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An advertisement featuring statistics (6 points)

The aim of the advertisement below is to show that stairs are so important in your daily life (it was designed
for a French carpenter company named Lapeyre). The text says: “On average you will walk up and down your
stairs 89,019 times: choose it carefully!” Some footnote indicated that this number had been provided by a survey
conducted by BVA Group (a French polling organization) in July 2017. We did not get the corresponding raw data
and made up some plausible data instead.

-
\EmusEANLLREEM s

Of course, this
number 89,019
was supposed to
be humoristic!
It is falsely
accurate.

Suppose that about a thousand people were interviewed: we of course only keep the 534 of them that have stairs in
their homes. Each of them was asked to indicate how many times they walk it up and down per day, as well as for
how long they think they will keep their current stairs before the next renovation work. Answers were:
— an average number of 12.60 walks up and down (with a corresponding standard deviation of 2.41);
an average period of 19.34 years before the next renovation (corresponding standard deviation: 4.35 years).
We will consider below that 1 year is made of 365.25 days.

OO Which type of confidence interval (symmetric, underestimate, overestimate) should you pick, and why?

An underestimate: we want to convey the idea that on average, stairs are used often, at least X many
times on average. We hope to get an impressive number X in our calculations.

Write a nice and enjoyable sentence indicating
[0 the parameter of interest at hand and
O a confidence interval on its value (please provide the details of your calculation):

With high confidence, people living in places with stairs walk them up and down at least

241
12.60 — 1.645 —= = 12.42844... > 12.42 times a day, on average.

V534

O Provide the numerical value of the confidence interval on the second parameter (no need for a nice sentence,
just the number[s] with details of your calculation):

4.
19.34 — 1.645 435 = 19.0303... > 19.03 years, on average.

V534

OO Conclude by filling the gaps in the sentence below: the first gap (the confidence level) would not be part of the
advertisement; for the second gap, write all needed words.

With confidence 90% and on average, you will walk up and down your stairs at least 86,000 times.

technical statement

Details of the calculation: 12.42 x 19.03 x 365.25 = 86,327.78715, which we round downwards to 86,000
for readability. If you're concerned that we should still make a humoristic statement, pick rather 86,327
and explain that you are doing so for the sake of humor (and not because you do not realize that you
should round off numbers for better readability).

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 21
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Bewase.
those. oumbers are oo
Twitter Audit dMA‘—\o ke e,

TwitterAudit defines its methodology as follows
(see https://www.twitteraudit.com): Twitter Audit Report

“Each audit takes a sample of up to 5,000 [...]
Twitter followers for a user and calculates a score
for each follower. This score is based on num-

g DonaldJ Trump

ber of tweets, date of the last tweet, and ratio of e B e O Resii
followers to friends. We use these scores to deter- Screenshot of
mine whether any given user is real or fake. Of https://www.twitteraudit.com/realdonaldtrump w“ PR

course, this scoring method is not perfect but it is  (webpage accessed on Wednesday October 4, 2017, at 9.20am)
a good way to tell if someone with lots of follow-

ers is likely to have increased their follower count

by inorganic, fraudulent, or dishonest means.”

In what follows we will assume that TwitterAudit always uses 5,000 followers, and that its classification as real
or fake is accurate. Consider some random Twitter user, say, Donald Trump: see the associated picture above.
The picture reports the sample proportion of real users.

O Define in detail the population considered here; in particular, provide a population count.

M e 80\\0\»«3 of e @ ed Dol Trowp gt © Ahere are
95 869, 38+ 16y o, gy = 24, 3, 36 o Fan

O Indicate the parameter of interest.

The ?‘OP@){OA R o;? (el ?O“O\Mx am\o@ A ?‘BP‘*\“\W‘
o S cqper e s
G uokiow, n b :
i e 23’ @é‘)z’ﬁ/msws\g” 59.8%

O Spell out the available sample data and summarlze 1t
Beware, the sample proportion actually equals 59.8% (how do we know that it is not just 59%? {
(w1114 Y N *Pﬁ

ﬁuag\a.\éz— Mﬂt 2 - g \,g&\& = ;\B. jotevs
. x = S8, o B lowes ™ (% &U\Lf
Dk T B ) " e

[1 Should we compute a symmetric confidence interval, an underestimate, or an overesj:ima,te?\eﬁi(plai\rzlﬂ—
Co ofg_ 1
Two anstes  Gle \eca&mm‘\’e bore “‘W‘ o perord  prefes o by
- s Tooke fodt g o tedel Huxd ?‘“’b

| Y ol dsard o e (oo vy
- O Ty o T TR widhal) e ol

:(iwsoc\-‘rkcea\m‘- WN“JC’#&“’"C\?X\‘%}&K@»_?
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%w@—’m‘c G - %/ sqxg\ 0 . (g

\ruc\\ dhe om?m},m of Tuwp' S e (dows among  dl W
C Wi w& ur\s S‘l‘&fa QP“G o f\gg]‘, sk, of  evor

O Ba,sed on your an wer to the previous point, perform the ‘calculations (provide some intermediary details,
not just the final answer).

(3 Undoreincte - 59.¢7. - \GS/M@ v K6l o 55. 657

t ok con 8&\&) & \e%dr K€l oF \ruwP.s —go\\ows ate.
C)_@\\w«s,

0 We go back to the picture. The number 23,869,359 therein is misleading, 1sn’t it? By whic number orl *
number range should it have been replaced? t_ Tk QULNE s Ao
4 A osmler o Aokaired (‘,\.j s @ ?m“«\ e&wm@\ on J}
met\?\ v\% fhe. W»@&Qu el o
3 by B ppicen o o, 353
A et Reesh x H, 336 = 2%, itlo,

- e
U(é&ﬁ’m didh (e oud  dounusrds © 254 M
e fidee, T e & lod 224M f el dobues

71 All in all, provide a TFwitterAudit box that would be both more accurate and more honest than the one

shown above, while still containing the same information. To that end, just write in a boz the 2 / 3 numbers
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This is a large sample size! It is larger than the number of students we have in one year. We conclude
that the desired precision level is too demanding and should be relaxed. (Note: The population is
composed here of thousands of students as we are considering several years of students, but still, 865
may be a non-negligible fraction of the population, which would call for a correction of the confidence-
interval formula, leading to a smaller interval, which is thus favorable.)
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Exercise 2 — Budget planning for traveling costs — 10 points

This exercise is based on a statistical experiment that I am currently conducting. Assume that I do not live in
a neighboring area of HEC Paris, but rather in some farther away place to the West, in France’s countryside. I
come to HEC Paris 2 days / 1 night a week. When planning my monthly budget, I need to take intoc account
weekly traveling costs (one fast-train trip and housing costs for one night). It turns out that train prices and
accomodation prices (through AirBnB usually) are quite volatile and are difficult to predict. This is why, as
a trained statistician, I collected data for 30 weeks. To study the data collected, T of course implicitly assume
that my sample of 30 weeks (a bit more than a semester) is representative of the semesters to come (i.e., that
the various favorable or unfavorable price situations I met will take place in a similar fashion in the upcoming
vears). The data set looks like that (the lines below are only an excerpt of the data set):

Date Train Housing

Feb. 7-8 44 53.10
Feb. 14-15 25 31.83

Sept. 19-20  46.30 34.97
Sept. 26-27  60.20 65.00
Qct. 3+4 54 29.35

The data set can be summarized as follows:

~ Sample average price for the train trips = 39.25 euros
— Sample standard deviation of these prices = 18.92 euros

Sample average housing costs = 41.54 euros
— Sample standard deviation of these prices = 14.24 euros

Study of the prices of the train trips

[d Indicate the parameter of interest out of the four following statements:
1A. the individual prices of the past train trips
1B. the average price of the past train trips
1C. the individual prices of the (past and) future train trips
=y @) the average price of the (past and) future train trips

Assume that I am conducting this study because on second thoughts, I am worried that T moved so far away
from my workplace and T need 4o b nugied oy {m‘ & the traveling costs are concerned.

X What is the best shape for a confidence interval on the parameter of interest?

2A. a symmetric interval (= with high confidence, the [parameter of interest| lies between |...| and [...] euros)
— @ an overestimate (— with high confidence, the [parameter of interest] is at most |[...] euros)

2C. an underestimate (= with high confidence, the [parameter of interest] is at least [...] euros)

We now want to compute the number(s) to put in the conclusion stated right above.
Spell out the calculation you will type on your calculator (i.e., which formula with which numbers):

R
20

.28 + 165
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® Provide your final numerical value(s), as read on your calculator (no need for rounding yet):

i, AU .-
Provide your final numerical value(s), alter rounding to integer value(s), i.e., without cents:
kS€ (wL el e 0‘“\5

\)?\N-‘LTA-L NG e fe

Q_f_ an dﬁ\.uﬁlt\ MS}Q—)

Study of the housing costs " : 3

We are now interested in housing costs and proceed similarly to obtain a confidence interval on the parameter
of interest corresponding to housing costs.

Spell out the calculation you will type on your calculator (i.e., which formula with which numbers):
e 24

V3o

® Provide your final numerical value(s), as read on your calculator (no need for rounding yet):
Ll‘ Si %?-C‘q— - T
Provide your final numerical value(s), after rounding to integer value(s), i.e., without cents:

e €

oS + 168

We are now putting all results together.

K Provide a concluding sentence on the total costs for one week (please provide all necessary adjectives, think
of the verb tense, etc.):

itk \mcﬁx &,}%&mm—, Gl ,‘i—_.@ i = e p wok o his
Yo M? ok prweiilin o w e u‘bcﬁm:j onthe.

Quantify the confidence level guaranteed [or the conclusion stated above: Ck)‘jo ( %\m&\!\'ﬁ\"ﬂu\ﬁ R
A . ] -—{-N’c, C‘Eja
more precise picture . EE Ao nedsls >
rain tiips will

® M How many weeks will T have to wait before my error margin on the parameter of interest for
be (of the order of) =5 euros? f

" # ‘ |_ o
C;\J.Waﬂ!\' Qo (MGIAD ¢ + 6 % £ =~ 638 £
J =
r £ S“ £,

—_
“O

Y b 6B\ 2 55, 16208
Nk o Al swde g of -~ (2)

m.ﬂgﬂ u?»,sm'clzs te 56
That ¥ - 6\% m\\ pezd to \,:;c‘{\ 26 wewe \.s‘:ea_\% .

S
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Exercise 1 — The effect of touch (10 points)

It is well documented, e.g., in marketing studies (Jacob Hornik, “Tacti-
cle stimulation and consumer response”, Journal of Consumer Research, 1992) ‘{
that light tactile contacts influence human beings in a subtle way towards the H 0 I.L Is TE R
requests of the contact-maker. For instance, if a seller touches you slightly, you
should be more inclined to buy a product.

We want to illustrate this fact by performing the following experiment. We
consider two similar stores (e.g., two Hollister stores) and ask the sellers of the first store to avoid any physical
contact with the customers, while the ones of the second store are asked to lightly touch the customers’ arm.
We are interested in the corresponding purchase rates, which we denote by py (without any contact) and g
(with a light contact), respectively. Data collected are that 12 out of the 120 customers served without a contact
purchased an item, while 23 out of the 120 served with such a contact did so.

We want to quantify the impact io.. ?o of a light contact by exhibiting a confidence interval for it.

Symmetric interval on p,

We exhibit first a symmetric confidence é‘ﬂkﬂm\ (e ] -P} -

O Spell out the calculation you will type on your calculator (i.e., which formula with which numbers):

o = 0% dhes [l = 1gc > @on

20
U Provide your final numerical value(s), ! \ 5 o
— as read on your calculator (no need for rounding yet): \Op/q + 5 zi"'} e L
— after rounding the error margin to a X.X% format: (O 70 4 B4 70 "'h@{’ S

the. @ ~—((FDW| b GFIQ +o \gk'\"‘/«s
0 If 6,000 customers are served without any contact every( week, how many purchases will be made each
week, based on the previous result? Fill the following sentence by including all necessary numbers and

words to avoid any ambiguity:

> With high confidence, the store will get every week Ez'\'\u&-\i\ € and qz\l’ purchases &) ({\)E’fLICE V

U0 How many customers should have been considered to get an estimation of py at a +2% margin? Provide
calculation details for your answer.

Ui 103 de 4o bo mpowd by o fhcder of 23
Sl VA ) g <

Ths e sa s dold e b o x (24 & &K

cudowass

W

. doed ast 2% = Goo < (T -S4
NMW&’&‘B (ij\—m &= 52* )‘Qm'z X (k‘ﬁo +S~L\‘7°)

Cold e ban munded off 4o o ad Gag e

N
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i Camnet e
3 et ok gt o]

Symmetric intervals on ¢y and CTO- Po

O Provide the final numerical value of the symmetric confidence interval for gn. rounded into a X.X% format g—-

(do not write the calculation details): E 12. |Gla -t-o 24;: ét}/g ‘]

O Same question for gy — pg (with some calculation details or with a picture):

e hote cuerlopping ieswek G w e
P 5,'—, T [l - 54% o 265k - 4.6l

Y4

(<4
r
C

i ; = [ fon -z, to  2.F%]

[J What is the confidence level of the interval calculated in the previous question?
G- cow%éam, 02\3

Let us consider an academic researcher and a shopkeeper. In which shape of a confidence interval on the difference
> = P (symmetric interval, underestimate, overestimate) would they be most interested? If your answer is not
“symmetric”, then explain which respective shapes for the confidence intervals on pgy and qg should have been

considered to that end. w\,ﬂ, ?ﬁﬂ\' i
O Academic researcher: %j\whﬁi'@t(— \\{\x'e\‘\‘ﬁ (% &,/\LM *\-‘n\' o- \'C::Lc( ol
coold have e ?ﬁs‘ v 4@&>

O Shopkeeper: U?AQFQ@;W&\;‘ ' m‘f\\'ﬁ ‘\b = ,QLOW\' ""(D}Cy\ s
b"g Q%UL M\q Ie CA“ the.

Shape of confidence intervals

Dakeds «[c s G4 ’qu’i‘(_z(—gb/-"")]: [44. (& °{° B BN/ "L]
[_ i].2 Io £ \7] [-\7_ 124 te 264 /o]

incloded i '“”2' s
Cagh + ML) =Ciidh & 2377
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Car insurance company: planning

This exercice is a continuation of previous exercices. Data was that out of 1,472 students with a car insurance
interviewed, 256 had reported an accident for which they were held responsible, with an average amount of damages
of 1,865 euros (and a standard deviation of 524 euros). We had already computed a symmetric confidence interval
on the average expenses generated by students held responsible for an accident, namely, 1,865 £65 euros.

1. How many additional students held responsible for an accident should we interview to reduce the margin of
error to £15 euros?

We want to improve accuracy by a factor f = 65/15. We based our calculations so far on m = 256
students held responsible for an accident. We would thus need in total

65\’
m f? = 256 (15) ~ 4,808 (rounding this number upwards)

students held responsible for an accident, that is, 4,808 — 256 = 4,552 more such students.

2. In total, how many additional students with a car insurance (with or without an accident) should we interview
to guarantee with high confidence that we will get the sample required in the previous question?

The question can be reformulated as follows: how many additional students with a car insurance
should we interview to guarantee that among them, there will be 4,552 students held responsible
for an accident?

We proceed carefully and must first determine the minimally guaranteed share of students with a
car insurance that were held responsible for an accident: with high confidence, it is larger than

> 15.76%

256 (256/1,472) (1 — 256/1,472)
S 1.645\/ 1172

(no need for proper rounding for now). Therefore, with high confidence, it should suffice to interview

4,552
15.76%

~ 28,884
students with a car insurance. This is of course unfeasible (too costly).
Note: it was unsafe to directly use the sample proportion 256/1,472 ~ 17.39% and recommend to

interview 4,552/17.39% =~ 26,176 students with a car insurance. The sample proportion needed to
be corrected into a (safe) underestimate.

40 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Corrections for Chapter 3. Confidence intervals: advanced notions

T e e
P | \ EEEERRER } N ,‘L; T EEREREREE
Chapter3 / Exercise: : Vﬁl](* ol ece | | || || e

| LTl EEEEEEE ]

() S;\n b all 2&2@%\% f@%jm 2 \;aemmz, L
T s e (F W b e Shes)
Bl — 1 elle (A ntﬁacux b bl B it i\‘a[ P e |

. - | fhock C \»g,f,},,,cﬁaor “c_) 7“\‘3 T&Mg .'L/ ,f .
Ll ~ . I I I O B I ]
,"Er,@\u 3 | B Drdg Wold | lebeo, | O&so‘\', oh Ao 3 le
| Ko ) | ((00)fven S B ‘3; ushi K Doddy | doo | axpense. | || onen ©
,,,,, Ahe. O_f_ ,_ )A—}a&ﬂ% A r\mdeés' e | ﬁ\h&\m 8) O keliss,

— : 1 ! | L

(@) Rplaon = T 492 e b sl wh e (b A 06)

1
&

4%

=

g

:

g !
9
é;

8

E

£ B
F

* WChich 1 Ve, owen b
: : e Jo -5 Il e ;.s -~ sefpeey
CThe ol ackal Ua\m- ﬁ&m, a__“';s,,,, \%Ssv_/ A .
: 1 BN NEL
- gl N = g}ﬁufl e of El; > cxcim\ us G-

N

=
~

woids  of | ( g

<~

11“
‘ﬁ(’

B
ch:)f
=

I3

gﬁ

g

F

=

5 g
A AEESN
&=

3

D

s

e

=
&

(‘C\\[\\\ X 'ﬁ‘\ —'; \‘ Qf‘&l‘g =

AN
=
3
|
3
¢ ¢ &F
0~
3
£
3
N
\1JJ“'

\
2o o
'3
V'3
s
mire)

I

¢
o
8

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 41



Corrections for Chapter 3. Confidence intervals: advanced notions

. l ‘ -
Fhﬁ\d’\ A o | & a.gq ‘o |+ ok, 9%
\,f.d eﬂ\\!‘ ; a “‘E\a_ AYaNy s \
\x =Ny -
(J U{F > 4 |
(ol culadion 42/ \l< x 2200 |2 1820 % 268 45 -
(. YRR
/7 = BN, . 2 £ | 2o oRo . e
v 5 | inclu i y 520, £ 200 o Jocndlence.
(¥ of A IMNE £ (20" RE |
e ‘a heazl :
L() > 95 Canfidanc
G 0 NN Cm& N fel | octud wmlke al B
W bl S (Y€ U el ' ]
oo u‘F N ! |
| e oo Inbeal | Shmele | ol b of ]
Cotecd | & P @M GARA hel
| Aol i ‘ U sodk | equals
26 YGS € 5 ¢ leccond, || !
wisavek \ \J The ac Hared | 1sth| Sb | disesediens i
a ke, Ushich ﬁ%&er\t oty Mok |
e | of | e & | Al o ,'\) "
Meck,
(\q'\ A" NS fbﬁ (e8I ) adusziey | B ft,}' “‘Q&_V&/S We- | pakicalle
bk o diise | K i oy © \ sl thg e | 9)
Wola Mo el mg ey O 46" = qec, o8 leadin | )
painy & needed O Ao | g ab te. o )
i i8] ledsed %@L oswaden |S
; ap) | -
Thos | (] lesd- |nless oced | @ | mere | cleten (s | e | Quadiens ()t
% tolde | g b | wedd el He Ty (23 Q)&d;gn\ig, ol
| x0\T | acobee "y D
( J
"r\% oxaet | cal ) e Be | thcwakd }ﬁ‘ %. oS
ASSL x \Go 2% L €@ x M TN | L] x| 3 aek 4aS
¥n o
fhat i, n= (e g6 x I B3, @) L b < S
| I
L e steulh, febe | 1= G0
o Alawszd s poold | ke
ddioulew |
T nc\nich e SMARRER | |21y ! Qzﬁk\l ¥
Ao s s | (9)-(9) Y
42 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Corrections for Chapter 3. Confidence intervals: advanced notions

1 | HER 1 1]
) O : paited deder i | for n Gal%m \\) '\\“! e A"Af;ig,)
s | ettt | Gelie | wi i B ledopr aco T
_ ‘ ( D N Sf\«c\njr il | (st Soba
d\ \—< L& -] Cﬂ&&ﬁﬁ \) ;: 2||
_— \ ALy ) ( :_‘8;)7 d -5@ - i
+ e E\B gxhn YO | ¢ (?_Vemyd’ Sah€h cz\ m)&” (RS
Q7 JHEEE U i
- S e S el wth el o ekt I
L1 -
S S @ wh cbeat pekd A endw
= This | b o e, | ledhpeon | R | ackud sl c:fo#
an K A PG P S
N ag_ LK((GV*& ] |
5P | Eoerelly, | et of all dferenss, B X, -
Ml u& hawuéj’m _ri\‘\‘a | Rl Y cﬁ% ﬁ% €
g Inden
hy \ m‘x\ ‘k 0&0& -“’\m n he A
o all e ASHL | e U lishich U4
<) . -
The . gL of all \ n ea‘xa\s 4S3L A, | |
I Coele = \gl " \\ ) ~ Lo “ WR\M e
o G e e, % Qonkde o \i@‘h— Coi [
g Al { e;%ma;\ cHec
b | Hesenc
TH Ao c N |G !
ooy of e e | T s gy o B S n
(va ARt aadion o
N . S vz%o\(\-lD\ A ﬂ£~> : i
> oy [ G () |
) \ Al on - - %j\fé-; . B =
= = WABt 20, K
ridonce. | iedz | S22 S x(1ABY) £ ($BLix e
= -3, Fo. %+ | 4o 8RS il
tshich | 18| ineludedd o ~ \Qom | | YHodo -
,=_A-__‘ € |+ RE. | L
. 6SkE + 29 k€ Hai
|| Ll
]

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 43



Corrections for Chapter 3. Confidence intervals: advanced notions

o ‘ N } L
Conclugion Wit h @' (957 G lewzl ) Yotal |
Pordachs | b Fobl  elwes | and et ||
ec o Wales 0)5 |32 | eRanto handd | equal B
— iK€ ) Ul tol o |+ U rém of emor -
l‘q"/ The.  éale _{? JOU(HN \au e \ zﬁt'\\ é:\‘odl & .
ng&& v S én-mlw el ont s e loe Y -
re. | (0 ! P oxhowkie. | & Ten s
Grregony 8w\\e s discwsed | | Quhen (1) m%
Ud -
With [y & (4 v lesd) | el actual| R el
4 RY | ¢ A ) 2| | peRidnea |
’\ <3 kY - &‘ o |+ | A oo
- %| 2 i LS eI =N N o
’% (& \ﬁh& I= a“— nu OC X o 2 e <) 5/0.
L ] J\ R /
A x AR T of Po cureat
shock \?\\
&) Na_ Do 3 (&) & b LipukT (=8 ' 5 Ay
by | & o | A4 | an - 5 o€ l&j&‘h /Q"m‘ ém“
QD Vo red 2 o hf\icé&\“r_ U—\& of 4= = a ~
That | i e, | ( . \ oR 2 and o e
heck [T So ! idhes| | elfaen < of | Bl % By Specdg
cYed Thig lmx ' only ke | 1 T\\QM' ! v
q
(\f) HQ - \A fealon \
(@) %‘gm o\ | (2) = (&) e e(;mm <¢ arteh
Qe (S) - Ik s expol | aaldde ddn | aduq b
Cufrert | ciccconhng tmllens | e | b Nore ot s
| E) n(%;m?gém il || thedls | aly Y e U ¢Y<Lu A
Hous 'ﬁ'\k hoh - lewel | teaten i ce,(‘ﬂ\fc i
' ()
= *h wet lon @ (AW *®: larae,
Mmomeers y | Loth larse. asseciatedS j{& welidhs| O [
#lhilel, # oy e s sl | 0] 3 AL hog
\ Sale ¢ U ool W \
l\m%oi 0G| ey nojﬁ NE WM
Sandacd U |1 e S o1 mechsualect
"ﬁVV\ xS G[\(s AL o .
44 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Hypothesis testing: methodology

Elementary exercises page 46

Advanced exercises

Nicotine patches, continued page 50

Managing customers’ dissatisfaction page 53



Corrections for Chapter 4. Hypothesis testing: methodology

Aper. M| |/ oy | oxesed L
! S
eZise. | 4 L
oye '\'b < -
- X ofRestne | el C '\Sf\ca* i d Y &:gm @m{‘ah\é Oty
(eecage| | Q) | o weold| e bm‘%plv j '
L sl b | gowe | igvighe | ol | (| s i
o oaref)
the | aoriakd | okl & e %, :
s gl s
dJ
| |
- Hesingy et | Ao | e 4 sz S | e
Q|- Qﬂé‘@* ahucdien E} u Gj o ek ¢ S
Qe | Compen | Ralocy cal | of f b?+
L 1S “s | A= }1 9|
(g % lrm\g%& 0 idea | Gl q
Q&pcmm\ cck | ¢
i |
) m:k\' ](
H@(\G i
- dot | el | (M) & The | g s o
PEiBRD\wU—
- | ok bescpi || () | The discant | pofiba
o 0 swfle | e || (Ao Cdlecfed ) wil el | pded]
agd| orle | f ol _ Wah canf Rt
(R [u) Ajﬂs 1 Ahou Wc@HAL U
()i ') Yhin HAGNCs pobi ot el W | gosal Ho LR (e
A ﬁmqg dence., | ) )
)
46 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.




Corrections for Chapter 4. Hypothesis testing: methodology

T 1 1 1
e %2 N I I A 1
The | Gotemort | oo | et sk b veady o tnpleanank | e _
e, | <vng r,|f and \y '\f “heve | ) d ch J w:& fow, | |
miiten S )
(13 S S nA m O(\‘Q\ . .
i
- (Vile. e i (e (i | gackeadar, | i Heeme  GAw)s -\._)ﬁ
ind ey U confute. € oo ;Q£ 1
G ST Shott dew cichy og«;g&gé o
i ang i
(Bt D ¢ A Y Ve
= 'S SIS\ { 94 N i 12} - >
v’ be. C) =] ; N (.) : (J
can 3 e%es.h |
&N There. e | MNes j—é. Q- -\Qm;"be_mgg&m AKX taith e
1% Chano ' )
C
! ) 4
- The et () ic fo A48 M fhore. & rot endol) | Supat
;gpr B nelie %@ e et chosld | dr | b \\mégﬁm Wﬁ
- Ra | bieberit | (H,) > Ak Al Ahoe s et sapd
‘ ‘“ﬂ% ) e | char )’ ac At B el [ be @
(the wad 9\\3 . q\d? 3 o na \’3 —
SN _ | pog ab 2 el P 0w vaney
17 ! IHERNL
- SN 50‘1@ \ e (‘e;\ia:e: . | DY
) | P )
we | Shookd | e W o, & ok Wi M \ 7 %
:1 Alwsads ?d 0cn-  Hes \a\‘ﬂ{ oc \ \‘8 4 Hﬂ. |
L | |
dpick g h\(’ j or a " At i ~ (3&\\9:\ +* H,
’ﬂ \MN)‘ (%, o] '“\LS ‘iE\ d‘? Nupo \ H " T_. = &3713 \‘\1 . A7S;I
Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 47



Corrections for Chapter 4. Hypothesis testing: methodology

| [T || B
(\\A&. affe. | (neding "Wﬂ\'l o, ook | il coneone (e |
Becise | Wi iy R ) finds ok et Sich g Ay 1R dhudy
VIR | et lddne %s el Purf aJeg:\j N1y
Sench ca&{-‘. o @ go d{\isa o ol (M%d%%‘ e
s \C B B e gy Cave { d@\g ida - '\*J&,
pocd e bty (ol b ﬁw“ 2o ~
(--"» \' a \ k °
whle. - Seodtngy ot ey l 0 b shend Ave. | bow | ig SN
QA 25den ViliNe vin m@t\v&m wl | padaraly -
W L9%ec) ey | gm0 e | O el <
Ol 1 1
S Tt e Mﬁ\ s&r
He
p)
= The o ik | Gels AJ??(\ - Lok At e | ¢
dz,mqa% I ' o o/ Py = 85T
el B o\ = &emy;‘ -%(\L‘ i W-h: B | e e e mj\i s
7 a7 (el e o) \ aasers|
” (R o | 7 i <9 %ﬁj& dﬁ . f
Aockor A b | A H 7188% ushet A
r@% ;@m&. g!T—\Qu. ] L ot er weels 9o
X ( {g?\)( &-ﬂm ea T\D( | \S\l\'(') we \A"\\ (I b
4 Yo Whales | Sk gm‘tbh\‘ ah | B th'\oﬁsl by chanda.
W leg | hpL Y s olleely | b | i ackealy'| carden d e |
e | comn | dretg] ©lela 8]
Q) d ‘
oy cor | pane 3 h@c\g Aol a\j @ & | Bl =£\+°<§g and
XA (1 9ed_ o wtho estC AP \ |
! ; 'i@w\\)\ \arcer | A | Ble | re P of &%k Py
\J S
J AR - B % AT,
(of o (B e by, pin s e by e ey
‘é\vr\%ﬁ}n Jr_s RN =S e j = s ° ::
J/') (- o) . 0105 (A-0.085T)
& Wee | o [\ \’L\ _| el 0\ e »
¥ (“e} Landare | Coudon i on)
Bavbicr expected | B o yAbe i ué{
) (ucha? | leecomse. gy |is] expe
o ko whichy ‘7;‘)
48 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.




Corrections for Chapter 4. Hypothesis testing: methodology

m
Value. - snde a&:mU of e =M |
thos | kg ko 2 Jsb | Oz 0T il
/N e (1 0.0\
_’\ Uy \‘ J B
A § . i
of a Sl R bebyvier il X
D™ ek 1 \ Q7T SN
on fun ( WQ%& N ®3 )
i %\
. &
1= 7 8 n 5‘1 X‘c | 1 . i
<l ) et Slla j
T % @, ) N L
Mt WAL = €27
e ¢ \on we Ao | A
Jred | e , ;_ g{-i\e, a i X st A
A > b ong A
e %ﬂ_ o3 H}g‘c CL‘. e ' | G —) (_/ Jaka,
c‘ﬁ_\a&a.
(D \sgion Wait A o — dhon | SagAc
(\ . :\\q - N (Jgr ?sjc 'nzj
Gsked ]
/ 4 n a\\‘ E W o b-,ga\\) A iden Fo Gsel & =
(e o, oo o oo ) o 1Se g o
Ol B o] lschede] |42 3 y
4 ) O

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.

49



Corrections for Chapter 4. Hypothesis testing: methodology

CM&;A&’ Ll Bretite | | ¢ ﬂmm da, | cotiued”
. Q,uu.ﬁﬁr 4 \ Do \
Uluastion L " ‘\A\e_ &(’-[E%\ . Hhe. f !\cérc <ff ﬁ @l 1S
( ( Gawl\ St At [’O\u.._[sc Fo | \Arjﬁr o Go LS
Q. ¢ O h \’90&1»
og e
Y E«\mr\rﬁk viewipolen |1 e, o enty | 1S e AE \
! e ) Po < s
Hy L sy e i [The, | desiced efficieny i leded
i«’_; C} i)“ 7KL
el A it W, P + 557 eRus h ?\‘S:‘f
Test | shzbidhe + - T b Loaks, | e e
YNCE ]- ’A \—\D\ \\LM'J&
{\% Ganda s an | aiched on)
Sehavier o)x\aﬂ% Under 4 lg‘g Al han | R
Ave_ etz s Sl a»(ju_ off | Rypy |=| G I
£ | dde | R Moo PETOS y ey
o4 c.ss)
ol o Tode | ' TN P el
\ I v LY %ﬁ\m
\ J
% \
_-_-// ’
£
B | < o e D
O‘) 3,§'7°> 9“% N = :Oqa ~ c{€>.\ﬁ 7:
T e
Sl | cendlus & T TR
Zjﬂ‘—'\' 03 f oo Wk s Q? ciont.
. ac L(‘w a | lad | of o) usith | Wl
Fhet o o 2 efBGenty @ | -
ug %o " )
- o St ey, \%jﬁm«rﬂg_ﬁl pothon of Tl

50

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Corrections for Chapter 4. Hypothesis testing: methodology

\ A lu‘ \G ~ W «-g 75 o ]
KonmroAN i HEN
Businas | conclugion ) INERENEREN HEE
CACDe Gt R e
/S eff \ dnad |G 3 \< e ol
eyl ) B e e Ty T
Qesiion 2. -
Can Bo  hapolory W ol 7 &3l (hiah i
M 3 el ‘ ‘>_. <LES s U (\o\.‘g‘J @%{3
They | ate. wel P C ' RN ol conc ) B
) et ]amcmﬂ usith Cakailohbas| Ik )" all.. ’ -
.| e | | t. Pz 5 IRV H,.‘: fo 5
Tt 4 b= \ Fios = O (\\o 5, G 20
JU 6S 1-065) ; |q‘\S <==§l_§
Pehvviar expected  luded Bl Al
(Ui ocd  Gaugian distebubien
Pehen ' &aler val Hen Ha ]
( Jd, =& be o l.dwé, |
o] < 1658 J
R N v ) | /
Ceia \r—_‘ v - - 8 — 0O 7—1
JO6S (1= 0iEs)
S m; y i
Wary, o0 ) ovior ( Cuive !
y i L
= Q““M\%g \\ |
,,,,,, N
P e | 7 ol Lo ~
tmach | lar ey K7 ~
) P = || CL - SSZSD."L = Wl @®%
Shhghe) | Condlubion: o Woo | Ay | | (ke To Ha
. li{ 1 ﬂsﬁ&\f} ﬁmcws( 2\ ‘ié Q\m\)( (SW .
A o | \\<@Y a m@\ﬂ.- A ShG-
}\&a_%ﬂ i sialer | €SLY, | ey ook (J
'conradick Tk ol ojosch Lo | W, oo
6 : C ¢ ! |

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 51



Corrections for Chapter 4. Hypothesis testing: methodology

v (Y

L a o e CQ?\:\ S

T Micaked | i R . Y ol |Re.
R s\y ded “?:—%g He” | Lllovena
| C 1
I)“ SGDI A P 7 65

>n0_ >f ‘90- o { j’ \\

T i
Filog o R N 17 8 oes | oy NER IR
kel O sl Qm\f \ B denty | (L | v | s
-&Tvx CSPLL | Sen 't J | yhelfas | s
o] rhrde. ‘P\& K ol Augion | ke (A
E 7Ll lecion..

JY) JIR

52

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.




Corrections for Chapter 4. Hypothesis testing: methodology

| - | | 1 - -
| S N 1
; | ‘ \ . | e o L
Mavaging | cadrormars :ngﬂd\ o7 I 1L
| | | | @/ eI | Ll
RN HEN | M ; e
P;;@L\a s Cudtomers | having, ecently boc‘g\«\ or oot o by 11
| LT produd ) T8k | S0 | dokobuh T
| L] L RIS} | |
Rocben | paramlec o, B cwed o fhee dsdsfiden o
- \ I | | . } -
- Reforene  paccmeter el e Adetcal | Aiswbs A
EEEN I ! doserwedU! | belorel | the | chance. | in
i wers' | veladion () : \\m\vs S«\eg.) odwsers

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 53



Corrections for Chapter 4. Hypothesis testing: methodology

|| |
“1 |V R ~or x_ip\ B
«— ) . vioe R
DIRKAE, { ( for zdies /T "\\ (rormal | e ve) B
// \
24
Pl = lobf - B8 Y = 162 9 <59
Ausen | We. | i Yo t f o A
Showr Y1 ek P e | disabsledhicn | e Abeq
die Ao e Qewr e lof WG
C Yo ) A Ic
A\ssen | ﬁ:ﬁ or| o u"i ¢ P — N\ aw
. odvek P | %ﬂ\k and | U
s onr\() \edhons -
(2P o hawel ang Ureghive. | oudinos |
cen u‘é&\s ) t | dolwe | K mg“- hog

54

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



One-sample tests
(Testing equality to a reference value)

Elementary exercises page 56

Advanced exercises

A controversial governmental reform, short version page 62
Seizure of MegaUpload and side effects page 64
Public health surveillance page 66
“We look like our names” page 69
A controversial governmental reform, long version page 70

Walking many steps a day page 72



Corrections for Chapter 5. One-sample tests

) S ’le,rmm x) STUSRN - | ] :
= S e
A The.  Slemunt @S od| - e o ey apinl e
. [ SN, il 'mf:\nna\ée_w_,% h E\;&‘\\ Aes! | %*Eﬁ A |
! heic\ m;%d sotlar U | acond | Be | wasld | and o -\%@ -
b O ficore g | of wle | 805 studeits ek B cudy baglt
| U @ o N K -amgs‘ @, Hor A the ©
B Rerlands. O g’ ’
Thos [ tenfonaBe | Lewpeind [ Sae | Ole® ‘\Q)\Qﬁ); =|K
R
K, difeert | heios | kb | 6y
§ ‘ % | \tw H J eithoc 7 |
/ or ufg €]
Noke vt wel ¢ | only ek ‘“LT \'&)‘ Were | Set
The! panpe | e B2 | dde | wles x L oo
e \@»« Al len| Bo WR T e AR Sl
J 7 |&.,
Tkl on | k| Swketized | s Bt Br | sanfe | aema | heidtt s
T I PO P s R
x5 -0
IS )
TThe :P’ \Y?\\M_ A d A\ ‘ \ TAR i
= 1 { p ’4&5 )
“Test Hﬁﬁ‘c_ &',ge = N4 —
f““‘l’
\)ﬁc&zr ferwel~ | Casue. \eﬁr\l\cr |
|
larae v:&k)kg or | laze feopdie @
' (g Sof e - daedicns V| O Al |
\ﬁ‘j N orm u“fMﬁ & | cold & ko éht.q_.:_
Nmicl) |l A i L X
R\
g\:g ?@ﬁgﬁ’eﬂ e L
The, B . - I
g b Pbe - Le(ol - eat L)
S K i 5 Z 22— e
wg‘% i RENE | Fé el | T

56 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Corrections for Chapter 5. One-sample tests

T Bl b (adh) e Ao S v Bl o ek o
To plan berds 'ﬁw&aa dax(\?-v c§o f\a\f 3\@%& ’id\ %@m »s o &R
T RN AN ORNCRE ¥ P A g&

(e o coudions
and  hacondusie
 canclugion, G ds uehion ve.
as bt )
Ma\b | e | o Q\(\a&g A0S Tnﬁg Ao c‘wﬁm A c:ﬁ Be hatcd | cretoise «
Test (fér men) |

One-Sample Statistics

N Mean Std. Deviation | Std. Error Mean
Height (in cm) 253 181,24 8,108 ,510

One-Sample Test

Test Value = 181

95% Confidence Interval of the
Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
Height (in cm) 473 252 ,637 241 -,76 1,25
T puescel Pulie. I
wane e taca 651 %

\Aa fvdd cica)cm\ our | esulls % e | el | i chi@ énﬁ%mm B}

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 57



Corrections for Chapter 5. One-sample tests

Exetcse S2 |
/ e, &) \% N I | E—:
i Ao Bewpeiny Aae. ace. Yeiqho e ronehy
‘ /_9- - \quu \ |
- 9 |
1, Pk O\th 6«’%}. W | \GCIP 1
usl pue o | T cAlpe | oesd o e st Whef.
ék 9. é })O.E.Lj‘)\' OP \(’» - ‘\ﬁ ‘ﬁ#& J _E:uou: no ? ﬁ’tﬂcmmf in
e on e s g AwesEicp | A F ) = 66/
[ Csth an asect Ganda \tmu ac‘&? =% 3 TA L =] 630).
- l d\"‘é
T et k. m Gnc
"‘2'1'-3
S , N, behavion in Pl oreite
Nowsical| oo s i Bl | - 6.
G0
e : i | e i el
\ = <
7N s o] S
/ \ ladr qﬁ, 124 )
T T
% \&\3 fcjed' B s \.mL‘ qtﬂ_% I\ éi‘ )Lh'i'. # \eq o T
eq.
8 e | cata ree) <3eﬁ& e 1
Tn phh | ords: o st et ezt | Neidi] & P
edous (x !\if.‘cw“ N U lsum y
ror, T [ X0 | 7 He|_bekeatd
Bl Sif pilcicn- <
?2. Gl N B ) ( L-L {0is WL,@‘S:K\ ‘o i
(+)
P R, o ap | eidlis T2 169
il o augy g, et ]
o ‘S’“*f@‘ | -t,‘ . ¥ i . Sz\@\x A‘é}g_ bhedht E‘r fgﬁg ) 0 e
i T ot | \a > w0/ N - {
Sk e : T
o |

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Corrections for Chapter 5. One-sample tests

(@)=

1 (m;hf a\mg&r N\\ } COuR..,
Y [ Reche | el [ il i WL || 1Bl | WeaoPued (AL B | oe| tol
et data < <3 'jf leesged Cj‘an AP | Brconepho o
ack | of ; o C ‘ ci‘a ( Kehhaauns E
| &
2. We ey e feen Covmetcel wlue + P glac) e B $P8
o 4‘%3—3 ) %l | (e - <

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 59



Corrections for Chapter 5. One-sample tests

Execis- 5.%-

: Hoc Leaon Ar:(\ZL B sedudien & salar "%’V
We  sdwe o:\(h fo 5

pon

4. 4’%&23 ocedy ol ouedica) AT

- Ao
Sanfle . s
f’“%@ Jn» 73

One-Sarpple Statistics

o v P te. Com
N Mean | Std. Deviation ’/,SQ/E/r/)%an e
Height (in cm) 223 | 166,03 6,700 7w )x(,._\i =

One-Sample Test

Test Value = 169.-

Sig. (2-tailed) /)f()éj{e’ _— Lefier |~ _Mpper _
000 |~ < 2869 |~ .~ 385 | .~ _—~208]

Tk (for e

R\

Height (in cm) -6,616

60 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Corrections for Chapter 5. One-sample tests

9. Wt Mo o Come,s‘})'\:\ ol

Q\\U\Q Tt O dw oo \QN\Q) "
Gl o e g f“ >
\S\(\\c,\'\ [ Cj)oﬁ (&m eﬂ\ﬁmw M

ok g 7 e >

Sianclcm:x QeNe  on \ﬁo_ NG

Aa-‘m / o
et e -&Mp, B[ - i

Test (for women) of o ’ @\» . cc}?a\m‘a—
nten

- 196 ( %scm\u\e) JNJWJ
N Mean Std. Deviation | Std. Error Mean )
Height (in cm) 223 166,03 6,700 449

One-Sample Statistics

One-Sample Test

Test Value = 169

95% Confidence Interval of the

Mean Difference
t df . Sig. (2-tailed) Difference Lower Upper
Height (in cm) -6,616 222 ,000 -2,969 -3,85 -2,08

JWL‘L s, -1 Qﬂb’M \/

- |e6 051

S ol ger
iy ;m c\,gsm\mgw) N
29 n O
o < &6% @Jd«a )
Gowi $04) 5\@A\0\x}\on ﬁ
e ca\sv\o@r of\&é\

’(&oﬁk

W (o,
2 “\W\ SR 451,
@ lewd For,
/\109-'\6‘?) e s
5m im,._, \z3

- -299 f 196- O.W

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 61



Corrections for Chapter 5. One-sample tests

Exetcise 5. iL = Cm\mwi&c}(\ qswuﬂmw&a\_ eloeu
<

4. WMon f-\\\ Wb&l W trante_- hur ahy Yo adivd hcpdte.
%P\ur F&\\h (f:\ i l\%%dr&a A - A&mawhem() = a\ow (3) prGps

%mw&er \ zfd‘u\ 019 \odon Mt would acdive) i
| ‘Pm_ W_\J Po W?}?ugu?axd ) jﬁ&

RS . | AQJW\‘ \BL\N\V —}0 _\th -\ -W\ue_ il E& i
e | e, e > \s°/a
%&3] a\\s'\*\a_ amfcwj ! ’ \}P < \S%
bl &m‘x\- Cake |} Wil | Po = 5%
‘ \'L\ 3 P,, <S /

iz
b

clected ‘.: * \zx‘r_, ci\s@«ﬁ Yoo - Cpinien Nleniewas \ *
We o cdedked Py gy lAena of1 wwey | el
) = 14 B ) o e i f‘méj
J AN ow lBe. tefonus
O HNorag
D ‘&\m\m\éz A\ :%m&iun "feé,&) = [D) A% \_\.ﬁ/q o¥ \@a— ot 25 c,f

7 R \Re age-
(E'AA«) -&o c«c_}\\x\j :%c)\w\' -\'he,

Tok  Gedhdhe | {:E_Egg \{-CTS_Q M Where ,ngs”/@
/e (- b

@gexi\ec& bdhwviore |y vecder W Nofm | Conve
REITY" f, Al alhes

Gl on fhe L S e o AT
| : VOIS (4-005)

Tctus Sg ey 3 « ™ | Ha
\ N é (Am\\\u u?x\m)

iz_ Re \mebauier

£- it
= loos = S92k

= 2087 ~l4o

Y

62 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



Corrections for Chapter 5. One-sample tests

Sebsbel | concuony || The | conetiond | adk lad i 3%
folbeal || Pm»_ e dzﬁ\a\\\ a &A?ed\qc ?»gm
The_ (\3‘\ a\ﬂ’\ée, im\;fr\\ﬁ\crs V ‘ ] | || ’\—S']e‘ («d\)i’\\rm“@«.g M\x\n\g)\-e_m
\z@\\ ‘-QA\\ ) '\'0 Be;-:\“ Hc | | 1 | \m\\ ﬂ’)\'ea '}9‘-&'\" Ko | ‘? "\JU\\»Q.

uitel (J@fse.
'nr?j \m\\ 5,6(3 '\Sm‘\ Aar\-q uav\vu:v\— ¥ i —\b /é;

axclide ) ome. s o??ﬁ%un_ N (A_f only ﬁ nﬂe&A oﬁ \2:.1
L m \ bac
’WVZ&L '\m\\é» N\M\‘S\QK \;&\ C?m Ll M\‘ \NCU\A; c/&bk&\j ‘%F)\\Yé
Pandom's e m\;\ vl nes _ - % Wy
we e pames ol a4l "ka | \ﬁz b mm \Nc»LL. B,
8 cemaly (I the cmnals ‘ ‘

bow  Swaler | Hhen S’L)
ﬁﬁd ‘Sﬂ ‘Si"MM Fd

vol \@‘3 el chﬂ’l S‘\me;_\or

‘ f‘m& More. | 'W,»r\*h;

3 ‘%\r\o\ W"h -\-M\C mwo_ c\?@

b (el
e 3 1‘0\\ g @m\\ed) f@l_

Alternative solution suggested by Fall 2018 students

You could argue that politicians are not afraid at all to take risks and that they love to take actions.
Furthermore, they are stubborn. Hence, their starting point could be Ho : po £ 15% and their alternative
hypothesis could be Hj : po > 15%. They would only be ready to consider H1 and depart from what they
had carefully planned if data strongly show that this is needed.

The test statistic would still equal -1.40 but the P-value would be come 91.92%. Hypothesis Ho would
not be rejected. The conclusion in plain words would be: “Data collected do not rule out that little
opposition would take place”. (But data do not prove so, they only do not rule out this possibility.)
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Exercise 1 — “We look like our names” — 4 points / 9 minutes

This exercise is based on the article “We look like our names: The man- Tryto dtermine, from among the offared listof names, which
ifestation of name stereotypes in facial appearance” (co-authored by an s the true given niame of the porson in the picture.
HEC Paris professor of marketing, Anne-Laure Sellier).

Question was whether people guess the name of a person based on her /his
face, and actually, whether they do so[better or worse than at randomj
If so, it would mean that we think that some faces look rather like this
or that name (hopefully but not necessarily, the true name), rather than
some other one.

A typical experiment performed is reproduced on the right. We denote by 1. Jacob
po the proportion of people in the same country (here, Israel) that would i ;’;‘:f
correctly guess the name based on the face. Guessing at random would 4. Nathanicl
result in a correct answer rate of p. = 25%. aow onsiEe (,OJH &)e. cmA
O State your hypotheses, in words and in equations ‘SVN‘A fobe:  beon frre
T D e o Aen s e |

Briefly explain why you picked these hypotheses, in one sentence.

cesorkl. o Risk Ad fooh . 1o che ard o
I:frf o m:\ l‘mﬁ § CYE“O‘ T i

( e of ofen o ew(*m 8&&@ e ew_ e,
%
o= pof, et ‘s%agn@hmﬁmk%w\é@ f’a"f*”é“‘iém
! Cpm!c:\'
When the experiment was performed on 67 volunteers, 26 of them, that 1s, 26/67 ~ 38.8%, found out the correct
name, Dan. Work out the test of your hypotheses, by drawing a picture summarizing

[0 the expected behaviors of your test statistic under Hy and Hy; -
(30 the numerical value of your test statistic on the data and the associated P-value.

= _ » {)

N == (Fer 0.25) L namice) G (2efc7 - 0.2

h_j&\z\ o = Jo.zs(q—o.zs‘) e Jous(\- ozs)

e S o |

T, TR R e - (0l - ®ST)
=09% <57

We. S\mﬂ&\j Raed Ho .

[
cd

—-2.Gf 2.6
[0 Write a statistical conclusion (only; no business conclusion required). Beware, it must be most informative
and formulated in plain words (do not use the words “reject” or “Hg”).

The 4 tmwrk shoped jm’( pm?\e_ WE  hamel
ﬁé&m co\b\;év&uAm\s‘? -“3 « lock. h@ﬂmﬁ RN _\. mecnt
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’;‘Z'r_ —_— 23‘*‘&/0

Assume that you are the leader of a government that fvants to put in place
a highly controversial reform (e.g., on pensions) and wponders whether there
will be massive actions against the reform. Sociologists have it that unless
a fraction p, = 30% of the population is strongly against the reform, not
much will happen; and otherwise, some massive actiops (massive strikes or
demonstrations) may take place. The question is of courge whether the fraction
po of the population strongly against the reform under review is larger or smaller
than 30%.

We will first consider two pairs of hypotheses and test
pair a given government should choose.

After figuring out its hypotheses, the governpfent mandates a polling organizatiop, which conducts a survey
over 1,000 adults living in France. Among thfm, 979 express an opinion: 275 arg/trongly against the reform
under review, while the 704 other ones are not Yhey have no strong opini

are even indifferent).

First case — Testing Hy : py > 30% against H; : py, < 30% : o
Lt a2e Hot P =3 1
Work out the test of the hypotheses Hy : pg = 30% against Hy : pp < 30%  —> nstend
O by drawing a picture summarizing the expected behaviors of your test statistic under Hy and Hi,
O by computing the numerical value of your test statistic (please spell out the calculation that you typed),
O by providing the associated P-value. 23<] 0.3
@Aq -

" :f;(zuj{;n& b - |
Jos (1-0.3)

L a -2

B = ol - Gzt = g4% . 95%

Write a conclusion consistent with the hypotheses and the P-value obtained, by picking the beginning and the
middle of the sentence: v
The data collected cannot exclude that

[Beginning]| B. The data collected suggest that
C. The data collected show that

@more than 30%

Middl
Pficddle] 2. less thans30%

of the population is strongly against the reform under review.

Rally 82§ g0 e (84 o 2
A 3% x a hczqur\m

Behe (F p° & o lo7e

fide \e»d)
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Second case — Testing Hj : py < 30% against H, : py > 30% —_ i, hM\-

. | et p° =],
Same questions based on the hypotheses Hp : py < 30% against Hi : pp > 30%.
U Draw a picture summarizing the expected behaviors of your test statistic under Hy and H,
O Provide the P-value associated with the data collected.

"

La@& C‘z’\s’v’\\“@-i Sb‘%‘l'o/o

(b‘k&c&\ I - a 3“?‘“‘—
e 20|% B N accordone-
i wh Hot po & 20%)

Write a conclusion consistent with the hypotheses and the P-value obtained, by using the same coding as above:
O  Letter: ﬁ Number: 2,

Picking the hypotheses
A government can be ideological (it would try to implement its reforms by all means) or cautious (risk-averse).
Which pair of hypotheses would be chosen by which proﬁle7 Circle the correct profile in each sentence:
O Hy : po = 30% against Hy : py < 30% is for } ,hw\t
< 30% against Hi : po > 30% is for Ld&ﬂ\ﬁﬁlm\ (jf)\li
O Provide a brief justification for your choices. l:
Qwsz\dcos&jmm’r\' U ke P A 1. »(7
B ‘325508@ Svernwat wc.\é on o umsrrifj S e ‘\\ P < 2
b alleac
35 (- Gdenok o
SPSS output a a S 4“8 ?‘“}

Consider the following fake SPSS output (assuming SPSS can run the kind of tests computed above, which
surprisingly, it cannot in its default conﬁguration).

Potes Covmo\‘

! "We SHL One-Sample Statistics JF)

a’A \ . S _\ ( N/\ Mean Std. Deviation = Std. Error Mean Mk bw{ On

M i ‘ Strongly against \ 979 \ 28 ,450 ,014 ‘ &L‘\Tb (‘kh&s m(
& \

o - A

Hy : po

[J What number should be written in the empty cell, titled Sig. (2-tailed)?

o A One-Sample Test

+ Test Value = 0.3
95% Confidence Interval of the

q SF&(.\S cso& "\' i . _Mean Difference

t df Sig. (2-tailed) Difference Lower Upper
nh a Z-h\ﬁd Strongly against \ 1,304\ 978 5 194 -019 -05 01
'\»Zaj : R = 14% He g
", t,

B, =2k
!{ H,‘l \)u %&07@

2 wive ’
= 2% (lofs ~ Go. 325 - i
2 22937, = K4k
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This u:f (,ow'sa MeORS

ot gt 1o, 00 zk?fs o

gy on uwmﬁ
Exercise 1 — Walking many»_j;e;gs a day s 10 P ints ot —

. A ( nst  eCoRad e@ Sne
There is a long story behind the\trendy 10 000—steps-a day recommendatlon )ssued in &g\?)
the recent years by fitness websites i fits. This ® —
story has strong links with the creation of pedometers: devices recordmg the number . o
of steps taken. Nowadays, your smartphone can act as a pedometer via a suitable
application. 24

Suppose that we want to offer a new such application; its distinguishing point would
be that not only it would report the numbers of steps made so far but it would also be
able to indicate by a green / orange / red color code whether the 10,000-steps-a-day
target is reached or not. More precisely, assuming that the pace observed so far is
maintained. it would be able to tell whether we are confident that the aim would be

reached in the long term, with three possible outomes:
* m@; ,‘.o H,\ /*c? ‘0 o

i €=» we are certain that it will be reached: €& W&
red &—»we are certain that it will not be reached: 5 loe 8’ AS:Df H }'\c < \0 e
)‘o - \o‘ oo

o@ﬁ, <>we do not know yvet.er e { 5«‘_&, ‘&o f@m
O Indicate the parameter of interest g out of the four following statements:

ie'

Design of the underlying test

A the individual daily numbers of steps made so far =  SaAWw oo datn Ry - Zua
AB. the average daily number of steps made so far = Samda (\\ﬁmff "}11_9
1€ the individual daily numbers of steps (made so far and) to be made in the“ipcoming months = 2, - ,kirﬂ eﬁ’bxﬁ

;,@ the average daily number of steps (made so far and) to be made in the upcoming months .. }‘Q

00 What pair of hypotheses should we consider based on our,aim for a color code? \ ek %
9K, Ho: po > 10,000 vs. Hy : i < 10,000 €— o c:«l\j gk 0 2 coless, ‘ .
28, Ho : o # 10,000 vs. H; : pig = 10,000 €—0n______ 5 *@r I _gor @Mw\

R @ Hy : po = 10,000 vs. Hj : po # 10,000 We ‘S"( ) b deld W 7 £

teasons W !

- e
[0 Provide a brief justification of your choice, based on our aim for a color code. ©¢ = ) Xy (a,mkﬂ\:

QeA/Gfeu\ \;5\\ —&0«“ fe camy whan e i}(‘o\.\t @il Wi #

\c o

)N fe. \,s\nm\, e VAV t"
"y % : - Q;;“;\ocm C&M) or \’\ }‘°<\0°’f (Q“A)

A @ Q,\‘\)mt -*0( \—\ % k S N\ "\’\r\
. e ©S os we bk to Mo, e donT Rrew &Qj
frst data set 0““@(&) \C{j dfe, b us Gt excdlude ~Pnc-‘r
A first user monitors his numbers of steps for 49 days and obtams a sample average number of steps equél 11
10,532 steps, with a standard deviation in these data points of 3,154 steps. Work out the test of the hypotheses
0O by drawing a picture summarizing the expected behaviors of your test statistic under Hy and Hy,
by computing the numerical value of your test statistic (please spell out the calculation that you typed),
by providing the associated P-value.

‘D (=)

' (0,31 - o=

oy = +\§
t= = 3%

‘P«.@\ve_ = 02.* (\9075 - 85\079)
- 2387, sk

\Ag‘ _Qolc_ 4@ fi«)ﬁﬁj Ho
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Based on the same data set. SPSS provides the following output.

Re_w.m\er / One-Sample Statistics
- : 3
S% \)&’A * 5 N Mean Std. Deviation  Std. Error Mean
e Y.  Faelat \‘
W £ dLS'\‘ﬂ \OJJ cm Number of steps 49 10532 3154 450.578401
\ﬁﬂ\‘h L\& A‘O% One-Sample Test
“% i \ ?\A' “\)ﬂﬂ., Test Value = 10000
\ 95% Confidence interval of the
Difference
e\~ Mean
5 (@ Difference Lower Upper
Number of steps / 1.181 & 532 37395605 1437,94114

0 Explain where to check your two num ncal anevers above and provide add1t1ona1 comments if needed
Vo of e ¥ @ Q\c. Bobe o o 2oAmkd o (g win 4)@#\0@)
= 4 Swe 08 2 & Shol é}?«zﬂ?ﬁ\' Lo ey
. Qa ed \mcone SPR g on o
e Gubdi s didelagion and o
O All in all. which color code should this user see? P Ay act oK
& Om @ e Joild . % byt oe
T 6 o e o= le N
We consider a second user: she monitored her numbers of steps for 115 days and obtained a sampie average
number of steps equal to 10,452 steps, with a standard deviation in these data points of 2,356 steps.

Second data set

0 Provide the P-value associated with this data set, as well as the color code that the user should see.
(Indicate some of your intermediary calculations.)

- ' - e [ ©uL - o=
[ oo peue - s, < o )

‘Pﬁ \r\\\&. = DZ * ( '\ooczg = 3} q&j@ "-=" 4. OTZ?
’ <sl
We C%\)&_‘E LR ard (jo ,F) ot }:. + ea»
(5\&0 '\\vz_ SO [ \Sr2Xe . 20 = O WS 7 \o o

Third data set e “\;\(\“‘5 ?Wd M }‘Lc\] ‘0\ oo PO

A third user obtains a sample average number of steps equal to 9,759 steps, during 62 days. Color

O Based-solely on this information, do we already know the color code? How many colors are ruled out

already? Explain.  (Gaon s W\zd oﬂ o el Orenge and QBA '/%L‘
mg:s&\\&e, to prove Aoy )L, 7 lo,om  lowd
169_ = 9 )fbﬁ\ < \O e

e e ke 7, 0

2 Guan \s N\Qd O‘\‘v

&-QVAO’QA. CS‘LV{Céﬁ o S x '

. o _ = 9,%e - o,
TP e hud W, e cold ‘0"*?‘:\' t - Ve Syer
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Elementary Exercise 6.1
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] | &d -
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Elementary Exercise 6.2

"\Q,QKQSC‘&%\&)CL\Q:S\' \\:\Av- -r\da:\r\ c\é&-m
el /‘m\u? Qfe St (:S éuc‘,w.,

(’\) The. ’\‘wo #\'& Ao k€l m‘s\m\de_ ﬁ' S (Rcéona@e_ '\‘0 S‘ﬂﬁ'
i W (() a&“suvx@\m Yo ‘ -\‘m\— they  fwve B Sawe. mkg)ad‘

A ‘)% A | e eadq Ao e o) M dhoe of oy
‘nas {Qme_“\m?‘dm "&;\V\ '\ﬁd o\eo.; Lﬁ:’-ﬁ; e, o jue. ) ?QMQ‘
«:\_«5 which o{f Prew. oM’ e wer. | effciad, |

‘ e B b e i e ek ke
(L> G0 ofder ‘ (3\4(21 (’%3%,:,:/\ ;\A Vj:iéj‘m o ;‘( (’Jbao
Test G £ P Fan - Joo
T e <J%<‘%§ ;
\rf\w = _:o\eA f N
T 25"“’ @hw | .
e Qe | o |
Oy bier uncor \&:; \f« Ljar gr%;;m\\er \R\mt-\ e e Ro\w‘k‘
' oS aasadcs frmnns
Noreica) s on e z‘f&» ERCYE a- =5 = ‘\*+Jr°/.
3 ' 4 | 12t \%/
RN B o e | < fie| >
| | 4 200 Jo w? ((\ oh‘(?)

Poba = &2+ (% —%%“L) - BEL

e il Ao apd W, b 2%

‘ T:éha ucéf\na& w\— b«»j \n \@k\ au\j ,zu?uieab
b od‘ioq \ﬁ\cx\a‘ c,f “)u_

G @é@ @ﬁfﬁ gy o R

C)K —
;@ Lnxﬁbmx c,\\oki'fep {%«@M

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved. 7



Corrections for Chapter 6. Two-sample tests

| |
I} | ! IR W U S |

Elementary Exercise 6.3 ENEEE NN NN
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Exercise 2 — Cash in the wallet, by country — 4 points

A 2017 study by researchers of the European Central Bank, Henk Esselink Chariia

and Lola Hernéndez, titled The use of cash by households in the euro area. Average amount of cash in wallet
provided the following picture, where the value written on each country

is the average amount of cash in the wallet reported by interviewees of

the sample.

Since I did not get access to the original data, I invented some that is
compatible with this picture. Let’s focus on Germany and Austria.

g W& Ko dapende ..\_F\V«ﬂf\fﬁ \‘Duf\' we
ar. 0 \'**3\“ ‘Aﬂ“ﬁg\mﬂ

Group Statistics
Deutsche nd De Bank
Country N Mean Std. Deviation ~ Std. Error Mean 4 !
Cashinwallet  Austria 857  89,13395283 19,95491575 681646937 2_' 3’“&&
Germany 1026 103,0778278 30,33950275 ,947184927

Independent Samples Test

Levene's Test for Equality of

Variances o t-test for Eguality of Means
S ' *\N:‘ 95% Confidence Interval of the
\jz\ﬂ(:\i‘ﬁi& ate. Nisaii Std. Error Difference
E [ Sig. A«\'@& df Sigf (2- tax|ed) Difference Difference Lower Upper
Cashinwallet  Equal variances assumed 136,018 hY) ,000 -11,631 -13,9438750  1,209231121 -16,3154505 -11,5722996

We. 02&‘\3

5 Equal variances not 11949 1787518 P \ﬂl ‘ 139438750  1,166962653 »mM
+h5 ‘\“?. assumed (\\/-/ |
e - PR Y = 0 (Tt = s
I SRS hete a:(\ayj Mmoo 2-Hded \j ';:Eﬁ g(?
; ol

B What hypotheses are tested here? (State them in words only, do not forget important adjectives.)
Circle on the SPSS output above where you read the final P-value for your hypotheses.

Do you reject or fail to reject y{)ur Hy? :
amork of h e

H. . Germos G QOSWGX\S &8 dhe  sawe qxgmc;e n
d Dosheans oty difforent  8uch Qpsice e

W, Gesmand
£ e et ol be (g\msﬁ\j) '8& He.

U0 Write a statistical conclusion quantifying the effect size. (Again, do not forget important adjectives.)
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@ ob ow R el ey (kg suge k) Gemon
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Exercise 3 — Speedy self—assessment — 7 points

1]

A newly hired salesman wa® iven the company’s sales

itch, that is currently successfully used by dozens of
salesmen, but thinks he ould have such a better and more‘effective pitch. However, because he is prudent, he
wants to test his ideafirst, before using it for an extended petiod of time. So, on day 1 of his first job, he does
as he was asked to and uses the company’s sales pitch. But on/day 2, that ambitious and self-confident salesman
uses his own pitch%esults are: on day 1, he talked over the phone to 534 persons, out of which 64 subscribed

to the product; on day 2, he obtained 67 subscW t of 526 phone calls. What should he do?

. -
S, s

U0 What hypotheses are Mml”{e?g‘}ﬂgtate them in words only apd carefully expla,in‘ your choice.
Oem \a*d\ (7‘&) ?mmgrg & \D&\amx,)
- o o e (e e 2 Comom < Pl
ﬁsk»'x B oun ‘avk)\ S (s’md\ ) Supesior (\"o ?cunﬁ\“ Paa mu\)
Leiy &) o ")
Work out the test of the hypotheses

U by drawing a picture summarizing the expected behaviors of your test statistic under Hy and Hj,
0 by computing the numerical value of your test statistic (please spell out the calculation that you typed),

El? DH by providing the as§ociated P-value. - 4 /53-* ~ 6_}/52&: |
O e t = — s _ 0.3}
‘F /( Vs * fsac) 0.4 (A- 0.120)

{3 ;
g2 as  the F:L\QA ghondle. & pas e
S o ] %Y\\‘S
- s GHHet Lo
S5y + S

i

N(S\'e. :

s
)

o], - @31
s 735k

S

P~ ua\\)e_

]

\7\\2-.@\_&3'\3) \“a

0 Provide a conclusion, by circling one element in each of the two columns; it must be picked in accordance
to your hypotheses and your P—value:
o your hyp ¥ v € “T’* el :

&  These-dato~show-that

1 beth-pitches-work-equally well MG
& Fhese-data-suggest-that 2 the-eompanys-pitch-is-more-offective ansges ¢
¢ These data do not bring to light that_

2 the salesman’s personal pitch is more effective °~ DL
D ’P] i ] ] ] . . .

Dl
: 3 & as
O Draw-a strategic conclusion: which pitch should he use the next day? A“S"QT_ :‘P,’L ay té— O
' . ( M thevch T counted &
B he ?m\@v& he shoold  Hhas shck O as comect

o e (.C)W\z\‘i\j‘S ?‘*‘Cﬂ\ﬂ _ng ous - &2,?”& all.

boradie (amec  answer + He coold  conbinee u“e,msn e fuo ?Sh\v\es .
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- Exact same statement
/ as in a previous quiz! ot )'\‘& ey uih e bk M\w@
e \m , 'LM::. ‘{u Conc.&\xclh ORI Wﬁd‘

o

Exercise 1 — The effect of touch, re-worked (10 points)

It is well documented, e.g., in marketing studies (Jacob Hornik, “Tacti-
cle stimulation and consumer response”, Journal of Consumer Research, 1992) {
that light tactile contacts influence human beings in a subtle way towards the H 0 ll IS T E R

requests of the contact-maker. For instance, if a seller touches you lightly, you
should be more inclined to buy a product.

We want to illustrate this fact by performing the following experiment. We
consider two similar stores (e.g., two Hollister stores) and ask the sellers of the first store to avoid any physical
contact with the customers, while the ones of the second store are asked to lightly touch the customers’ arm.
We are interested in the corresponding purchase rates, which we denote by po (without any contact) and go
(with a light contact), respectively. Data collected are that 12 out of the 120 customers served without a contact
purchased an item, while 23 out of the 120 served with such a contact did so.

We want to determine whether a light contact has a significative impact on the purchase rate.

Two-sided test of Hy : py = qo against H; : py # qo

We first test Hp : po = qo against Hy : po # go based on the data collected:
(1 draw a picture summarizing the expected behaviors of the test statistic of interest under Ho and Hj,
OO compute the numerical value of this test statistic (please spell out the calculation typed on your calculator),
[0 provide the associated P-value.
’ 12+ 23

é—-‘:\'ﬁ' Ko i—"‘-; e (\»wcgie. } quo (20 + 20 = 146 %

‘L/IZo - %/ 120
L= = = 2.0

J Vo ) Oe(1-0.146)

2.0 x 2.0|

e 2 2x (b 93HL) o by
G Rapd He <s%

Write a conclusion consistent with the hypotheses and the P-value obtained, and which is the mosi informative
possible. Do so by picking the beginning and the end of the sentence: T

AT he-dato-colected-cannot-exelude-that— AQ‘
b ] g, (W (pl\(.\\i
B—The-deta-collected-suggest—tirat

@ The data collected show that '“(\’t* ?\u‘cj\&l}l
B—TPhe-deata-collected-fail-to-prove-that

[Beginning|

e

l—purehase-rates-are~differemi—with-and-without-artight-contaect ?9

(End] 2—prirchaseratestre-simatar-with-and-without-a-tight-contact MW‘A _) \ wL’-W\ (g\’\“
@ the purchase rate increases with a light contact &)

dr—the-prrehase-rate-decrenses-yith-atight-eontaes Y.  sw
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One-sided test of Hy : py = qp against Hy : py < qo

We now test Hp : po = qo against Hi : po < go; to that end,
[0 draw a picture summarizing the expected behaviors of the test statistic of interest under Ho and Hi,
provide the associated P-value.

H .
é_._l p Hn E Pe é “w‘g\w@, %\‘W&V\(ﬂ—

divecea ]

(‘{_%\u@y = Z‘?—'LLL

—2:0)

(We do not ask for a conclusion in this case.)

One-sided test of Hy : pg = qo against Hy : po > qo

We finally test Hp : po = qo against Hi : po > qo; to that end,
O draw a picture summarizing the expected behaviors of the test statistic of interest under Hy and H1,
[0 provide the associated P-value. i
1

= e = NSRS :}gi '775‘1’0

(A a mﬂ‘mw B bt &T‘“‘Z\j’\

20l 'I Jo Rot Pt e ts“ \2’ -m\\/\'\‘\w

IS
Write conclusions consistent with the hypotheses and the P-value obtained, by using the same codmg as above;
two conclusions are possible here and we ask for both of them: AQ*‘:L.
O First conclu81o1.1 pOSSLbl.e Letter: A Number: 2 chK\"fﬁcg*\ (A Ho)
Second conclusion possiblg Letter: T9 Number: [_|_

Gundr exclode tos s o pro. WA
‘Who picks which hypotheses?

Let us consider an academic researcher and a shopkeeper. Which of the three pairs of hypotheses above would
they each consider?

(Pair 1) Hp:po=gqo against Hi:pg # qo
(Pair 2) Hp:pp=gqo against Hj:pg < qo
(Pair 3) Hp:po=gqo against Hy:po> qo

Just write the number, no explanation or justification is needed (for once):
O Academic researcher: Pair 4 ( as 1S ‘\@-""‘\'m\> \'g '
Shopkeeper: Pair 2. ( has  an o s vl ,-\.0 \e, ¢\_~
&\.Q,qmm, w‘\r\e.‘(e‘lb o wp ok > j \.&& (i’i m

?‘%‘\ﬁz,
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Exercise 3 — Choosing between two gifts — 6 points / 15 minutes

Consider an online buying club: members have to place an order every trimester (otherwise, they get some
product by default, like “the book of the trimester”). Typically, members were ordering for an average amount
of s = 165 euros. The club wants to assess the effect of a small gift on its revenue but hesitates between
two gifts. Its conducts a simultaneous test on two different samples of 200 customers picked independently at
random; the customers of each sample are notified that they will get the corresponding small gift if they place
an order above 100 euros. Denote by ,u(lj and ug the average amounts of orders that would be achieved if the
first and second small gifts considered were offered to the many customers of the club. We wonder which gift is
the most effective in terms of total revenue (or equivalently, in terms of per customer average revenue).

Consider first the following SPSS output:

Group Statistics
Group N Mean Std. Deviation | Std. Error Mean
Amount 1 200 166,076 22,8922 1,6187
2 200 170,076 31,8717 2,2537

Independent Samples Test

Levene's Test for Equality of

test for Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper
o] 2N (BRI VarianCes 2ssUMmed 26,990 000 | -1.441 398 150 _3,9992 27748 -0,4542 1,4558
WeN) )
are,  ~t—2 Sg::,'ng"a"ces not 441 | 361,167 450 | -3,9992 27748 19,4559 1,4575

ﬁmﬁwu:.j &‘Wz\m\t
0 What hypotheses are tested here? (State them in equations only.)
Circle on the SPSS output above where you read the final P-value for your hypotheses.
Do you reject or fail to reject your Ho?

hoi o= o, Pobe = 5w ff o g
gt

"

0 Write a statistical conclusion (in plain words, that should be understandable by a layman).

Do these data, based on their treatment above, indicate per se which gift, if any, should be choseg -“1
Concluson @ — Thexe Al Gannct &c_ uc\e_ dhat  he Awo (c)ﬁ\a would -
Sphe  OARSTWC MmO ondess. r

or e dak” do 03 ’anw, .QLC\"\' as S : cm\,
[. ] ‘\ihz)e_ 0%%&: o N al 6 .\.h,?' u\ye,,-ﬂ 380\'“\03“ d ( CﬂAQfS
Concasned -
Which q\‘;’h dold b e 7 :
- \J—"}w_' 4re \NOV\"\' &\5;0\;1. L(Df\&\ \3 0‘-% CQ\M??@ Q '\l"Q- Wé(dﬂS) &e‘.‘; (\r-a* inkcale
e e wsiich (3?: to o e
- el
Ot dimangions /cs\\e:m., (\j ‘Y\( Sb%famﬂ;%

(ii i"@p\eﬂcis ‘\‘D A 5%‘(«\“@( raanc— \‘(\ 'ka«, &S\'QAMA CLW\O-ﬁ\?) &AQIQCA) .
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These  Fest Cowe\e.vw& the. e .?a,.(or«neé o the.
("Xe,mc&g Pr\cje_ e est gs‘f\a_%f aach * & n_%_d\\x.

\re \éer amars of eds, Ej CQW\-PCWS
4o e é}’e}\@—

roup 1 / Comparison to the reference value 165

. i DBne-Sample Statistics
gcx\oa. \63 .
" *‘\"e‘ N Mean Std. Deviation | Std. Error Mean|
\ oDk C{‘ Amount 200 | 166,076 22,8922 1,6187

{ K‘Z i i One-Sample Test
, dﬂ 3 b (\
SKW% . N /(k Test Value = 166
(,Sl\l‘e\/ d%m 95% Confidence Interval of the

Mean Difference N
A t df Sig. (2-tailed) Difference Lower Upper ‘I\l \
e - A o
PQ"SRB-’ Amount 665 199 507 1,0763 2,116 4,268 = e
Group 2 / Comparison to the reference value 165 '
One-Sample Statistics
N Mean Std. Deviation | Std. Error Mean|
Amount 200 | 170,076 31,8717 2,2537
One-Sample Test

Test Value = 165

95% Confidence Interval of the

Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
Amount 2,252 199 ,025 5,0755 ,631 9,520
L _ L
[0 What hypotheses are tested here? | We ansyer _{O‘ =%y G J ’
Which would we rather want to test? (State them in equations only.) cnsyey O AN 3 ng"_?

H,‘: f }}\4 wold t:& Hot o= Jot
ﬁs "'@5“: H4: }ka 7

O Indicate the P-values associated with the hypotheses we would rather want to test.
Do we reject or fail to reject Hy in each of the two cases?

Ty @ (o, b nonsical e £ fhe dut Gedde ) Jven b
“‘t—\ = ii\v% eod O dome  dinded by 2, dhedt Y lgo?/ -
" « N 2. Slef =24\S5s

Gm?/\., Su?(‘“/e/ L 25.5% - ‘}ZS}& / ___,GNL ‘q‘a& N

OO Do the answers to the question right above prove per se that one gift is superior to the other oné? Explain.
Do we get a contradiction with or a confirmation of the conclusion written on the previous page, or none of
these?

&f@c&r\\\j? M and N | .
. The el o Qﬁf Hhis dudy s o Yo Cow.‘:me, Ei
o S g b 8D med g v oo ﬂw@ﬁ
. i | (obr exchode M) Aor &{« 3 oy
we
ts a 311;»— c?ﬁon- 4 e {.agi O;?C
pa P & Space
e w d‘é o g MR 0 Ond \«E e fio 7 fof.

ifﬂﬂ A e g,

®<du
Mﬁi&j cu/\o)e& fon - (,ON—LU&U"'
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Exercise 4 — Lead levels in children’s blood — 6 points / 15 minutes

The presentation of the data set considered here is extracted from an article written by Robert M. Pruzek and
James E. Helmreich and published in the Journal of Statistics Education:

“|This exercise is] based on an observational study by Morton et al. Children of parents who had
worked in a factory where lead was used in making batteries were matched by age, exposure to traffic,
and neighborhood with children whose parents did not work in lead-related industries. Whole blood
was assessed for lead content yielding measurements in mg/dl; results shown compare the exposed

with control children.”
Reference: Morton, D., Saah, A., Silberg, S., Owens, W., Roberts, M. and Saah, M.: Lead absorption in children of employees
in a lead related industry. American Journal of Epimediology, volume 115, pages 549-55, 1982.

Data is listed and plotted on the final page of this statement (for information only).

O Do we deal with one sample, two independent samples, or two paired samples?
State accordingly the parameter of interest. (Only one single parameter of interest should be stated.) \CL

Ticed campess ey lowhion, Ao measuremeds ae wode- (ore on a (_oﬂ\‘f
| P\Q ;ixndaw—ona.d\\c&u*ﬂd& ?ww’&a\,mlv.ma\wgl-m\a&;é )
be:\'\nem Al
Boander of vewd:  the awg- Afsenca :;mm t‘:aA \e\(;:kgﬂé\ \\o\mé h

[0 State relevant hypote\ses to be tested. Exp ain w1th few words in brackets why you picked them C_}\‘@W

Ho [ easodde|  A=0, mﬂ&mﬁ g@w e ‘md{m\fd o) e childeen

el e omc&a\-mﬂa\n&aﬂ on
P”:r exésenéj\—)\ﬂ Heod )Q-\“’«\ Q%d

Descriptive Statlstlcs

H, Cidd et avo,
A S WB‘Q‘ WM"“ / hots @lé N Minimum | Maximum | Mean | Sid. Deviation
\AWJ\ be. (,or\\ﬁm(‘ﬁ\'&\ -H\(é 'H\P—W Exposed 33 10 73 31,85 14.407
ki Sample data i 1s summariggd)here: g;:::'nce 33 ; zz 15,88 :.ZZO
Th poins ocfé S - Y GED

Valid N (listwise) 33

Which sample statistics in the table above will your calculations use? Circle them.
Compute accordingly the numerical value of your test statistic (provide intermediary calculations).

[0 Then work out the test of your hypotheses, by drawing a picture summarizing the expected behaviors of
your test statistic under Hy and H; and by computing the associated P-value.

+ = \Y?; \_S_ﬂ_)r_ A 52383
> IS0 &6k

— ‘H/‘

P yale oy swal c\{“J Auedt ol

(m\ue_ S B“fAdEmA

| e Ao
4 e o e oo e

Aas -\Mﬁt};— e are m ‘
Awcd ol e ¥ c .

kﬁl‘_“(% l—\—)
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O Write a statistical conclusion (in plain words, that are understandable by a layman).

e At ohilden  ichese

These e Srens)
reV\'\-eA nAsgeis

g“%’e_r ,@ow— e ad (36

?m\’vb Wk 0 lead -

\S\vx lod  fewds W bled
(o0 owme):

[0 To check your results with the following SPSS output, which two cells do you read?

\123\»2&%@3,

> EPaire& Samples Statistics

Are the two values thus read in line with the ones that you calculated?

et T

e e

are. the oMo A

\‘j?&"\‘mx—\ﬂ\lmb{

the o te clolded
(,“]e_ £ e beee. is the

dohe

o | o @

c:\? or Pule a B Conduck a o - ided
beh ae dmod ol e ot read any

e e o)

fhen tads o quanfy

oo, Ve e
Ahe. avw@e« A@‘W‘L o

dont  intec

)

o o e kb
e

Mean N Std. Deviation | Std. Error Mean
Pair1  Exposed 31,85 33 14,407 2,508
Control 15,88 33 4,540 ,790
G e ]
b@)WA PA“‘eA - EPaIreaSamples Test
LN \
b E’airedlDifferences
- 95% Confidence Interval of the
Difference -
Mean Std. Deviation | Std. Error Mean Lower Upper il df g. (2-tailed)
Pair 1 Exposed - Control | 15,970 15,864 2,762 10,345 21,595 | ( 5783) 32 | { ,000
p—— \__,/
Nomesica) R v

AN to s bous Aéﬁm\oﬂém\
dhe hodth of e chiblen-

o5 - 2.6 mdl e
e lede i Beod-

Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.

101



Corrections for Chapter 6. Two-sample tests

102 Statistics / (©) Gilles Fortin-Stoltz, HEC Paris, 2022. All rights reserved.



x’-tests of independence and of goodness of fit

Elementary exercises

Advanced exercises

Reading habits per socio-professional category

The sinking of the Titanic

Hair color by gender

Call centers

“Junior entreprise” campaign at HEC Paris

Mendel’s experiment

Alcohol consumption during the POWs at HEC, second version
Mé&M colors

Satisfaction survey

Births by month
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Exercise 2 — Alcohol consumption at HEC Paris — 4 points / 10 minutes

We already studied this data in class, from o different angle. We collected data on HEC Paris students, on a
Friday morning: how many glasses of alcohol they had the night before. We already showed in class that the
average numbers of glasses per group of students (8am or 10am) were not significantly different. We now look
at the same data but in the following way:

Group * of gl Crec
Number of glasses
3 glasses or 6 glasses or
less 3 -6 glasses more Total

Group  8am Count 8 10 5 23
Expected Count 8,8 7,5 6,6 23,0

10am  Count 12 7 10 29

Expected Count 11,2 9,5 8,4 29,0

Total Count 20 17 15 52
Expected Count 20,0 17,0 15,0 52,0

Chi-Square Tests

Asymp. Sig. (2-
SDWL Wa-]@(\ecx > Value df sided)

- 2
ons Pearson Chi-Square 2,335 2 311

@ Ag\o\ﬂk ?‘ .,, Likelihood Ratio 2,343 2 310
I N \& Linear-by-Linear
o U ?(‘Oﬁ J Association 072 1 789 n < .
hm‘s 3
* {ygﬂ N of Valid Cases 52 !
a. 0 cells (0,0%) have expected count less than 5. The minimum expected count is 6,63.
ansipery ; \,.wl\ A e .
é(&*ﬁi bﬁb“s
P

0 What do we compare lere, given that we are not comparing average numbers of glasses?
Carefully state the corresponding hypotheses.

We Ccompare dxémbdom of nmkes  of a\am’ (o & p, we

R ]
(‘OLL? ' .
a Vo Swe  denk - hvieg, w W Ll of b
Ho € s 1 1o an dodat @m ki b

Qan
0 Which is the complete name of the test worked out here? . qi. n Chg .

Can the outcome of the test be validly exp101ted7 T‘xplaln

A Atk of m@ﬁ@g/

i e 0= 51 720
Sa, whdy et 4o Wﬁd%ﬁ\n\& 6 (i o)

O What P-value do you read, and do you reject or fail to reject Hy?
State a statistical conclusion (in plain words, that are understandable by a layman).

E.U—p\\»n_ 3\\91 wa\»ﬁ&\"’o &&Hc

O)\dc;z.’“vr\ s\mc\eﬂta N\c_'\q&?,x\'&qmora\'\oaw
T e Cﬂ:‘:\a bw:\ar deink ﬁ behmicr + | cr  SE¥Rca cwi\j,&ua o 0ot

0 What calculations led to the expectedicdunt of 6.6 in the top-right cell?

To which observed value should it be compared? *é’
Bondor Axﬂ%‘a‘“—
exﬁedzée ‘Q,C:M\ - 4§/51 8\@ dm\hra

q
*Kawx &, a o?sgm
VS &s&!\\ﬁd Cod&\'\ )
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N . D ar conpedilde ity e Teg\m j(“ <,

i LLT;\?:\\GN‘C Xo “ e comst exdude ‘% dan g diste bﬁcf
e D o e Tememe ,(_w_, S 15 bﬁm
Exercise 1 — M&M colors — 6 points

This exercise is based on real data linked to M&Ms, which are famous chocolate
candies that come in various colors. Rick Wicklin is a computer programmer and
statistician at SAS, the company that owns and develops the statistical software of
the same name. Rick Wicklin also spends a lot more time than most people do
in proximity to M&Ms: his employer is the biggest corporate consumer of M&Ms.
Indeed, its CEO Jim Goodnight instituted “M&Ms Wednesday” upon the company’s
founding in 1976, after falling in love with the snack during one late-night work session. Ever since, bowls in
every SAS office are refilled once a week with the candies. Given the chocolatey bounty of his workplace, Wicklin
had plenty of opportunities to ponder the statistical distribution of M&M colors. Then inspiration struck.

The first step was to collect his data: two scoops of M&Ms a week from a jar in the closest break room over
several weeks in late 2016 and early 2017. He eventually collected 712 candies, or about 1.5 pounds. Then he
got counting. The breakdown of the colors in his sample was: 139 green, 133 orange, 133 blue, 108 red, 103
vellow, and 96 brown candies.

Some breakdowns to compare his sample to include: the latest color distribution available on Mars’ website (was
published in 2008, did not get updated since then, was actually erased from the website meanwhile, but Rick
Wicklin could get it from a Google search); the color distributions of the US M&M factories as sent by Mars to
“e Rick Wicklin upon his request early 2017.
_‘&*‘:ﬂ\ 5,’]; M&Ms color distribution, c. 2017

) aia T k:v.,ir i oo 5
el o 105
M&Ms color distribution, ¢. 2008 ) i
2, Percent 51‘ Tennessee factol
G‘m‘ ‘ G‘M e —
Kb\u@ __ 6\\:&. 9.
&l\ow T ja\\w

B 5&}{\«:\" a\\gnw‘ w. &3\6‘\&.1
He then conducted a series of tests,” whose results are reported on the next page. \‘\b\
Dk are iNPAD Pl wth o
O Whaf are the hvpofheqeq tested in eaah of these tests? \X\k—?o?&l— ALS o\@bﬁ‘nw . (AO(A L‘T\h
==tge-ad e wablos-vs—Hy-some-dependancy ) 2ok isubion ~ and
. . O\ e N7 ey

@ Hy: conforml‘rv to some dmtnbuhon vs. H1 lack of (‘OnfOI‘mlfY d@\—thbé}m bﬁ*’ oy ar t;—‘\
> VIR R N Temenss ‘@Uﬁj
00 Circle all P-values and indicate below each table which tests reject Hy and which fhil to reject Hy. b‘é\
digkaporen -

OO Title each test with the name of color distribution considered.
Carefully explain (on the next page, below the set of tables) how you obtained th¢ assignment.

U0  Write a one-sentence-long conclusion, that is understandable by a layman (i.e., avoid statistical jargon!).
The c&'&)@\ CD\QC}GA &)‘Y‘JST 'Qf‘f\* "‘ﬁ,’ (\‘(_(\K Cmrgl\é\j m&\cj\bﬁ‘ &-\» SAS &re. \O\:,
e STy %}&w\j dichilodted W cders , fox o \g_:J _gcl\em’ | (7 @\(},’ i shed lowoba
usd W 28, poc e one Qmmi\j D& b e N3 ;\ia&%j
\’HQ‘ ‘&, ‘QEA OA\JQA b ;
gude  dal ate (oupR e
h{\ ‘H\L‘ ?\L F '{{ [ T Soweld \n«m

[ g B endio b B Come

(e{\m&}, ‘aa—cﬁ. (R deduce \ﬁ.éf ‘\Mﬁ st Cowe —kloux Ao \“o%ﬁ?]
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Nek
= o 3\5( w@

N i oo

Uniform cler dishelodien

Color

/Obmpé@ Residual

Teen 139 20,3
Orange 133 14,3
Biue 133 14,3
(72 Red 108 -10,7
q 8 c\\\ Yellow 103 15,7
expe ‘_A Brown 96 -22,7
p o Total 712
Ca"(\‘g Qe
i Test Statistics
Color
Chi-Square 14,303
df 5
[<) -~ Q)
Asymp. Sig. m P«—\s&\\\ﬁ. \\\' /.3 <'{D
p— .
(S’Wtiéj) rejeﬂu\ of W,
208 whe - ?cs-\ec\ distebdicn
Color
Stserved-i__Expected N Residual
Green 139 @ 319
Orange 133 142,4 94
Blue 133 113,9 19,1
Fo x YJ+°’ Red 108 99,7 8,3
= o
Yellow 103 92,6 10,4
Brown 96 92,6 34
Total 712
Test Statistics
Color

Chi-Square 11,764
df 5 )
,038 ) \:i \*j;\\bg. &%&70 <SOI¢,

Ro‘ja}im of H.

G ﬁm\@’\“ii QG Q
and wfegg:r\é
e. 8.) ;ﬁx Grean-

-.Asymp. Sig.

daied e
otk do ek '\VS

M X %&‘g O¥ (\gsyrimix ﬁf % Cife. \F«\stéj QW\ACA’) 2N
n= H2 7 3o
are 7S

drey  are ke
( J e 7 $)

Color

Observed N Expected N /Resﬁjﬁl N 25"/(
S =3

Green 139 1786 ) 39,0

Orange 133 178,0 -45,0
Blue 133 89,0 44,0
Red 108 89,0 19,0
Yellow 103 89,0 14,0
Brown 96 89,0 7.0
Total 712
Test Statistics

Color
Chi-Square 48,483
df

Puade dued adl

Asymp. Sig. ,000 )

(S\sz\j) f»j’a:‘\oc\ of Mo

201} Tonnse J(‘fa&oj lighel bndion
A\
Color

Observed N Expected N  Residual

Green 139 147,4 -84

Orange 133 146,0 13,0 = Fo x 204 )
Blue 133 141,0 -8,0
Red 108 96,1 11,8
Yeliow 103 93,3 9,7
Brown 96 88,3 7,7
Total 712
Test Statistics
" Color
Chi-Square 5,235
df 5

Asymp. Sig. @ )]

ot Ao QK*P_LJ,"&A
Wickln' s &%Wé% '

= \.a\oe, %8% '7751
e ‘(_0.\\ t© rebed He
V)

N (\9@. domaed

ane. @K "‘m\ chﬁk
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Exercise 4 — Satisfaction survey — 4 points

Assume that you want to conduct a survey on academic satisfaction at HEC Paris, and that vou want to do it
in a clean way (i.e., unlike http://qpvhec.fr/2018/satisfaction-generale/ which simply collected as many
responses as possible). You identify at random 100 French-only students that are taking or took the pre-MiM
program, 100 international students that joined HEC for the 1st year of the MiM program, and 100 students that
joined HEC for a 1-year specialized master (French or international ones). Each of these sets of 100 students is
decomposed between 50 students that are currently taking the program, and 50 recent alumni. You pick them
at random based on lists of students and then chase them till they answer. (Of course, a few of them remain
unreachable.) Your single question was: on a 1 (lowest satisfaction) to 5 (highest satisfaction) scale, how do you
rate HEC’s academic curriculum?

At the end of the day, the data collected look like that:

Category

Pre-MiM 1st year of MiM Specialized

students students master students Total
Satisfaction 5 (highest}  Count 21 34 32 87 ,’ ‘“\2/
% within Category C221% 35,1% 333%  302% x Km.?
4 Count 16 21 26 63 y ;
% within Category 16,8% 21,6% 27,1% 21,9%
3 Count 13 10 11
% within Category 13,7% 10,3% 11,5% 11,8%
2 Count 20 14 13 47
% within Category 21,1% 14,4% 13,5% 16,3%
1 {lowest) Count 25 18 14 57
% within Category 26,3% 18,6% " 14,69 19,8%
Total Count 95 97 96 288
% within Category 100,0% 100,0% 100,0% 100,0%

Assume that you have to comment on these results.

0 Give a quick example of numbers (percentages) that you would highlight %
Does the table above prove that satisfaction varies among the three subpopulations considered? Explain.

The dwe al of crded w\n‘ﬂa ( aVl - 250% - 253% _gcx 32:}5
ghsfed et ad T 2657 - K6L - WEL L Neply 3&@
michh  Bopst At pe 00 dodeils  ace. les ;‘j& Jt\rjn

| T o dedets (ad amaqg s, Msm Sudeds are e
e ofbas @) 2R “‘f Mo g;&%jms Hun O dudats) . |

To oo -?or Qufe.  and (33 a . P(uf, e «;‘j Lcm(em\g;s%a qu;t 0:%“\@,

\d.zﬂaa‘rl@@.)

Next you perform, on second thoughts, the treatment reproduced on the next page

¥

New : Voo Wi\j ﬁ\’u&n\\b c;,\m?o&ck \Bo  wedes ( o mest % ik |
T )T A R R 00 dedbe (o aupnad #% 282
S g Mo 00 SR bt e chal}

( . ( 3.3 / e_) s
S +o* SN S hekecen itt%e‘)\ﬁ‘:\%;'ﬁ
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Category

Pre-MiM 1st year of MiM Specialized

students students master students Total
Satisfaction 5 (highesty  Count 21 34 32 87
Expected Count 28,7 293 29,0 87.0
4 Count 16 21 26 63
Expected Count 20.8 21,2 21,0 63,0
3 Count 13 10 11 34
Expected Count 1.2 1.5 1.3 34,0
2 Count 20 14 13 47
Expected Count 15,5 15,8 15,7 47,0
1 (lowest) Count 25 18 14 57
Expected Count 18,8 18,2 18,0 57,0
Total Count 95 97 96 288
Expected Count 95,0 97.0 96,0 288,0
Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 11,3022 8 185
Likelihood Ratio 11,342 8 183

dhich G b e

[0 What are the hypotheses tested? ‘/ G\ Chen ?fa%‘g
A. Hy: independence between two variables vs. Hy: some dependency )

o lack & omoopd
Seres .

[ T dide¥ il To
\,u&'\’e, tre.  wWmd )f e:l
O Is the test validly applied? Recall all elements to check to that end. mc:)ef\ni) T
\Y\ifoi\—‘(&— ‘.\; ]

A :Wt?L &\j“ n= 28 720

oxpe Yed ot 7S fo sualest expected ot
v o - e ( equds \Z.‘D\L

O Does the table above prove that satlsfactlon varies among the three subpopulations con&dered7 Explain.
No y Yoo Lof\srmﬁ L valve = ﬂ‘) e ‘(ﬁ& 1o '
the o hjy\%:%ﬁ af  eniler )pém}[adwu\ S:mfvs
| < <
G Thee At o o | ‘a{j ‘o \S& C&j cbww )fo cauk ;
. ) L 'A"'_ Lo -\Mm CG-;
&\ﬁg@@ N &\a&{x\c}m\ Ffw’t’l\& betieen e R

dudefo  considerd.

the Aok
P 1t d» Wl e
e A‘ﬁ ﬂ\{j @R H/\@»\'\ f\() Srhd \W\Pﬂ}a& b w Qe.a}
n\% vs, 3&\%) wele oo\r %3«\&%@:\
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Exercise 1 — Births by month — 4 points / 10 minutes

This exercise s inspired by real data. Births used to occur with some seasonality: for instance, there was a
significant peak in April (due to having much free time 9 months before in the summer). But the modern
lifestyle allows for spare time on a more regular basis throughout the year: did it affect the seasonality of births?
We study data collected in 2010 from some large maternity center, consisting in the number of births per month:

Montn ) ke eqecked ol Qo

Observed N xpected Residy,

January 667 S \ //.:1’ 'PM\" "“’W- \‘&@.(Eﬂ(b
February 611 7. -56,9 N i
March 660 7.9 Test Statistics Cb&“ﬂlwm s
April 640 27,9 Month a Toriwe
May 667 -9 Chi-Square | 10,395 db’\ﬂ bm’
June 655 -12,9 df 11 )
July 697 291 Asymp. Sig. ,495
August 687 19.1 a. 0 cells (0,0%) have expected
September 679 11.1 counts less than 5.
October 702 34,1

—:é November 668 A
December 682 141
Total 8015

Which is the complete name of the test worked out here? 'XQ' —}eg" Q;€ 69«3(\&93 de ’e‘:

Can the outcome of the test be validly exploited? Explain.

Adlal smu?\n. s1e 0= §0S 730

L oo oxpcked b kg Aen S (3o b 05B)

& S

bths
ofa—
Cc

[

2

roy
oS

A o
emcente

oM
iy

What are the hypotheses considered? (State them in plain words only.) L\q ,,.'_7
What P-value do you read, and do you reject or fail to reject Hp? —a» P \Tﬁ\\)?— d 3)

.@mk o Ro
.. Ho T w%«w}g]: %‘jhs ﬁw&fmwﬁ%@g ri)“j

P:1%
L Al A=y

“Thex
a
A

[1 State a statistical conclusion (in plain words, that are understandable by a layman).

Apc\n et exclude et e ol ocur U!\T—?Q&
k” o —\-\r\e, ij\’ ancl M '“\e_s\’ S@a&oﬂﬁ&j dl.saﬂ)eareA m‘ \&’5\' —\he,te_
do 0ot oibk @
O What -calculatlons led to the exgected count for births occurring in May? %S%Q“\’ . 5‘\‘\“7

To which observed value should it be compared?

4
e)?edec\wx\*' ¢t q = g'O\S X «4—-

2
Ve

Sesere s w&\'; e (‘e,%_mu_ dx/&\ﬂ-\wm [N (%a., . ﬁfn,>
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Corrections for Chapter 8. Simple linear regression
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2. Approximate growth rate: 0.107 millimeters per day (= estimated coefficient)
Conversion into a more palatable number: 365 x 0.107 / 10 = 3.9 cm per year

More precise answer: with high confidence, the growth rate equals 0.107 £+ 2 x 0.008 mm per day
That is, we provide a confidence interval on the coefficient

The same conversion would indicate: 3.9 = 0.6 cm per year
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