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N159LAT1ZNANULUTUTIU

NN5IATILNAULUTUTIU (Analysis of Variance; ANOVA) usnasnismiaauaiia d1msu
LUauenANLLUTUTIWS oAuAnAIsE s dunaludeyaseniludiu o auundsdiun wieny
HadefineliAnaruulsusuty ednduiausunulugadnvazanailsfieduefetade
Taths Usglovdvesmsiinsgianuidsusiu fe ansnsamadouanuigiuit “Anadeauadiniinnain
Uszrnsvane q nguagiidwinfuviell” dufensieszianuulsusndddmiunsdiinismeans
fvanuiunnn 2 U msdeszimeainlutosnsinszinnuulsusiu adyarfemuis
sUnuUMsAdneanivideliuing (model) Yaaununsnnaedld feavanunsaidouguuuunsiiasgili
gneuusUM TRaesildld Jausunismaassvdnilldlunismaasdldud CRD RCBD uay LSD

sULUUNNSEDRA (statistical model) %aaLqum'mmamﬁmsé'
WHUNTSNARBILUY Completely Randomized Design (CRD) suuuunisadinee
Yi=MW+ T+ &;
WHUNISNARBILUY Randomized Complete Block Design (RCBD) luuuuniadinne
YU:},l+Bi+‘CJ~+8U
WHUNNSNARBILUY Latin Square (LS) d5Uuuvunisaiinfe
Yi=HW+ R +G + T + E
WHUNNSNARBILUY Factorial in CRD figUuuunsatiffe
Yik = W+ Ay + B+ ABj + Ej
WHUNNTNARBILUY Factorial in RCBD d5uuuunsaiinfe
Yik = L+ Bi + A+ B+ ABj + Ei
WHUNNTNARBILUY Split-plot in CRD djUuuunisaiinfe
Yie= L+ M+ (BM)) + S + (MS) + €
WHUNISNARBIWUY Split-plot in RCBD HijUwuunnsaiife

YUk = l,l, + Bi + Mj + (BM)‘J + Sk + (MS)Jk + SUk
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AB; ludvdnasiuvesllady A uas B

M; uay Sy ludvdwaves Main plots wag Subplots AuEIRU

(B BunnuudsusIuves Replication wag Main plots
(MS); JudvSnasmwee Main plots U Subplots

o L“fJumwmmmmﬁaumaamsmaaa

Lmumimaaumuejmaaﬂ (Completely Randomized Design; CRD)

uWuNIVAaDILUUduaaeaLduuiunIneassiinuazanlunsufdAnazinedmiunis
Aips1eh Aedfidosdidddunsdenldununisnaassiiie mhevaasdildfedauadnane &
Asnaasudssandulenaass Judeveniensedfildidoedosiinuadiane ldfinariosnan
anIndausng o feslinadevinuusiildlunsmeaes duielifruwlsuruidewnanmundey
fozinasonanuug funniianuudsusiudesananmwandeuiniulunisnaaes axvinlinanis
npasslrnuraineden mniiansaiitanuususuionannundentu Buidymaesouden
WHUNSNAaRIBuTianInsaanrdes iaauuUTUusnanmmedeuanieldliinansenusenin
WILATEINITNARY WarAdABnUsEN1INTaR eI MUUATEINUNITNAREIMUY CRD aviifiosady
ety

faee9d 1 mammaaﬂué’mwL??ENI@EJWG&NLLM (photoperiod) ey 4 sedufie Freuasduun
(Very short) F29uasdw (Short) Faaueeen (Long) uag auassuin (Very long) @usunislylasun
suitluusiosu udrinnimevaussetisuasasiisludfunaiiyduln Tnedaduniugsiiiuty
Wudaduns (mm)

v.short short long v.long
2 3 3 4

3
1
1
2
1
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mawssndeyadmsun1sieszidmsuununmeaewe 9 dadutunsuindfglududuiu 9

o

1 o

wsznsinsedeyalaeuiseaniluedefiaenadesiuwnunisneass ludsdAyse anugnsesves
nsiteyauninseyt FBiagandmiunsidlusunsuinssinieadinfie nsasne text file (txt) lu
MS Excel lnaidentudinlndiduwuu Text (Tab delimited)

T« 2557-2 » Training » KURDI » Data v & Search Data

Organize = MNew folder

2 Mame Date modified

1% This PC i i
L Deskt B photoperiod_CRD 2/28/20151:34 PM TXT File
m Desktop

| Documents

& Downloads

W Music

=| Pictures

& Videos

i, Local Disk ()

L@ TOSHIBA EXT (W

L S L A

Save as type: | Text (Tab delimited) )

Tags: Add atag

'~ Hide Folders

### n1581utoyan text file (txt)
photo = read.table(file.choose () ,header=T)

### nsuansdeyalisnuduilulusunsy R Inefiuni@eves object Mldivtoyadmiunisinsz

photo

photoperiod growth
1 v.short 2
2 v.short 3
3 v.short 1
4 v.short 1
5 v.short 2
6 v.short 1
7 short 3
8 short 4
9 short 2
10 short 1
11 short 2
12 short 1
13 long 3
14 long 5
15 long 1
16 long 2
17 long 2



18 long 2
19 v.long 4
20 v.long 6
21 v.long 2
22 v.long 2
23 v.long 2
24 v.long 3

### n1suuuteyalulusunsy R ieantunaulunsonsisiudaniig o
attach (photo)

### N139VaMILUIUIB object Tudaya photo

names (photo)
[1] "photoperiod" "growth"

### n13ARRevmINIUGAlUYEYA photo
tapply (growth,photoperiod,mean)

long short v.long wv.short
2.500000 2.166667 3.166667 1.666667

a l a = |
HiH ﬂ’]iLiEJﬂﬂ']LQ@EJ‘U@QVliVlLiJumme
photoperiod<-ordered (photoperiod, levels=c("v.short", "short","long","v.long"))
tapply (growth,photoperiod,mean)
v.short short long v.long
1.666667 2.166667 2.500000 3.166667

oL TATILVANURUTUTIUAINTIURFURUUN AR AVT B UMY IMNUN TGRS CRD fiB
YUZ Ll+-Ti+ EU

Tuns@eulinadniunisivseilulusunsuads dnaglisiumenves W uae g lun1sinsiei
Tunsaidl v; 1 umnugnvestafiinainnimaass

T Hugnsomnsdaduninuudvesnsneaest
& Al A ) PN = a e
avtunsiill 98 2 MuusnaseululuwalunisinsnzyiAe photoperiod LAY growth

Tunilumalunisiiasgrinuguiuy Response.variable ~ Explanatory.variable f®
growth ~ photoperiod

HHH ﬂ’ﬁ%Lﬂ‘i’]%ﬁﬂ’J’]ﬂJLLUﬁﬂﬁ’Ju Imamiszqﬁumﬁﬁ%ﬁmeﬁmmmumimaaq CRD
fit = lm(growth~photoperiod)

HHH ﬂ’ﬁLL’dﬂﬂNﬁslla\‘iﬂ’]i?lLﬂﬁ’]%ﬁﬂ’]’muﬂﬁﬂﬁ’)‘u
anova (fit)
Analysis of Variance Table

Response: growth

Df Sum Sg Mean Sg F value Pr (>F)
photoperiod 3 7.125 2.375 1.4615 0.2551
Residuals 20 32.500 1.625



H## AMULUSUTIUVDINTNAAD
anova (fit) [2, 3]
[1] 1.625

H#H N394 critical values of Fisher’s F
qf (0.95,3,20)
[1] 3.098391

H### HaNTUATIEANUI Pr(>F) A1 > 0.05 (0.2551) fuie awawaéuaqmqLLaﬂmmamamiwiﬁumﬂm
Yossuily WienumLNenileie mmaammﬂmmuimumai‘mm%mLmuimaamuwmmaﬂu Aduud
W5129NAE SSE Fadunnuulsunuiiesanmsnaassdilianusaeiuiesetasuannismeaed
Fngaann (32.5) Sevhliavisnavesvdnuud (uildAevisuas) lifinuddy (significant)

a o0 v a L3

### lalasaanmsiinsesiteya photo AlUasdeyayailindsiasy
detach (photo)

wnunmeaswuuguluuionauysal (Randomized Complete Block Design; RCBD)

Aaeg199 2 1udeyanindied 9 1 NlinsuauNIsVnaewIegsife 4 laau (clone) vossuiialy
wiiaz genotype 9111310 6 genotypes gndullasuyluamsaeiu 4 seeu

Genotype v.short short long v.long
A 2 3 3 4
B 3 4 5 6
C 1 2 1 2
D 1 1 2 2
E 2 2 2 2
F 1 1 2 3

Wesanlifigrves genotype nmelurruas Flailyn19iiAsizsinuu Factorial ANOVA

photo.blk = read.table(file.choose () ,header=T)
photo.blk
genotype photoperiod growth
A v.short
.short
.short
.short
.short
.short
short
short
short
short
short
short
long

W Jo U™ WN
< <9< <<

)
)

=
N
WHENENDdWERENRERE R WDN

DO QW MEOQW

i
w



14
15
16
17
18
19
20
21
22
23
24

mHoOQWPEEHOOQWE

< << << <

attach (photo.blk)

names (photo.blk)
[1] "genotype"

long
long
long
long
long
.long
.long
.long
.long
.long
.long

WNNNDOYBNDNDNDE O

"photoperiod" "growth"

fit = lm(growth~genotype + photoperiod)

anova (fit)

Analysis of Variance Table

Response: growth

Df Sum Sg Mean Sg F value Pr (>F)
genotype 5 27.875 5.5750 18.0811 xR K
photoperiod 3 7.125 2.3750 7.7027 bl
Residuals 15 4.625 0.3083
Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 Y’ 1

HHH NNTIATITIDNAIAIN INANISHATIENAL B UNU
fit2=aov (growth~genotype + photoperiod)

H### NUENNATBINTIATIERAMNULUTUTIU

summary (£it2)

Df Sum Sq Mean Sgq F value Pr (>F)

genotype 5 27.
photoperiod 3 7.
Residuals 15 4.

Signif. codes: O

875 5.
125 2.
625 0.
AR S & 4 O

575
375
308

.001

18.081 x KK
7.703 **x

V¥x/0.01 “*" 0.05 ‘. 0.1 Y’ 1

### NanN1TUATIZENUIN Pr(>F) A7 < 0.05 (0.0024) Hufe 8nsnavestisuastinanon1siasyiule
YOIAUNY UToANUMNIEUTSAD Tnasiuana1siulinalinsiasyAulavesduiea1eiy azludunauy

#olUABNSUS I UM UALRALUBININLLUAITLARE NSV UR AN WaENals

### N13MA p-value ¥93A1 F

1-p£(7.7027, 3, 15
[1] 0.002404266

)



10

### NMIUTIUTNIIUANQAYUDIVIVLUUA NSIINNUINDNENAVDITIUENTINARDNITLAT AU TDIAL
ey

### nSoufisuaindevewsnunng o lngldisees Tukey Faduilsndulu R

TukeyHSD (fit)

Error in UseMethod ("TukeyHSD")
no applicable method for 'TukeyHSD' applied to an object of class "1lm"

### 15U04 Tukey MlATUNTIBIATILRANULUTUTILNTTAES aov (Linaddf)
TukeyHSD (£it2)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = growth ~ genotype + photoperiod)

Sgenotype

diff lwr upr p adj
B-A 1.500000e+00 0.2243231 2.77567691 0.0170246
C-A -1.500000e+00 -2.7756769 -0.22432309 0.0170246
D-A -1.500000e+00 -2.7756769 -0.22432309 0.0170246
E-A -1.000000e+00 -2.2756769 0.27567691 0.1715657
F-A -1.250000e+00 -2.5256769 0.02567691 0.0563995
C-B -3.000000e+00 -4.2756769 -1.72432309 0.0000187
D-B -3.000000e+00 -4.2756769 -1.72432309 0.0000187
E-B -2.500000e+00 -3.7756769 -1.22432309 0.0001525
F-B -2.750000e+00 -4.0256769 -1.47432309 0.0000521
D-C 4.440892e-16 -1.2756769 1.27567691 1.0000000
E-C 5.000000e-01 -0.7756769 1.77567691 0.7943696
F-C 2.500000e-01 -1.0256769 1.52567691 0.9861980
E-D 5.000000e-01 -0.7756769 1.77567691 0.7943696
F-D 2.500000e-01 -1.0256769 1.52567691 0.9861980
F-E -2.500000e-01 -1.5256769 1.02567691 0.9861980
Sphotoperiod

diff lwr upr p adj
short-v.short 0.5000000 -0.42398727 1.423987 0.4292289
long-v.short 0.8333333 -0.09065394 1.757321 0.0841845
v.long-v.short 1.5000000 0.57601273 2.423987 0.0015096
long-short 0.3333333 -0.59065394 1.257321 0.7294779
v.long-short 1.0000000 0.07601273 1.923987 0.0318673
v.long-long 0.6666667 -0.25732061 1.590654 0.2042685
1 4:1' a (3
HHE#H N1TVIANRAYVDINTNLUUG
tapply (growth,photoperiod,mean)
v.short short long v.long
1.666667 2.166667 2.500000 3.166667
YA ARAINITATEYAULS (Mmm)
Very long 3.17 a
long 250 a
short 217

Very short 1.67
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¥ o a -] [
N15M package dUNIIATITHIAWAU R

Agricolae \Uu package nilsludunisnaassinunens Asnsilssufisuaiaasivainaiey
n7dlely R Tushednedl WunsiSeuiisuaadelneds LSD (Least significant difference) i1y
Agricolae unlae1u

### N150ARY Package 7199 agricolae Tu R

File Edit View Misc | Packages | Windows Help

Load package...

Set CRAM mirror...
Select repositories...

Install package(s)...
Update packages...

Install package(s) from local zip files...

Norwsy -
“Phiggines

Polend

Portugal

Ruate

Singapore

Sovakin

South Ancs (Cape Town)
South Alrics ehannesbury)
Spuin (A CoAsza)

Spwn Madns)

Sweden

Switzerdand

Tawan (Chungll)

Taiwan

Twkey

UK (Brestel)

UK (Camandge)
UK {Londen)
X {Landon)
UK (5S¢ Andrews|
USa Aty
usacaz)

USA (A)

USA N

USA (&5)

USA (MD}

USA MY

US4 (MO)

USA (0

USA (OR)

USA (PA S)

USA (PA2)

Usa (TN
USA(TXT)

US& WA )
USA (WA J)
Venezuels
Vaeznam nd |
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The L6t Vwe Mu Paclagm: Medeas by

| teyizy URL ‘Rtep://mirccod.pe, enith/paby cren/bin/ windews/cone e/, Liccds 2,101 2ip!
Caspent Vet ‘ofpliicetice/eip’ letgeh 107654 MWier (197 ™)
cgened USL

arwisadea 19y

trylng URL ‘acupe/Smicvsss.pac. s, th/pats coen/bin vindess sosnrik /AL Lkl 0.6 3l
| Coozant type ‘appiicstian/zip’ leagsx 1107451 byzes (217 Koy

cpenedt URL

azwnicaded 313

toyizg USL 'AMADI//mirsIre.pau,ec, th/pubs oran/bin/witdowy/emztrily 1 1/ spdep D, W13, 22p"
Ceesent \\oe “agplisetlan/alp’ leoghe JE0RTIR byves (0.4 100
cpenss UL

| aswnidaned 4.« w

trplag UMD “meupl//mirzoss.pes. s, oi/pobs ceen/Bia/vindsus cosnrak/ 3. L/ agTics e _L.0-0. g
Cantent type ‘applicetion/zip' lengch 20713 dytes 176 M)
cpenadt UL

downizaded 876 >

pacwayr $ 1y and BDY fumy thecked
Pachays ‘3" sutcessilly mpaeked and MOS sums vieces
PAONIGE 'LenrnRAres’ SUCOLSETUILY wiasiRS A0 KDL Aume dheoaed

DACRAQS TTIAT ELICAMITIILY erpatked ann ML sims chesies
PAcRAgs ‘ooda’ sucOoRMRfUlly wpecked sad MOE sums checkms

| packags ‘klad’ sucosssfully anpacked and ML suma checkes

| package ‘spoep’ ssocasafolly uspacked and MIS soma chacited
paccage ‘sgTicolse’ Fiocesrfilly wmpacksd xnd NIS sums crecked

The Sownlocated biszary packeges scw im
C\Peess' Piyal \ApeData' Lacel \Tam! DG\ g loeded o

### N151300 Package 71%® agricolae 1lgaulunisiuSauiisuaiiaie
library (agricolae)

### 11315809 df V84 error
df.residual (fit)
[1] 15

### 11313909 SS V84 error
deviance (fit)
[1] 4.625

HH## NN5AS1MDNNUA df LEN1TATWIN
df=df.residual (fit)

#H## N15A519939MAUA MS 289 error [BnN1SAIUIN
MSerror = deviance (fit)/df

MSerror

[1] 0.3083333

#H## 1131581711579 ANOVA 1USeuiigu
anova (fit)
Analysis of Variance Table

Response: growth

Df Sum Sg Mean Sg F value Pr (>F)
genotype 5 27.875 5.5750 18.0811 7.092e-06 **x*
photoperiod 3 7.125 2.3750 7.7027 0.002404 **
Residuals 15 4.625 0.3083

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.” 0.1 Y’ 1



### n1UTsunisuAadelaedd LSD (Least significant difference)
compare.trt= LSD. test (growth,photoperiod,df, MSerror,group=TRUE)
compare. trt
Sstatistics

Mean Cv MSerror LSD

2.375 23.38011 0.3083333 0.6833208

Sparameters
Df ntr t.value
15 4 2.13145

Smeans
growth std r LCL UCL Min Max

long 2.500000 1.3784049 6 2.016819 2.983181 1 5
short 2.166667 1.1690452 6 1.683486 2.649847 1 4
v.long 3.166667 1.6020820 6 2.683486 3.649847 2 6
v.short 1.666667 0.8164966 6 1.183486 2.149847 1 3
Scomparison
NULL
Sgroups

trt means M
1 v.long 3.166667 a
2 long 2.500000 ab
3 short 2.166667 bc
4 v.short 1.666667 cC

### nsSunsuAaaelngdd Duncan (: Duncan’s new multiple range test)
compare.trt2= duncan.test (growth,photoperiod,df, MSerror,group=TRUE)
compare. trt2
$statistics

Mean Ccv MSerror

2.375 23.38011 0.3083333

Sparameters
Df ntr
15 4
$Duncan
Table CriticalRange
2 3.014325 0.6833208
3 3.159826 0.7163047
4 3.250248 0.7368026
Smeans
growth std r Min Max
long 2.500000 1.3784049 6 1 5
short 2.166667 1.1690452 6 1 4
v.long 3.166667 1.6020820 6 2 6
v.short 1.666667 0.8164966 6 1 3
Scomparison
NULL
Sgroups
trt means M

1 v.long 3.166667 a
2 long 2.500000 ab
3 short 2.166667 bc
4 v.short 1.666667 cC
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A15UUIIN Object VBINANITILATIZIAN R

n5nenite 9 Tu R mnkifinistuiindewlalusunsy deyansedinsigriiaunvziely
nsUufinliduin workspace lngtuiiniusfinlwga .RData Fslunsalfidusinilu rcbd.rdata wagiaan
Juiinpasiuniuuana .RData Mennass nsizmshifiuduwwanaesnalalaidulnafiiundalu R 1o

A1558n Object NUUNNIAUN1Y
nssendeyavsenaiiiiasiziwatuiindu Workspace unld mdsildizentuunldaiudnase
A load('rcbd.rdata")

### n13139n object Wlgu
load ("rcbd.rdata")

anova (fit)
Analysis of Variance Table

Response: growth

Df Sum Sg Mean Sqg F value Pr (>F)
genotype 5 27.875 5.5750 18.0811 7.092e-06 ***
photoperiod 3 7.125 2.3750 7.7027 0.002404 =**
Residuals 15 4.625 0.3083

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 *" 0.05 *.” 0.1 Y"1

N1IVAALLULLHANBIS YA TUUNUNTNABBILUUENAAaA (Factorial in CRD)
mMyneassuuwaresaliunsvaassfiitadefivszneudundnuudinnnimiatlade Tnaus
avtladvasilssiuostadefudansssduiuly mndeyavesmasigivlavessiliaiineassuuy 2x2
winneBea Iununisveasauuy CRD il 5 4 é’Q%’agaaUﬁiﬁmﬁawﬁ

Treatment
a; by ar by a; by as b,
1.30 1.01 0.90 0.83
2.88 1.52 1.06 0.67
2.42 1.02 0.98 0.57
2.66 1.32 1.29 0.47
294 1.63 1.12 0.66

Ing A = 923uas (Photoperiod): a; = 9 3. Ao wag a, =14 4. sy

B = qmmg:ﬁ (Temperature): b; = 16 °Cuag b, = 27 °C
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dvdhAgyilasiunenswsentayadmiunsinsieyt :nteyasuilvan wleudeyaluglves
Text L@ Ingld MS Excel

### N1581UToYaN text file (txt)
faccrd = read.table(file.choose () ,header=T)
faccrd

photo temp ovary

1 al bl 1.30
2 al bl 2.88
3 al bl 2.42
4 al bl 2.66
5 al bl 2.94
6 az bl 1.01
7 az bl 1.52
8 a2 bl 1.02
9 a2 bl 1.32
10 a2 bl 1.63
11 al b2 0.90
12 al b2 1.06
13 al b2 0.98
14 al b2 1.29
15 al b2 1.12
16 a2 b2 0.83
17 a2 b2 0.67
18 a2 b2 0.57
19 az b2 0.47
20 a2 b2 0.66
attach (faccrd)

### N15AT1ENANULUTUTIY IAEN15T8UMLUTNITATIZRULNLNTNAGBY Factorial in CRD
fit=aov (ovary~photo + temp + photo*temp)
summary (fit)
Df Sum Sqg Mean Sgq F value Pr (>F)
photo 1 3.081 3.081 21.704 0.000262 ***
temp 1 5.151 5.151 36.285 1.77e-05 ***
photo:temp 1 0.630 0.630 4.439 0.051268
Residuals 16 2.271 0.142

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 '.” 0.1 * " 1

tapply (ovary,photo,mean)
al a2
1.755 0.970

tapply (ovary, temp,mean)
bl b2
1.870 0.855
tapply (ovary,list (photo, temp) ,mean)
bl b2
al 2.44 1.07
a2 1.30 0.64

H#HH## equivalent
tapply (ovary, photo:temp,mean)



### N19UTBUNBUALRAYURY treatment combinations 713 ¢ NazaInlneldisuss Tukey
TukeyHSD (£it2)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = ovary ~ photo + temp + photo * temp)

Sphoto
diff lwr upr p adj
a2-al -0.785 -1.142206 -0.4277944 0.0002621

Stemp
diff lwr upr p adj
b2-b1 -1.015 -1.372206 -0.6577944 1.77e-05

$ photo:temp”

diff lwr upr
a2:bl-al:bl -1.14 -1.8217697 -0.45823032
al:b2-al:bl -1.37 -2.0517697 -0.68823032
a2:b2-al:bl -1.80 -2.4817697 -1.11823032
al:b2-a2:bl -0.23 -0.9117697 0.45176968 0.7706436
a2:b2-a2:bl1 -0.66 -1.3417697 0.02176968 0.0595069
a2:b2-al:b2 -0.43 -1.1117697 0.25176968 0.3071513

plot (TukeyHSD (£it2))
95% family-wise confidence level

n2biatbt

#1b2-a1 01
1

a2eza1nt
|

#102-82 01
!

L v g 3]

adn2ate2
—

25 20 15 10

=3
o
=

Dhfferences o msan v of pholo tenrg

16
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interaction.plot (photo, temp,ovary)

v
™~

femp

mean of ovary

photo

AINNANITIATIENTIIUUAINITTYUAITINITIATIEN BAEAISIBUTIULTAEUAIRASUDINTN

wudlunsnnaoslded
AIII9AATIERANUBUTUTIU
Source of Variation df SS MS F P-value
Photoperiod (P)
Temperature (T)
PxT
Error
Total

A1 USUTBUALRAENINLUIUA
NINLUUA ALRAY

### n1UTsunsuAadelagdd Duncan (: Duncan’s new multiple range test)
compare. trt2= duncan.test (growth,photo:temp,df, MSerror,group=TRUE)
compare. trt2
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Cochran, W.G. and G.M. Cox. 1957. Experimental Design. 2" edition. John Wiley and Sons,
INC. 611 p.

Crawley, M. J. 2007 The R Book. John Wiley & Sons, Ltd. ISBN: 978-0-470-51024-7. West
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Everitt, B.S. and I. Hothorn. 2010. A Handbook of Statistical Analyses Using R. 2" edition.
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Kumar, R. 2011. Research Methodology. 3" edition. SAGE Publications, California. 415p.
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Population vs. Sample

Population Sample

Parameter Statistic

N n i
WWWWWWWWWWMa/@

AMEAIN1INIEY / ATl sasdaya

0 Mgy

0 dunilsauswnnauasy %) fa (x, %), (%K), (x,X)

0 ANAUANIIYBIAMENNAURRE AR LRAY 1580
Aniieosun (deviation) 91nANAREY

0 @nuSEutuazandesI LI

U L A( o
0 maxlseansanaeisls
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Statistics

O Collecting
that people can use
O Organizing |
O Analyzing

O Interpreting "

L —
KUS0 HB80 R1

O Presenting

BWINAW Lhae N1InIeang

a = % 2 A e o
(o} m‘iam.nynmaga?mmmaﬁuw@mﬂwumﬂmﬂayaam
1525 A LUINAIY UAE N1TNILDTY

- Auafdy (mean) : suaduuuuiaadio
- g7uilgw (mode)

- faizegn (median)

- dnadegsTuin (harmonic mean)

- fuafeissndia (geometric mean)

0 NIMMIUINUIIVAIAFIUN AT N B UAUNIAT(Symmetric)
Anady g uazguiten a:daini

0 auadoiduaiilng (sensitive) deraunafivinsiapdaung

Variation

O Sum of squares of deviations of x from mean

0 AaTINYBINIAIAaYaIANT LIS X 917
Sumgh sadges (SS) = Z(x;fi)

i=1 —\2
2(xi—
Mean of sqi (MS) = ();_ lx)
(Variance, %)
Standard deviation, S = /'S’
d’l%tﬁﬂﬂﬂw’miﬁ'\% S
Coefficient of variation, CV = = , =x100
X

P X .
dutszRnsananils




Mean of Squares

T(x-x)

Mean of squares (MS) = n-1

(Variance, S?)

O the sum of the actual sample values minus the
sample mean, the quantities squared

O n- 1 is the sample size minus 1, to account for
the loss of one degree of freedom from estimating
byX

Treatment

O The term ‘treatments” used to denote the
different procedures whose effects are to be

measured and compared

O Factorial experiments is experiments where one
factor is tested over different levels of another
factor

@

Experimental Units

O In a particular experiment, what is a unit?

O A unit is the object to which a treatment is applied,
i.e. the whole unit is subject to the same treatment and
different units may receive different treatments.

O The definition of units depends on the treatments, and
hence on the objectives, on practicalities, on
material available, etc.

®

2/12/2018

[
Analysis of Variance (ANOVA)

O Treatment
O Experimental unit

O Statistical model

Treatment

O Treatment/n3nisimyt S lassasrszasn1snaaasfinasswauusn

O Treatment : 53msfinszrdafmaasuniiasanmySauiiiauema
Jaguszaon

O Treatment : 353ms &snserin ﬁlmxofiu WaausRs T ARAATIAANE T

oy (1% INA) NABMTIANARINGINARBINaILSEUITIEUAIN

uaneng
o T iiluerauls ( ) NBINTTIAMKIANSIGZ S (131
Jaguain)

O Treatment iiludsiisuanluviiudsndasmsoziana (Fonaaas)

@

Experimental Unit

O A unit is a person, animal, plant or thing which is
actually studied by a researcher; the basic objects upon
which the study or experiment is carried out.

O For example, a person; a monkey; a sample of soil; a
pot of seedlings; a postcode area; a doctor's
practice.

O Use1e.wu.fortr = 1 replicati li )

@




Experimental Unit

O Experimental unit (mi’;zmmaad) : a\mﬂﬂmﬁ\ﬂﬁy'm%né&l
o femae w o
wiwhla fivaliamsuinnazgasnsmanrilsmmaaas

O  Experimental unit : W28MAaay (MHIEE1MTLIA)

= ) 1_a a a_
* wangf i 197 T sagiilstums
\ ol b P
naaas wiemaaasaasiwisg azlsidianineTnaiing asiudaed
nre7a mamasssTwulasdasiinsr Jas BaiFanh

plot (fimua plot size) Tumadin i3umu pen (an) #3a cage (n%9)

0 wuIENAaDd BN ?J.\mﬁf\?(na'wﬂﬁa) fl@5y Treatment
wdzanuluasslansonit misemasss ssapaunsiisid
Baselunisuansaanyas Treatment 1 lndaseh (ailyusiaz
nARag Aasnl s

[
RCBD

Block I Trl Tr2 Tr4 Tr3

Block IT Tr4 Trl Tr3 Tr2

Block III| Tr3 Tr2 Tr4 Trl

Factorial in CRD

VINI | VON1 | VINO - VONO | VINO
VINO | VON2 | VON2 - VONO | VINI
VONI | VINTI | VON1 | VON2 - VONO

®
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CRD
Tr1 Tr2 Trl Tr3
Tr4 Tr3 Tr3 Tr2
Tr4 Trl Tr4 Tr2

LSD
Coll Col2 Col3 Col4

Row1 Trl Tr2 Tr3 Tr4

Row2 Tr2 Trl Tr4 Tr3

Row3 Tr3 Tr4 Tr2 Trl

Row4 Tr4 Tr3 Trl Tr2

®

Factorial in RCBD
Blk I VINI | VON2 | voNO - VON1 [ VINO
Bk II | VINO | VINI | VON2 - VONO | VON1
Blk IIT | VON2 | VINI | VON1 | VINO - VONO




|
Statistical Model

O uwuNIMaaaduiy Completely Randomized Design (CRD) &

uynyunwandae
Yi=lL+T,+8;

O  wuuNMINAaadlluy Randomized Complete Block Design
P

(RCBD) fiuuyyiswmsandine
Vil +B,+1,+¢;
O UAWMINARBIUUY Latin Square (LS) Auuuyiwnsaidae
Yii= L+ R +C + T, + &,

e
Statistical Model

Taeii

1 iudiade s

B, tilusnswazas blocks w3a replications zasnmaaas

T, indnswazas Treatment vasn1maas

R, uae C, iiludnswazas Row ua Column AL

A uaz B, iluBninaveuiloss A uas B emaseiu

AB, iudnsnasnvasifoss A uaz B

M, uae S, \iluBnswazas Main plots uas Subplots eNaEIAL

(BM),-,- ifiuwmrsmalsilsanzas Replication uaz Main plots

(MN),, ;ﬁua‘“nﬁwas’a@m Main plots fils Subplots

g wannaaauafawzasnmaass @,’
=

Statistical model

O UNWNINARBIUYY Factorial in RCBD Auyyyun
ainne

Yijk=”'+Bi+Aj+Bk+ABjk+8ijk

O UNWNTNARBIULLY Split-plot in RCBD Auuuyunig

aaa

aneaa

Yp=m +|B,— +M+ P, + s, + (Ms)ik|+ i

®
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|
Statistical Model

O UNWMIMARBIULY Factorial in RCBD Auvuyjuniaiane

Yik=L+f,+A +B +AB, +E,

O unwmmaasIuLy Split-plot in RCBD Auuvyiuwnsaniae

Yiik=M+Bi+Mi+(BM)ij+sk+(Ms)ﬂr+8fik

ms”?mﬁsw‘imumsnmaauﬂwha 9

o] 1ums"3tﬂﬂzvﬁmumimsnmaaaazé’mﬁwu'iju
N9aiR (statistical model) VasuABMINAADIN
Thdanan

CRD : Yij=u+‘ti+8ij
RCB: Yij=p+P +1+g;

LS: Y= +R+C+T, +E,

®

LAwN1INAaay CRD

Source of variance df MS F
Treatment t-1 Treatment MS

Error t(r-1) Error MS j
Total rt-1




LpwNIINAaay RCBD

2/12/2018

LHwNIINAaay LSD

Source of variance df Mms F
Block r-1 Block MS
Treatment t-1 Treatment MS
Error (r-1)(t-1) Error MS j
Total rt-1

Source of variance df MS F
Row r-1 Row MS

Column r-1 Column MS
Treatment r-1 Treatment MS
Error (r-1)(r-2) Error MS j
Total r2-1

LAWNINAaay Split-plotin RCBD

Source of variance df MS F
Block r-1 Block MS
A a-1 A MS
Error (a) (r-1)(a-1) ErroraMS ]
B b-1 B MS
AB (a-1)(b-1) AB MS }
Error (b) a(r-1)(b-1) Error b MS
Total rab -1

WHN1INAaay Factorial in RCBD
Source of variance df MS F
Block r-1 Block MS

A a-1 A MS

B b-1 B MsS

AB (a-1)b-1 AB MS
Error (r-1)(ab-1) Error MS
Total rab -1

@

O A powerful and extensible free software environment for
statistical computing and graphics

O Ageneral purpose package that includes support for a wide
variety of modemn statistical and graphical methods

O It is available for most UNIX platforms, Windows and
MacOSs

O Part of the GNU project, and is distributed under a free
software copyleft (http://www.gnu.org/copyleft/gpl. html)

o GNU stands for "6NU's Not Unix"
@®

[
R

O The first versions of R were written by Ross
Thaka and Robert Gentleman at the
University of Auckland, New Zealand

O Current development is coordinated by the R
Development Core Team, a committed
group of volunteers




O R is similar to the S language, a flexible and
extensible statistical environment originally
developed in the 1980’s at AT&T Bell Labs (now
Lucent Technologies)

O Commercial software package S-PLUS™

O S language =» the most widely-used statistical
software (~ 30 years ago)
o &3 S-PLUS 5 R

[
R

O R s also a programming language with an
extensive set of built-in functions

O Extend the language and write your own code
to build your own statistical tools

O Advanced users can even incorporate

functions written in other languages, such as
C, C++, and Fortran

|
Go GetR

O Installing R on your computer is simple

O R website: http://cranr-project.org
or www.r-project.org

®
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0 Ris powerful software for interacting
with data

O can create sophisticated graphs
O can carryout statistical analyses

O can create and run simulations

[
R

O An 0pen source implementation of the S
language

o Free

o High-quality statistical software

o Afirst-rate tool for professional statistician

Case sensitive

O Unlike SAS, R is case sensitive
0 x<-1:3

0 X <-seq(2, 4)

0O x

O M]j123

0 X

O []234




[
Object

o Almost everything in R is an object
O An object is simply something that R can
operate on

O Common objects include vectors, matrices,
arrays, factors, dataframes (akin to
datasets in SAS), lists, and functions

[
Entering data

Entering data using ¢

Entering data using scan

o

(0]

O Entering data using read.table

O Reading in data using file.choose
o

Reading in data from an Excel file

Entering data using scan

O The scan function reads in data separated by "white
space”, spaces, tabs, andnewline characters
O If you press [Enter] on a blank line, you end the input
> glucose =scany
1:81 8593 9399 76 75 84 78 84 81 82 89 81
15: 96 82 74 70 84 86 80 70 131 75 88 102
27:115 89 82 79 106
32:
Read 31 items

®
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[
Running R

O> character is the prompt, and commands are executed once the
user presses the RETURN key
O<- is the assignment operator

O= s another assignment operator

is generally recommended for the specification of options for functions rather than
assignment

o help("<-") or ?"<-" for more information
OThe $ operator allows direct access to objects within a dataframe

OThe attach () command can be used to make objects within a
dataset available in the global workspace from that point forward

Entering data using ¢

O The easiest way to enter small data sets is with the
function ¢
> gl ucose = c(s1, 85, 93, 93, 99, 76, 75, 84, 78, 84, 81, 82, 89,
+ 81, 96, 82, 74, 70, 84, 86, 80, 70, 131, 75, 88, 102, 115,
+ 89, 82, 79, 106)
O Concatenates numbers (or vectors) together
o The'+'symbols, which are prompts that indicates R is
waiting for a command to be completed

O press [Enter] to continue a command on the next line

Entering data using read.table

O The easiest to read into R are the ASCIT
formatted files, or plain text files

O If you have copied this le to your hard drive and if
you have changed directories through the File
menu so that your working directory contains
this data file

O > x=read.table("filename.txt", header = T)

O The R commands above create x, an object
known in R as a data frame




Entering data using read.table

O The default behavior of R is to read in data frames
without headers
O A data frame is a data matrix, but can include both
categorical and numerical variables
O Use the command str to check the structure of the data
frame
> str(x)
‘data.frame": 31 obs. of 1 variable:
$ glucose: int 81 85 93 93 99 76 75 84 78 84 ...

Entering data using read.table

O Altemnatively, if you use the attach command, you can
refer to each variable in x by name without the dollar
sign

> attach(x)

> glucose

[1] 81 85 93 93 99 76 75 84 78 84 81 82 89 81 96 82 74 70 84
[20] 86 80 70 131 75 88 102 115 89 82 79 106

O You only need to type in the attach command once per
session--once you have done it R will know that
glucose means the same thing as x$glucose until you

quit _

Reading in data from an Excel file

O R does not read in data directly from an Excel file, but
you can use Excel to export data in a format that R can
read

O Save the spread sheet as a CSV file, for comma-
separated-variable file. This format is a plain text
file, but there will be commas instead of spaces
between variable values

O using read.table with the additional argument sep="

> name =read.table(filename.csv", header = T, sep="4

2/12/2018

Entering data using read.table

O After reading in a data frame, R will recognize the name
X as the name of the entire data frame, but R will not
recognize the variable glucose

O There are two ways to get around this. First, the
variables of each data frame may be accessed using
the $ operator

> x$glucose
[1] 818593939976 758478 84 818289 819682747084
[20] 86 80 70 131 75 88 102 115 89 82 79 106

Reading in data using file.choose

o file.choose will open up a dialog box that
you can use to move through your folders to

find the data file you want to read in

x = read.table(file.choose(),header=T)

X <- read.table(clipboard’,header=T)

Keep in mind

O Packages within R are created by individuals
or small groups, and not endorsed by the R
core group

O As a result, they do not necessarily undergo
the same level of testing and quality

assurance that the core R system does




Case 1

W NNDNO S

|
Model

O growth ~ photoperiod
O fit = Im(growth~photoperiod)

O anovaffit)

@

Case 2

Genotype | vshort | short | long | wiong |

2

AN 2 a2 ow
- N =2 N A W
N NN =2 O W
W NDNNOO S
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Command

photo = read.table(file.choose(),header=T)

photo

(6]

(6]

O attach(photo)
O names(photo)
(6]

tapply(growth,photoperiod,mean)

@

Analysis of Variance Table

Response: growth

Df Sum Sq Mean Sq F value Pr(>F)
photoperiod 3 7.125 2.375 1.4615 0.2551
Residuals 20 32.500 1.625

O critical values of Fisher’s F
O gf(0.95,3,20)

@

[
RCBD

photo.blk = read.table(file.choose(),header=T)
photo.blk

attach(photo.blk)

names(photo.blk)

fit = Im(growth~genotype + photoperiod)
anova(fit)

TukeyHSD(fit2)

O O O 0o o o ©




Result

Response: growth

Df Sum Sq Mean Sq F value  Pr(>F)
genotype 5 27.875 5.5750 18.0811 7.092e-06 ***
photoperiod 3 7.125 2.3750 7.7027 0.002404 **
Residuals 15 4.625 0.3083

Signif. codes: 0 “**’0.001 *“*’0.01 *’ 0.05 " 0.1 “’ 1
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Mean Comparison

TafanigasLaula (mm)
Very long 3.17a

2.50a
217

Very short 167 __
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