	12-1 The Regression Model
True Population Regression:Y =α + βX 
Apply least squares formula to sample points (Y1, Y2, Y3) ( Ŷ= a + bX (estimated line)

Varience: ∂2

b= E(X-()(Y-()/(X-()2                  b= Exy/Ex2

a= (- b(
s2= 1/n-2 * E(Y-Ŷ)2                d.f.= n-2

95% CI for β = b +- t.025 SE    SE= s/√Ex2
p-value t= b/SE   

- values of β inside CI are ACCEPTED      &  outside CI are REJECTED

- To construct one-sided CI of form “β is is at least as large as such and such”   β= b-t.05 (SE)
- Reject null hypothesis if - p-value LESS THEN 5%

                                           - β is excluded from CI

- Recall: if b above sampling allowance( statistically discernible

- 95% CI for mean (of Yo) at level Xo
  µo = (a+bXo) +- t.025 s√1/n + (Xo-()2/Ex2

- 95% prediction interval of an individual Yo at level Xo: Yo= (a+bXo) +- t.025 s√1/n + (Xo-()2/Ex2 + 1
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Chapter 10
1- way ANOVA Table   remember- Ho: “no difference”
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Filled Sum Squares

Total Sum=10=SSE

          a=A,B,C=3

            A  B   C

n=#↓    #   #   #
            #   #   #
(          #   #   # = X
((- X)   #   #   # = (((-X) 
((-X)2   #   #   # = ((X-X)2
((X-()2 #    #  # = ((X-()2
Source

SS

d.f.

MS

F Ratio
P
Factor A
SSA=n(((i-X)2
a-1
MSA=SSA/a-1 = ns2/x
F=MSA/MSE
Residual
SSE=(((Xit-(i)2
a(n-1)
MSE=SSE/a(n-1)=s2p
TOTAL

SS=(((Xit-X)2
na-1
2-way ANOVA Tables     X+ ((i.-X) + ((.j-X) 20+4+1
                 i=                                              (filled sum#-original data#) 25-24
            A  B   C (.j ((.j- X) ((.j-X)2  
j=     124 19  20 21     1         4
         223 17 14 18     -2        4
         325 21 17 21      1         1
(i.       24 19 17 = X   = 0      =6
((i.- X) 4   -1 -3= 0
((i.-X)216   1   9 = 26
Source

SS

d.f.

MS

F Ratio

P

Factor A

SSA=b(((i.-X)2
a-1

MSA=SSA/a-1 = ns2/x
F=MSA/MSE
<.25
3*6=18
=2
=18/2=9
=9/2.5=3.6
Factor B

SSB=a((.j-X)2
b-1
MSB=SSB/b-1
MSB/MSE
<.05
=3*26=78
=2
=78/2=39
=.39/2.5
Residual

SSE=Total Sum
(a-1)(b-1)
MSE=SSE/a(n-1)=s2p

=10
=2*2=4
MSE=SSE/(a-1)(b-1)
TOTAL

SS=(((Xij-X)2
ab-1
10-3 Confidence
- two pop. Means to be compared are μ1 – μ2; n-# of observations averaged to get (1 and (2; s-residual variance in ANOVA table (aka- MSE); χ1 – χ2:two corresponding sample means

μ1 – μ2 = (χ1 – χ2) + t0.025 s * √1/n1 + 1/n2 
√(k-1)F.05 ( larger allowance, suggesting all statements simultaneously correct

- with 95% CI, all the following intervals

(μ1 – μ2) = (χ1 – χ2) ( √(k-1)F.05 s√1/n1 + 1/n2

(μ1 – μ3) = (χ1 – χ3) ( √(k-1)F.05 s√1/n1 + 1/n2

:

 (μk-1 – μk) = (χk-1 – χk) ( √(k-1)F.05 s√1/nk-1 + 1/nk

13-1 Why Multiple Regression
- Slope: is ∆Y that accompanies a unit ∆ in X, while X2 is ∆ing too.

13-2 The Regression and its OLS Fit
The General Linear Model form( E(Y)= ((o+(1X1+(2X2
Estimated equation when true is not known: Ŷ= b0+b1X1+b2X2
- when applying least squares criterion for a good fit in MR, we get 3 eq’tions to solve called estimating equations or normal equations

of form:

Ex1y= b1Ex12 + b2Ex1x2          Ex2y= b1Ex1x2 + b2Ex22         B0= (- b1(1- b2(2
We have used the convenient deviations for above:

X1= X1- (1                  X2 = X2- (2             y= Y-(
13- 3 Confidence Intervals and Statistical Trends
A- Standard Error

- true relation of Y to any X is measured by unknown population slope β( we estimate it with sample slope b

- SE forms basis for confidence intervals and tests

B- Confidence Intervals and P-Values

- for each β coeffcient, 95% CI is in standard form


	Β= b ( t.025SE

- when k regresses as well as constant terms, there are (k+1) coefficients to estimate, which leaves

d.f. = n-k-1

- observed t ratio to test β=0 is

t= b/SE
*be very careful when considering to drop regressor, if p < .05 Ho could technically be accepted BUT should also be based on extrastatiscal judgment

13-4 Regression Coefficients with Multiplication Factors
( A: Simple Regression

- Recall SR model Y= a+bX

- Change in Y= b (change in X)

- b= change in Y that accompanies a unit change in X

(B: Multiple Regression “Other things being equal”

- if one regressor, say X, changes while all the others remain constant, then change in Y=b1 (change in X1)

- b1 = change in Y that accompanies a unit change in the regressor X1, if all the other regressors remain constant.

- if all regressors changed simultaneously we could now show that the change in Y is just the sum of the individual changes:

   If Y=b0 + b1X1 + b2X2+… 
   Then ∆Y= b1∆X1+b2∆X2…

*Clue: When extraneous factors varying (ex- “We don’t know how much temp changes but rainfall ↑3”)( USE SIMPLE REGRESSION

13-5 Simple and Multiple Regression Compared
( A: Direct and Indirect Effects

- simple regression gives total effect

- Simple Regression Coefficient:

   = total effect

   = direct (b1) and indirect effect(bb2)
   = b1+bb2

( B: Bias from Omitting Confounding Regression

- more confounding variables we omit from an observational study (even unintentionally), the more bias we risk with the riskiest case being simple regression, which omits them all

( C: Randomization Removes all Bias

- Random Assignment of treatment cuts out the bias of ALL the potentially confounding variables

14-1 Dummy (0-1) Variables
( A: Parallel Lines for Two Categories

- Suppose D is a 0-1 variable in the regression model:  Ŷ= b0+b1D+b2X

Relative to the reference line where D=0, the line where D=1 is parallel and b, units higher. And the standard confidence intervals and tests can be computed using b1 and b2 along with their SEs.

*with several categores, set D values to 0&0 (control), 0&1, 1&0

14-4 Nonlinearity removed by logs
( A: Simple Growth Model

- In the growth model:

   P= Aebx

   b( the annual growth rate

Recall: When taking logs of multiplication, we transform it into the additive form:

   Log P= log A+ bX then define:

   Y= log P    

   a= log A

substitute new notation into this yields standard linear regression Y= a+bX

( B: Logs as relative changes

- change in log X= relative change X itself

- If log Q= a+b log P

      then b= elasticity    ( relative ∆quant/relative ∆price)

↑elasticity: ↑quantity supplied
*note if finding CI for increase in one coefficient( distribute *note if using ∆logX= relative ∆ in X use decimal %

*note increasing returns of scale if coefficients add up to more then 1, predict ↑ in output; by more then given % 
15-2 Correlation and Regression
- b= r sy/sx     sy= standard deviation

- E(Y-()2= b2Ex2 + E(Y-()2
total SS= SS explained by X + unexplained SS (residual)

Source

SS

d.f.

MS

F Ratio

Explained

(( Ŷ-()2
1

b2(x2 /1

b2(x2/s2
Or b2(x2
Unexplained

((Y- Ŷ)
n-2

S2=((Y- Ŷ)2/n-2
TOTAL

((Y-()2
n-1



	Coefficient of Determination, r2
- r2= explained SS/total SS

explained( square of correlation coefficient; proportion of the total SS in Y explained by fitting the regression

- s2 ( (1-r2)s y 2

*remember for CI q’s d.f. = n-1 and (=0; reject H0

15-4 Correlation in MR
- Partial Correlation

- for each coefficient, there is an equivalent partial correlation coefficient; measures how Y is related to each of the regressors one by one
To calculate partial correlation with Y use:

partial r= b/SE / ((b/SE)2 + n-k-1

- Multiple Correlation R

- multiple correlation R measures how Y is related to all regressors at once

- TO calculate R, first use MR eq’tion to calculate fitted value Ŷ

R ( rŶY

- Multiple Coefficient of Determination

R2= SS explained by all the regressors/total SS

*you can see how much additional regressors add in explaining Y by noting how much they ↑R2

- Corrected R2:

If there are corrected k regressors, we define the corrected coefficient of determination as

R’2= (n-1)R2-k/n-k-1

S2= (1-R’2) sy2

- (1-R’2): Gives proportion of the total in s (variance sy2) that is left unexplained as the
22-1 Price Indexes
( A: Price Relatives

Po: prices initially, t: years later, Pt: price after
- To summarize overall price trend with single #:

   simple average (problem: equal weighting)

( B: The Laspeyres and Paasche Indexes

  Initial cost= (P0Q0   (where Q0- quantities)
  Later cost= (PtQ0       (same diet’s cost later on)
Price Index calculated by comparing costs in the two years for this fixed basket of good’s

- Lespeyres price index= (PtQ0 / (P0Q0  *100
but: why use weights Q0, equally valid using Qt
* use when indexing done year after year b/c uses same base weights in every calculation; base year should be “typical year” free from unusual events
- Paasche price index= (PtQt / (P0Qt  *100
( C: Fisher’s Ideal Index: The Geometric Mean
- Geometric Mean: defined by first multiplying all n items- and then taking nth root; appropriate in averaging ratios or factors of increase:
Geometric mean = n(X1X2…Xn     

*where X=  # times increase
Fisher’s ideal index= ((laspeyres index)(Paasche index)
22-2 Further Indexes
( A: Quantity Indexes

- vs. price, measure ↑ in quantity; use prices as weights this time
- Lespeyres price index= ( QtP0 / ( Q0P0  *100
- Paasche price index= (QtPt / ( Q0P0  *100

( B: The Total Cost Index

- possible to measure combined effect by seeing how much total cost ↑ due to (’s in both P & Q:

Total cost index= (PtQt / (P0Q0  * 100
*if good indexes, should satisfy basic relation called the factor-reversal test:

(price index) (quantitiy index) = total cost index
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