Formulas
ECON 601 Notes — Dr. Schreyer

Descriptive Statistics

e Number of observations n
. . — ZTL_ Xi
e The arithmetic mean of x: X = %
n )2
e The standard deviation of x: s = Z‘=11(l+x)

2 — Z?=1(xi—f)2

n-1

e The variance of x: s

e Covariance between x and y: cov(x,y) = W

2?21(751'_3?)(3/1:_37) _ cov(x,y)

e Correlation between x and y: r=
\/ i (=02 (yi-3)? SxSy

Random Variable Fundamentals

e Expected value of random variable X: EX)=u
e Variance of random variable X: var(X) = E[(X — w)?] = o2
e Standard deviation of random variable X: Jvar(X) =o
. 2 _ X—-u
e Standardize X~N(u, 0°): Z = —

Inferences for a Population Mean

o Level of significance a

_ 2
For a random variable with a known variance: X~N(u, %)

e Two-sided hypothesis test™: Compare Z = 3,(;“ with critical value Zg /.
Vn

. . — a
e Confidence interval: Xt Zyp X NG

For a random variable with an unknown variance: X~N(u, ?)

. . X— . -
e Two-sided hypothesis test: Comparet =3 £ with critical value tace/z,n—l
Vn
e Confidence interval: X ttyon-1 X \/iz

! The notation z,, refers to the value of Z such that the probability to the right of this value equals a /2.



Simple Linear Regression

e Population Model: yi = Bo + B1x; +e; where e; is assumed N(0,02) and independent.
e OLSslope: b, = %
e OLSintercept: by =y —bx

2
e Standard error of b;: Sp, = /var(by) = /E(x(-yif)z where o2 is estimated with s? = MSE

e Standard error of b;: Sp, = yJvar(by) = \/092 (% + Z(j;)z)

Multiple Linear Regression

e Population Model: Vi = Bo + Prx1; + Boxo; + Baxz+ HPrxi; + e
e Number of independent variables k
Inferences for 8
e Two-sided hypothesis test: Compare t = b;f* with critical value tg /5 k1
e Confidence interval: btty/2n—k-1%XSp
Sum of Squares
e Total sum of squares: SST =Y",(y; —y)* withn — 1 degrees of freedom
e Error/residual sum of squares: SSE =YY" ,(y; —%)* withn —k — 1 deg. of freedom
e Regression/model sum of squares: SSR=Y",(3 —¥)?* with k degrees of freedom
e Relationship: SST = SSE + SSR
e Mean square, total: MST = % = 2—?“7(1{"1_37)2
e Mean squared error: s¢ = MSE = nfiE—l = Z%?::f‘)z
e Mean square of the regression: MSR = % = w
Assessing the Fit
e  Fstatistic: Compare F = % = ﬁ!i_l) with critical value F(f; Kk, n—k—1
e Rsquared: - % = % = coefficient of determination

e Root MSE: Se =VMSE = /Y:fil = standard error of the regression



Comparing the Fit with a Nested Model

SSE/(n—-k-1) _ MSE

e Adjusted R squared: 1 ST/D) = o7

(SSEreduced_SSEfull)
(k=D
( SSEfull )
(n—k-1)

e  Partial F test: Compare F = with critical value Fg;k_l_ n—k—1, Where

the full model has k indep. vars. and the reduced model has [ indep. vars.

Predictions / Forecasts for a Simple Linear Regression?

e Conditioning value: Xm
e Point prediction: Y =by+ bixy,
e Prediction interval: y+ t%,n—k—l X's, where
Sp = \/sez (1 +i4 (x"_l_j)zz) = standard error of the forecast
n (n—1)sy
e Confidence interval: y+ t%,n—k—l X S, Where
Sm = \/sez (% + %) = standard error of the prediction
e Relationship: Se =Sp—sh

n2 5.2
e Mean square deviation: MSD = Z‘”(Z—lzyl) where
n2 is the number of observations in the hold-out sample

e Root mean squared error:3 RMSE =+MSD

Multiple Linear Regression (using matrix algebra)

e Population Model: Y =X +e where
Y is an X 1 vector of observations;
X is an X k matrix of n observations on k independent variables;
[ is a k X 1 vector of population coefficients;
eisan X 1 vector of errors;
and assume e;~N(0, 62) and are independent.
e OLS coefficients: b=(X'X)"1X'Y where
bisak x 1 vector of estimated coefficients.

. . . _ . . . e'e
e Variance-covariance matrix* c2(X'X)~! where 62 is estimated with s2 = —

2The case of a multiple regression model is excluded due to the complexity of the formulas for s, and s,.

3 The term root mean squared error is the same term that can be used to describe the standard error of the regression = s, =
VMSE when assessing the fit of an estimated regression. Although they are different formulas, they share the same basic idea
of examining the square root of the average squared mistake.

4 The standard errors of the OLS coefficients are given by the square root of the main diagonal of the variance-covariance
matrix.



The Standard Normal Distribution
(Probabilities between 0 and the value of z)
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The t Distribution

Degrees of Area in Upper Tail
freedom 0.10 0.05 0.025 0.01 0.005

1 3.078 6.314 12.706 31.821 63.657
2 1.886 2.920 4.303 6.965 9.925
3 1.638 2.353  3.182 4.541 5.841
4 1.533 2.132 2.776 3.747 4.604
5 1476 2.015 2571 3.365 4.032
6 1440 1.943 2447 3.143 3.707
7 1415 1.895 2.365 2.998 3.499
8 1397 1860 2306 2.896 3.355
9 1383 1.833 2.262  2.821 3.250
10 1372 1.812 2228 2.764 3.169
11 1363 1.796 2.201 2.718 3.106
12 1356 1.782 2.179 2.681 3.055
13 1350 1.771 2.160 2.650 3.012
14 1345 1.761 2145 2.624 2.977
15 1.341 1.753 2131  2.602 2.947
16 1337 1.746 2120 2.583 2.921
17 1.333 1.740 2.110 2.567 2.898
18 1330 1.734 2101 2.552 2.878
19 1328 1.729 2.093 2.539 2.861
20 1325 1.725 2.086 2.528 2.845
21 1323 1.721 2.080 2.518 2.831
22 1321 1.717 2.074 2.508 2.819
23 1319 1.714 2.069 2.500 2.807
24 1.318 1.711 2.064 2.492 2.797
25 1.316 1.708 2.060  2.485 2.787
26 1.315 1.706 2.056 2.479 2.779
27 1.314 1.703 2.052 2.473 2771
28 1313 1.701 2.048 2.467 2.763
29 1.311 1.699 2.045 2.462 2.756
30 1.310 1.697 2.042 2.457 2.750
40 1303 1.684 2.021 2.423 2.704
60 1.296 1.671 2.000 2.390 2.660

120 1.289 1.658 1980 2.358 2.617
oo 1.282 1.645 1960 2.326 2.576



