Formula sheet for the exam in

Statistical modeling in logistics (MMS075),
March 16, 2020

Simple linear regression

Model equation for simple linear regression:
Y=0+pX+e

Predicted response at a given value x of predictor X:
=P+ P

Observed data in form of (predictor, response) pairs:
(x1,91),s (T2, 92), - -+ s (Tns Yn)

i-th predicted response, residual and residual squared:
9i = Po+ bz, e =vyi— i, € = yi—0)?
Residual sum of squares and residual standard error:

RSS=ef+ef+-+e2, RSE=/55RSS = /715 S0 (i — 90)?

Approximate confidence intervals for the coefficients when sample size n > 30:
Bo+2-SE(B) and f +2-SE(f)
Total sum of squares:

TSS = >, (y; — §)?, where ¥ is the average of the observed responses

Proportion of variability in the response that is explained by the predictor:
R2 — TSS—RSS _ RSS

TSS TSS

Multiple linear regression

Model equation for multiple linear regression with p > 2 predictors:

Y =00+5X1+8Xo+ -+ BpXp +¢

Predicted response at given values 21,2, ..., x, of predictors X1, Xo,..., Xp:
Q230+31$1+32$2+“‘+Bp$p

Sample of n observations, containing values for each predictor and the response:
(11, %12, s T1p, Y1)s (T21, 2,2, -+, 2,9, Y2)s - o, (Tl Tr2s oo vy Ty Yn)

i-th predicted response:

Ji = Bo + lei,l + 321’1,2 +- Bpxi,p

i-th residual:

ei =i — Ui =i — o — Piwin — Pagia — - — Bpip
Residual sum of squares and residual standard error:
RSS=¢e?+e3+---+e2, RSE= n_;_lRSS

Total sum of squares:
TSS = >, (y; — §)?, where §j = T

n



. . ey . . . 2 _ RSS
Proportion of variability in the response explained by the model: R* =1-—Fgg

Test the null hypothesis that all coefficients are zero:
Hy:61=p2=...6,=0
H, : at least one f3; is not zero

F — (TSS—RSS)/p

Compute F-statistic: = RSS/(n—p=1)

Test relationship of X; with the response in the presence of all other predictors:
HO : ﬁj =0

Ha : Bj 75 0

kit 5 — _Bs

Compute t-statistic: ¢ SB(E)

Variance inflation factor for predictor j: denoting the R? value for the linear
regression model predicting X; using all other predictors by R?

XX 57
VIF= — -+
=R% 1,

Threshold for the identification of high leverage points: 2(p + 1)/n

Logistic regression

Model equation for binomial logistic regression with p > 1 predictors:
X

log (12545 ) = o+ B X1 + X + o+ B X, + ¢

where p(X) = Pr(Y = 1|X).

Predicted probability of a ”case” at values z1, 2, . .., x, of predictors X, Xo, ...
A~ ﬁ0+[§111+3212+---+[§p1p

_ e
pX) =

1+ePotBre1+haza++bprp
Multinomial logistic regression

Model equation for multinomial logistic regression with p > 1 predictors:
IOg (%) = ﬂO,k,s + 51,k,5X1 + BQ,k,sXZ + -+ 6p,k,sXp

Training error and test error

Training mean squared error for numerical response:

MSE — =f@))?+(un=f @)+t (yn=F (wn))?

n

Test mean squared error for new data (z}V, yfev), (z5°%, y5°V)
Average |:<ynew _ f(xnew))2i|

Training error rate for categorical response:
Iy £91) +1 (Yo FG2) + . AL (YnFTn)

n

P

Error rate =

Test error rate for new data (z}V, yPev), (xBV, y8ev), .. .:

Average [I(y" # §"")]



