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= Otav vntapyouvv 6U0 mBavol yvwoTol TTapAyYOVTEC TIOU
ouvelopepouv otn petaBAntotnta (btakvpavon) Twv
dedopevwy

= Tote 0 €EAeyx0C TNC EMOpaONC Tou KaBe mapayovto
yivetal pe tnv avaAvon dloomopac e OUO TIAPAYOVTEC
(two-way ANOVA)

= H avaluon yivetol ouvnOwc HE TN Xprion oTATLOTLKOU

npoypappatoc (SPSS, Excel)
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Noapadeypa

2€ EVOL TIELPAA YLOL VOL CUYKPLVOUE TNV
enidpaon k=3 poapuakwv otov aplOuo
AEUPOKUTTAPWYV OE TIOVTLKLA,
xpnotpomnonOnke evac oxedloopoc pe 3
TTOVTLKLOL aTto b=4 drapopeTika KAouBLa




Mapayoviec StakUpovonG

Yriapyouv Vo mBavol mapayovteg Stakupavonc: To KAouBi kat to dappako SUVOALKR MEON TLUA:

| Cagesidhovpd) | H éon i A
Drugs | 1| 2 | 3| 4 | Méeonuwpun v tiva % = 5.95

Xa Tt BAEMOUE pE pila

YPAyopn HOTLd OTLG

UECEC TLUEC TWV

YPOLUWV KOl O€

Xp OX€0N LE TN OCUVOALKN
HEDN TIUN;




qa = 643

c=5.75

AlakUpavon
bapUAKWY

B e

AtakOpovon kKAouBLwv




ALaYwPLOUOC aBpoiloMaTOC TETPOAYWVWV

One Way Anova

SST
(total / overall )(sum of squares total)

SSE

SSC (within / error)
(column / between / treatment) sum of squares

sum of squares




ABpoiopata TETPoYyWVWVY

Two-Way Anova SST
sum of squares total

SSC
(column / between / treatment)
sum of squares

Sum of squarzs amno
otbnmote &ev eivat SSC

SSE.ETolL 000 TtLO LLKPO £lval TO SSB - SSE
SSE, 1o SSC urnopet va Slekdiknoel block sum of squares (Wlthln / error) sum of

HLEYOAUTEPO HEPOC aTtO TO SST squares

210 TEAOC To SSC oUyYKpLVETAL LLE TO |
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YTOAOYLOMOC TOU CUVOALKOU alOpOoiopaToC TETPAYWVWY

YTOAOYLOLLOGC TOU OUVOALKOU SS

Cages (kAoufLa)
___
— 1. Bpiokoupe Tig Stadopeg
6.7 5 5.9 5.1 aVAECa o€ KABE TN Kal
5.75 TNV GUVOALKN LECN TLUN
-!- 2. Ygwvoupe otn Shvapn tou
2 TG SLadopeg
5.870 3. ABpoiloupe

=VAR.S(B3:E5)*(COUNT(B3:E5)-1)




YrtoAoylopoG Tou aBpolopatog TETpaywVwY TwV KAoUBLwV

YrtoAoyLopog SS kAou BLwv

_ _ _ 56 6425 1. Bpiokoupe tic Stadopeg
6.7 5 5.9 5.1 5.675 QVAUECQ OTN MECN TLUN

: 6.6 5.4 5.8 5.2 TWV KAOUBLWV Kal TV
. .68 | 55 | 62 | 53 | 595 | GUVOALKT) HEGT TL

7 =AVERAGE(B3:B5) =AVERAGE(C3:C5) =AVERAGE(D3:D5) =AVERAGE(E3:E5) , 50

. 2. YYwvoupe otn duvapun
3 | 0.850 -0.450 0.250 -0.650 T™ovu 2 TLC 6La¢opéq

10 =B6-5F6 =C6-SF6 =D6-5F6 =D6-SF6 '

. 3. ABpoilouvpe

2| 0.722 0.203 0.063 0.423 4. MoAAamAaclAloUE YE TOV
" -POWER(B9,2) = =POWER(C9,2)  =POWER(D9,2)  =POWER(E9,2) . ,

N apLlOuo Twv papuaKkwy
5| 4.230

| =SUM(B12:E12)*3




YToAoyLopOC TOU aBpolopatoc TETPOYWVWY TwV GapUAKWY

YrioAoylopog SS Qapuakwyv
Cages (kAoupLa)

___—- 1. Bplokoupte Tic Sladopés

| 6425 | QVAPESO OTN LEON TLUA

6.7 5 5.9 5.1 200 Twv papudKkwy KoL TV
5.75

OUVOALKN LEON TLUN
m- N el

. YYwvoupue otn duvaun
ToU 2 TI¢ SLadhopEC
ABpoiloupe

1.365 4. MoAAamAaclAloUE YE TOV
apLOO TwV KAOUBLWY

2

=VAR.S(F3:F5)*2*4




ABpolopa TETPAYWVWV

SS ZUVOALKO

SS Qappaka

+ SS KAouBua

SSE

+| SSE

SS ZUVOALKO -

SS KAouBLa -

SS Oappuaka




ABpolopa TETPAYWVWV

SSE

SSE

SSE

SS ZUVOALKO SS KAouBua SS Qappaka
5.87 4.23 1.365
0.275




Two-Way ANOVA xwpic aAAnAenibpaon

H two-way ANONA mnapouotaletol e tn popdn Tou mapokATw TivaKa:
Source of variation df SS
(MnynR petaBAntotnrog) (BaOpoi eAevBepiag)  (Sum of squares)
Between gaces 4-1=3 4.23 Tests of Between-Subjects Effects
Between drugs 3_1=2 1365 DependentVariable: cells
- Type lll Sum
Error 11-3-2-6 0'275 Source ;quLlal'Es df Mean Square F Sig.
""""""""""""""""""""""""""""""""""" Corrected Model 55057 5 1119 24.415 001
TOtaI 12'1=11 5'87 Intercept 424830 1 424830 9269.018 .0oo
(N-1) drugs 1.365 2 683 14.891 005

gaces 4,230 3 1.410 30.764 .0oo
N = cUVOAKEG TOLP TN P OELG Error 275 6 048

Total 430.700 12

Corrected Total 5870 11

a. B Squared = 953 (Adjusted R Squared = .814)

—



Two-Way ANOVA xwpic aAAnAenibpaon

Mo evlladEpel n oxeon avapeoa otn dStakupavon Twy Gappdkwy Kol otnv dtaklpavon
ToU 0pAAPOTOC:

SS MS
Doappakwv Dappakwv
sum of square Qapudkwv l mean square Qapudakwv

SSE df MSE

sum of square error mean square error




Two-Way ANOVA xwpic aAAnAenibpaon

Mo evlladEpel n oxeon avapeoa otn dStakupavon Twy Gappdkwy Kol otnv dtaklpavon
ToU 0pAAPOTOC:
SS Qappakwv 1.365
S — MS
df Oappdkwv 2 0.6825 Qoappakwv
SSE 0.275 0.04583 MSE
df Error 6

—



Two-Way ANOVA xwpic aAAnAenibpaon

H two-way ANONA napouotaletol pe tTn popdn Tou mapakaTw mivaka:
Source of variation df SS MS=SS/df F=MS/Error MS
(MnynR petaBAntotntag) (BaBpoi eAcubepiag)  (Sum of squares) (Mean Squares)
Between cages 4-1=3 4.23 1.41
Between drugs 3-1=2 1.365 0.683 14.89
Error 11-3-2=6 0.275 0.046
""""""""""""""""""""""""""""""""""""" Tests of Between-Subjects Effects
Total 12-1:11 1.83 Dependent Variahle; .f:ells
(N'].) Source Tuyfgr.;lLllaSrLg: df Mean Square F Sig.
Corrected Model 55057 g 1.114 24415 .00
— y ’ Intercept 424830 1 424830  9269.018 .0oo
N = OUVOALKEC napatnpnGElq drugs 1.365 2 633 14891 005
gaces 4.230 3 1.410 30.764 .ooo
Error 275 ] 046
Total 430.700 12
| corrected Total 5870 11 |
a. B Sguared = 953 (Adjusted R Sguared = .914)

—



&

Tests of Between-Subjects Effects

DependentVariable: cells

=  EA€yyxoupue av ta pappaka Stapepouv PETOED

TOUC GUvai'VOVTaq Tnv TLI“”!I F=(Between drugs Source T;F'gr:lLlliLén; df Mean Square F Sig.
— (0] { _ Corrected Model 55957 ] 1.1149 24415 001
MS)/(Err?r MS) 14.89 IJ.E to SA) GHHELO an F Intercept 424,330 1 424330  9268.018 000
Katavoung pe 2 kot 6 df (Between drugs df kau drugs 1,365 2 683 14891 005
gaces 4.230 3 1.410 30.764 .000
Error df) Errar 275 6 046
= Emedn n tur tou F=14.89 eivat peyaiitepn . TR
aT[c') .[r] Tlur’] an F-KCXT(IVOL[I"](; TTOU EiV(II. 5.14 a. R Sguared = 953 (Adjusted R Squared = .814)
(6ec Mivaka tn¢ F-Katavopng oto TEAOC) TOTE EOpeon tou 5% onpeiou Tne F Katavopnc yLo 2
UTTAPXEL oNUOVTLKA Stadopd pHeTafd Twv kau 6 df oo Excel
dopuakwv pe (mbavotnta Aabouc) P<0.05
5.143
=F.INV.RT(0.05,2,6)
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Excel Data Analysis

File -> Options -> Add Ins -> Go ... -> Analysis ToolPak

Add-ins ? *
Add-ins available:
Data -> Data Analysis
|| Analysis ToolPak - VBA
[ ] Euro Currency Tools cancel
RExcel6d
[ ] 5olver Add-in
. Browse...
Data Analysis ? > =
. Automatian...
Analysis Tools
JK

Anova: 5ingle Factor Y

Anova: Two-Factor With Beplication Cancel

Correlation Hel

Covariance DEp

Descriptive Statistics

Exponential 5moothing Analysis ToolPak

F-TEf:t TWC"SEWF'IE for Variances Provides data analysis tools for statistical and

Fourier Analysis engineering analysis

Histogram b




Excel Data Analysis

Data -> Data Analysis

E G H I
Anova: Two-Factor Without Replication ? >
Input
= OK
Input Range: SAS2:SESS| 5.7 | ox |
Cancel
Labels
Alpha: | 0.05 Help

Cutput options
B (®) Qutput Range: SAST FRi
7 O Mew Worksheet Ply:
1 f.::l Mew Workbook
8 a
g‘ a




Two-Way Anova

Source of variation df

SS MS=SS/df

F=MS/Error MS

—

Tests of Between-Subjects Effects

DependentVariable: cells

(MnyA petapAntotntag) (BaBpoi eAsubepiag) (Sum of squares) (Mean Squares) e Il S
ype Il Sum
Between gaces 4-1=3 4.23 1.41 Source of Squares df Mean Square F 3.
Eetweenldi s 3-1=2 1.365 0.683 14.89 Corrected Model 5 5952 5 1119 24415 001
Error 11-3-2=6 0.275 0.046 Intercept 424830 1 424830 9269.018 000
drugs 1.365 2 6a3 14.881 o5
Total 12-1=11 1.83 gaces 4230 3 1.410 30,764 000
Errar 276 5 046
Total 430.700 12
Corrected Total 5.870 11
a. R Sgquared = 553 (Adjusted R Squared = 414)
20 [AMNOWA
21| Source of Variation 55 df MS F P-value F crit
22 |Rows 1.365 0.6825 14.89090909 0.004714835 5.14325285
23 [Columns 4.23 3 1.41 30.763636306 0.000486046 4.757062663
24 [Error 0.275 ] 0.045833333
23
26 |Total 5.87 11
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Two-Way Anova with interaction

= Otav ta 6edopeva taslvopouvtal o€ SUO MAPAYOVTEC

= Kot urtadpxouVv TTIOAAQTTAEC TOPATNPNOELC YL KOOE
ouvouaouo Twv dUo mapayoviwy (replication)

= Totg, 0 eAeyyxoc tnC emidpaonc tou Kabe mapayovta (6nA.

™NC OLadopac LETAEL TwV eMUMEOWYV TOU IOPAyovIa) N

TN aAANAemnidpaonC LETAEY TWV TTAPOYOVIWYV YIVETOL UE

tnv avaAvon diaomopac pe SUo mapayovtec (two-way

ANOVA with replication) pe aAAnAentidbpaon.

—



Nopadeypa

[LoL vou EpEVVNOOUE TNV eTtidpoacn Tou copPLkou oécoc (sa) Ko Tou
pH tou vepoL otnv emBiwon tThS oaALLOVEAAC, XPNOLLOTIOLCOLE

=  w=3 enuneda pH (5.0, 5.5, 6.0) ko

= s=2 egnineda copPikov oécoc (0, 100 p.p.m.).

[l Tov kaBe ocuvduaopo sa kat pH vntapyouv k=3 nopatnpnoeLc.

Mia eBdopada peta petpnOnkKe n moootnNTA COAMOVEAQC TTOU
eniBilwoe (log(mukvotnta/ml)).

—



Two-Way Anova with interaction




T a w0 [ s [ 0 wmma

f6.0,0 — 83 f5_5,0 — 60 f5_0,0 — 427

Two-Way Anova with interaction

Xe.0100 = /.67 x55100—537 Xs50100 = 423 | AL G

e e e

KaBe kupEAn (cell) exeL tn 6k TS Katavoun (HEon Tun, Stakvpavon).




Two-Way Anova with interaction

%s00 =83  Fssg =60 X500 = 427

X6.0,100 = 7.67 Xs5100 = 537 Xs5g100 = 423 | AL 5 A0

e [emso [rwmin | oo




Estimated Marginal Means

Estimated Marginal Means of salmonel u rl_a_ ET[i,T[ESO ph 55 KoL 60
o0 i TOPATNPOUE TTWC EXOULLE
- LUeYaAUTEPN TOCOTNTA

- D=0.63
ooApovENQC TTou eMLBiwoe oto

enimedo 0 Tov sa

= [ to eninedo opwe php 5.0
napatnPEOULE TtwC OEV EXOUUE
Sdladopad otnv mocotTnTA
oaApovelag ou enifiwon yla ta
dUo emineda Tou sa

6.00

Estimated Marginal Means

6.0 55 50 ’ ’ ’
Ta dvo emnimeda TOv sa avéavouv

otaBepa tnv enBiwon tng caApovelac
o€ OA\a ta eminmeda tou ph;

—



Estimated Marginal Means

Estimated Marginal Means of salmonel H (1T[dVTI’]0I’] E'LV(IL: OX|
9.00 sa
U /4 I /4 14
<« D=0.63 —ad AuTo Tto 8[60(; NG Kataotaong OVOHCXZETGL
5.00 AN ahlnleniﬁpaon

H Umapén tng aAAnAemidpaong onpalivel
otL n dtadopa (D) sa0-sal00 Sev eival
otaBepn

7.00

6.00

Estimated Marginal Means

AAANAenidpacon onpaivel eniong ot ot
diadopéc (D) dtadpEpouv petaly toug

5.00

4.00

6.0 55 5.0 Ye éva marginal means ypadnua, cav
ph VEVLKO KavOva, KOLTALE vt SOUUE av oL
YPOLLUEC EVWVoVvTaL N TElvouV va
evwBOouv, onote untapxel aAAnAenidpaon

OTOTLOTIKA ONUOVTLKA
—




Two-Way Anova with interaction

H ANOVA rnapouotalstal pe Tov €£€NG TtivakaL:

Source of variation df SS MS=SS/df F=MS/s?
pH w-1=2 42.46 21.23 590

Sa s=1=1 0.86 0.86 23.89
Interaction pH*sa (w=1)*(s-1)=2 0.34 0.17 4.72
Error (Residual) 17-2-1-2=12 0.43 s?=0.036

——————————————————————————————————————————————————————————————————————— 3.885293835 |
Total n=18-1=17 =F.INV.RT(0.05, 2, 12)

= EAgyxoupue av ta enineda pH dadepouv cuykpivovtag tnv tiun F = (pH MS)/(Residual MS) =
590 ue to 5% onueio tng F — xatavoung pe 2 kat 12 df (pH df kat Residual df) mou siva 3.89 (6eg
niivaka F-katavourng oto tEAog)

= Emewdn nuun tng F = 590 eivatl moAU peyoAutepn amo to 3.89, unapxel onuavtikn dtadopad
petall twv ernedwy pH (P < 0.05)

—




Two-Way Anova with interaction

H ANOVA rnapouotalstal pe Tov €£€NG TtivakaL:

Source of variation df SS MS=SS/df F=MS/s?

pH w-1=2 42.46 21.23 590

Sa s—-1=1 0.86 0.86 23.89

Interaction pH*sa (w=1)*(s-1)=2 0.34 0.17 4.72

Error (Residual) 17-2-1-2=12 0.43 s?=0.036
——————————————————————————————————————————————————————————————————————— 4.747225347 |
Total n=18-1=17 =F.INV.RT(0.05, 1, 12)

= EAgyxoupue av ta enineda sa Stadpepouv cuykpivovtag tnv TN F = (sa MS)/(Residual MS) =
23.89 pe to 5% onpeio tng F — xatavoung pe 1 kat 12 df (sa df kot Residual df) mou eivat 4.75 (6&g
niivaka F-katavourng oto tEAog)

= Emedn n twun tng F = 23.89 eival peyaAutepn amo to 4.75, unapyel dStadopd HETAEL TWV ETULITES WV
sa (P < 0.05)

—




Two-Way Anova with interaction

H ANOVA rnapouotalstal pe Tov €£€NG TtivakaL:

Source of variation df SS MS=SS/df F=MS/s?
pH w-1=2 42.46 21.23 590

Sa s=1=1 0.86 0.86 23.89
Interaction pH*sa (w=1)*(s-1)=2 0.34 0.17 4.72
Error (Residual) 17-2-1-2=12 0.43 s?=0.036

——————————————————————————————————————————————————————————————————————— 3.885293835 |
Total n=18-1=17 =F.INV.RT(0.05, 2, 12)

= EA€yxoupe av umapxet aAAnAemidpaon petaél pH kot sa cuykpivovtog tnv TIUR F =
(Interaction MS)/(Residual MS) = 4.72 pe to 5% onueio tng F — katavoung ue 2 kot 12 df
(Interaction df kat Residual df) mou eiva 3.89 (8¢ Mivaka F-katavopng oto TEAOC)

= Emedn n tun tng F = 4.72 eival peyaAutepn amno to 3.89, unapxel aAAnAenidpaon petagv pH kal
sa (P<0.05)

—




Two-Way Anova with interaction

" MmopoUuE va KAVOULE CUYKPLON TWV HECWV TLHWV SUO
eminedwv pH N Vo emMedwyV sa YpNOLLOTIOLWVTAC TO T-
Test (omwc¢ kot otnv one-way ANOVA)

" Emilong, LMOPOUE VOL KAVOUUE CUYKPLON TWV MECWV
TV dvo emumedwv pH yla eva eminedo tou sa
Xpnotpornolwvtoc oAl to T-Test (Omwc KAl 0TV one-

way ANOVA)




Data -> Data Analysis

Data Analysis

Analysis Tools

Anova: 5ingle Factor
Anova: Two-Factor With Replication
Anova: Two-Factor Without Replication
Correlation

Covariance

Descriptive Statistics

Exponential Smoothing

F-Test Two-5ample for Variances
Fourier Analysis

Histogram

CE

Cancel

Help




Tests of Between-Subjects Effects
DependentVariable: salmanel
Type Il Sum

Source of Squares df Mean Square F Sig.

Corrected Model 43.769° ] 8.754 2351749 .0an

Intercept G42.014 1 G42.014 17248134 .0an

=3 845 1 845 2270 .0an

[h 42,564 2 21.282 571.761 .0an

sa*ph 360 2 a0 4836 0249

Error 447 12 037

Total GB86.230 18

Corrected Total 44216 17

a. R Squared = 990 (Adjusted R Squared = .986)

32 |ANOVA
33 | Source of Variation 55 df MS F P-value F crit
34 |Sample 0.845 1 0.845 22.70149 0.000460488 4.747225
35 |COIumn5 42.56444444 2 21.28222222 5?1.?612_' 1.25435E-12 3.885294
36 |Interaction 0.36 2 0.18 4.835821 0.028822828 3.885294
37 [Within 0.446666667 12 0.037222222
38
39 [Total 44.21611111 17

—



F-Distribution

Degrees of

) Degrees of freedom in numerator
freedomin

denominator 1 2 3 4 5 6 7 8 9 10 20 40 oo

161.40;  199.50;  215.70;  224.60i  230.200  234.000  236.80}  238.90  240.50:  241.90;  248.00;  251.10;  254.30
18.51} 19.00; 19.16 19.25; 19.30; 19.33; 19.35; 19.37; 19.38 19.40; 19.45; 19.47; 19.50;
10.13; 9.55! 9.28! 9.12! 9.01! 8.94! 8.89; 8.85! 8.81! 8.79; 8.66! 8.59; 8.50;

7.71; 6.94i 6.59; 6.39; 6.26: 6.16; 6.09; 6.04: 6.00; 5.96 5.80; 5.72i 5.60;
6.61! 5.79; 5.41} 5.19; 5.05: 4.95! 4.88! 4.82! 4.77: 4.74: 4.56! 4.46! 4.40}
5.99 5.14] 4.76i 4.53i 4.39; 4.28i 4.21} 4.15; 4.10i 4.06} 3.87} 3.77 3.70
5.59; 4.74; 4.35; 4.12} 3.97 3.87i 3.79; 3.73i 3.68 3.641 3.44 3.34i 3.20
5.32; 4.46; 4.07; 3.84i 3.69; 3.58! 3.50; 3.44! 3.39; 3.35 3.15 3.04i 2.90;
5.12! 4.26! 3.86 3.63! 3.48! 3.37! 3.29; 3.23! 3.18! 3.14i 2.94i 2.83! 2.70i
10; 4.96} 4.10i 3.71} 3.48 3.33i 3.22i 3.14i 3.07} 3.02i 2.98! 2.77 2.66: 2.50!
11 4.84: 3.98! 3.59; 3.36! 3.20 3.09; 3.01! 2.95; 2.90; 2.85: 2,65 2.53i 2.40}
12 4.75; 3.89; 3.49; 3.26i 3.11i 3.00; 2.91; 2.85: 2.80i 2.75i 2.54i 2.43i 2.30i
13! 4.67; 3.81} 3.41} 3.18! 3.03; 2.92i 2.83i 2.77 2,71} 2,67 2.46 2341 2.20
14 4.60 3.74i 3.34i 3.11} 2.96 2.85 2.76i 2.70 2,65 2.60; 2.39] 2.27 2.10
15! 4.54i 3,68 3.29! 3.06! 2.90: 2.79i 2.71i 2.641 2,59 2,541 2331 2.20! 2.10!
16! 4.49; 3.63! 3.24i 3.01} 2.85: 2.74: 2.66! 2.59; 2.54i 2.49; 2.28i 2.15 2.00i
17: 4.45! 3.59; 3,20 2.96! 2.81! 2.70! 2.61! 2,55 2.49; 2.45! 2.23i 2.10} 2,00}
18! 4.41; 3,55 3.16! 2.93i 2.77; 2.66! 2.58! 2,51} 2.46! 2.41} 2.19; 2.06! 1.90!
19; 4.38i 3.52 3.13! 2.90 2.74} 2,63} 2.54} 2.48! 2.42 2.38! 2.16! 2.03i 1.90;
20; 4.35i 3.49; 3.10; 2.87 2.71i 2.60; 2.51i 2.45; 2.39} 2.35 2.12 1.99; 1.80;
30! 4.17: 3.32! 2.92i 2.69; 2.53! 2.42! 2.33! 2.27i 2.21i 2.16! 1.93i 1.79' 1.60'
40} 4.08! 3.23! 2.84i 2,61} 2.45! 2.34! 2.25! 2.18 2.12i 2,08 1.84i 1.69: 1.50!

120 3.9 3.07! 2.68! 2.45! 2.29! 2.18! 2.09! 2.02! 1.96! 1.91! 1.66! 1.50! 1.30!

oo 3.84! 3.00; 2,60 2.37i 2.21i 2.10; 2,01 1.94i 1.88 1.83i 1.57i 1.39; 1.00}

e B e o B e KA e S K e R ]




