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Procedure

Form the null (H,) and alternative (H,) hypothesis

Consider statistical assumptions

Find a suitable test statistic T

Find the distribution of T under H,

Select significance level a

Gather related data D

Compute the observed test statistic t = T(D)
Compute the p-value of t
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Reject H, if p-value = a.



Example: Compare means of two samples

» Problem: Given two sets of measurements X, and X,,
decide whether they have equal means.

» Example: Do Greek and Italian adults have the same
height?



Example: Compare means of two samples

|. Form the null (H,) and alternative (H,) hypothesis

» Null hypothesis H,: 1, = 1y,

» Alternative hypothesis H: 1, # L,



Example: Compare means of two samples

2. Consider statistical assumptions
» Assumption |: X, and X, follow a normal distribution

» Assumption 2: X, and X, have the same number of
samples

» Assumption 3: X, and X, have the same variance

» Assumption 4:[.1.D. samples in X, and X,



Example: Compare means of two samples

3. Find a suitable test statistic T

(, — X _ 2 2
t = X1 — X SX1Xa = \/(5};’1 + Sy

1
SX1 X9 ° \/;

Note: It is positive if X, is greater than X, and negative
otherwise.




Example: Compare means of two samples

4. Find the distribution of T under H,

If all assumptions hold, then t follows a Student’s t
distribution with v = 2n-2 degrees of freedom.




Example: Compare means of two samples

5. Select significance level a

» The significance level equals the probability of falsely rejecting
the null hypothesis when it is true.This is called a type | error.

» On the other hand, not rejecting the null hypothesis when it is
false is called a type Il error.

» This must be specified before the analysis is done.

» Common values are 0.01 and 0.05.We use 0.05 for our
example.



Example: Compare means of two samples

6. Gather related data D

» For our example, we would record the height of N
Greeks and ltalians.

» ldeally, both should be sampled uniformly at random from
their respective population, so that the samples are |.1.D.



Example: Compare means of two samples

/. Compute the observed test statistic t = T(D)

» Assume that;

N =25
avg(X) = 1.75
avg(Y) = 1.70

both variances equal 100 (standard deviation 10)

» For the sake of our example, assume that those are the
actual averages and variances.

» Thent=1.7678



Example: Compare means of two samples

8. Compute the p-value of t
» t follows a Student’s t distribution with 48 d.o.f.

» The p-value is the probability that of getting a more
extreme test statistic, given that the null hypothesis holds.

» In our case, this means that neither is much larger than
the other.



Example: Compare means of two samples
» One-tailed test

In this case, we actually only check if X, is greater than X,!

Student's t PDF with 48 degrees of freedom (one-tailed test)
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Example: Compare means of two samples
» Two-tailed test

This checks that neither is larger than the other.

Student's t PDF with 48 degrees of freedom (two-tailed test)
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Example: Compare means of two samples

8. Compute the p-value of t

The one-sided p-value is: 0.0417
The two-sided p-value is: 0.0835

For a = 0.05, we can’t reject the null hypothesis!



Example: Compare means of two samples

» What happened? We know that we correctly estimated
the average heights as well as the variances.

» Let’s repeat the experiment and use larger values for N.

Assume for simplicity that we get the same estimates.

Sample Size Test Statistic P-value
25 1.7678 0.0835
30 1.9365 0.0577
35 2.0917 0.0402
40 2.2361 0.0282
45 23717 0.0199

50 2.5000 0.0141




Example: Compare means of two samples

» We see that, as expected, we can (correctly) reject the
null hypothesis with more samples.

» Of course, this can only happen if the null hypothesis is
false. If it is true, we should not be able to reject it even

with infinite samples.



TeAog Evotntag

ENIXEI YIAKO J[PAMMA
EKMALAEYEH KAl AIA BIOY MAGHEH = EE"A
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EvpwmalkiEvwon EIAIKH YMHPEEIA AIAXE
Evpumaicd Kotvé Tapslo . vn ouyxpniaToBTon Tne EAAGBAC ket T Evpumalic Evwonc

YTIOYPIEIQ NAIAEIAE & BPHEKEYMATON, NOAITIEMOY & ABAHTIEMOY
XEIPIZHI



Xpnuatodotnon

To ap OV ekTAlOEUTLIKO UALKO €XEL avarmtuxBOel ota rmAaiola tou

ekmaLdeutikoU €pyou Tou dldaokovta.

To €pyo «Avolkta Akadnpaika Madnpata oto MoaveniotiLo

Kpntne» €xel xpnuatodotnoel pLovo tn avadlopopdwaon tou
ekmaldeUTIKOU UALKOU.

To €pyo uAomoleital oto mAaiolo tou Emyelpnotlokou Mpoypadppatod
«Ekmaibsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital amo tnv
Evpwraikn Evwon (Evupwnaiko Kowwviko Tapeio) kat amno €Bvikoug

OPOUC.

Evpwmnaikr ‘Evwon

Eupwnaikéd Kowvwviké Tapeio

EMIXEIPHEIAKO NMPOTPAMMA
EKI'IAIAEYEH KAI AIA BiOY MABHZH & Ez nA

= n npéypappa yio mv uvunw{n

YNOYPTEIO NAIAEIAE KAl BPHIKEYMATQON
EIAIKH YNHPEZIA AIAXEIPIZHZL

Me ) ouyypnparodotnon tng EAAadag kat tng Evpwnaikng Evwong




ZNUELWUOTO



Inuetwpoa adetodotnong (1)

e To mapov UALKO SLatiBetal pe Toug Opouc TNG adeLag
xpnnonc Creative Commons Avacbopd Mr] Eumopikn Xpnon,
Oyt Napaywyo Epyo 4.0 [1] N ueraveveorepn, AleBvnc
Ekdoon. EEatlpouvtal Ta UTOTEAN Epya TpLTwV TCX.
dwtoypadieg, Staypappata K.A.m., Ta onola
EUTIEPLEXOVTOAL OE QLUTO KalL TOL orto'La avadpEpovtal padll pe
TOUC OPOUC XPROoNC TouC oTo «Znueilwpo XpRong Epywv

Tpltwvy.
(@0l

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/




Inueiwpa adelodotnong (2)

Q¢ Mn Epmopkn opiletal n xpnon:
riou dev eplAapBAveL AUECO 1 EUUECO OLKOVOULKO 0deAOC arto
TNV Xprion Tou £pyou, yLa To dltavopea Tou €pyou Kat adelodoyo
niou Oev mepAapPAvVeEL OlKOVOULKN) ouvaAAayn w¢ poUTtoBeon yLa
n Xxpnion N npoofoon oto £pyo
niou dev npooTopilel 0To SLOVOUEN TOU EPYOU

Kol aO€l060X0 EUMEDO OLKOVOULKO 0deAoC (TL.x. dStadnuioelg) amod
TNV tpoBoAr Tou £pyou o€ SLadLKTUAKO TOTIO

O SkaioUxoc UmopEL va TtapeEXEL oToV adelodOYo EexwpLoTh
adeLa va XpNOLUOTIOLEL TO EPYO YLOL EUTIOPLKA XPNON,
epooov auto tou {ntnHOsdl.



Inuelwpo Avopopag

Copyright Mavenotnuio Kpntng, lwavvng Toapapdivog 2015.
Nlwpyoc Mmopumnovdakng «Mnxavikn MaBnon. Hypothesis
testing». Ekboon: 1.0. HpakAegwo 2015. AtaBeotpo armo TN
diktuakn dtevBuvon:

https://opencourses.uoc.gr/courses/course/view.php?id=362.



Al pnon ZNUELWUATWYV

Ornoladnmnote avamnapaywyn r SLackeur tou UALkou Ba
TPETEL VA CUUTIEPLAAPAVEL:

" 10 2Znueiwpa Avadopadc

" 10 2nueiwpa Adslodotnong

" tn dnAwon Alatipnong ZNUELWUATWY

" 10 2nueiwpa Xpnonc Epywv Tpitwv (epocov umapyel)

noll e Touc cuvoOEVOUEVOUC UTIEPCUVOEGOUC.



