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* Adopa oe 6edopeva Tou €lval TIOLOTIKA
* Baoilovtal o€ TOPATNPOUPEVEG CUXVOTNTEG

* Eotialoupe oTIG acupudWVLEG TWV TTAPATNPOUPEVWY CUXVOTHTWV



I EAgyxoc X2 yla pot
petapAnth
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* To alpa pag xwpiletal og 4 kUpLeg katnyopleg: A, B, AB kat O

e Xt1c HIMA €xouv mtapatnpnBet ol €€NC CUXVOTNTEC:
*0->044, A->0.41,B > 0.10 kat AB - 0.05

* EAeyxoupe tuxaio detypa 100 dportntwy tou maverniotnuiou M kot

Kataypadnkav oL Topakatw aplouot:

0 A B AB  TOTAL
38 38 20 4 100

* Elvat oL poutnteg cupdwvoL pE Tov YEVIKO TTANBuopuo twy HIMA;

Mapadelyua
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Mapadelyua

* Mndevikn umtoBeon:

e EvaAlokTikn uttoBeon:

H HO eivaw Peudng (pe omtolovdnote tpoTo)



AVOUEVOUEVEG/UTIODETLKEC CUXVOTNTEG

* [Mapayovtal aro TLC UTIOOETIKEC avaAoyiec

* Xpnowotnta: av n HO givat aAnBng, T0te KTOG ATIO TNV
MEPLITTWON TUXNG, N UTIOBETIKA/OVOUEVOEVEG CUXVOTNTEG, Ba
TIPETIEL VA TIEPLYPADOUV TLG TIAPATNPOVUPEVEG CUXVOTNTEG TOU
delypartog

EXPECTED FREQUENCY (ONE-VARIABLE y* TEST)

I, = (expected proportion)(total sample size)



6686

* Nivakag mapatnpoUuevNG/avapevVOUEVNG CUXVOTNTAG

Mapadelyua

0->0.44,A->0.41,B > 0.10 kat AB = 0.05| * 100 MéeyeBog deiypartog
BLOOD TYPE
FREQUENCY 0 A B AB TOTAL , ,
Observed (f) 38 38 20 4 100 MeTprAoeLg oTo Selypa

Expected () 4 4 10 5 100



AOYLKH) TOU EAEYYOU X2

* Av oL 00U WVLEG PETOELU AVAEVOUEVWV KaL TIOPATNPOUUEVWY
OUXVOTNTWV ELVaL APKETA PIKPEG, woTe va BewpnBouv koo
aroteAeopa, TOte N Undevikn untobeon dlatnpeital.

* AV OLWG OL AcUPPWVLEG PETAEL TWV CUXVOTNTWVY ELVAL APKETA PEYAAEG
KoL urtopouv Ba BewpnBouv oTIAVLEG, TOTE ATIOPPLITTOUPE TNV UNOEVLIKNA
uTtoBeon.

* [LaL TNV TTOCOTLKOTIOINGN TN OTIAVLOTNTOC KAVOUHE Xprion Tou AOyou X2



O AOyo¢ x2

* [TOGOTIKOTIOLEL TNV ACUUPWVIA TWV AVOUEVOUEVWY LE TLG
LETPOUUEVEG CUXVOTNTEG

42 RATIO

2 _ {fﬁ_ﬁ:ﬁ
oy it

Noapatnpoluevn Avapsvlépevn
ouxvotnta ouxvotnta



2 RATIO

O AOyoc X2 I NI YA;

fe

* To TeTpaywvo tou aplBunth pyeyebBuvel tnv Tun tou Adyou

* AOYW TOU TETPOAYWVOU OEV UTIOPEL VA YIVEL SLaXWPLOUOG v N
acupPwWVLA TIPOKUTITEL ATTO TLHUEG PLIKPOTEPEG N PEYAAUTEPES TWV
QVOEVOLIEVWV

* H Utapén tou mapovopaoth (f,) ivel otov Adyo tnv LSLotnTa Vo

otaBuilel 1ig mBaveg dladopég (6nA. dev aflohoyouvtal o iblo
SLadopEG K HovAdwWYV yla OTIAVLEG KAl KOLVEG TIAPATNPAOELG)



AELOAOYNGN TNC OTIAVLOTNTOG HECW TNG KATOVOUNG X2

* OLKOYEVELQ KOTAVOUWV PE TIAPAUETPO TouG Pabuoug eAeuBepiag
‘,T“,r,-{:.’jr.'}Jk J‘f.f_l

0.5 1

|
o

0.41

0.3 1

=T S JCRY R

0.2+

0.1

0.0

12



YTtoAoylopog twv Baduwv eAeuBeplag

df = c-1

* Omtou ¢ elval to MANBOC TWV CUVOALKWY KATNYOPLWV ATIO TLC OTIOLEC
UTIOpEL va AABEL Ty n ootk peTaBAntn

* Mapatnpoupue anwAela evog Babuou eAeuBepilag Aoyw Tou
TIEPLOPLOLIOU TOU CUVOALKOU aBpolopatog pe To ueyebog toug
Selypatog (6nA. kdvovTtag Xprion Twv cuxvoTNTWV aro -
KOTNYOPLEG, UTIOPOUE vaL UTIOAOYLOOUV TNV gvariopeivaca
oUXVOTNTA OO TO CUVOALKO aBpolopa)



Mapadelyua

* Yriapxouv 4 katnyopliec: A, B, AB, O
e JuveTwc c =4
edf=c-1=4-1=3

14



Bripato tou eA£yxou X2

* EUpEON PLOG aAVOPEVOPEVNG CUXVOTNTAG VLo KOBE avapevopevn
avooyio (1)

* Kataypadrn o€ Tivaka Twv TIapaATNPOUUEVWY KOl AVOUEVOUEVWY
ouyvotntwv (2)

* YTtIoAoYyLop ¢ Tou Adyou x2 (3)

* YITOAOYLOpOG TNG OTIAVLOTNTAG TOU AOYOUG KOl CUYKPLON HE TNV
Kplowun TN ywa eninedo onuaviwotntag o (4)



Mapadelyua

A&gbopéva
Juxvotnteg otic HMNA
0->044,A->0.41,B > 0.10 ket AB = 0.05

Metprioelg oto deiypa twv 100 potntwv

0 A B AB  TOTAL
38 38 20 4 100

1 f, = (expected proportion)(sample size)
£(0) = (.44)(100) = 44
i{A) = (.41)(100) =
f(B) = (.1 )(100)—10
f(AB) = (.05)(100) = 5

6686

BApata tou eAéyxou X2

* EUpEON YOG AVAPEVOHEVNG GUXVOTNTAG Yla KABE avaeVOLEVN
avatoyia (1)

* Kataypadn ot Tivaka Twv TopatnpoUHUEVWY KAl QVAUEVOHEVWY
ouxvotrtwy (2)

* YtoAoyLopog tou Adyou x? (3)

* YToAoyLop oG TG oTaviotnTag Tou AGyouq Kal cUyKPLon UE TV
Kplon Tun ywa eminedo onpavikotntag o (4)

16



Mapadelyua

MNapdadeypa

AeSopéva
Tuyvotnteg otig HIMA
0->044,A>041,8 > 0.10 kaw AB - 0.05

Metprioerg oto Setypa twv 100 downtwv

0 A B AB  TOTAL
38 38 20 4 100

I f, = (expected proportion)(sample size)
f40) = (.44)(100) = 44
fdA) = (41)(100) = 4
f4B) = (-10)(100) = 10
£(AB) = (.05)(100) =5

2 Frequency 0

60666

Bripara tou ekéyxou X2

+ EGPEDT s avapiEvSiEVS SUXVETITG yic KiBE auagievopievn

avahoyia (1)

ouyvotrtuw (2)
* ¥nokoyopeéc tou Adyou y2(3)

OF NMivaka Twy Napat 0 W

* ¥NoAoylopég TNG aTaviaTnTag Tou AGyous kal olyKpuan HE TV

xpigyin Wi ya eninedoe onpaviwotnrag a (4)

B AB

6686

BApata tou eAéyxou X2

* EUpEON YOG AVAPEVOHEVNG GUXVOTNTAG Yla KABE avaeVOLEVN
avatoyia (1)

* Kataypadn ot Tivaka Twv TopatnpoUHUEVWY KAl QVAUEVOHEVWY
ouxvotrtwy (2)

* YtoAoyLopog tou Adyou x? (3)

* YToAoyLop oG TG oTaviotnTag Tou AGyouq Kal cUyKPLon UE TV
Kplon Tun ywa eminedo onpavikotntag o (4)

Total

f 38
f 44

e

38
41

20 4
10 5

100
100

17



Mapadelyua

+? RATIO

2
leszﬂ fgﬁ?f]

2 Frequency 0 A B AB Total
f, 38 38 20 4 100
f 44 4 10 5 100

e

2 (fa_fe)z
3 x Z—fe

10

10

44 4
2 2 2 2
(87 (=37 (10 (-
44 41
36 9 100 1

=11.24

=—+—+—+—
44 4 10 5
—.82+.22+10.00+.20

(38 —44) N (38 —41)2 ) (20—10)> N (4—5)?

5

6686

BApata tou eAéyxou X2

* EUpEON YOG AVAPEVOHEVNG GUXVOTNTAG Yla KABE avaeVOLEVN
avatoyia (1)

* Kataypadn ot Tivaka Twv TopatnpoUHUEVWY KAl QVAUEVOHEVWY
ouxvotrtwy (2)

* YtoAoyLopog tou Adyou x? (3)

* YToAoyLop oG TG oTaviotnTag Tou AGyouq Kal cUyKPLon UE TV
Kplon Tun ywa eminedo onpavikotntag o (4)

18
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6 6 6 6 BAuato Tou eAEyyou X2
Mapadelypa vy ¥ @ |

* EUpEDN PLOG AVAPEVOHEVNG OUXVOTNTAG YLa KAOE QVaEVOUEVN

* Yndpyouv 4 katnyopiec: A, B, AB, O avohoyia (1)
* Juvenwg c = 4 * Kataypadn oe mivaka Twy MapatnpoUHEVWY KAl AVAHEVOUEVWVY
edf=c-1=4-1=3 ouxvotitwv (2)

* Yriohoylopég tou Adyou x2(3)

* YroAoylopag TNG oTavioTnTag Tou AOYoUG Kal oUYKPLon HE Thv
kplown Tn yw eninedo onpavtikotntog o (4)

Eninebo onuavtwkotntag a = 0:05

df 10 .05 .01 .001
1 2.71 3.84 6.64 10.83 X2=11.24 > 7.81
2 4.60 949 9.21 13.82
3 6.25 11.34 16.27
4 7.78 9.49 13.28 18.47
5 9.24 11.07 15.09 20.52

0 ' 2cn'r

Anoppintoupe tnv HO: oL mapatnpovpeveg dladopeg elval oNUAVILIKEG O OXEON PE
TO YEVLKO TTANBuopo Twv HNA. 19



I EAeyyoc x4 ya SU0
LETAPBANTEG




Mapadelyua

* KOWWwVLKO TiElpapa

Baloo

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

* JUYKPLON TWV «XOUEVWVY» ETILOTOAWV/TIOKETWYV TIOU €TILOTPEDOVTOL
N OXL OTOUG VOULUOUG KOTOXOUG

* Tpeig Teploxeg evoladEpovtog o€ pla ToAn (Kevtpo, Mpodotia,

NavemotnuLo)

* AUo mBava amoteAeouaTO WG TIPOG TNV ETILOTPOPN OTOV VOULUO

katoyxo (Nat, Oxt)

NEIGHBORHOOD

RETURNED LETTERS DOWNTOWN  SUBURBIA CAMPUS TOTAL
Yes 39 30 51 120
No 21 40 19 80

Total 60 70 70 | 200



EAeyxog x? yla 800 ueTaBANTEG

* ATIOTLUQ OV OL TIAPATNPOUPEVEG oUXVOTNTEG EKPpAlouV TNV
aveéaptnoia 6UO TTOCOTIKWY PETABANTWVY

* Mndevikn uttoBeon: dev uttapyel kauia poBAePuoTnTa Twv VO
TTOCOTLKWV PETABANTWY

* H evallaktikn) uttoBeon SnAwvel otL n undevikr uttioBeon eival
Peubdng



5
Noapddelypo s =

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

* Mnbevikn vmnoBeon:

* O TUTIOG TNG YELTOVLAG KOL TO TIOOOOTO ETILOTPODNG KXOUEVNG»
aAAnAoypadloc eival aveéaptnta

e EvaAlaktiky uttoBeon: n HO eival Pevdnc



AVOUEVOUEVEG/UTIODETLKEC CUXVOTNTEG

EXPECTED FREQUENCY (TWO-VARIABLE »? TEST)

Je

- (row fotal)(column total)

grand total

AVaEVOHEVEG/UTIODETIKEG CUXVOTNTEG

* Mapayovtal aro Tig UTMTOBETIKEC avaAoyieg

* Xpnowotnta: av n HO eivat aAnBrg, ToTe eKTOC ATIO TNV
MeplmTwon TUXNG, N UTIOBETKN/ avapEVOEVEG OCUXVOTNTES, Ba
TPETIEL VA TIEPLYPAdOUV TIG TTAPATNPOUHEVEG CUXVOTNTEG TOU
Selypatog

EXPECTED FREQUENCY (ONE-VARIABLE x* TEST)

[, = lexpected proportion)(total sample size)



Mapadelyua

NEIGHBORHOOD

o

%

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

(H

£y
AKX

Baloo

RETURNED LETTERS | DOWNTOWN | SUBURBIA | CAMPUS TOTAL EXPECTED FREQUENCY (TWO-VARIABLE ;2 TEST)
Yes 39 30 51 120
No 21 40 19 80 . (row total)(column total)
Total 60 70 70 | 200 e grand total
200 200 g T 00 200
NEIGHBORHOOD
RETURNED LETTERS DOWNTOWN SUBURBIA CAMPUS TOTAL
Yes T, 39 30 51 120
T, 36 42 42
No 1, 21 40 19 80
. 24 28 28
Total 60 70 70 200 25



Bripato tou eA£yxou X2

MapopoLog TPOTIOG OTIWG KL YLaL TNV P HETOBANTA

* EUpEON PLOG aAVOPEVOPEVNG CUXVOTNTAG VLo KOBE avapevopevn
avooyio (1)

* Kataypadrn o€ Tivaka Twv TIapaATNPOUUEVWY KOl AVOUEVOUEVWY
ouyvotntwv (2)

* YTtIoAoYyLop ¢ Tou Adyou x2 (3)

* YITOAOYLOpOG TNG TNG OTIAVLOTNTAG TOU AOYOUG KOl CUYKPLON HE TNV
Kplowun TN ywa eninedo onuaviwotntag o (4)



Napadelypa -

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

NEIGHBORHOOD

RETURNED LETTERS DOWNTOWN  SUBURBIA  CAMPUS  TOTAL
Yes 39 30 51 120
No 21 10 19 ‘ 80
Total 60 70 70 | 200
I _ (column total)(row total) £, (no, downtown) = (60)80) _,,
i grand total {70)2(38)
f, (yes, downtown) = (60)120) _ 44 o (o, suburbia) ===-= = 28

200

f,(yes, suburbia) = (702)3020) — 42 f,(no, campus) =

(70)(120) _,,
200

(70)(80) _ o

f,(yes, campus) =

27



Mapadelyua

/\—Q

5
- o

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

2 Downtown Suburbia Campus Total
f 39 30 51 120

Yes 36 42 42
No f, 21 40 19 80

f, 24 28 28
Total 60 70 70 200

28



/x Sy
L
Noapddelypo s =

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

(f, —1,)?
=) f

e

=(39—36)2 (30—42)* (51—42) (21—24)2+(4U—28)2+(19—28)2

+ +
% 42 42 24 28 28

—0.25+3.43+1.93+0.38+5.14+2.89

~14.02

29



[MARBo¢ BaBuwv eAeuBeplag

DEGREES OF FREEDOM (TWO-VARIABLE »2 TEST)
df =(c=1)(r=1)

AplBpoOGg KaTnyopLwv otnv AplOpOG KATNYOoPLWV OTNV
peToBANTA Twv oTnAwv HETABANTA TWV ypauPWY

AntiwAela evog BaBpou eheuBepiag ava katevBuvon,
ylati ta avtiotola abpolopata apapyevouv otabepa



Mapadelyua

NEIGHBORHOOD

RETURNED LETTERS |DOWNTOWN  SUBURBIA  CAMPUS TOTAL
Yes a4 al a1 120
No 21 40 19 ‘ 80
Total 60 70 70 | 200

DEGREES OF FREEDOM (TWO-VARIABLE 2 TEST)
df =(c=1)(r=1)

!

df =(3-1)2=1)=(2)(1) =2

)

'Look, pal, we lose a /ot of package:

-- what makes yours so special?"

31



Mapadelyua

Ertinedo onuavtkotntag a = 0.05

0 re 2cn't

10

2.71
4.60
6.25
7.78
9.24

5

—

w
[ee

GES

—~©~
OO0
~NO -

.01
6.64
9.21

11.34
13.28
15.09

.001

10.83
13.82
16.27
18.47
20.52

Baloo

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

X?=14.03 > 5.99

$

Anoppintoupe tnv HO: Yridpyouv evdeielg OtL n yettovid Sev elval ave§dptntn

Qo tn emotpodn «xapevng» aAAnloypadiag. 32



Extipnon peyeBoug emibpaong
TeTpaywVvIKOc cuvteAeotnc tov Cramer

PROPORTION OF EXPLAINED VARIANCE (TWO-VARIABLE »?)

Méeyebog tou deiypatog

2 X
g nk—=1)

min{c, r}

AplOBuOG KaTNYOopLWV OTNV
HETABANTA TwV oTNAWV

¢2 Eniépaon

c

.01 HiKpn
.09 ueoaia
.25 LEYGAN

ApLlBuOG KaTNYOPLWV OTNV
HETABANTA TwV YpaUPWY



Mapadelyua

PROPORTION OF EXPLAINED VARIANCE (TWO-VARIABLE »?)

_ X
“ k=1

—1402

NEIGHBORHOOD

=
=)

RETURNED LETTERS DOWNTOWN  SUBURBIA CAMPUS TOTAL
Yes 39 30 91 120
No 21 40 19 80
Total 60 70 70 200

£y
AKX

(H

o

Baloo

'Look, pal, we lose a /ot of package:
-- what makes yours so special?"

¢2
01
14.02 .09

c

= .07 25

200(2-1)

Muwkpn emidpaon

%}

Entidpaon

HKpn
ueoaia
UEYAAN

34



2nuela poooxn

* Artoduyn
* E¢aptnuEvwy Tapatnpnoswy
* H aveéaptnoia eival mpolmnoBeon
* MIKpWV QVOUEVOUEVWY CUXVOTNTWV
e TouAdyxlotov 5
* Akpaia peyedn deypatwy
* NMoAU pkpa delypata teivouv oto opaipa tutou

* MoAU peydla delypata Telvel aviXVEUOEL ULKPEG OLAdOPEG



YUvbeopol og online cuyypaupata

* https://bookdown.org/mcbroom j/Boo

k/Book.pdft

Chapter 2

Week 2 - Chi-Squared Tests

Outline:

1

Intr

. Statistical Inference

y E les: Good: of Fit

Test Statistics & the Null Hypothesis

The Null Hypothesis: H,

The Test Statistic, T

Distribution of the Test Statistic

The Null Distribution

Degees of Freedom

The Statistical Table

Using the y2 Table

Examples of Using the Table

The Significance Level a, and the Type I Error

The Goodness of Fit Examples Revisted

The Formal Chi Squared, \*, Goodness of Fit Test

The Chi Squared, \?, Test of Independence — The two-
way contingency table

Using R

Using the rep and factor functions to enter repeating categorical
data into R.

36


https://bookdown.org/mcbroom_j/Book/Book.pdf

YUvbeapol og online video

* https://www.youtube.com/watch?v=2QeDRsxSF9M

-
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https://www.youtube.com/watch?v=2QeDRsxSF9M

I R code

* https://statsandr.com/blog/chi-square-test-of-independence-in-r/

38


https://statsandr.com/blog/chi-square-test-of-independence-in-r/

I Back up




