Aad | EE FEQMONIKH ZXOAH

APIZTOTEAEIO
MANENIZTHMIO
OEZZAAONIKHEZ

[TANpwWC¢ TuxaloTToINUEVO
2.XEOIO

Ap. Newpyloc Mevecéc
Topéac Gutwv MeyaAnc
d)ﬁ)valag Kal OIkoAoyiag




[TANpwC¢ TuxaliotroiNUEVo 2XEDIO
(Completely Randomized Design-CRD)

[Hopaodetyuo 21 (@acoviog, 2038, . 103).
€ éva meipapa ooxipdotnkoy 10 orapopetikoi
YEVOTLTTOL KP1Oap1ov, Yo Vo QOVEL KT TOGO
OLOPEPOLY G TTPOC TNV TPWIUOTNTU EECTUYLACLLOTOC.
210 YOpael ondpOnkav 10 eovtd ond kdbe yevoTLTO,
\2; 0€ OTTOCTACELS LETOCY TV QUTMOV NTOV OPKETEC
\-\I’)\oﬁ VO OTOKAEIETOL AVTOYOVIGUOG LETOED TMV
No&y O&i av o1 yevotumol Tapovctalovv
GTOTIOTIKRG GHUOVTIKEC S10popéc o€ eminedo

on uowtu&sﬂr a=0,05.



[TapapeTpoTTOoinon -1

e [leipapatikd Zyéowo (Experimental Design): ITAnpmc
Tvyonomomuévo Zy€d10 (...xmpic Opddeg)

e [1An00c¢ Iapayovtmv (Factors): 1 (["'evotumog)
M]Oog Emnédmv (Levels) tov Iapdyovta (7). 10

—eo_Ap. Enravainyewv (Replications) (n): 10
%\/ OXKo n?m@og uetpnoemv (N): 100

° Exgx pportnuévo (Balanced), oni. 1d10¢
ap1OuoC vwbakn\ysa)v o€ kd0e emeuPaon




[TapapeTpoTTOinON -2

e ECaptmuévn petafint (Depended Variable):
Ipwiudtnto Eeotaytdopnatog (MUEPEC)

e AveCdaptnin petaPAnt-Ilapdyovrtoc
(Independed Variable) : I'evotumoc

——eo_[Ipotumo I (Model typel) : Kabopiouéveg
\Efﬁf)péccsatg (Fixed Effects)




MeBodoAoyia EykataoTaonc lNeipduarog

e [lponyoupevn EUTTEIPIA KAI YVWAON OXETIKA UE TO
TTEIPAPATIKO UAIKO

e EpTTEIpia KAl yVWON OXETIKA PE TTPONYOUHEVA TTEIPAUATA
OTOV i0IO TTEIPAMATIKO aypo

e ‘EAcyxol oyolopop@iag Kal OJOIOYEVEIAC TTEIPAMATIKOU
UAIKOU

e AIOOTACEIC TTEIPAPATIKWY TEPAXIWV

e [1ANO0OC puTWYV

e ATTOO0TAOCEIC

aAAIEQYNTIKA PPOVTIOA

Q0C¢ TreEIpauATIONOU

6&\usTpn0n§ £60PTNUEVNG PETABANTAG
A&lomoﬂa UETPNOEWV

° E60(cp ||<0( TOI)(EZIG

e KAIpatoAoyika TOIXEII(]

e Tnpnan HugpoAoyiou lNeipauarog




[10Te eappdletal To CRD

e OI TTapayovTeg dev etTnpealovTal Ao 10
TEPIBAAAOV.

e To TePIBAAANOV pTTOPEI Va TEDEI UTTO
ENEYXO.

—~~e-J 0 TTeIpaPATIKO UAIKO €ival OUOIOYEVEC.



Mivakag AsdouEVWY

41

25
32

34
Y

36

E3 | E4 | E5| E6 | E7 E8|E9|E10 YOvola
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Mivakag AvaAuong MapaAAaKTIKOTNTAG
(n AlakUpavong)

Inyn BaOpoi ABpowopa Méoa =
IopoAlaKTIKOTNTOGS ElevOepiog | Terpayovev Terpayova
J evoTurot 7-1 ATH mrn=211 | p ML
(M Hapdayovrag) r=1 MTX
X@aipa _ MT>= ATX
(q Yaolormo) a(n-1) ATZ z(n-1)
Ol zn-1 YAT

H ocvypotikny Tip F ovykpivetor pe v Kpiowun Tipn (Ocopntikn)
™¢ F-Katavoung pe (7-1) kot [z(n-1)] B.€., o€ enimeoo
ONUAVTIKOTNTOG O.



One Way ANOVA Table (1)

Degrees
. of Sum of
Source of Variation Freedom | Squares(SS) Mean Squares (M S) F
(df)

Treatmentsor Factor 1 Treatment SS M SA= Treatment SS F= MSA
A (Genotype) (SSA) -1 MSE

Error SS Error SS

- MSE=—— ——

Error z(n-1) (SSE) 2(N—1)

Total zn-1 Total SS

(SST)




One Way ANOVA Table ( 1l)

Sourceof Variation

Between Treatments

Within Treatments

Totd




MNMivakag AedopEvwv
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YTtroAoyiouoi ( 1)

AtopOmtikog Opoc (Correction Term), AO= % =1.288,81

Suvotkd ABpotopa Tetpoydvov, SAT=(5+6+6+...+3+3°+3%)-A0=400,19

2 2
AOpoiopa Tetpaydvov Hapayovtwv, ATIT=( 4t + 2518 ..+ 34 )-AO=51,49

AOpotcua Tetpayovov Xeoiudtov, ATE=XAT-ATII=400,19-51,49=348,70




YiroAoyiouoi ( 11)




Mivakag AvaAuoncg MNMNapaAAaKTIKOTNTAC

(n Alakupavong)
IInyn BaOpoi AOGpowopa Méoa c|E
IoporroktikoTntag | Elevlepiog | Terpoayovov | Terpayovo 0.05
I evorumol 9 51,49 572 | 148|199
(Iapdyovtog)
Yoaipa 90 348,70 3,87
Ol 99 400,19

Kpiowyun Ty F(9, 90)=1,99, o< emimedo onuoavrikotnrog a=0,05

Eneon 1,48<1,99 = O yevotomot ogv mapovoitdiovy
OTOTIOTIK( CNUAVTIKES OLOPOPES OE EMITEOO CNUAVTIKOTI TS

a=0,05.



2UVTEAEOTNC NMAPAAAAKTIKOTNTAC
(Coefficient of Variation), CV

VMTX VMSE

CV=——x100=———x10C
Y.. Y..

1,97

210 mapaostyupa, CV= gxlOO: 54,87Y%

*Ek@padlel To BaBuoé akpielag Pe TNV OTTOIO CUYKPiIvOVTaAl Ol
emEPPAOCEIG.

*Ek@padlel TNV AIOTTIOTIO TOU TTEIPAMATOG.

*ATTOOEKTEG TINEG: AVAAOyd ME TN QUOT) TOU TTEIPAMATIKOU UAIKOU Kl
TO TI METPOUUE.

MNoapadsiyua:

Na 1o pudl 6TV HETPOUME TNV ATTOOOON).
6%-8% yia Tn ocUyKpIon TTOIKIAIWV
10%-12% vyia Tn cUYKPIoN AITTACHATWYV
Na tnv amrédoon 10%, yia To uwog 3%




To lNevikoé INpappikoé MpoéTutToO
(General Linear Model)

Y, =u+t +6€

I avapEpeTol oty KVupla exidopacn g enéuPfaonc i (1I=1,... )
J: avapépeton oty pétpnon N tapatnpnon | (=1,...n)

[Hapdpuetpog ITAnBvouon Extiuntg
M Y..
ti Y—u _V"
H+T Y—u
o’ s: =MTZ (MSE)




NMNaparnpoupeva (AsiypaTika) Kol AVOPNEVONEVA
(QewpnTika) Méoa Terpaywva (Expected Mean
Squares)

[Hapatnpodueva MT | Avaupevoueva,

T

S
MTIT (MSA) cl+no’=c’+nt— 1
72'_

MTZX (M SE) o

Extiunrtéc:
2 (Y =Y.y
52 =i
r-1



NMNapadoxég kai MpoutroBécelg

[Tapadoyéc:

[IpovmoBécelc:

O1 TapatnpNoELS TPOEPYOVTOL ATTO TUY L0, OETYLOTOL

O Tapatnpnoelg eivor aveCdpTnTES 1 Lo 0O TNV GAAN

O tAnBvcpoi tov Ttapatnpioemy akoAovfodv Kavovikn Katavoun
O1 daomopég Tv TANBveudv eival ioeg (OpookedaocTiKOTNTO)



2TATIOTIKOI 'EAgy)oOI
Mnodevikéc YnoBéoelg

EvaAloaxtucee YnoOeoelg

H,nH, :3k(k=1.7)it #0

H,#H, :02>0

H, 7 H, :E(Y,)#0

H, nH,_ : uia rovddyiorov kopia sridpaont, #0,k=1... x

H, n H  :tovldyiorov 2 péooi dpot dragé povv,ik,z, K,z=1,..t )y, # 4,



AAAeC 2ZTATIOTIKEGC AVOAUOEIG

e Av n ANOVA avixveuoel OTATIOTIKA
ONMAVTIKEG O10POPESC aKOAOUOOUV
OUYKPICEIG HECWV OpWV



2x€010: Mn looppotrnuévo (Unbalanced Design):

Mivakag AvaAuong MNMapaAAakTiKOTNTAG (N

AlakOpavong), Asiypara Avica

IInyn BaOpuot AOpowona Méoa =
HoporirloktikotTnros | EievOepioc | Terpayovov Terpayova
i ATII MTII
} vormol 7-1 ATII MTI="— |F=——
(M Hapayovrog) -1 MTZ
j AT
Z@Ghua N-n ATZ MTZ=
(q YréAowmo) N—7x
Ol N-1 YAT




YT1roAoyiouoi

O vroloyiouoi yivovior Omtmg Kol 6to Icoppomnuévo X010 e T dapopa:

117 11 I1?
ABpocua Tetpayavov IHapaydvimy, ATH:[ L2 4.+ Z j—AO :
n N n,
H derypotucr tyun F ovykpiveton pe v Kpiown Twun (Beopntikni) g F-Katovoung
ue (z-1) kon (N-7) B.€., o€ eminedo oNUAVTIKOTNTOS .

omov N; givon To TAN00g derypdtomv (emavornyewv) oty I eréuPoon kot I7; givor 1o
afpoiopa TV Tapoatnpnoemy g I enéuPaonc (N= Zvvolkd TAnboc netpnoemv)



AlaypauMaTIK AVATTAPACTACT TOU
YTroO&iynarog

Ipoipomra




NMpotutro |l (Model type Il):
NMpotutro Tuxaiwv Emidpaceswyv —
(Random Effects Model)

Ta otoixeia Tou Trivaka tTng ANOVA utroAoyiovtal kata
TOV id10 TPOTTO OTTWC Kal aTo [NpdTuTTO |.

Ala@opEc:
e H,:02=0

H,7H :02>0
e Acv £XEI vVONUA N UYKPION HECWV OPpWV
eMeAETWVTAI OI CUVIOTWOEC TNG TTAPAAAAKTIKOTNTAC
(Variance Components)

, MTII-MTE MSA-MSE

2 A
a

n n



2TO TTAPAdEIYNO

Ekppddel Tn TTOPpAAAAKTIKOTNTO HETOGU
TWV YEVOTUTTWV

~» 9,721 3,874 1,847

=0,185

Ex@pdalel To 95,4% TG
OAIKAG
MapaAAAKTIKOTNTOG

10 10

Ex@pdadlel 1o 4,6% TNnG
OAIKAG
NMapaAAAKTIKOTNTAG




AAAEC EQapPHOYEC TWV ZUVICTWOWV

[MapaAAAKTIKOTNTAG
02
Intraclass Correlation: p, = ——"—;
O, t 0,

Exepadlel 10 BaOud ouoidTNTAC TWV TTAPATNPNOEWV HECA OTIC
OMAOEC OE OXEON ME TNV OMOIOTNTA TWV TTAPATNPNOEWV METALU TWV
ONGdWV

21N [eveTikn ekppadel TNV KANPOVONIKOTNTA TTOOOTIKWYV
XAPOAKTNPIOTIKWYV

Exepadlel TNV agloTmoTia, E0WTEPIKN oOuvoXn | CUVETTEIA, METAEU
TTAPATNPNCEWY TTOU TTPOEKUWAV atro TNV idia diadikaaia

Ekepdadlel TNV eTTavaAn@iuotnTa O1ad0XIKWYV METPNOEWY OTNV idIa
TTEIPANATIKA povada



2uykpioeic Méowv Opwyv

To Kpitfjpio Tn¢ EAAXIOTNG (2TATIOTIKA) 2NMavTIKAS Ala@opag
(EZA-LSD)

looppoTtTnUEVO 2ZXEDIO:
_ 2xMTZ 2x MSE
EXA= t;z(nl);a\/ N = ﬂ(nl);a\/ N

Omov t, . Kpicwyn Tifi g t-Kartavoprg pe #(n-1) B.<., o€ eminedo

ONUOVTIKOTNTOS O

Mn looppoTtrnuEvo 2XEDIO:

(n+n)xMTZ (n+n)xMSE
EXA= t(n +n. -2);a : = t(q +n, —-2);a J
P n xn; b

Ormov t : Kpiowun Tipn g t-Kartavopng pe n +n, —2p.€., o¢ eninedo

ni+nj—2;a -

n xn,

ONUOVTIKOTNTOS &



210 NMapadsiypa

EZA:1,99><,/2X13(')’89= 1,99<,/71—’58: 199./ 0,778 199 0,882 1 ot

eninedo onuaviikotntac a=0,05.



210 Mapadeiypa

I'esvotvmor MO TA N

4,10 1,66 10
2,50 0,53 10
3,20 1,87 10
3,40 2,07 10
520 1,93 10
3,60 2,55 10
3,40 2,67 10
2,90 1,66 10
4,20 2,62 10
3,40 0,97 10

AT O IENEPHREP

EXAqi o 146
EXAges 175
EXA¢ 2,32
EZA0,0()]_]_ 2,97




AtrotreAéopara pe o SPSS (1)

[MpwipdTnTa (NUEPEQ)

N Statistic 100
Range Statistic 8
Minimum Statistic 1
Maximum Statistic 9
Mean Statistic 3.59
Std. Error 201

Std. Deviation | Statistic 2.011
Variance Statistic 4.042
Skewness Statistic 1.289
Std. Error 241

Kurtosis Statistic 995
Std. Error 478




/)

Frequency

AtroteAéopara e To SPSS (2)

407

w
o
|

A\

—
o
|

ODpoipdtnta (npépeg)

AN



Y

Estimated Marginal Means
[y
L

AtroteAéopara pe To SPSS (3)

Estimated Marginal Means of HNpoipdétnta (npépeg)

Tevétumolt



Tests of Between-Subjects Effects

AtroteAéopara pe o SPSS (4)

Type Il Sum of Mean Observed
Source Squares df Square F Sig. Power(a)
Corrected Model 51.49(b) | 9 5.72 1.48 | .169 667
Intercept 1288.81 1 1288.81 | 332.64 | .000 1.000
Genotype 51.49 9 5.72 1.48 | .169 667
Error 348.70 | 90 3.87
Total 1689.00 | 100
Corrected Total 400.19 | 99

R?=0.129 (Zvvteieotic [Ipocoiopiopod)




AtrotreAéopara pe to SPSS (5)

e ‘EAgyxoc¢ Ouoloyéveiac Tng MNMapaAAakTikoTnTag (1T.X.
‘EAgyxoc¢ 10U Levene)

F df1 df2 Sig.
1.981 9 90 .051




AtroteAéopara pe Tto SPSS (5)

MevoTutrOl Subset
2 1

2.50
2.90
3.20
3.40
3.40
3.40
3.60
410
4.20
5.20
.080
2.50
2.90
3.20 3.20
3.40 3.40
3.40 3.40
3.40 3.40
3.60 3.60
410 4.10
420 4.20
5.20
407 .054

Tukey HSD(a,b)

—P>PNXPDITTOWD

o m
Q@

Duncan(a,b)

OM—>NXDITTOD

5




Mapoucoiaon Twv ATTOTEAECUATWY 1

H ANOVA €0¢1ce OTI OEV UTTAPXOUV
OTATIOTIKA ONUAVTIKEC OIAPOPEC, OE
eTiTedo onuavTtikotntac a=0,05, peragu
Twv 10 N'evoTUTTWV:

(F(9,90)=1,48, p=0,169>0,05)




Mapouciaon Twv ATTOTEAECHATWYV 2

I'svotomov MO TA N
4,10ab 1,66 10
250b 053 10
3,20ab 1,87 10
3,40ab 2,07 10
520a 1,93 10
3,60ab 2,55 10
3,40ab 2,67 10
290b 1,66 10
420ab 2,62 10
3,40ab 0,97 10

= QI NEB "W

Méool 6pol TTou akoAouBouvTal atrd
OIa@OPETIKO YPAHUHA dIAPEPOUV OTATIOTIKA
ONMAVTIKA, O€ ETTITTESO ONUAVTIKOTNTAG
a=0,05, cUuEWVA JE TA ATTOTEAECHATO TOU
gAéyyxou Duncan



Y

107

AAAec Mop@éc AlaypOauMATWYV:
Box Plot

24 2919

16§ 2B
o
17 7

T
HMpwipndtnTe (quagpso)



i

2UYKPITIKO Alaypaupa Box Plot

Hpwipotnta (npepeg)
s oy
|—.
Q

aghgﬂw*'




Y

95% CI Mpeipointa (npépeg)

Aiaypauua Error bar

I'evoTummoL




PaBdoypaupa

1
[1y]

T T |
= 55} il
(S5zdadl) wiliiodiwdy ueay

TevaTUIIOL



H “avakaAuywn” Tng pebddou ANOVA atrooideTal
ETTIONUA OTOV...

on ald Aylmer Fisher (1890-1962)
\



4

17 February 1890

Born i
East FinchleyLondon, England
. 29 July 1962 (aged 72
Died .y ( g )
Adelaide Australia
. England
Residence ng an.
Australia
Nationality British
Statistician
Fields Evolutionary biologist
Geneticist
Rothamsted Experimental
Station
Institutions University College London
Cambridge University
CSIRO
Alma mater Cambridge University
Academic Sir James Jeans
advisors

Doctoral students

F.J.M. Stratton

C.R. Rao
D. J. Finney

Fisher's fundamental theorem

Maximum likelihood

Fisher information

Analysis of variance
Fisher-Kolmogorov equation

Known for  Coining the term 'null hypothesis'
Fiducial inference

Fisher's exact test
Fisher's principle
Fisherian runaway
F-distribution

Influences Leonard Darwin

Joseph Oscar Irwin
Influenced A. W. F. Edwards

Georg Rasch

Royal Medal(1938)
Guy Medalin Gold (1946)

Notable ey Medal1955
awards  copley Medal )
Linnean Society of LonddsmDarwin-
Wallace Medal1958).
Religious church of Enaland
Sance urch of Englan
Notes

He was the father-in-law @eorge E. P. Bax




In 1919 Fisher started work at Rothamsted
Experimental Station located at Harpenden,

Hertfordshire, England. Here he started a major

study of the extensive collections of data
recorded over many years. This resulted in a
series of reports under the general title Studies
in Crop Variation. This began a period of great
productivity. Over the next seven years, he
pioneered the principles of the design of
experiments and elaborated his studies of

"analysis of variance". He furthered his studies
of the statistics of small samples. Perhaps even
more important, he began his systematic
approach of the analysis of real data as the
springboard for the development of new
statistical methods. He began to pay particular
attention to the labour involved in the necessary
computations, and developed methods that
were as practical as they were founded in
rigour. In 1925, this work culminated in the
publication of his first book, Statistical Methods
for Research Workers.[7] This went into many
editions and translations in later years, and
became a standard reference work for scientists
in many disciplines. In 1935, this was followed
by The Design of Experiments, which also
became a standard.




In addition to "analysis of variance", Fisher invented
the technique of maximum likelihood and originated
the concepts of sufficiency, ancillarity, Fisher's linear
discriminator and Fisher information. His 1924
article "On a distribution yielding the error functions
of several well known statistics" presented Karl
Pearson's chi-squared and Student's t in the same
framework as the Gaussian distribution, and his own
"analysis of variance" distribution z (more commonly
used today in the form of the F distribution). These
contributions easily made him a major figure in 20th
century statistics.

In defending the use of the z distribution when the
data were not Gaussian, Fisher introduced the
"randomization test". According to biographers
Yates and Mather, "Fisher introduced the
randomization test, comparing the value of t or z
actually obtained with the distribution of the t or z
values when all possible random arrangements
were imposed on the experimental data."[8]

However, Fisher wrote that randomization tests
were "in no sense put forward to supersede the
common and expeditious tests based on the
Gaussian theory of errors." Fisher thus effectively
began the field of non-parametric statistics, even
though he didn't believe it was a necessary move.




Rothamsted is the largest agricultural research centre in
the United Kingdom and almost certainly the oldest
agricultural research station in the world

e e TR )

i

The Rothamsted Experimental
Station, one of the oldest
aqgricultural research institutions in
the world, is located at Harpenden
in Hertfordshire, Enqland.—lﬁﬁv’
known as Rothamsted Research
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