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(Referring to the theoretical parts: 20, 21, 22, 23, 24, 25, 26)

1 Exercise 1

To meet competition or cope with economic slowdowns, corporations sometimes under-
take a “reduction in force” (RIF), in which substantial numbers of employees are termi-
nated. Federal and various state laws require that employees be treated equally regardless
of their age. In particular, employees over the age of 40 years are in a “protected” class,
and many allegations of discrimination focus on comparing employees over 40 with their

younger coworkers. Here are the data for a recent RIF:

Terminated Over40: No Overd40: Yes

Yes 17 71
No 564 835

Exercise 1.1

Choose an appropriate response variable and then a regression model. Justify your an-

swer. (HURUE FTOTRL, fnd AL eRmalil aGtesnan waiee

Owe 1ot Bed va wo\fe;\?smmu% e ARRAEIIRID  DETuRRM me @:@k@a
I TorrmenoTd® a0, Toerefone | oo SppIopTesit NSRS
abfe combe 4 Termndied” .

Tro 40IS come. . TeoMiMIIRO 1S o DWwamy VosarR and We o “‘J‘(\ﬁ,\
{ / . - a1 N s ) R 3 o< (\&_A\Q\B
LONC WOk, Thaur ) We WAL I canAn 5&%& o
o Lo\ /\@Iﬁ(@ :

Sk ThoX

-i’ ity

i1, #Oeo-Yer

o OMEtUIR.



Assuropnon. ¢ Y2 v Bvmoudl (%) [ Y- Teruamcsed o

Ule corn weewdede fNe madlel aus
21 +BaDi
eBﬂ 2

s = e
i e@;{-‘rB}.’B\:

Tm Hus o, U CoORRae. 1S R Q cm,mu@ T (W iemaw

o (W IDL-4)-E( Wi =4 IDL-2 - ﬁi& e Qunck
4+ Q)?S:l+32

(A=W 1= . B(B=-CI Di=4) = = __
Jaef e

i o
= ;‘:;(" D=4 - 68“%2 (ondSD

o L = = Uy y i Bi
(7 4Dt - B i =2 | Bi-0) - € aud  (4-TiDi=0) - Pi-olpi-0) - £ __

’i«%@,&i 44 ™
_ /T)-. . y
7 “‘.'m - |Dt=0 = 681 (oDdS )
4- T

bt o ¢ 1 ALY X ‘
Tm 40l Cane we coxt Rud A €O u&:\\(}) CUE € MU

1 ~
‘ eg . L cozodudzy - @1=-350d8ud
Fan
~1 3 2 ~a e ' ‘
LN _ocesomn Y e - Rp [oommaE )+ 350\uL -
° 1

535 |1 0370

Tlr\m, ru, exti moted Qﬁzl mé‘ﬂ@l (S

Q)O%Codds}) - - 2504304 + 4. O3AED DL



Exercise 1.3
Software gives the estimated slope 35 = 1.0371 and its standard error SE(B;) = 0.2755.
Transform the results to the odds scale. Summarize the results and write a short conclu-
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Exercise 1.4

If additional explanatory variables were available, for example, a performance evaluation,
how would you use this information to study the RIF?
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2 Exercise 2

The acquisition litcraturc suggests that takcovers occur cither duc to conflicts between
managers and shareholders or to create a new entity that exceeds the sum of its previously
separate components. Other research has offered managerial hubris as a third option, but
it has not been studied empirically. Recently, some researchers revisited acquisitions over
a 10-year period in the Australian financial system. A measure of CEO overconfidence
was based on the CEQ’s level of media exposure, and a measure of dominance was based
on the CEQ’s remuneration relative to the firm’s total assets. They then used logistic
regression to see whether CEO overconfidence and dominance were positively related
to the probability of at least one acquisition in a year. To help isolate the effects of
CEO hubris, the model included explanatory variables of firm characteristics and other
potentially important factors in the decision to acquire. The following table summarizes
the results for the two key explanatory variables:

Covariates Estimates SE

Overconfidence 0.0878 0.0402
Dominance 1.5067 0.0057

Exercise 2.1

Write the estimated regression model and interpret the coefficients estimates.
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Exercise 2.2

Perform the significance tests and determine whether the variables are significant at the
0.05 level.
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Exercise 2.3

Estimate the odds ratio for each variable and construct a 95% confidence interval.
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Let consider a datasct on the number of rescarch articles published by 915 graduate
students in biochemistry PhD programs. The variables for this dataframe are

e art: count of articles produced during last 3 years of PhD

®

:

|

| o

3 Exercise 3
fem: factor indicating gender of student, with levels Men and Women
|

mar: factor indicating marital status of student, with levels Single and Married

kid5: number of children aged 5 or younger

phd: prestige of PhD department

e ment: count of articles produced by PhD mentor during last 3 years

Exercise 3.1

Choose an appropriate response variable and then a regression model. Justify your an-
SWer.
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Exercise 3.2
Complete the following table.

Coefficients Estimates SE Z-obs P-value

B 0.304617  0.102981 2.958  0.0031
Bo -0.224594  0.054613 -4 #3> 3deecs
Bs 0.155243 0.0e436 2,930 (0114
Ba -0.8U8F  0.040127 -4.607 4.0850€-CP
Bs 0.042824  0.026307 OU¥S  ogo71
Bs 0.025543  0.002006 12.733 < 2e-16

Then, interpret the coefficient fg.
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Exercise 3.3

Knowing that the null deviance is equal to 1817.4 while the residual deviance is equal to
1634.4. Perform a statistical test about the overall significance. Specify the hypothesis,
the test statistic and the p-valuc.
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Exercise 3.4

Knowing the value of the following quantity
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4 Exercise 4

A rescarcher is interested in how variables, such as GRE (Graduate Record Exam scores),
GPA (grade point average) and prestige of the undergraduate institution (Rank), effect
admission into graduate school. The response variable (Admit), admit/don’t admit, is a
binary variable. Rank takes on the values 1 through 4. The total number of observations
is 400.

Exercise 4.1

Write the equation of the regression model using probit. Which other kind of model can
we use?

TlodeR osswmpnons

\/‘”BW“O"‘%W‘) 3 & PoardG: Y
Mi= Piet P2 GRG + |23 GPA? + BuRamig; Z+\?>‘3 2
YD L7 e -cb(m WAL § s the (OF
53 ﬁﬁ)"ﬁ o 4 whe 1 of o Qousmam

Ay oo
Baﬁ\mﬂﬂ&}, we meed to amume M s oldmuud glou Y7 as
l;[? 3{$>K
\/t: 0 ié? Ut <k
wha 9‘“*‘%‘“(”1{ 1)

Flonee, awtnis (o W Rove
tU

8T ﬁi ’32 GRE + ‘%ngm + \&\Dﬂl +}?r>b21 rBoDal + &1 &vN(O&)
1! ‘(}P. Panie=2 &MK\
whoe D=
o, Sthaw 2 o
4 f Rows=3 o, Clhuowiz

Du= |, | R,

TImgread ‘% i puobIT | we Lol une tha Lopll Qunic funchou .

12



Exercise 4.2

Knowing the estimates of regression coefficients using a probit model, such that

Coefficients Estimates

B -2.38684
B2 0.00138
Bs 0.47773
Ba -0.41540
Bs -0.81214
Be -0.93590

Interpret them.

A Is
@ @Z:O.(I}iég
L& ’ ' ol Amision.
A MOOR P G5 <o amuwaen e P\Qc\)\cked Fobﬁbr 15 CefQ y

™ A, = 0.UAF33 -
@ ng’ 3 e& GPA S MO rha preciced Vdaobielg ooﬂoﬂ/m;wo’n.
Bon iUl ’

£ s \ YA S
SR Q) e wndem%m,tmke Ao coaeenps

W LMD
| @d:@bi‘aia d
B -0 1324 .
@ %@ N %L J_—H«L WM&QLT}W{ LAWY oOnNed PQ’YIC\S
AR JRESTCIN
vl 3 ’ A p\ecudec.\ ?cgnb‘&% AN

R = - 0.9 1
. r
@ i: e o mexrfcmﬁmﬁ Se whitalien MG
iy The pooty | R
w4, tha padicied ?@h&g ISR

To the_

13



Exercise 4.3

Now, let consider another appropriate regression model within these data (should have
already been specified in ex. 4.1). Write the regression model.
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Exercise 4.4

We are interested in performing a test for comparing models. Let consider the previous
model as full model, and the restricted model as a model which just includes Rank.
Knowing the valuc of the observed test statistic, w®® = 16.449, spccify the hypothesis,
the theoretical test statistic and p-value. Discuss about the result.
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Exercise 4.5

Knowing the deviance of the previous restricted model D(restricted) = 458.52, and the
deviance of the null model D(null) = 499.98, perform a test about overall significance by
specifying the hypothesis, the test statistic and the p-value.

Syviem ¢ rvdpoirmxs
o o-paspu=pofe=©

Hi: Ho

TTEST S’VST\SrT\C
3
W - 28 T (o) ¥ Xps
B V t( r(\,uif)
\/WQ o N el - E(MLRBB - DM -»"D(mie,‘\,\
W - 2@?

ot v meed T g D(rmade) -

- x
uANOLD SRR | We WRC

Senee WA

W& de

au
anch LL\,\DV\/\!WS D
B | eg ez -46.H44997 442.0%4

"D(Wuded Y - Wiy |

oloaudt anold X\%U%Qsm@— mebfj&umm

(f\&mﬂdecﬁ) - UsR.52,

B(mm@) -
Teuee, thu WP F jast
N@m" 440 QR -H42 o#=5t

Pucing
o &(N 2 W) =0

B

W W%tﬂ)f ko

16



Exercise 4.6
Referring to the full model, we know

o (33 = 0.804038

o Z9%=0:423
Interpret the value of Eg. Perform the test of significance and discuss about the result.
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Exercise 4.7
Now, we would like to evaluate our models in terms of mis-classification. Let consider two
logistic regression models with probit and logit link functions, involving all covariates.

The confusion matrix for cach modcl corresponds to

Confusion Matrix and Statistics Confusion Matrix and Statistics
Reference Reference
Prediction 0O 1 Prediction 0 1
0 157 40 02 o
1116 87 141
Figure 1: Probit Figure 2: Logit

Compute the mis-classification error and interpret the results.
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5 Exercise 5

A rescarcher reports an cxperiment on the toxicity to the tobacco budworm Heliothis
virescens of doses of the pyrethroid trans-cypermethrin to which the moths were beginning
to show resistance. Batches of 20 moths of each sex were exposed for three days to the

pyrethroid and the number in each batch that were dead or knocked down was recorded.
The results were

Dose

Sex |12 4 8 16 32

Male 1 4 9 13 18 20
Female |0 2 6 10 12 16

Exercise 5.1

Write an appropriate regression model using log,(Dose) and Sez. Justify your answer.
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Exercise 5.2
Considering the following table

Covariates Estimates

Intercept

Dose

Sex

-3.4732
1.0642
1.1007

Interpret the estimated regression coefficients and obtain a confidence interval at 95%

confidence level.
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