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1 Exercise 1

Among 100 elementary school children, data about daily time spent in front of the TV
(TV variable), gender (G variable) and time spent answering to a logic-mathematics

question (T variable) were collected.

Exercise 1.1

Specify an appropriate regression model for the response variable T.

Exercise 1.2

The model specified at ex 1.1 provides the following values: SST = 985, R? = 0.51,
S.E.(By) = 0.9, S.E.(Bs) = 2.3, where B, and Bs are the maximum-likelihood estimators
of the regression coefficients for TV variable and G variable, and [)( B, B5) = 0.68.
Perform a statistical test to check the goodness of fit of our model by employing the
p-value (specify also the null hypothesis).

Exercise 1.3

Identify all the elements of the matrix (X7X)~! which can be computed within the

available data (specified in the above exercises).
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2 Exercise 2

Among 100 households in northern Italy, the variables Y = monthly expenditures for
foods (in hundreds of euros), X; = monthly household income (in hundreds of euros),
X5 = number of household members, and X3 = type of diet (divided in "wegetarian”,

"vegan” and “other”) were collected.

Exercise 2.1

Specify a multiple linear regression model for the response variable Y.

Exercise 2.2

Let c;p, be the elements of the matrix (X7 X)™!, where cao = 0.02, c33 = 0.07, ca3 =
—0.02. Let also consider that Bg = 0.5, Bg = 0.8 and SSFE = 300.

Evaluate the significance of 8, and try to interpret the value of 32.

Exercise 2.3

Find the probability distribution of Bg — 83 and build a statistical test based on the null
hypothesis HO : 8 = [ (at 1% significance level).

Exercise 2.4

Knowing SSE = 282 for a model which includes an interaction between the dummy
variable (referred to the type “wegeterian”) and X, decide the best model through an
appropriate test (specify hypothesis, test statistic and p-value).
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3 Exercise 3

To assess the verbal skills of 33 children, a test was conducted by collecting: the final
score, the number of books read monthly by each child, and the number of books read

monthly by their parents.

Exercise 3.1
Choose an appropriate response variable together with an appropriate linear regression
model. Then, specify the related assumptions and the dimension of the design matrix X.
Exercise 3.2
Complete the following table and provide an interpretation of the estimates of the signif-

icant regression coefficients.

Estimates S.E. t-value p-value

X4 1.5 0.44
X5 0.22 0.01

Exercise 3.3
Knowing the SST is equal to 2980 and R? = (.59, decide if one of the two below options
are compatible with the previous data (considering that the below options are based on

a regression model with just one independent variable X;):
e SSR =1800 and SSE = 1180

e SSR =1500 and SSE = 1500

Justify your answer.

3 |
va‘s conndey he Mowng voui ob €2

« V= &inol scone

¢ X = mombet o hoows mend wonthly by eath child

* Xz = wormbet o) hoows Yead muonthly by Heire ponents
We how ¢he fallowing Cinear negression model:

u)loete _)_’ ov-o' g oe Bx| vedtors , ‘_3 > @ 2xI or-ol X a 3%3x?% ,wgfnix.



Reymenboer #hot X wost be determinisdic ond hove full ronw: rome [K)=3 .

T esTiraTeS | S-€ | 4-wdue | p-valve
X, 4.5 044 | 2409 |0\
) 0.22 | 275 | 0.
A
. fgh‘ Bz F \IE = 3.404

_ - W=

—twle +tvdwe

+ By = t-voe - s (Rs) = 236 0.2 = 0.605

Since both p-volue Lot B2 ond Bz o7e Ammdllet Hhan 0.0¢, we negect with @ St
S*gm‘f«‘conce level dhe hypoinews +hot B,=0 owdd that Bico.

23
Cow%io!ming Q umdd widh <uvst X or inooe{)eho.eld' voud® we hove,

SSE. (yivay ™ SSTiypay 2= 2980. 0.69 = I758.2
SSE (yiy= SSThype SSRipvay 23%0- (738.2 = (22] .9

R (yixy = O S pypey = 170
— This is nal coupohble becove we expect SSR (ytes < S92y royy



Crurio

o

4

= | SO

C (w |’=\

>S

<

= 150D

LY X

> This is not compobible becarse SR (yi4y © SSE 1y, = 3000 # 2960

* SSQ [ vy

o~




4 Exercise 4

Considering 84 business company in northern Italy, we estimated the following regression

model
y=12.749.3z; + 1.925 — 1.623

where Y = monthly turnover (in thousands), X; = sector (1 = manufacturing, 0 = trade),
X5 = number of employees, and X3 = decrease in investment advertising compared to
the previous year (in hundreds of euros). Further, SSE = 2308 and R? = 0.62.
Exercise 4.1

Interpret the estimate of B, (52 = 9.3).

Exercise 4.2

Complete the table below and show the formula we should use.

Estimates S.E. t-value p-value

X3 0.02

Exercise 4.3

Evaluate the goodness of fit through a valid test (thus, using the p-value).
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