,2))

>   #Print contents of save.fit 

>   save.fit

   HS.GPA College.GPA College.GPA.hat residuals

1    3.04         3.1            2.83      0.27

2    2.35         2.3            2.35     -0.05

3    2.70         3.0            2.60      0.40

4    2.05         1.9            2.14     -0.24

5    2.83         2.5            2.69     -0.19

6    4.32         3.7            3.73     -0.03

7    3.39         3.4            3.08      0.32

8    2.32         2.6            2.33      0.27

9    2.69         2.8            2.59      0.21

10   0.83         1.6            1.29      0.31

11   2.39         2.0            2.38     -0.38

12   3.65         2.9            3.26     -0.36

13   1.85         2.3            2.00      0.30

14   3.83         3.2            3.39     -0.19

15   1.22         1.8            1.56      0.24

16   1.48         1.4            1.74     -0.34

17   2.28         2.0            2.30     -0.30

18   4.00         3.8            3.51      0.29

19   2.28         2.2            2.30     -0.10

20   1.88         1.6            2.02     -0.42

>   #Summarize the information stored in mod.fit

>   summary(mod.fit)

Call:

lm(formula = College.GPA ~ HS.GPA, data = gpa)

Residuals:

     Min       1Q   Median       3Q      Max 

-0.42294 -0.25711 -0.04094  0.27536  0.40334 

Coefficients:

            Estimate Std. Error t value Pr(>|t|)    

(Intercept)  0.70758    0.19941   3.548  0.00230 ** 

HS.GPA       0.69966    0.07319   9.559 1.78e-08 ***

---

Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1 

Residual standard error: 0.297 on 18 degrees of freedom

Multiple R-Squared: 0.8354,     Adjusted R-squared: 0.8263 

F-statistic: 91.38 on 1 and 18 DF,  p-value: 1.779e-08

 Notes: 

· The lm() function fits the simple linear regression model.  The results are stored in an object called mod.fit.  Notice the use of the ~ to separate the response and predictor variables.  If there were multiple predictor variables, the + sign can be used to separate them.  

· By entering the mod.fit object name only, R prints a little information about what is inside of it.  

· mod.fit is a type of object called a list.  To see a list of the components inside of mod.fit, use the names() function.  To access a component of an object, use the $ sign with the name of the component.  Refer to the earlier discussion of a data.frame for a similar example.  
· To create your own data.frame, you can use the data.frame function.  Notice how you can specify the names of columns inside of the data.frame.  

· The summary() function can be used with the mod.fit object to summarize the contents of mod.fit.  Notice the different results from what we had before with summary()!  Without going into too much detail, each object has an “attribute” called class.  You can see this by specifying the attributes() or class() functions.  For example, 

> class(mod.fit)

[1] "lm"
says that mod.fit is of class type lm.  The summary() function is what R calls a generic function.  This is because it can be used with many different types of classes.  When summary(mod.fit) is specified, R first checks the class type and then looks for a function called summary.lm().  Notice the “lm” part was the class type of mod.fit.  There is a special function called summary.lm() that is used to summarize objects of type lm!   You can see information about the function in the R help.  When the summary(gpa) was used earlier, the summary function went to summary.data.frame().  Finally, plot() is also a generic function.  The default version of the function used earlier was plot.default() so this is what you need to look up in the help, not plot() itself.  Note that there is also a plot.lm() that does a number of plots with objects of class lm.  
· The sample regression model is 
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More code and output:

>   #Prediction - note that the actual function used here is 
                  predict.lm()
>   predict(object = mod.fit)

       1        2        3        4        5        6        7        8 

2.834539 2.351775 2.596655 2.141877 2.687611 3.730102 3.079420 2.330785 

       9       10       11       12       13       14       15       16 

2.589659 1.288294 2.379761 3.261331 2.001946 3.387269 1.561161 1.743072 

      17       18       19       20 

2.302799 3.506211 2.302799 2.022935 

>   new.data<-data.frame(HS.GPA = c(2,3))

>   save.pred<-predict(object = mod.fit, newdata = new.data)

>   round(save.pred,2)

   1    2 

2.11 2.81 

> ##########################################################

> #Put sample model on plot

>   #Open a new graphics window

>   win.graph(width = 6, height = 6, pointsize = 10)

>   #Same scatter plot as before

>   plot(x = gpa$HS.GPA, y = gpa$College.GPA, xlab = "HS 
         GPA", ylab = "College GPA", main = "College GPA vs. 
         HS GPA", xlim = c(0,4.5), ylim = c(0,4.5), col = 
         "red", pch = 1, cex = 1.0, panel.first=grid(col = 
         "gray", lty = "dotted"))

>   #Puts the line y = a + bx on the plot

>   abline(a = mod.fit$coefficients[1], b = 
           mod.fit$coefficients[2], lty = 1, col = "blue", 
           lwd = 2)
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>   #Notice the above line goes outside of the range of the 
      x-values.  To prevent this, we can use the segments 
      function

>   #Open a new graphics window - do not need to

>   win.graph(width = 6, height = 6, pointsize = 10)

>   #Same scatter plot as before

>   plot(x = gpa$HS.GPA, y = gpa$College.GPA, xlab = "HS 
         GPA", ylab = "College GPA", main = "College GPA vs. 
         HS GPA", xlim = c(0,4.5), ylim = c(0,4.5), col = 
        "red", pch = 1, cex = 1.0, panel.first=grid(col = 
         "gray", lty = "dotted"))

>   #Draw a line from (x0, y0) to (x1, y1)

>   segments(x0 = min(gpa$HS.GPA), y0 = 

             mod.fit$coefficients[1] + 

             mod.fit$coefficients[2]*min(gpa$HS.GPA), 

             x1 = max(gpa$HS.GPA), y1 = 

             mod.fit$coefficients[1] + 

             mod.fit$coefficients[2]*max(gpa$HS.GPA),

             lty = "solid", col = "blue", lwd = 2)
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Notes: 

· The predict() function can be used to make predictions for a new set of X values.  It is a “generic” function like summary().  The actual function called for predict(mod.fit) is predict.lm(mod.fit) since mod.fit has a class type of lm.  The main place where knowing this is useful in STAT 870 is when examining the help.  Look up predict.lm(), not predict().
· The win.graph() function can be used to open a new plotting window. 

· The abline() function can be used to draw straight lines on a plot.  In the format used here, the line y = a + bx was drawn where a was the b0 (intercept) and b was the b1 (slope).  

· In the second plot, the segments() function was used to draw the line on the plot.  This was done to have the line within the range of the high school GPA values.  

· The curve() function also provides a convenient way to plot the line. Simply, one can use 

curve(expr = mod.fit$coefficients[1] +              

  mod.fit$coefficients[2]*x, xlim = 
  c(min(gpa$HS.GPA), max(gpa$HS.GPA)), add = TRUE, 

  col = "blue")

Below is function written to help automate the analysis.  

> ##############################################################
> # Create a function to find the sample model 
> #   and put the line on a scatter plot

[image: image76.jpg]my.reg. func<-function(x, y, data) {

#Fit the simple linear regression model and save the results in mod.fit
mod. fit<-Im(y ~ x, data = data)

#0pen a new graphics window - do not need to
win.graph(width = 6, height = 6, pointsize = 10)

#same scatter plot as before
plot(x = x, y = y, xlab = "x", ylab = "y", main = "y vs. x",
col = "red", pch = 1, cex = 1.0, panel.first=grid(col = "gray", lty = "dotted"))

#Draw a line from (x0, y0) to (x1, y1)

segments(x0 = min(x), y0 = mod.fit§coefficients[1] + mod.fit§coefficients[2]*min(x),
x1 = max(x), yl = mod.fit$coefficients[1] + mod.fit$coefficients[2]*max(x),
1ty = 1, col = "blue", lwd = 2)

#This is the object returned
mod. fit




>   save.it<-my.reg.func(x = gpa$HS.GPA, y = 
      gpa$College.GPA, data = gpa)
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>   names(save.it)

 [1] "coefficients"  "residuals"     "effects"       "rank"            

     "fitted.values"

 [6] "assign"        "qr"            "df.residual"   
     "xlevels"       "call"         

[11] "terms"         "model"        
>   summary(save.it)

Call:

lm(formula = y ~ x, data = data)

Residuals:

     Min       1Q   Median       3Q      Max 

-0.42294 -0.25711 -0.04094  0.27536  0.40334 

Coefficients:

            Estimate Std. Error t value Pr(>|t|)    

(Intercept)  0.70758    0.19941   3.548  0.00230 ** 

x            0.69966    0.07319   9.559 1.78e-08 ***

---

Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1 

Residual standard error: 0.297 on 18 degrees of freedom

Multiple R-Squared: 0.8354,     Adjusted R-squared: 0.8263 

F-statistic: 91.38 on 1 and 18 DF,  p-value: 1.779e-08 
Final notes for this example:

· Typing a function name only, like lm, will show you the actual code that is used by the function to do the calculations!  This can be useful when you want to know more about how a function works or if you want to create your own function by modifying the original version.  Often, you will see code within a function like .C or .Fortran.  These are calls outside of R to a C or Fortran program that is inside of the R installation.    

· Please remember to always use the Help if you do not understand a particular function!

· The first two pages of Vito Ricci’s R reference card for regression (http://cran.r-project.org/doc/contrib/Ricci-refcard-regression.pdf) provides a helpful summary of many of the functions we will use in this course.  

· Mathematical expressions can be put on plots using the expression() function.  For example,

>  plot(x = gpa$HS.GPA, y = gpa$College.GPA, xlab = "HS 
    GPA", ylab = "College GPA", main = 
    expression(paste("College GPA vs. HS GPA and ", 
    widehat(College.GPA) == hat(beta)[0] 

    hat(beta)[1]*HS.GPA)), xlim = c(0,4.5), ylim = c(0,4.5), 
    col = "red", pch = 1, cex = 1.0, panel.first=grid(col = 
    "gray", lty = "dotted"))

>   segments(x0 = min(gpa$HS.GPA), y0 = 

      mod.fit$coefficients[1] + mod.fit$coefficients[2]    

        * min(gpa$HS.GPA), x1 = max(gpa$HS.GPA), y1 = 
      mod.fit$coefficients[1] + mod.fit$coefficients[2] 

        * max(gpa$HS.GPA), lty = 1, col = "blue", lwd = 2)
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Note that the paste() function was used to put characters together in the title of the plot.  Run demo(plotmath) at an R Console prompt for help on the code.  

· To get specific x-axis or y-axis tick marks on a plot, use the axis() function.  For example, 

#Note that xaxt = "n" tells R to not give any labels on the 
#  x-axis (yaxt = "n" works for y-axis)

plot(x = gpa$HS.GPA, y = gpa$College.GPA, xlab = "HS GPA", 
     ylab = "College GPA", main = "College GPA vs. HS GPA", 

     xaxt = "n", xlim = c(0, 4.5), ylim = c(0, 4.5), col = 
     "red", pch = 1)
#Major tick marks

axis(side = 1, at = seq(from = 0, to = 4.5, by = 0.5)) 
#Minor tick marks

axis(side = 1, at = seq(from = 0, to = 4.5, by = 0.1), tck = 
     0.01, labels = FALSE) 
· Why is Excel not used?  Unfortunately, Excel does not have the enough statistical analyses or flexibility to suit the needs of our class.  Also, Excel 
has been to shown to be computationally incorrect in a number of cases.  While Excel is nice for simple statistics (≤ simple linear regression analysis), it is often not good to use for anything more complex.  Note that a R package called “Rexcel” is available that allows you to use R within Excel.    
· R is often referred to as an objected oriented language. This is because generic functions, like summary(), can lead to different results due to the class of the object used with it.  As discussed earlier, R first checks an object's class type when a generic function is run. R will then look for a “method” function with the name format <generic function>.<class name>. For example, summary(mod.fit) finds the function summary.lm() that summarizes fits from regression models. 

The purpose of generic functions is to use a familiar language set with any object. For example, we frequently want to summarize data or a model (summary()), plot data (plot()), and find predictions (predict()), so it is convenient to use the same language set no matter the application. The object class type determines the function action. Understanding generic functions may be one of the most difficult topics for new R users. One of the most important points students need to know now is where to find help for these functions. For example, if you want help on the results from summary(mod.fit), examine the help for summary.lm() rather than the help for summary() itself.

To see a list of all method functions associated with a class, use methods(class = <class name>), where the appropriate class name is substituted for <class name>. For our regression example, the method functions associated with the lm class are:

> methods(class = lm)

 [1] add1.lm*           alias.lm*          anova.lm           
     case.names.lm*     confint.lm*        
     cooks.distance.lm*

<OUTPUT EDITED> 

 [31] rstudent.lm        simulate.lm*       summary.lm         
      variable.names.lm* vcov.lm*          

   Non-visible functions are asterisked

To see a list of all method functions for a generic function, use methods(generic.function = <generic function name>) where the appropriate generic function name is substituted for <generic function name>. Below are the method functions associated with summary():
> methods(generic.function = summary)

 [1] summary.aov            summary.aovlist        
     summary.aspell*        summary.connection     
     summary.data.frame    

<OUTPUT EDITED> 
 [26] summary.stepfun        summary.stl*           
      summary.table          summary.tukeysmooth*  

   Non-visible functions are asterisked

· When you become more advanced with your R coding, check out http://google-styleguide.googlecode.com/svn
/trunk/google-r-style.html for a style guide to it. By having one standard style to writing code, it becomes easier for everyone to read it.  

· The R listserv is useful to search when you are having difficulties with code. You can search it at http://finzi.psych.upenn.edu/search.html. 
· My favorite R blog is http://blog.revolutionanalytics.com, which is published by Revolution Analytics (a company that “sells” its own version of R).
· Are there any point-and-click ways to produce plots or output? Yes, the Rcmdr XE "Packages:Rcmdr" \f "terms"  (short for “R Commander”) package can for many statistical methods. This package does not come with the initial installation of R, so you will need to install it. Once the package is installed, use library(package = Rcmdr) to start it. The first time that you run this code, R will ask if you want to install a number of other packages. Select yes, but note that this may take some time to install all of them. Once a data set is loaded into R Commander (select the box next to “Data set:”), various drop down window options can be chosen to complete the desired analysis. 
· Are there any point-and-click methods to use in R to do the analyses here?  Yes – Rcmdr (short for “R Commander”) is a package that allows for some point-and-click calculations.  This package does not come downloaded with the initial installation of R so you will need to install it (will take a little bit of time because it automatically installs other packages as well).  Once the package is installed, simply use library(Rcmdr) to start it.  Below is what it looks like with some actual code that I typed into it and use the SUBMIT button to run.
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One of the nice things about R Commander is that you can use it to help learn the code through using its point-and-click interface.  To begin, you need to specify the data set of interest.  Since gpa already exists in my current R session, I choose this data set by selecting DATA > ACTIVE DATA SET > SELECT ACTIVE DATA SET to bring up the screen below.
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> cpac-read.table s \\chris\\UNL\\STATS75\\R_intzo\\gpa.txc", header=TRUE,
> mod.fit<-1lm(formula = College.GPA ~ HS.GPA, data = gpa)





Next, I select the gpa data set and OK.  Now R knows that you want to use this data set for any of the point-and-click analysis tools.  For example, select STATISTICS > SUMMARIES >  ACTIVE DATA SET to have the following sent to the OUTPUT window:
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Notice how R uses the summary() function just like we did before to print summary statistics for each variable.  The SCRIPT window keeps track of this code.  

To find the sample sample simple linear regression model, select STATISTICS > FIT MODELS > LINEAR REGRESSION to bring up the following window:
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I have already highlighted the correct variables and typed in the name for the object to contain the needed information.  Here’s what happens after selecting OK, 
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Again, the same type of code as we used before is shown here.  As you can see, the R Commander may be a useful tool to use when trying to learn the code.  We will have more complicated items in the future where it will not be possible (or at least very inconvenient) to use R Commander.  Also, using a code editor that uses color will make your program code much easier to read!    

Estimating (2
Population simple linear regression model:  Yi=(o + (1Xi + (i where (i ~ independent N(0,(2)

(2 measures the variability of the (i in the graph below 
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Estimate (2 using the variability in the residuals, ei=
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Review from a previous STAT class:

Suppose there is one population and you are interested in estimating the variability.  This can be done by calculating the sample variance, 
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S2 measures the variability of the Yi around the sample mean, 
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.  

A similar measure to S2 is used in regression to measure the variability of the Yi around 
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.  This measure is the mean square error (MSE): 
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Note that the SSE has n-2 degrees of freedom associated with it.  Two degrees of freedom are lost due to the estimation of (0 and (1
.        

Question: Which plot is associated with the higher MSE?  Note that the same X values are used in both plots.
1)
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Practical interpretation of MSE 

· Rule of thumb: Most data lies within ( 2 to 3 standard deviations from the mean (see the empirical rule, assuming a mound shape distribution).  

· Here, 
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 plays the role of the mean and 
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 plays the role of the standard deviation.

· So all of the Y values should lie between 
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Example: Sales and Advertising
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MSE = ((Y-
[image: image100.wmf]Y

ˆ

)2/(n-2) = 1.1/(5-2) = 0.3667

NOTE: 2*
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 = 1.2111
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Example calculation:

For X=4,
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= 2.7 ( 1.2111 

= (1.4889, 3.9111)
Therefore for all observations in the data set with X=4, one would expect all the corresponding Y values to be between 1.49 and 3.91.  

Example: HS and College GPA (HS_college_GPA.R)
From earlier,  

>   summary(mod.fit)

Call:

lm(formula = College.GPA ~ HS.GPA, data = gpa)

Residuals:

     Min       1Q   Median       3Q      Max 

-0.42294 -0.25711 -0.04094  0.27536  0.40334 

Coefficients:

            Estimate Std. Error t value Pr(>|t|)    

(Intercept)  0.70758    0.19941   3.548  0.00230 ** 

HS.GPA       0.69966    0.07319   9.559 1.78e-08 ***

---

Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1 

Residual standard error: 0.297 on 18 degrees of freedom

Multiple R-Squared: 0.8354,     Adjusted R-squared: 0.8263 

F-statistic: 91.38 on 1 and 18 DF,  p-value: 1.779e-08

From the above output, 
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 = 0.297.  And, 

> 0.297^2

[1] 0.088209

is MSE.  Using 
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 in the same type of Excel 
plot as in the previous example produces, 
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To help you with learning R, here are two other ways to find the MSE.  Method #1: 

> names(mod.fit)

 [1] "coefficients"  "residuals"     "effects"       "rank"         

 [5] "fitted.values" "assign"        "qr"   "df.residual"  

 [9] "xlevels"       "call"          "terms"         "model"        

> mod.fit$residuals

          1           2           3           4           5           

 0.26546091 -0.05177482  0.40334475 -0.24187731 -0.18761083 
          6           7           8
-0.03010181  0.32058048  0.26921493 
          9          10          11          12          13           0.21034134  0.31170591 -0.37976115 -0.36133070  0.29805437 
   14          15          16 

–0.18726921  0.23883914 -0.34307203 

         17          18          19          20 

-0.30279873  0.29378887 -0.10279873 -0.42293538 

> sum(mod.fit$residuals^2)/mod.fit$df.residual

[1] 0.08822035

Method #2: 

>    #Method #2

>     summary.fit<-summary(mod.fit)

>     names(summary.fit)

 [1] "call"          "terms"         "residuals"     "coefficients"  "aliased"      

 [6] "sigma"         "df"            "r.squared"     "adj.r.squared" "fstatistic"   

[11] "cov.unscaled" 
>     summary.fit$sigma

[1] 0.2970191

>     summary.fit$sigma^2

[1] 0.08822035

Note: This type of interpretation for MSE will be used again for residual plots in Chapter 3.  

Model assumptions
At each possible X value, Y has a normal probability distribution function (PDF) with E(Y) = (0 + (1X and Var(Y) = (2.  Why?

( is a normal random variable with E(() = 0 and Var(() = (2.  Thus, 

Var(Y) 
= Var((0 + (1X + () 

= Var(() since (0 + (1X is a constant

= (2
E(Y) 
= E((0 + (1X + () 

= E((0) + E((1X) + E(()

= (0 + (1X + 0

= (0 + (1X  (also shown on p. 1.8)
For each X, we can then use the normal PDF to understand what range we would expect the Y observations to fall within.  For example, 

P[E(Y) - 2( < Y < E(Y) + 2(] = 0.954 

( P[(0 + (1X - 2( < Y < (0 + (1X + 2(] = 0.954 

Please remember that Y is dependent on the particular value of X here. 

Below is an illustration of how Y has a normal PDF at each X.
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Also see p. 30 for a partially related discussion.

Remember that (2 controls the spread of the normal distributions above.  Compare the spread illustrated here to the plots on p. 1.53 and p. 1.55.  

� EMBED MSGraph.Chart.8 \s ���








�Older reference: McCullough and Wilson�, Computational Statistics & Data Analysis, 2005, p. 1244-1252


�How would you do this in R?  Use segments() function
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		ANOVA

				df		SS		MS		F		Significance F
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		Residual		18		1.5818006627		0.0878778146
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		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164

		X=HS GPA		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals

		1		2.8349		0.2651		0.9186

		2		2.3496		-0.0496		-0.1720

		3		2.6003		0.3997		1.3853

		4		2.1443		-0.2443		-0.8467
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		13		2.0014		0.2986		1.0348
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164		0.2876738987		1.1243229164

		X=HS GPA		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y=College GPA		Residuals

		1		2.8349457211		0.2650542789

		2		2.3496238486		-0.0496238486

		3		2.6003027756		0.3996972244

		4		2.14430811		-0.24430811

		5		2.685064328		-0.185064328

		6		3.7297201577		-0.0297201577

		7		3.0790740804		0.3209259196

		8		2.3313837274		0.2686162726

		9		2.5920557642		0.2079442358
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164		0.2876738987		1.1243229164

		X		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals
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		14		3.3863604412		-0.1863604412
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		16		1.7427383061		-0.3427383061

		17		2.304829688		-0.304829688
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		Student		X		Z		Y		Random N(0,.25)				Student		X=HS GPA		Y=College GPA		Predicted Y

		1		3.04				3.10		-0.0609088602				1		3.04		3.10		2.8349

		2		2.35				2.30		0.0462898697				2		2.35		2.30		2.3496

		3		2.70				3.00		-0.2958637424				3		2.70		3.00		2.6003

		4		2.05				1.90		0.153199835				4		2.05		1.90		2.1443

		5		2.83				2.50		0.3251341241				5		2.83		2.50		2.6851

		6		4.32				3.70		0.6163895705				6		4.32		3.70		3.7297

		7		3.39				3.40		-0.0124134658				7		3.39		3.40		3.0791

		8		2.32				2.60		-0.2797480647				8		2.32		2.60		2.3314

		9		2.69				2.80		-0.1076364242				9		2.69		2.80		2.5921

		10		0.83				1.60		-0.7743301467				10		0.83		1.60		1.2844

		11		2.39				2.00		0.3878892585				11		2.39		2.00		2.3788

		12		3.65				2.90		0.7454445949				12		3.65		2.90		3.2597

		13		1.85				2.30		-0.4507512585				13		1.85		2.30		2.0014

		14		3.83				3.20		0.626240535				14		3.83		3.20		3.3864

		15		1.22				1.80		-0.5770220923				15		1.22		1.80		1.5627

		16		1.48				1.40		0.0799553845				16		1.48		1.40		1.7427

		17		2.28				2.00		0.282345809				17		2.28		2.00		2.3048

		18		4.00				3.80		0.4301170975				18		4.00		3.80		3.5081

		19		2.28				2.20		0.0805755462				19		2.28		2.20		2.3036

		20		1.88				1.60		0.2770235596				20		1.88		1.60		2.0209

										Intercept		0.7059984076

										X=HS GPA		0.7005210491
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Sheet1

		X		Y		SUMMARY OUTPUT

		1		1

		2		1		Regression Statistics

		3		2		Multiple R		0.9036961141

		4		2		R Square		0.8166666667

		5		4		Adjusted R Square		0.7555555556

						Standard Error		0.6055300708

						Observations		5

						ANOVA

								df		SS		MS		F		Significance F

						Regression		1		4.9		4.9		13.3636363636		0.035352847

						Residual		3		1.1		0.3666666667

						Total		4		6

								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

						Intercept		-0.1		0.6350852961		-0.1574591643		0.8848839798		-2.1211267502		1.9211267502		-2.1211267502		1.9211267502

						X		0.7		0.1914854216		3.6556307751		0.035352847		0.090607356		1.309392644		0.090607356		1.309392644

						RESIDUAL OUTPUT

						Observation		Predicted Y		Residuals

						1		0.6		0.4

						2		1.3		-0.3

						3		2		0

						4		2.7		-0.7

						5		3.4		0.6
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Regression

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164

		X=HS GPA		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals

		1		2.8349		0.2651		0.9186

		2		2.3496		-0.0496		-0.1720

		3		2.6003		0.3997		1.3853

		4		2.1443		-0.2443		-0.8467

		5		2.6851		-0.1851		-0.6414

		6		3.7297		-0.0297		-0.1030

		7		3.0791		0.3209		1.1123

		8		2.3314		0.2686		0.9310

		9		2.5921		0.2079		0.7207

		10		1.2844		0.3156		1.0938

		11		2.3788		-0.3788		-1.3127

		12		3.2597		-0.3597		-1.2467

		13		2.0014		0.2986		1.0348

		14		3.3864		-0.1864		-0.6459

		15		1.5627		0.2373		0.8224

		16		1.7427		-0.3427		-1.1879

		17		2.3048		-0.3048		-1.0565

		18		3.5081		0.2919		1.0117

		19		2.3036		-0.1036		-0.3590

		20		2.0209		-0.4209		-1.4587
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		Student		X=HS GPA		Z		Y=College GPA		Random N(0,.25)				Student		X=HS GPA		Y=College GPA		Predicted Y

		1		3.04				3.10		-0.0609088602				1		3.04		3.10		2.8349

		2		2.35				2.30		0.0462898697				2		2.35		2.30		2.3496

		3		2.70				3.00		-0.2958637424				3		2.70		3.00		2.6003

		4		2.05				1.90		0.153199835				4		2.05		1.90		2.1443

		5		2.83				2.50		0.3251341241				5		2.83		2.50		2.6851

		6		4.32				3.70		0.6163895705				6		4.32		3.70		3.7297

		7		3.39				3.40		-0.0124134658				7		3.39		3.40		3.0791

		8		2.32				2.60		-0.2797480647				8		2.32		2.60		2.3314

		9		2.69				2.80		-0.1076364242				9		2.69		2.80		2.5921

		10		0.83				1.60		-0.7743301467				10		0.83		1.60		1.2844

		11		2.39				2.00		0.3878892585				11		2.39		2.00		2.3788

		12		3.65				2.90		0.7454445949				12		3.65		2.90		3.2597

		13		1.85				2.30		-0.4507512585				13		1.85		2.30		2.0014

		14		3.83				3.20		0.626240535				14		3.83		3.20		3.3864

		15		1.22				1.80		-0.5770220923				15		1.22		1.80		1.5627

		16		1.48				1.40		0.0799553845				16		1.48		1.40		1.7427

		17		2.28				2.00		0.282345809				17		2.28		2.00		2.3048

		18		4.00				3.80		0.4301170975				18		4.00		3.80		3.5081

		19		2.28				2.20		0.0805755462				19		2.28		2.20		2.3036

		20		1.88				1.60		0.2770235596				20		1.88		1.60		2.0209

										Intercept		0.7059984076

										X=HS GPA		0.7005210491
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More Variablility-12.5

		X		Y		Normal						SUMMARY OUTPUT

		1		4.7065242496		-0.2934757504

		1.1		8.0302620194		2.8302620194						Regression Statistics

		1.2		3.2632695274		-2.1367304726						Multiple R		0.7721893343

		1.3		3.1294449541		-2.4705550459						R Square		0.5962763679

		1.4		2.8897879393		-2.9102120607						Adjusted R Square		0.5878654589

		1.5		6.9345549188		0.9345549188						Standard Error		2.0752405053

		1.6		4.9422615959		-1.2577384041						Observations		50

		1.7		6.198817953		-0.201182047

		1.8		6.0351328496		-0.5648671504						ANOVA

		1.9		6.4132373781		-0.3867626219								df		SS		MS		F		Significance F

		2		8.9361923478		1.9361923478						Regression		1		305.3103549931		305.3103549931		70.8932135472		0.0000000001

		2.1		10.7297744034		3.5297744034						Residual		48		206.7179114388		4.306623155

		2.2		9.7130833142		2.3130833142						Total		49		512.0282664319

		2.3		10.4798058338		2.8798058338

		2.4		9.5714028218		1.7714028218								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%		Lower 95.0%		Upper 95.0%

		2.5		8.0318550519		0.0318550519						Intercept		3.7385263213		0.760540181		4.9156197331		0.0000107393		2.2093586948		5.2676939478		2.2093586948		5.2676939478		-44960.872367779		59756.8485494964

		2.6		4.7791685099		-3.4208314901						X		1.7123528459		0.2033718917		8.4198107786		0.0000000001		1.3034464913		2.1212592005		1.3034464913		2.1212592005		-19041.0206721163		8960.9725585727

		2.7		9.5264601198		1.1264601198

		2.8		8.3122595232		-0.2877404768

		2.9		7.3610002113		-1.4389997887

		3		7.3320776664		-1.6679223336						RESIDUAL OUTPUT

		3.1		14.6199481383		5.4199481383

		3.2		8.9354619386		-0.4645380614						Observation		Predicted Y		Residuals

		3.3		11.1301502572		1.5301502572						1		5.4508791672		-0.7443549176

		3.4		10.1173499863		0.3173499863						2		5.6221144518		2.4081475676

		3.5		9.8199991751		-0.1800008249						3		5.7933497364		-2.5300802089

		3.6		8.3465516612		-1.8534483388						4		5.964585021		-2.8351400668

		3.7		8.4385364324		-1.9614635676						5		6.1358203056		-3.2460323662

		3.8		12.6693478291		2.0693478291						6		6.3070555901		0.6274993286

		3.9		6.0328580548		-4.7671419452						7		6.4782908747		-1.5360292788

		4		12.6081303329		1.6081303329						8		6.6495261593		-0.4507082063

		4.1		12.2811563698		1.0811563698						9		6.8207614439		-0.7856285943

		4.2		10.7254095898		-0.6745904102						10		6.9919967285		-0.5787593504

		4.3		14.5653601814		2.9653601814						11		7.1632320131		1.7729603347

		4.4		12.2247540346		0.4247540346						12		7.3344672977		3.3953071057

		4.5		8.6413888615		-3.3586111385						13		7.5057025823		2.2073807319

		4.6		9.1397758832		-3.0602241168						14		7.6769378669		2.8028679669

		4.7		11.2162308		-1.1837692						15		7.8481731515		1.7232296703

		4.8		13.1326382961		0.5326382961						16		8.019408436		0.0124466159

		4.9		12.0911507434		-0.7088492566						17		8.1906437206		-3.4114752107

		5		13.4841967893		0.4841967893						18		8.3618790052		1.1645811146

		5.1		12.2489841366		-0.9510158634						19		8.5331142898		-0.2208547666

		5.2		11.0545732352		-2.3454267648						20		8.7043495744		-1.3433493631

		5.3		12.4960389601		-1.1039610399						21		8.875584859		-1.5435071926

		5.4		14.5332419045		0.7332419045						22		9.0468201436		5.5731279947

		5.5		10.4810194797		-3.5189805203						23		9.2180554282		-0.2825934895

		5.6		12.2101929395		-1.9898070605						24		9.3892907128		1.7408595444

		5.7		13.1624360074		-1.2375639926						25		9.5605259973		0.5568239889

		5.8		12.132560883		-2.467439117						26		9.7317612819		0.0882378932

		5.9		16.451365892		1.651365892						27		9.9029965665		-1.5564449053

												28		10.0742318511		-1.6356954187

												29		10.2454671357		2.4238806934

												30		10.4167024203		-4.3838443655

												31		10.5879377049		2.020192628

												32		10.7591729895		1.5219833803

												33		10.9304082741		-0.2049986843

												34		11.1016435587		3.4637166228

												35		11.2728788432		0.9518751914

												36		11.4441141278		-2.8027252664

												37		11.6153494124		-2.4755735292

												38		11.786584697		-0.570353897

												39		11.9578199816		1.1748183145

												40		12.1290552662		-0.0379045228

												41		12.3002905508		1.1839062386

												42		12.4715258354		-0.2225416988

												43		12.64276112		-1.5881878848

												44		12.8139964045		-0.3179574445

												45		12.9852316891		1.5480102154

												46		13.1564669737		-2.675447494

												47		13.3277022583		-1.1175093188

												48		13.4989375429		-0.3365015355

												49		13.6701728275		-1.5376119445

												50		13.8414081121		2.6099577799
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Linear Relationship
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Quadratic Relationship

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



More Variability
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Non-constant variance

		X		Y		Normal						SUMMARY OUTPUT

		1		4.8901553226		-0.1098446774

		1.1		4.4705861587		-0.7294138413						Regression Statistics

		1.2		5.9566148502		0.5566148502						Multiple R		0.9566937771

		1.3		6.6850369563		1.0850369563						R Square		0.9152629832

		1.4		5.6353987394		-0.1646012606						Adjusted R Square		0.9134976287

		1.5		6.6688946996		0.6688946996						Standard Error		0.8741648423

		1.6		5.9606082616		-0.2393917384						Observations		50

		1.7		6.1185340135		-0.2814659865

		1.8		7.8116065591		1.2116065591						ANOVA

		1.9		6.1883052412		-0.6116947588								df		SS		MS		F		Significance F

		2		7.7120504506		0.7120504506						Regression		1		396.1873791036		396.1873791036		518.4584594346		2.24512311555661E-27

		2.1		8.5326653061		1.3326653061						Residual		48		36.6798802313		0.7641641715

		2.2		7.4181430551		0.0181430551						Total		49		432.8672593349

		2.3		7.348245159		-0.251754841

		2.4		7.6800902858		-0.1199097142								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%		Lower 95.0%		Upper 95.0%

		2.5		6.3621728461		-1.6378271539						Intercept		3.3963286637		0.3203664759		10.6013859727		0		2.7521890695		4.0404682579		2.7521890695		4.0404682579		-44960.872367779		59756.8485494964

		2.6		9.3304068721		1.1304068721						X		1.9506206212		0.0856674478		22.7696829015		2.24512311555649E-27		1.778374774		2.1228664684		1.778374774		2.1228664684		-19041.0206721163		8960.9725585727

		2.7		7.7725994045		-0.6274005955

		2.8		8.6183497377		0.0183497377

		2.9		10.9822415874		2.1822415874

		3		9.2092774594		0.2092774594						RESIDUAL OUTPUT

		3.1		9.1106598807		-0.0893401193

		3.2		10.4641128938		1.0641128938						Observation		Predicted Y		Residuals		Standard Residuals

		3.3		11.0997099242		1.4997099242						1		5.3469492849		-0.4567939622		-0.5279641579

		3.4		12.4296911528		2.6296911528						2		5.542011347		-1.0714251883		-1.2383572116

		3.5		10.7822141015		0.7822141015						3		5.7370734091		0.2195414411		0.253746813

		3.6		11.2148835372		1.0148835372						4		5.9321354712		0.7529014851		0.8702063325

		3.7		10.8971986982		0.4971986982						5		6.1271975333		-0.4917987939		-0.5684228724

		3.8		9.4992776707		-1.1007223293						6		6.3222595954		0.3466351042		0.4006421407

		3.9		11.1361683412		0.3361683412						7		6.5173216575		-0.556713396		-0.6434514105

		4		11.8956583315		0.8956583315						8		6.7123837197		-0.5938497062		-0.6863736958

		4.1		10.7761930904		-0.4238069096						9		6.9074457818		0.9041607773		1.0450323842

		4.2		12.2050678844		0.8050678844						10		7.1025078439		-0.9142026027		-1.0566387633

		4.3		12.0123032795		0.4123032795						11		7.297569906		0.4144805446		0.4790581527

		4.4		10.7023247053		-1.0976752947						12		7.4926319681		1.040033338		1.2020743944

		4.5		10.4286141625		-1.5713858375						13		7.6876940302		-0.2695509752		-0.3115480182

		4.6		11.3192432844		-0.8807567156						14		7.8827560924		-0.5345109333		-0.6177897218

		4.7		12.9473079909		0.5473079909						15		8.0778181545		-0.3977278686		-0.4596953476

		4.8		13.144907607		0.544907607						16		8.2728802166		-1.9107073705		-2.2084026746

		4.9		13.1696263775		0.3696263775						17		8.4679422787		0.8624645934		0.99683978

		5		13.1235921445		0.1235921445						18		8.6630043408		-0.8904049363		-1.0291333321

		5.1		14.1833920558		0.9833920558						19		8.8580664029		-0.2397166652		-0.2770654119

		5.2		12.8177319422		-0.5822680578						20		9.0531284651		1.9291131224		2.2296761109

		5.3		14.0787752914		0.4787752914						21		9.2481905272		-0.0389130678		-0.0449758683

		5.4		13.0265873061		-0.7734126939						22		9.4432525893		-0.3325927086		-0.3844118877

		5.5		14.1943103598		0.1943103598						23		9.6383146514		0.8257982424		0.9544606753

		5.6		13.709684244		-0.490315756						24		9.8333767135		1.2663332107		1.4636326277

		5.7		14.6023515435		0.2023515435						25		10.0284387756		2.4012523772		2.775376415

		5.8		15.3037954219		0.7037954219						26		10.2235008378		0.5587132637		0.6457628651

		5.9		14.671124146		-0.128875854						27		10.4185628999		0.7963206373		0.9203903499

												28		10.613624962		0.2835737362		0.3277555774

												29		10.8086870241		-1.3094093534		-1.5134201934

												30		11.0037490862		0.1324192549		0.1530506666

												31		11.1988111483		0.6968471832		0.8054185622

												32		11.3938732105		-0.61768012		-0.7139169766

												33		11.5889352726		0.6161326118		0.7121283608

												34		11.7839973347		0.2283059448		0.2638768589

												35		11.9790593968		-1.2767346915		-1.4756546978

												36		12.1741214589		-1.7455072964		-2.0174638154

												37		12.369183521		-1.0499402366		-1.2135248246

												38		12.5642455832		0.3830624078		0.4427449535

												39		12.7593076453		0.3855999618		0.4456778678

												40		12.9543697074		0.2152566701		0.2487944587

												41		13.1494317695		-0.025839625		-0.0298655345

												42		13.3444938316		0.8388982242		0.9696016829

												43		13.5395558937		-0.7218239515		-0.8342868038

												44		13.7346179559		0.3441573355		0.3977783265

												45		13.929680018		-0.9030927119		-1.0437979102

												46		14.1247420801		0.0695682797		0.080407276

												47		14.3198041422		-0.6101198982		-0.7051788441

												48		14.5148662043		0.0874853392		0.1011158799

												49		14.7099282664		0.5938671555		0.6863938638

												50		14.9049903286		-0.2338661826		-0.2703034023
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		X				Y		Normal				SUMMARY OUTPUT

		-3		9		8.8901553226		-0.1098446774

		-2.9		8.41		7.6805861587		-0.7294138413				Regression Statistics

		-2.8		7.84		8.3966148502		0.5566148502				Multiple R		0.9572367402

		-2.7		7.29		8.3750369563		1.0850369563				R Square		0.9163021769

		-2.6		6.76		6.5953987394		-0.1646012606				Adjusted R Square		0.913416045

		-2.5		6.25		6.9188946996		0.6688946996				Standard Error		0.8183345562

		-2.4		5.76		5.5206082616		-0.2393917384				Observations		61

		-2.3		5.29		5.0085340135		-0.2814659865

		-2.2		4.84		6.0516065591		1.2116065591				ANOVA

		-2.1		4.41		3.7983052412		-0.6116947588						df		SS		MS		F		Significance F

		-2		4		4.7120504506		0.7120504506				Regression		2		425.2206340252		212.6103170126		317.484519184		5.73734171292543E-32

		-1.9		3.61		4.9426653061		1.3326653061				Residual		58		38.8409438622		0.6696714459

		-1.8		3.24		3.2581430551		0.0181430551				Total		60		464.0615778873

		-1.7		2.89		2.638245159		-0.251754841

		-1.6		2.56		2.4400902858		-0.1199097142						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		-1.5		2.25		0.6121728461		-1.6378271539				Intercept		0.3001632511		0.1572007368		1.9094264906		0.0611576335		-0.0145079764		0.6148344786		-0.0145079764		0.6148344786

		-1.4		1.96		3.0904068721		1.1304068721				X		-0.0906378247		0.059509339		-1.5230857242		0.1331713898		-0.2097586197		0.0284829704		-0.2097586197		0.0284829704

		-1.3		1.69		1.0625994045		-0.6274005955						0.9508586759		0.0378037146		25.1525197196		6.88150386849593E-33		0.8751863762		1.0265309755		0.8751863762		1.0265309755

		-1.2		1.44		1.4583497377		0.0183497377

		-1.1		1.21		3.3922415874		2.1822415874

		-1		1		1.2092774594		0.2092774594

		-0.9		0.81		0.7206598807		-0.0893401193				RESIDUAL OUTPUT

		-0.8		0.64		1.7041128938		1.0641128938

		-0.7		0.49		1.9897099242		1.4997099242				Observation		Predicted Y		Residuals

		-0.6		0.36		2.9896911528		2.6296911528				1		9.1298048078		-0.2396494852

		-0.5		0.25		1.0322141015		0.7822141015				2		8.5597344066		-0.8791482479

		-0.4		0.16		1.1748835372		1.0148835372				3		8.0086811789		0.3879336713

		-0.3		0.09		0.5871986982		0.4971986982				4		7.4766451247		0.8983918316

		-0.2		0.04		-1.0607223293		-1.1007223293				5		6.9636262441		-0.3682275047

		-0.1		0.01		0.3461683412		0.3361683412				6		6.4696245369		0.4492701627

		0		2.33037523270856E-30		0.8956583315		0.8956583315				7		5.9946400033		-0.4740317417

		0.1		0.01		-0.4138069096		-0.4238069096				8		5.5386726431		-0.5301386297

		0.2		0.04		0.8450678844		0.8050678844				9		5.1017224565		0.9498841025

		0.3		0.09		0.5023032795		0.4123032795				10		4.6837894435		-0.8854842023

		0.4		0.16		-0.9376752947		-1.0976752947				11		4.2848736039		0.4271768467

		0.5		0.25		-1.3213858375		-1.5713858375				12		3.9049749378		1.0376903683

		0.6		0.36		-0.5207567156		-0.8807567156				13		3.5440934453		-0.2859503903

		0.7		0.49		1.0373079909		0.5473079909				14		3.2022291263		-0.5639839673

		0.8		0.64		1.184907607		0.544907607				15		2.8793819808		-0.439291695

		0.9		0.81		1.1796263775		0.3696263775				16		2.5755520088		-1.9633791627

		1		1		1.1235921445		0.1235921445				17		2.2907392104		0.7996676618

		1.1		1.21		2.1933920558		0.9833920558				18		2.0249435854		-0.9623441809

		1.2		1.44		0.8577319422		-0.5822680578				19		1.778165134		-0.3198153962

		1.3		1.69		2.1687752914		0.4787752914				20		1.5504038561		1.8418377314

		1.4		1.96		1.1865873061		-0.7734126939				21		1.3416597517		-0.1323822923

		1.5		2.25		2.4443103598		0.1943103598				22		1.1519328208		-0.4312729401

		1.6		2.56		2.069684244		-0.490315756				23		0.9812230634		0.7228898304

		1.7		2.89		3.0923515435		0.2023515435				24		0.8295304796		1.1601794447

		1.8		3.24		3.9437954219		0.7037954219				25		0.6968550693		2.2928360836

		1.9		3.61		3.481124146		-0.128875854				26		0.5831968324		0.449017269

		2		4		3.9021747499		-0.0978252501				27		0.4885557691		0.6863277681

		2.1		4.41		5.3534206731		0.9434206731				28		0.4129318794		0.1742668188

		2.2		4.84		4.1277565091		-0.7122434909				29		0.3563251631		-1.4170474924

		2.3		5.29		4.4664816514		-0.8235183486				30		0.3187356204		0.0274327208

		2.4		5.76		4.7899293131		-0.9700706869				31		0.3001632511		0.5954950804

		2.5		6.25		6.5615183063		0.3115183063				32		0.3006080554		-0.714414965

		2.6		6.76		6.3407538653		-0.4192461347				33		0.3200700332		0.5249978511

		2.7		7.29		7.2229393177		-0.0670606823				34		0.3585491846		0.143754095

		2.8		7.84		7.6517109499		-0.1882890501				35		0.4160455094		-1.3537208041

		2.9		8.41		8.281079126		-0.128920874				36		0.4925590078		-1.8139448452

		3		9		8.871079126		-0.128920874				37		0.5880896796		-1.1088463952

												38		0.702637525		0.3346704659

												39		0.8362025439		0.3487050631

												40		0.9887847364		0.1908416411

												41		1.1603841023		-0.0367919578

												42		1.3510006418		0.842391414

												43		1.5606343548		-0.7029024125

												44		1.7892852413		0.3794900502

												45		2.0369533013		-0.8503659952

												46		2.3036385348		0.140671825

												47		2.5893409418		-0.5196566978

												48		2.8940605224		0.1982910211

												49		3.2177972765		0.7259981455

												50		3.5605512041		-0.0794270581

												51		3.9223223052		-0.0201475553

												52		4.3031105798		1.0503100933

												53		4.702916028		-0.5751595188

												54		5.1217386496		-0.6552569983

												55		5.5595784448		-0.7696491317

												56		6.0164354135		0.5450828927

												57		6.4923095557		-0.1515556904

												58		6.9872008715		0.2357384462

												59		7.5011093607		0.1506015891

												60		8.0340350235		0.2470441025

												61		8.5859778598		0.2851012662
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8.8901553226

9.1298048078

7.6805861587

8.5597344066

8.3966148502

8.0086811789

8.3750369563

7.4766451247

6.5953987394

6.9636262441

6.9188946996

6.4696245369

5.5206082616

5.9946400033

5.0085340135

5.5386726431

6.0516065591

5.1017224565

3.7983052412

4.6837894435

4.7120504506

4.2848736039

4.9426653061

3.9049749378

3.2581430551

3.5440934453

2.638245159

3.2022291263

2.4400902858

2.8793819808

0.6121728461

2.5755520088

3.0904068721

2.2907392104

1.0625994045

2.0249435854

1.4583497377

1.778165134

3.3922415874

1.5504038561

1.2092774594

1.3416597517

0.7206598807

1.1519328208

1.7041128938

0.9812230634

1.9897099242

0.8295304796

2.9896911528

0.6968550693

1.0322141015

0.5831968324

1.1748835372

0.4885557691

0.5871986982

0.4129318794

-1.0607223293

0.3563251631

0.3461683412

0.3187356204

0.8956583315

0.3001632511

-0.4138069096

0.3006080554

0.8450678844

0.3200700332

0.5023032795

0.3585491846

-0.9376752947

0.4160455094

-1.3213858375

0.4925590078

-0.5207567156

0.5880896796

1.0373079909

0.702637525

1.184907607

0.8362025439

1.1796263775

0.9887847364

1.1235921445

1.1603841023

2.1933920558

1.3510006418

0.8577319422

1.5606343548

2.1687752914

1.7892852413

1.1865873061

2.0369533013

2.4443103598

2.3036385348

2.069684244

2.5893409418

3.0923515435

2.8940605224

3.9437954219

3.2177972765

3.481124146

3.5605512041

3.9021747499

3.9223223052

5.3534206731

4.3031105798

4.1277565091

4.702916028

4.4664816514

5.1217386496

4.7899293131

5.5595784448

6.5615183063

6.0164354135

6.3407538653

6.4923095557

7.2229393177

6.9872008715

7.6517109499

7.5011093607

8.281079126

8.0340350235

8.871079126

8.5859778598



		X		Y				Normal

		1		4.9989015532		0.01		-0.1098446774

		1.1		5.0832937854		0.16		-0.7294138413

		1.2		5.5725506036		0.31		0.5566148502

		1.3		6.0991169999		0.46		1.0850369563

		1.4		5.699593231		0.61		-0.1646012606

		1.5		6.5083599717		0.76		0.6688946996

		1.6		5.982153518		0.91		-0.2393917384

		1.7		6.1016460543		1.06		-0.2814659865

		1.8		8.0660439365		1.21		1.2116065591

		1.9		5.968095128		1.36		-0.6116947588

		2		8.0751961804		1.51		0.7120504506

		2.1		9.4122244081		1.66		1.3326653061

		2.2		7.4328389297		1.81		0.0181430551

		2.3		7.1065605117		1.96		-0.251754841

		2.4		7.5469905031		2.11		-0.1199097142

		2.5		4.2985106322		2.26		-1.6378271539

		2.6		10.9242805618		2.41		1.1304068721

		2.7		6.7938544756		2.56		-0.6274005955

		2.8		8.6497277892		2.71		0.0183497377

		2.9		15.0412109401		2.86		2.1822415874

		3		9.6299251527		3.01		0.2092774594

		3.1		8.917685223		3.16		-0.0893401193

		3.2		12.9222136785		3.31		1.0641128938

		3.3		14.7889963379		3.46		1.4997099242

		3.4		19.2931850617		3.61		2.6296911528

		3.5		12.9411250216		3.76		0.7822141015

		3.6		14.1681946305		3.91		1.0148835372

		3.7		12.4186267147		4.06		0.4971986982

		3.8		5.9659589937		4.21		-1.1007223293

		3.9		12.2656939675		4.36		0.3361683412

		4		15.0394190751		4.51		0.8956583315

		4.1		9.2250598014		4.66		-0.4238069096

		4.2		15.2723765238		4.81		0.8050678844

		4.3		13.6450242664		4.96		0.4123032795

		4.4		6.1908792443		5.11		-1.0976752947

		4.5		3.734510495		5.26		-1.5713858375

		4.6		7.4351061688		5.41		-0.8807567156

		4.7		15.4430324296		5.56		0.5473079909

		4.8		15.7114224362		5.71		0.544907607

		4.9		14.9660105722		5.86		0.3696263775

		5		13.7427887886		6.01		0.1235921445

		5.1		19.2576950636		6.16		0.9833920558

		5.2		9.7258885555		6.31		-0.5822680578

		5.3		16.6928883825		6.46		0.4787752914

		5.4		8.6877420934		6.61		-0.7734126939

		5.5		15.3135380323		6.76		0.1943103598

		5.6		10.8119181261		6.91		-0.490315756

		5.7		15.8286018973		7.06		0.2023515435

		5.8		19.6743649922		7.21		0.7037954219

		5.9		13.8514737146		7.36		-0.128875854
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Sheet1

		X		Y						SUMMARY OUTPUT

		1		1

		2		1						Regression Statistics

		3		2						Multiple R		0.9036961141

		4		2						R Square		0.8166666667

		5		4						Adjusted R Square		0.7555555556

										Standard Error		0.6055300708

										Observations		5

		GO DOWN

										ANOVA

												df		SS		MS		F		Significance F

										Regression		1		4.9		4.9		13.3636363636		0.035352847

										Residual		3		1.1		0.3666666667

										Total		4		6

												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

										Intercept		-0.1		0.6350852961		-0.1574591643		0.8848839798		-2.1211267502		1.9211267502		-2.1211267502		1.9211267502

										X		0.7		0.1914854216		3.6556307751		0.035352847		0.090607356		1.309392644		0.090607356		1.309392644

										RESIDUAL OUTPUT

		X		Y		low		up		Predicted Y		Residuals

		1		1		-0.1334		1.3334		0.6		0.4

		2		1		0.5666		2.0334		1.3		-0.3				MSE		0.3667

		3		2		1.2666		2.7334		2		0				2*sqrt		1.2111151886

		4		2		1.9666		3.4334		2.7		-0.7

		5		4		2.6666		4.1334		3.4		0.6
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Sheet3

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164		0.2876738987		1.1243229164

		X		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		2.8349457211		0.2650542789

		2		2.3496238486		-0.0496238486

		3		2.6003027756		0.3996972244

		4		2.14430811		-0.24430811

		5		2.685064328		-0.185064328

		6		3.7297201577		-0.0297201577

		7		3.0790740804		0.3209259196

		8		2.3313837274		0.2686162726

		9		2.5920557642		0.2079442358

		10		1.2843975194		0.3156024806

		11		2.378765096		-0.378765096

		12		3.2597090796		-0.3597090796

		13		2.001436076		0.298563924

		14		3.3863604412		-0.1863604412

		15		1.5627201745		0.2372798255

		16		1.7427383061		-0.3427383061

		17		2.304829688		-0.304829688

		18		3.5080826039		0.2919173961

		19		2.3035895817		-0.1035895817

		20		2.0208929207		-0.4208929207
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Regression

		SUMMARY OUTPUT

		Regression Statistics				MSE:		0.0878778146

		Multiple R		0.9143710075		2*sqrt		0.592883849

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164

		X=HS GPA		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals

		1		2.8349		0.2651		0.9186

		2		2.3496		-0.0496		-0.1720

		3		2.6003		0.3997		1.3853

		4		2.1443		-0.2443		-0.8467

		5		2.6851		-0.1851		-0.6414

		6		3.7297		-0.0297		-0.1030

		7		3.0791		0.3209		1.1123

		8		2.3314		0.2686		0.9310

		9		2.5921		0.2079		0.7207

		10		1.2844		0.3156		1.0938

		11		2.3788		-0.3788		-1.3127

		12		3.2597		-0.3597		-1.2467

		13		2.0014		0.2986		1.0348

		14		3.3864		-0.1864		-0.6459

		15		1.5627		0.2373		0.8224

		16		1.7427		-0.3427		-1.1879

		17		2.3048		-0.3048		-1.0565

		18		3.5081		0.2919		1.0117

		19		2.3036		-0.1036		-0.3590

		20		2.0209		-0.4209		-1.4587
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Sheet2

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164		0.2876738987		1.1243229164

		X=HS GPA		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y=College GPA		Residuals

		1		2.8349457211		0.2650542789

		2		2.3496238486		-0.0496238486

		3		2.6003027756		0.3996972244

		4		2.14430811		-0.24430811

		5		2.685064328		-0.185064328

		6		3.7297201577		-0.0297201577

		7		3.0790740804		0.3209259196

		8		2.3313837274		0.2686162726

		9		2.5920557642		0.2079442358

		10		1.2843975194		0.3156024806

		11		2.378765096		-0.378765096

		12		3.2597090796		-0.3597090796

		13		2.001436076		0.298563924

		14		3.3863604412		-0.1863604412

		15		1.5627201745		0.2372798255

		16		1.7427383061		-0.3427383061

		17		2.304829688		-0.304829688

		18		3.5080826039		0.2919173961

		19		2.3035895817		-0.1035895817

		20		2.0208929207		-0.4208929207
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164		0.2876738987		1.1243229164

		X		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		2.8349457211		0.2650542789

		2		2.3496238486		-0.0496238486

		3		2.6003027756		0.3996972244

		4		2.14430811		-0.24430811

		5		2.685064328		-0.185064328

		6		3.7297201577		-0.0297201577

		7		3.0790740804		0.3209259196

		8		2.3313837274		0.2686162726

		9		2.5920557642		0.2079442358

		10		1.2843975194		0.3156024806

		11		2.378765096		-0.378765096

		12		3.2597090796		-0.3597090796

		13		2.001436076		0.298563924

		14		3.3863604412		-0.1863604412

		15		1.5627201745		0.2372798255

		16		1.7427383061		-0.3427383061

		17		2.304829688		-0.304829688

		18		3.5080826039		0.2919173961

		19		2.3035895817		-0.1035895817

		20		2.0208929207		-0.4208929207
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		1.4799553845		1.4799553845
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		Student		X		Z		Y		Random N(0,.25)				Student		X=HS GPA		Y=College GPA		Predicted Y

		1		3.04				3.10		-0.0609088602				1		3.04		3.10		2.8349

		2		2.35				2.30		0.0462898697				2		2.35		2.30		2.3496

		3		2.70				3.00		-0.2958637424				3		2.70		3.00		2.6003

		4		2.05				1.90		0.153199835				4		2.05		1.90		2.1443

		5		2.83				2.50		0.3251341241				5		2.83		2.50		2.6851

		6		4.32				3.70		0.6163895705				6		4.32		3.70		3.7297

		7		3.39				3.40		-0.0124134658				7		3.39		3.40		3.0791

		8		2.32				2.60		-0.2797480647				8		2.32		2.60		2.3314

		9		2.69				2.80		-0.1076364242				9		2.69		2.80		2.5921

		10		0.83				1.60		-0.7743301467				10		0.83		1.60		1.2844

		11		2.39				2.00		0.3878892585				11		2.39		2.00		2.3788

		12		3.65				2.90		0.7454445949				12		3.65		2.90		3.2597

		13		1.85				2.30		-0.4507512585				13		1.85		2.30		2.0014

		14		3.83				3.20		0.626240535				14		3.83		3.20		3.3864

		15		1.22				1.80		-0.5770220923				15		1.22		1.80		1.5627

		16		1.48				1.40		0.0799553845				16		1.48		1.40		1.7427

		17		2.28				2.00		0.282345809				17		2.28		2.00		2.3048

		18		4.00				3.80		0.4301170975				18		4.00		3.80		3.5081

		19		2.28				2.20		0.0805755462				19		2.28		2.20		2.3036

		20		1.88				1.60		0.2770235596				20		1.88		1.60		2.0209

										Intercept		0.7059984076

										X=HS GPA		0.7005210491
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More Variablility-12.5

		X		Y		Normal						SUMMARY OUTPUT

		1		4.7065242496		-0.2934757504

		1.1		8.0302620194		2.8302620194						Regression Statistics

		1.2		3.2632695274		-2.1367304726						Multiple R		0.7721893343

		1.3		3.1294449541		-2.4705550459						R Square		0.5962763679

		1.4		2.8897879393		-2.9102120607						Adjusted R Square		0.5878654589

		1.5		6.9345549188		0.9345549188						Standard Error		2.0752405053

		1.6		4.9422615959		-1.2577384041						Observations		50

		1.7		6.198817953		-0.201182047

		1.8		6.0351328496		-0.5648671504						ANOVA

		1.9		6.4132373781		-0.3867626219								df		SS		MS		F		Significance F

		2		8.9361923478		1.9361923478						Regression		1		305.3103549931		305.3103549931		70.8932135472		0.0000000001

		2.1		10.7297744034		3.5297744034						Residual		48		206.7179114388		4.306623155

		2.2		9.7130833142		2.3130833142						Total		49		512.0282664319

		2.3		10.4798058338		2.8798058338

		2.4		9.5714028218		1.7714028218								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%		Lower 95.0%		Upper 95.0%

		2.5		8.0318550519		0.0318550519						Intercept		3.7385263213		0.760540181		4.9156197331		0.0000107393		2.2093586948		5.2676939478		2.2093586948		5.2676939478		-44960.872367779		59756.8485494964

		2.6		4.7791685099		-3.4208314901						X		1.7123528459		0.2033718917		8.4198107786		0.0000000001		1.3034464913		2.1212592005		1.3034464913		2.1212592005		-19041.0206721163		8960.9725585727

		2.7		9.5264601198		1.1264601198

		2.8		8.3122595232		-0.2877404768

		2.9		7.3610002113		-1.4389997887

		3		7.3320776664		-1.6679223336						RESIDUAL OUTPUT

		3.1		14.6199481383		5.4199481383

		3.2		8.9354619386		-0.4645380614						Observation		Predicted Y		Residuals

		3.3		11.1301502572		1.5301502572						1		5.4508791672		-0.7443549176

		3.4		10.1173499863		0.3173499863						2		5.6221144518		2.4081475676

		3.5		9.8199991751		-0.1800008249						3		5.7933497364		-2.5300802089

		3.6		8.3465516612		-1.8534483388						4		5.964585021		-2.8351400668

		3.7		8.4385364324		-1.9614635676						5		6.1358203056		-3.2460323662

		3.8		12.6693478291		2.0693478291						6		6.3070555901		0.6274993286

		3.9		6.0328580548		-4.7671419452						7		6.4782908747		-1.5360292788

		4		12.6081303329		1.6081303329						8		6.6495261593		-0.4507082063

		4.1		12.2811563698		1.0811563698						9		6.8207614439		-0.7856285943

		4.2		10.7254095898		-0.6745904102						10		6.9919967285		-0.5787593504

		4.3		14.5653601814		2.9653601814						11		7.1632320131		1.7729603347

		4.4		12.2247540346		0.4247540346						12		7.3344672977		3.3953071057

		4.5		8.6413888615		-3.3586111385						13		7.5057025823		2.2073807319

		4.6		9.1397758832		-3.0602241168						14		7.6769378669		2.8028679669

		4.7		11.2162308		-1.1837692						15		7.8481731515		1.7232296703

		4.8		13.1326382961		0.5326382961						16		8.019408436		0.0124466159

		4.9		12.0911507434		-0.7088492566						17		8.1906437206		-3.4114752107

		5		13.4841967893		0.4841967893						18		8.3618790052		1.1645811146

		5.1		12.2489841366		-0.9510158634						19		8.5331142898		-0.2208547666

		5.2		11.0545732352		-2.3454267648						20		8.7043495744		-1.3433493631

		5.3		12.4960389601		-1.1039610399						21		8.875584859		-1.5435071926

		5.4		14.5332419045		0.7332419045						22		9.0468201436		5.5731279947

		5.5		10.4810194797		-3.5189805203						23		9.2180554282		-0.2825934895

		5.6		12.2101929395		-1.9898070605						24		9.3892907128		1.7408595444

		5.7		13.1624360074		-1.2375639926						25		9.5605259973		0.5568239889

		5.8		12.132560883		-2.467439117						26		9.7317612819		0.0882378932

		5.9		16.451365892		1.651365892						27		9.9029965665		-1.5564449053

												28		10.0742318511		-1.6356954187

												29		10.2454671357		2.4238806934

												30		10.4167024203		-4.3838443655

												31		10.5879377049		2.020192628

												32		10.7591729895		1.5219833803

												33		10.9304082741		-0.2049986843

												34		11.1016435587		3.4637166228

												35		11.2728788432		0.9518751914

												36		11.4441141278		-2.8027252664

												37		11.6153494124		-2.4755735292

												38		11.786584697		-0.570353897

												39		11.9578199816		1.1748183145

												40		12.1290552662		-0.0379045228

												41		12.3002905508		1.1839062386

												42		12.4715258354		-0.2225416988

												43		12.64276112		-1.5881878848

												44		12.8139964045		-0.3179574445

												45		12.9852316891		1.5480102154

												46		13.1564669737		-2.675447494

												47		13.3277022583		-1.1175093188

												48		13.4989375429		-0.3365015355

												49		13.6701728275		-1.5376119445

												50		13.8414081121		2.6099577799
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14.9049903286



Linear Relationship
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X  Residual Plot
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Quadratic Relationship
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More Variability
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Non-constant variance

		X		Y		Normal						SUMMARY OUTPUT

		1		4.8901553226		-0.1098446774

		1.1		4.4705861587		-0.7294138413						Regression Statistics

		1.2		5.9566148502		0.5566148502						Multiple R		0.9566937771

		1.3		6.6850369563		1.0850369563						R Square		0.9152629832

		1.4		5.6353987394		-0.1646012606						Adjusted R Square		0.9134976287

		1.5		6.6688946996		0.6688946996						Standard Error		0.8741648423

		1.6		5.9606082616		-0.2393917384						Observations		50

		1.7		6.1185340135		-0.2814659865

		1.8		7.8116065591		1.2116065591						ANOVA

		1.9		6.1883052412		-0.6116947588								df		SS		MS		F		Significance F

		2		7.7120504506		0.7120504506						Regression		1		396.1873791036		396.1873791036		518.4584594346		2.24512311555661E-27

		2.1		8.5326653061		1.3326653061						Residual		48		36.6798802313		0.7641641715

		2.2		7.4181430551		0.0181430551						Total		49		432.8672593349

		2.3		7.348245159		-0.251754841

		2.4		7.6800902858		-0.1199097142								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%		Lower 95.0%		Upper 95.0%

		2.5		6.3621728461		-1.6378271539						Intercept		3.3963286637		0.3203664759		10.6013859727		0		2.7521890695		4.0404682579		2.7521890695		4.0404682579		-44960.872367779		59756.8485494964

		2.6		9.3304068721		1.1304068721						X		1.9506206212		0.0856674478		22.7696829015		2.24512311555649E-27		1.778374774		2.1228664684		1.778374774		2.1228664684		-19041.0206721163		8960.9725585727

		2.7		7.7725994045		-0.6274005955

		2.8		8.6183497377		0.0183497377

		2.9		10.9822415874		2.1822415874

		3		9.2092774594		0.2092774594						RESIDUAL OUTPUT

		3.1		9.1106598807		-0.0893401193

		3.2		10.4641128938		1.0641128938						Observation		Predicted Y		Residuals		Standard Residuals

		3.3		11.0997099242		1.4997099242						1		5.3469492849		-0.4567939622		-0.5279641579

		3.4		12.4296911528		2.6296911528						2		5.542011347		-1.0714251883		-1.2383572116

		3.5		10.7822141015		0.7822141015						3		5.7370734091		0.2195414411		0.253746813

		3.6		11.2148835372		1.0148835372						4		5.9321354712		0.7529014851		0.8702063325

		3.7		10.8971986982		0.4971986982						5		6.1271975333		-0.4917987939		-0.5684228724

		3.8		9.4992776707		-1.1007223293						6		6.3222595954		0.3466351042		0.4006421407

		3.9		11.1361683412		0.3361683412						7		6.5173216575		-0.556713396		-0.6434514105

		4		11.8956583315		0.8956583315						8		6.7123837197		-0.5938497062		-0.6863736958

		4.1		10.7761930904		-0.4238069096						9		6.9074457818		0.9041607773		1.0450323842

		4.2		12.2050678844		0.8050678844						10		7.1025078439		-0.9142026027		-1.0566387633

		4.3		12.0123032795		0.4123032795						11		7.297569906		0.4144805446		0.4790581527

		4.4		10.7023247053		-1.0976752947						12		7.4926319681		1.040033338		1.2020743944

		4.5		10.4286141625		-1.5713858375						13		7.6876940302		-0.2695509752		-0.3115480182

		4.6		11.3192432844		-0.8807567156						14		7.8827560924		-0.5345109333		-0.6177897218

		4.7		12.9473079909		0.5473079909						15		8.0778181545		-0.3977278686		-0.4596953476

		4.8		13.144907607		0.544907607						16		8.2728802166		-1.9107073705		-2.2084026746

		4.9		13.1696263775		0.3696263775						17		8.4679422787		0.8624645934		0.99683978

		5		13.1235921445		0.1235921445						18		8.6630043408		-0.8904049363		-1.0291333321

		5.1		14.1833920558		0.9833920558						19		8.8580664029		-0.2397166652		-0.2770654119

		5.2		12.8177319422		-0.5822680578						20		9.0531284651		1.9291131224		2.2296761109

		5.3		14.0787752914		0.4787752914						21		9.2481905272		-0.0389130678		-0.0449758683

		5.4		13.0265873061		-0.7734126939						22		9.4432525893		-0.3325927086		-0.3844118877

		5.5		14.1943103598		0.1943103598						23		9.6383146514		0.8257982424		0.9544606753

		5.6		13.709684244		-0.490315756						24		9.8333767135		1.2663332107		1.4636326277

		5.7		14.6023515435		0.2023515435						25		10.0284387756		2.4012523772		2.775376415

		5.8		15.3037954219		0.7037954219						26		10.2235008378		0.5587132637		0.6457628651

		5.9		14.671124146		-0.128875854						27		10.4185628999		0.7963206373		0.9203903499

												28		10.613624962		0.2835737362		0.3277555774

												29		10.8086870241		-1.3094093534		-1.5134201934

												30		11.0037490862		0.1324192549		0.1530506666

												31		11.1988111483		0.6968471832		0.8054185622

												32		11.3938732105		-0.61768012		-0.7139169766

												33		11.5889352726		0.6161326118		0.7121283608

												34		11.7839973347		0.2283059448		0.2638768589

												35		11.9790593968		-1.2767346915		-1.4756546978

												36		12.1741214589		-1.7455072964		-2.0174638154

												37		12.369183521		-1.0499402366		-1.2135248246

												38		12.5642455832		0.3830624078		0.4427449535

												39		12.7593076453		0.3855999618		0.4456778678

												40		12.9543697074		0.2152566701		0.2487944587

												41		13.1494317695		-0.025839625		-0.0298655345

												42		13.3444938316		0.8388982242		0.9696016829

												43		13.5395558937		-0.7218239515		-0.8342868038

												44		13.7346179559		0.3441573355		0.3977783265

												45		13.929680018		-0.9030927119		-1.0437979102

												46		14.1247420801		0.0695682797		0.080407276

												47		14.3198041422		-0.6101198982		-0.7051788441

												48		14.5148662043		0.0874853392		0.1011158799

												49		14.7099282664		0.5938671555		0.6863938638

												50		14.9049903286		-0.2338661826		-0.2703034023



Less Variability



Non-constant variance
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		X				Y		Normal				SUMMARY OUTPUT

		-3		9		8.8901553226		-0.1098446774

		-2.9		8.41		7.6805861587		-0.7294138413				Regression Statistics

		-2.8		7.84		8.3966148502		0.5566148502				Multiple R		0.9572367402

		-2.7		7.29		8.3750369563		1.0850369563				R Square		0.9163021769

		-2.6		6.76		6.5953987394		-0.1646012606				Adjusted R Square		0.913416045

		-2.5		6.25		6.9188946996		0.6688946996				Standard Error		0.8183345562

		-2.4		5.76		5.5206082616		-0.2393917384				Observations		61

		-2.3		5.29		5.0085340135		-0.2814659865

		-2.2		4.84		6.0516065591		1.2116065591				ANOVA

		-2.1		4.41		3.7983052412		-0.6116947588						df		SS		MS		F		Significance F

		-2		4		4.7120504506		0.7120504506				Regression		2		425.2206340252		212.6103170126		317.484519184		5.73734171292543E-32

		-1.9		3.61		4.9426653061		1.3326653061				Residual		58		38.8409438622		0.6696714459

		-1.8		3.24		3.2581430551		0.0181430551				Total		60		464.0615778873

		-1.7		2.89		2.638245159		-0.251754841

		-1.6		2.56		2.4400902858		-0.1199097142						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		-1.5		2.25		0.6121728461		-1.6378271539				Intercept		0.3001632511		0.1572007368		1.9094264906		0.0611576335		-0.0145079764		0.6148344786		-0.0145079764		0.6148344786

		-1.4		1.96		3.0904068721		1.1304068721				X		-0.0906378247		0.059509339		-1.5230857242		0.1331713898		-0.2097586197		0.0284829704		-0.2097586197		0.0284829704

		-1.3		1.69		1.0625994045		-0.6274005955						0.9508586759		0.0378037146		25.1525197196		6.88150386849593E-33		0.8751863762		1.0265309755		0.8751863762		1.0265309755

		-1.2		1.44		1.4583497377		0.0183497377

		-1.1		1.21		3.3922415874		2.1822415874

		-1		1		1.2092774594		0.2092774594

		-0.9		0.81		0.7206598807		-0.0893401193				RESIDUAL OUTPUT

		-0.8		0.64		1.7041128938		1.0641128938

		-0.7		0.49		1.9897099242		1.4997099242				Observation		Predicted Y		Residuals

		-0.6		0.36		2.9896911528		2.6296911528				1		9.1298048078		-0.2396494852

		-0.5		0.25		1.0322141015		0.7822141015				2		8.5597344066		-0.8791482479

		-0.4		0.16		1.1748835372		1.0148835372				3		8.0086811789		0.3879336713

		-0.3		0.09		0.5871986982		0.4971986982				4		7.4766451247		0.8983918316

		-0.2		0.04		-1.0607223293		-1.1007223293				5		6.9636262441		-0.3682275047

		-0.1		0.01		0.3461683412		0.3361683412				6		6.4696245369		0.4492701627

		0		2.33037523270856E-30		0.8956583315		0.8956583315				7		5.9946400033		-0.4740317417

		0.1		0.01		-0.4138069096		-0.4238069096				8		5.5386726431		-0.5301386297

		0.2		0.04		0.8450678844		0.8050678844				9		5.1017224565		0.9498841025

		0.3		0.09		0.5023032795		0.4123032795				10		4.6837894435		-0.8854842023

		0.4		0.16		-0.9376752947		-1.0976752947				11		4.2848736039		0.4271768467

		0.5		0.25		-1.3213858375		-1.5713858375				12		3.9049749378		1.0376903683

		0.6		0.36		-0.5207567156		-0.8807567156				13		3.5440934453		-0.2859503903

		0.7		0.49		1.0373079909		0.5473079909				14		3.2022291263		-0.5639839673

		0.8		0.64		1.184907607		0.544907607				15		2.8793819808		-0.439291695

		0.9		0.81		1.1796263775		0.3696263775				16		2.5755520088		-1.9633791627

		1		1		1.1235921445		0.1235921445				17		2.2907392104		0.7996676618

		1.1		1.21		2.1933920558		0.9833920558				18		2.0249435854		-0.9623441809

		1.2		1.44		0.8577319422		-0.5822680578				19		1.778165134		-0.3198153962

		1.3		1.69		2.1687752914		0.4787752914				20		1.5504038561		1.8418377314

		1.4		1.96		1.1865873061		-0.7734126939				21		1.3416597517		-0.1323822923

		1.5		2.25		2.4443103598		0.1943103598				22		1.1519328208		-0.4312729401

		1.6		2.56		2.069684244		-0.490315756				23		0.9812230634		0.7228898304

		1.7		2.89		3.0923515435		0.2023515435				24		0.8295304796		1.1601794447

		1.8		3.24		3.9437954219		0.7037954219				25		0.6968550693		2.2928360836

		1.9		3.61		3.481124146		-0.128875854				26		0.5831968324		0.449017269

		2		4		3.9021747499		-0.0978252501				27		0.4885557691		0.6863277681

		2.1		4.41		5.3534206731		0.9434206731				28		0.4129318794		0.1742668188

		2.2		4.84		4.1277565091		-0.7122434909				29		0.3563251631		-1.4170474924

		2.3		5.29		4.4664816514		-0.8235183486				30		0.3187356204		0.0274327208

		2.4		5.76		4.7899293131		-0.9700706869				31		0.3001632511		0.5954950804

		2.5		6.25		6.5615183063		0.3115183063				32		0.3006080554		-0.714414965

		2.6		6.76		6.3407538653		-0.4192461347				33		0.3200700332		0.5249978511

		2.7		7.29		7.2229393177		-0.0670606823				34		0.3585491846		0.143754095

		2.8		7.84		7.6517109499		-0.1882890501				35		0.4160455094		-1.3537208041

		2.9		8.41		8.281079126		-0.128920874				36		0.4925590078		-1.8139448452

		3		9		8.871079126		-0.128920874				37		0.5880896796		-1.1088463952

												38		0.702637525		0.3346704659

												39		0.8362025439		0.3487050631

												40		0.9887847364		0.1908416411

												41		1.1603841023		-0.0367919578

												42		1.3510006418		0.842391414

												43		1.5606343548		-0.7029024125

												44		1.7892852413		0.3794900502

												45		2.0369533013		-0.8503659952

												46		2.3036385348		0.140671825

												47		2.5893409418		-0.5196566978

												48		2.8940605224		0.1982910211

												49		3.2177972765		0.7259981455

												50		3.5605512041		-0.0794270581

												51		3.9223223052		-0.0201475553

												52		4.3031105798		1.0503100933

												53		4.702916028		-0.5751595188

												54		5.1217386496		-0.6552569983

												55		5.5595784448		-0.7696491317

												56		6.0164354135		0.5450828927

												57		6.4923095557		-0.1515556904

												58		6.9872008715		0.2357384462

												59		7.5011093607		0.1506015891

												60		8.0340350235		0.2470441025

												61		8.5859778598		0.2851012662





		-3		-3

		-2.9		-2.9

		-2.8		-2.8

		-2.7		-2.7

		-2.6		-2.6

		-2.5		-2.5

		-2.4		-2.4

		-2.3		-2.3

		-2.2		-2.2

		-2.1		-2.1

		-2		-2

		-1.9		-1.9

		-1.8		-1.8

		-1.7		-1.7

		-1.6		-1.6

		-1.5		-1.5

		-1.4		-1.4

		-1.3		-1.3

		-1.2		-1.2

		-1.1		-1.1

		-1		-1

		-0.9		-0.9

		-0.8		-0.8

		-0.7		-0.7

		-0.6		-0.6

		-0.5		-0.5

		-0.4		-0.4
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		-0.2		-0.2
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		0		0

		0.1		0.1

		0.2		0.2

		0.3		0.3

		0.4		0.4

		0.5		0.5

		0.6		0.6

		0.7		0.7

		0.8		0.8

		0.9		0.9

		1		1

		1.1		1.1

		1.2		1.2

		1.3		1.3

		1.4		1.4

		1.5		1.5

		1.6		1.6

		1.7		1.7

		1.8		1.8

		1.9		1.9

		2		2

		2.1		2.1

		2.2		2.2

		2.3		2.3

		2.4		2.4

		2.5		2.5

		2.6		2.6

		2.7		2.7

		2.8		2.8

		2.9		2.9

		3		3
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8.8901553226

9.1298048078

7.6805861587

8.5597344066

8.3966148502

8.0086811789

8.3750369563

7.4766451247

6.5953987394

6.9636262441

6.9188946996

6.4696245369

5.5206082616
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5.0085340135

5.5386726431

6.0516065591

5.1017224565

3.7983052412

4.6837894435

4.7120504506

4.2848736039

4.9426653061

3.9049749378

3.2581430551

3.5440934453

2.638245159

3.2022291263

2.4400902858

2.8793819808

0.6121728461

2.5755520088

3.0904068721

2.2907392104

1.0625994045

2.0249435854

1.4583497377

1.778165134

3.3922415874

1.5504038561

1.2092774594

1.3416597517

0.7206598807

1.1519328208

1.7041128938

0.9812230634

1.9897099242

0.8295304796

2.9896911528

0.6968550693

1.0322141015

0.5831968324

1.1748835372

0.4885557691

0.5871986982

0.4129318794

-1.0607223293

0.3563251631

0.3461683412

0.3187356204

0.8956583315

0.3001632511

-0.4138069096

0.3006080554

0.8450678844

0.3200700332

0.5023032795

0.3585491846

-0.9376752947

0.4160455094

-1.3213858375

0.4925590078

-0.5207567156

0.5880896796

1.0373079909

0.702637525

1.184907607

0.8362025439

1.1796263775

0.9887847364

1.1235921445

1.1603841023

2.1933920558

1.3510006418

0.8577319422

1.5606343548

2.1687752914

1.7892852413

1.1865873061

2.0369533013

2.4443103598

2.3036385348

2.069684244

2.5893409418

3.0923515435

2.8940605224

3.9437954219

3.2177972765

3.481124146

3.5605512041

3.9021747499

3.9223223052

5.3534206731

4.3031105798

4.1277565091

4.702916028

4.4664816514

5.1217386496

4.7899293131

5.5595784448

6.5615183063

6.0164354135

6.3407538653

6.4923095557

7.2229393177

6.9872008715

7.6517109499

7.5011093607

8.281079126

8.0340350235

8.871079126

8.5859778598



		X		Y				Normal

		1		4.9989015532		0.01		-0.1098446774

		1.1		5.0832937854		0.16		-0.7294138413

		1.2		5.5725506036		0.31		0.5566148502

		1.3		6.0991169999		0.46		1.0850369563

		1.4		5.699593231		0.61		-0.1646012606

		1.5		6.5083599717		0.76		0.6688946996

		1.6		5.982153518		0.91		-0.2393917384

		1.7		6.1016460543		1.06		-0.2814659865

		1.8		8.0660439365		1.21		1.2116065591

		1.9		5.968095128		1.36		-0.6116947588

		2		8.0751961804		1.51		0.7120504506

		2.1		9.4122244081		1.66		1.3326653061

		2.2		7.4328389297		1.81		0.0181430551

		2.3		7.1065605117		1.96		-0.251754841

		2.4		7.5469905031		2.11		-0.1199097142

		2.5		4.2985106322		2.26		-1.6378271539

		2.6		10.9242805618		2.41		1.1304068721

		2.7		6.7938544756		2.56		-0.6274005955

		2.8		8.6497277892		2.71		0.0183497377

		2.9		15.0412109401		2.86		2.1822415874

		3		9.6299251527		3.01		0.2092774594

		3.1		8.917685223		3.16		-0.0893401193

		3.2		12.9222136785		3.31		1.0641128938

		3.3		14.7889963379		3.46		1.4997099242

		3.4		19.2931850617		3.61		2.6296911528

		3.5		12.9411250216		3.76		0.7822141015

		3.6		14.1681946305		3.91		1.0148835372

		3.7		12.4186267147		4.06		0.4971986982

		3.8		5.9659589937		4.21		-1.1007223293

		3.9		12.2656939675		4.36		0.3361683412

		4		15.0394190751		4.51		0.8956583315

		4.1		9.2250598014		4.66		-0.4238069096

		4.2		15.2723765238		4.81		0.8050678844

		4.3		13.6450242664		4.96		0.4123032795

		4.4		6.1908792443		5.11		-1.0976752947

		4.5		3.734510495		5.26		-1.5713858375

		4.6		7.4351061688		5.41		-0.8807567156

		4.7		15.4430324296		5.56		0.5473079909

		4.8		15.7114224362		5.71		0.544907607

		4.9		14.9660105722		5.86		0.3696263775

		5		13.7427887886		6.01		0.1235921445

		5.1		19.2576950636		6.16		0.9833920558

		5.2		9.7258885555		6.31		-0.5822680578

		5.3		16.6928883825		6.46		0.4787752914

		5.4		8.6877420934		6.61		-0.7734126939

		5.5		15.3135380323		6.76		0.1943103598

		5.6		10.8119181261		6.91		-0.490315756

		5.7		15.8286018973		7.06		0.2023515435

		5.8		19.6743649922		7.21		0.7037954219

		5.9		13.8514737146		7.36		-0.128875854





		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Y

X

Y

Non-constant Variance

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1028651675.unknown

_1028651714.ppt


Sample 

Linear Regression Model

Y

X



Sampled Value

Unsampled Value 



Y

b

b

X

e

i

i





0

1



Y

b

b

X

i

i





0

1

i

Yi=0 + 1Xi + i

ei













X


ˆ


ˆ


Y


ˆ


1


0


b


b


+


=





_1028651534.ppt


Population 

Linear Regression Model

i= Random Error

Y

X

Observed Value



Observed Value









YX

i

X





0

1

X

i

i

i











0

1

E(Y)=0 + 1X

Yi=0 + 1Xi + i














_996411002.unknown

_1028201308.ppt


Inference

Sample

Population
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Regression

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164

		X=HS GPA		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals

		1		2.8349		0.2651		0.9186

		2		2.3496		-0.0496		-0.1720

		3		2.6003		0.3997		1.3853

		4		2.1443		-0.2443		-0.8467

		5		2.6851		-0.1851		-0.6414

		6		3.7297		-0.0297		-0.1030

		7		3.0791		0.3209		1.1123

		8		2.3314		0.2686		0.9310

		9		2.5921		0.2079		0.7207

		10		1.2844		0.3156		1.0938

		11		2.3788		-0.3788		-1.3127

		12		3.2597		-0.3597		-1.2467

		13		2.0014		0.2986		1.0348

		14		3.3864		-0.1864		-0.6459

		15		1.5627		0.2373		0.8224

		16		1.7427		-0.3427		-1.1879

		17		2.3048		-0.3048		-1.0565

		18		3.5081		0.2919		1.0117

		19		2.3036		-0.1036		-0.3590

		20		2.0209		-0.4209		-1.4587





Regression
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Data

		3.0390911398		3.0390911398

		2.3462898697		2.3462898697

		2.7041362576		2.7041362576

		2.053199835		2.053199835

		2.8251341241		2.8251341241

		4.3163895705		4.3163895705

		3.3875865342		3.3875865342

		2.3202519353		2.3202519353

		2.6923635758		2.6923635758

		0.8256698533		0.8256698533

		2.3878892585		2.3878892585

		3.6454445949		3.6454445949

		1.8492487415		1.8492487415

		3.826240535		3.826240535

		1.2229779077		1.2229779077

		1.4799553845		1.4799553845

		2.282345809		2.282345809

		4		4

		2.2805755462		2.2805755462

		1.8770235596		1.8770235596
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		Student		X=HS GPA		Z		Y=College GPA		Random N(0,.25)				Student		X=HS GPA		Y=College GPA

		1		3.04				3.10		-0.0609088602				1		3.04		3.10

		2		2.35				2.30		0.0462898697				2		2.35		2.30

		3		2.70				3.00		-0.2958637424				3		2.70		3.00

		4		2.05				1.90		0.153199835				4		2.05		1.90

		5		2.83				2.50		0.3251341241				5		2.83		2.50

		6		4.32				3.70		0.6163895705				6		4.32		3.70

		7		3.39				3.40		-0.0124134658				7		3.39		3.40

		8		2.32				2.60		-0.2797480647				8		2.32		2.60

		9		2.69				2.80		-0.1076364242				9		2.69		2.80

		10		0.83				1.60		-0.7743301467				10		0.83		1.60

		11		2.39				2.00		0.3878892585				11		2.39		2.00

		12		3.65				2.90		0.7454445949				12		3.65		2.90

		13		1.85				2.30		-0.4507512585				13		1.85		2.30

		14		3.83				3.20		0.626240535				14		3.83		3.20

		15		1.22				1.80		-0.5770220923				15		1.22		1.80

		16		1.48				1.40		0.0799553845				16		1.48		1.40

		17		2.28				2.00		0.282345809				17		2.28		2.00

		18		4.00				3.80		0.4301170975				18		4.00		3.80

		19		2.28				2.20		0.0805755462				19		2.28		2.20

		20		1.88				1.60		0.2770235596				20		1.88		1.60
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