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I

Instructions: Arrswcl irr Errglish. Writc clcarly and. givc rcasorìs fclr your arìswcls. A rrurnbcr orrly
as an answer does not vield points. The exam h¿s 4 orclblems. each 6 noints.worth

Pl- Exar;tly four of the following r;la,irns a,re tnle, ¿lrrcl four are f¿r.lse. Mark e¿u:h <:l¿rirn ¿is TRUE
or FALSE. If false, explain briefly (in 1-2 sentences) whv it is false. (No explanation needed

for true rlnirns.) 0.5 lroints fol ea,ch <:orrect tnre/false answer, ¿r,n<l 0.5 ¡roints for eaclt <:orret:t

explanabion of a false claim (botal 6 points).

(a) Bootstrapping is based on taking new samples from an already existing sample.

(b) The coefficient of determination (R2) measures how much of the variance in the response

variable is bcing cxplaincd by thc modcl.

(c) If a sample comes from a normal distribution, its skewness coefficient equals zero.

(cl) In hvpothesis tesling, high p-values are desired because they inclicate high probabilitv of
corlcct rcsults.

(e) Descripbive sbatistics aims to draw conclusions about a populabion based on a sample.

(f) In cross-validation, one keeps sorne of the data Ìriddert wherr trairring the statistical rrodel.

(g) Nonparametric tests generally make less assumptions about the underlying rlistribrttion
than parametric tesbs.

(h) Positive skewness irrdir:ates th¿rt both t¿lils of the clistribution are lolg.

P2 Consicler multriple linear regression on a sample of n : 100 observations of a response

varialrlc !¿ and, thc cxplanatory variablcls íx¿1,fri2,ïiJ,ti4,ri1. On thc ncxt pagc arc shown thc
linear regression moclel sulnrnâry) variance inflation factors arrd the diagrrostics plot for the
modcl fit.

(a) Explain the diagnostic plot: what are the two axes, anrl what does it rnean when a

residual is positive or nega[ive. Explain whab one can in general see iu a diagnostic plol,
and intcrprct thc currcnt plot in this contcxt, Also cxplain how rcsiduals cau bc uscrl for'

esbimating the error variance. (zp)

(b) Basecl on the va,ri¿rnr:e inflatiorr far;tors, r:a,rr the estirna.tecl t:oefficients be tnrsted? Why
or why nob? Explain what it would mean if these factors are high or low. (zp)

(c) Give arr interpretatiorr for the estimated coefficient þa = 0.2I8lL (rp)

(d) Wh¿t does tlie fltted rnorlel ¡rrerlir:t for the resJ)olrse v¿lri¿lble if ti1 : !ri2: íL¿3:0,
ri4 : 100, and :x¡s : 0? Give a numerical anslr/er and explain why or why not this
pretliction can be tnste<l. (tp)
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## CaIl:
## lm(formula = ! - ., data = X)

##

## Residuals:
## Min 1q Median 3Q Max

## -2.2158 -0,6744 0.t267 0.6918 1.9987
##

f# Coefficients:
## Estimate Std. Error t vaLue pr(>ltl)
## (Intercept) -0.08357 0.09932 -0.841 0.4022
## xl -0.59245 0.09081 -6.524 3.42e-09 ,**
## x2 -0.07999 0.12061 -0.663 0.5088
## x3 -0.55658 0.21660 -2.570 0.0118 *
## x4 0.21811 0.20657 1.056 0,2937
## x5 0 .72269 0 . 09904 7 .297 9 . 25e- 11 '¡xx
## ---
## Slgnif . codes: 0 '*¡(*' 0.001 ',t*' 0.01 '*' 0.05 '.' 0.1
##

## Residual standard error: 0.9499 on 94 degrees of freedon
## Multiple R-squared: 0.5637, Adjusted R-squared: 0.5405
## F-statisuic: 24,29 on 5 and 94 DF, p-value: 1.285e-15

## Variance inflation factors
## x1 x2 x3 x4 x5

## 1 .014837 L024145 5.757164 5.738664 1 .056317
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P3 Consider analysis of variance (ANOVA) on a sarnple of three groups with 50 observations
in each of them (assume that the groups are indepcndent and that the observations are i.i.d.
within each group). The following plot shows (in this order) the Ìristograrns of the groups, the
ANOVA summary, and the results of Bartlctt's test.

(a) State the null hypothesis and the alternative hypothesis of ANOVA for this three-group
case. (tp)

(b) What woulcl you conclucle ba"sed orr the ANOVA results? (rp)

(c) Describe how one carl check whether the assumptions of ANOVA are satisfied. Are they
satisfied in the current example? (zp)

(d) The next step in the analysis would be to concluct pair-wise testing between the groups.
Bonferroni correction is often used in this context. Whv is this? Describe also how the
Bonferroni correction is applie<l. (zp)
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#f Df Sun Sq l.tean Sq F value Pr(>F)
f# group 2 57.83 28,913 31.61 3.57e-13 ***
## Reslduals 297 271.63 0.915
## ---
#f Signif. codes: 0 '***' 0,001 '**' 0,01 '*' 0.05 ','0,1 ' ' 1

## ##f ##f #**#####*#*######f*#*#üf #####*#*#####f f *##*########f#####

Bartlett test of honogeneity of variances

data: x by group
Bartlett's K-squared = 0.85135, df = 2, p-value = 0,6533

Group 1 Goup 2 Group 3

-2 0 220-2-2
x

*#
t#
##

*#
#*
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P4 Consider a dataset of. r¿: 7 observations with r values

3.0,3.5,4.0, 5.0, 5.5, 6.0, 9.0

awl y values
0.0,0.0,0.0, 1.0, 1.0, 1.0,2.0

Let K be the rectangular kernel function
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K(u):

(a) Calculate the Nadaraya-Watson regression function at points r :3.5,4.2,7.5 and 9.2

using K as the kernel. Give at least three decimals. If at sorne points it cannot be

calculated, explain why. (zp)

(b) Whab happens with this dataset if we use the kernel function Ko.or(u) : K(u/0.07)7
Where exactly can the regression be calculated and what are its values there? (tp)

(c) Calculate bhe regression function at ï : 4.0 and at n : 7.5 using the kernel function
Krco(u) : K(ulI}}). Give at least three decimals. (tp)

(d) Explain in general terms (not just for this dataset) how bandwidth affects Nadaraya-

Watson kernel regression. Consider both small and large values. (rp)

(e) Explain how cross-validation can be used to select bandwidth in kernel regression. (fp)

1 iflzl <1,
0 otherwise
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