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Abstract

General experimental analysis external factors that may affect the values observed
in the experimental unit are controlled. But in some experiments Subject is unable to
control external factors that may interfere with the experimental unit. If the experimenter
takes the values obtained from the observations in the experimental unit to analyze the
variance. In orders to determine the influence of different treatments, the results obtained
from the analysis are not reliable.

Therefore, if an experiment wants to study the influences caused by the factors of
interest in the analysis, these disregard factors must be excluded. In orders to know the
effect of the factors that are genuinely interested in this method of analysis is called
covariance analysis, or analysis of covariance (Analysis of Covariance (ANCOVA). In the
experiment, these disregard factors were referred to as Covariate or Covariate (Covariate
Variable), that covariance analysis Independent variables or factor levels are group
variables. The covariates and dependent variables were quantitative variables. The
experimental layout was arranged according to the experiment plan of interest, such as the
Completely Randomized Design: CRD, Randomized Complete Block Design: model or other types,

but here, it describes only the CRD experimental layout.

Keywords: Analysis of Covariance, experiment, Completely Randomized Design, Randomized
Complete Block Design
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SS and Sum of Products y Adjusted for x
SOV 2 2
df Xy df ss MS
Treatment (Tr) t-1 Wy Ty T - - -
Error (E) tr-1) Eyy Ee Eux tr-1) E:y MSe(agp
Total tr-1 Syy Syy Six - - -
(Tr + E) tr-1 S,y Sy Se | (r-1-1 s’ -
W
(Treatment + Error)
Treatment (Adjusted for Covariate) t-1 s - ¢ MSagp
w w

Wo Trvise t = ySmuudvisesuIudmeass r
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M13197 2 TeYaN1INARBINITIATILNIANULUTUTIUTINYBINITNARBILUUL UL ALY 0]

y V3ALUUA 1 VIALUUA 2 73LUUA 3
Y X y X y X y
1 3 6 4 8 3 6
2 1 4 5 9 2 7
3 3 5 5 7 2 7
4 1 3 4 9 3 7
5 2 4 3 8 a 8
6 1 3 1 5 1 5
7 4 6 2 7 q 7
AGRRI 15 31 24 53 19 a7
NAINANRIEDY 41 147 96 413 59 321
NATILVDI Xy 75 191 132
dlo x Ao Faudssau y Ao fudsfidesnisine . 15 +24" +19° p
agle “ ; E
1) WATINVDI X ﬁy’wm = 15+24+19 = 58 15° +24° +19°
= —-160.19

) NATIVDY Y W = 31453447 = 131
3) NATIYDI X TR = 41496459 = 196

) WaATHmEy MR = 1474413+321=881

) BWATINYBI Xy Wovn = 75+191+132=398

AvN1IAUIN
1. ATWIAAIA SS (Sum of Square) UABEYITALILG
V99 X UaY y MUNMTIATIERANULUSUTILUNG

1.1 Y29RuUs x

1) Correction Term:
CT., = 3 = i = 160.19
e (7X3)

2) Total SS a4
S, = XX - CT, = 196 - 160.19 =

35.81

3) Treatment SS U84

-
=166 - 160.19 = 5.81

4) Error SS 194
E, = S. Ty = 3581581 = 30.00

1.2 ¥a9fmus y
1) Correction Term;
131" 131

CT,= =
0 (7X3)

=817.19

1.3 Total SS ¥@4

2
S, =2y -CT., =881-817.19 = 6381

1.4 Treatment SS ¥94
31" +53" +47

r
31" +53" +47°
= 817.19
;

- 26 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

= 854.14 - 817.19 = 36.95

1.5 Error SS 494
=S,,- T, =63.81-36.95
= 26.86

EW

1.6 Treatment SS V84

T,y = WAUINUBINAGRIUD! X ffuy Tuustaevinsmd

U

(15)(31)+(24)(53)+(19X47)
= Yai

(n

(15)(31)+(24)(53)+(19X(47)
= -361.81

()
=375.71 - 361.81 = 13.90

1.7 Error SP %84
EXy = Sxy - Txy =36.19 - 1390 = 22.29

3. AMUAUWIAT SP (Sum of Products)
%‘%aNaUUﬂGIJaQNa@JMLWia%W‘%WLmuﬁsﬂaﬂf;h wus
x U y FefiAe xy

1) Correction Term:

T (NAUINYDI X)IHNAUINVDI )

R - o 3 n:l' I3
PUVBYANUTENOULTUNATM

(58)(131)  (58)(131)
() (7X3)

= 361.81

2) ATUIUNEIUYDS Adjusted
(2.1) Auaad Error (Adjusted) ¥09

ssvide E
w

ASIATIERANIAIANLLUTUTIUTINUD CRD F108197 1 Aadl
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= 26.86-16.56 = 10.30
(2.2) A1uleu Error (Adjusted) ¥89 MS
W38 MSging)

E 10.30
MSgag) = > =
df Emor(Ad)j)  t(r-1)-1
10.30
_ 10.30 _ 061

3(7-1)-1 17
(2.3) ATWINYN S;y

2

S 2
s' =5, - 2 - 6381289V

' 5. 35.81
= 63.81 -36.57 = 27.24
(2.0) AMUIUINAN Treatment (Adjusted
for Covariate) 984 SS %139 SS(Ad))

' '
SSpgp = SW— Eyy = 27.24-0.30 = 16.94

(2.5) AU Treatment (Adjusted)
Y83 MS %38 MSyg)

SS SS

MSrpg) = G = 2%y

df Treatment(Ad)) t-1

16.94

1090 g ar

3-1
(3) negouanaA1lon (F-Test)
Fo= Mo - 897 388

MS 0.61

o
df Mdan519fe df (Adjusted) 7 t-1, tr-1) &
fife 2 uag 17 agla

Foie 1n=3.59

Fq5(2, =611

W18 Farng > Fongne 38UbA5AULRATIU Hy

v
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SS and Sum of Products y Adjusted for x
SOV 2 2
df y Xy X df SS MS
Treatment (Tr) 2 36.95 13.90 5.81 - - -
Error (B) 18 | 2686 | 2229 | 3000 i 17 ) 1030) 061}
Total 20 63.81 36.19 35.81 - - -
(Tr + E) 20 63.81 36.19 35.81 19 27.24 -
Treatment (Adjusted for Covariate) @—->G6@ 8.47**
dfﬂ%*uu,a”a — *
SS 10.30 0.605
dfTreatmeht YSuudn df - 17 o

4. msFguiisuneg
nsfimeAenzinnuuUsUnIus I dowuin
nsnaaeuUias H, azdarinsziilsaudieu
TegudeiuMTIeTeiaIUTUTIIMae?
n1siATeinaglusunsuAeuiamges i
Fupou dil
vnfeenei 1 siwiludeyaiitelinsizsine
uilsdeyadsil

Treatment X Y

1 1.00 3.00 6.00
2 1.00 1.00 4.00
B 1.00 3.00 5.00
4 1.00 1.00 3.00
5 1.00 2.00 4.00
6 1.00 1.00 3.00
7 1.00 4.00 6.00
8 2.00 4.00 8.00
9 2.00 5.00 9.00
10 2.00 5.00 7.00
1 2.00 4.00 9.00
12 2.00 3.00 8.00
13 2.00 1.00 5.00
14 2.00 2.00 7.00
15 3.00 3.00 6.00
16 3.00 2.00 7.00
17 3.00 2.00 7.00
18 3.00 3.00 7.00
19 3.00 4.00 8.00
20 3.00 1.00 5.00
21 3.00 4.00 7.00
z —

THiRd Analyze —> General Linear Model
— Univariate

1) # Dependent Variable ld#auus
oy Tuiitae v

2) 1 Fixed Factor(s) Tdfauusiidmas
ﬂEjJJ 1‘1417‘1'538 Treatment

3) 9 Covariate(s) Taswussiu Tundae x

o
U
R Univariate X
Dependent Variable:
» By

Fixed Factor(s):

o il

Random Factor(s):

Covariate(s):

5 |®*

WLS Weight:

-»

L 1

[

4 7 Model don sai

R Univariate: Model

Specify Model
© Full factorial © Custom
Factors & Covariates Model
[ Treatment Treatment
lzx X
Build Term(s)
Type:
Main effects ~

[ Include interceptin model

5 i Option \deon M Descriptive
Statistics LilegafiAusseneUszneuteyanis
nnaBq

6) AANT OK axlduadns dail

Sum of squares: |Typelll ¥ |
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Descriptive Statistics
Dependent Variahle: Y
Treatment | Mean | Std. Deviation N
1.00 4.4286 1.27242 7
2.00 75714 1.39728 7
3.00 6.7143 95119 7
Total 6.2381 1.78619 21

Tests of Between-Subjects Effects

Dependent Variable: Y | Eo———

Double-click to

Type Il Sum activate

Source of Squares df Meavav—,— Sig
Corrected Model 53.507° 3 17.836 29.432 000
Intercept 58.054 1 58.054 95.798 .000
Treatment 16.932 2 8.466 13.970 000
X 16.555 1 16.555 27.319 .000
Error 10.302 17 606
Total 881.000 21
Corrected Total 63.810 20

a.R Squared = 839 (Adjusted R Squared = .810)

A98190 2 fnaes aulanrmnvesdangd
Mipdouminuiy (Metal Sheet) a1 3 U3¥NI
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Agflanuruus iUt eld Tneanununves
Finzddadevvuindnuiuduazyaifu
fadwuns agrslsfmuiiffsdadanndinam
wuwesdangdfiadeuuunsumaniylilgd
ANUAUIUANA 19U LWENLWT]“’?HL%G]SJ’H]’mﬂ’ﬁ
\AdouveIUI TNty uiez ﬁuuaaﬂumm
UANANSTENINIANUNUIVBUMA NLE LN T8
fBnmanusugne feu neunsedoudans A¢
NAFBUTIIANIIUNUIUN VB LRENLHURS 3
uiEnneu lagdayavrein1sinAnunuIu
YOUNANUHU () hazANUNUIUIvRIFIngd
wdouuLEnu () wameld il 4]

USenimdeudangd
AN USEN A USEn B U3 C
X Y X Y X Y
1 81 11 1.10 .20 .98 .08
2 75 12 .98 .18 .99 .10
3 .84 .09 1.20 .09 1.24 .09
q 1.10 .18 1.01 .08 1.10 .08
5 .98 21 .98 .06 1.22 11
T 4.48 0.71 5.27 0.61 553 0.46
1 16 : Zine_thickness
WA a 0 Uﬂﬁ;d . - . Company | Steel_thickne Zine_thicknes
A) ﬂ'ﬁ‘\]%hﬂﬁﬂ’]iﬁ/lﬂﬁ@Uﬂ'JEJ']ﬁﬂ’]ﬁ'JLﬂ'ﬁ']%'ﬂ : 100 53 = s "
ANUBUSUTINT IS B b8l 2 1.00 5 12
- . o . . a 3 1.00 84 09
B) #UAULANAIINUTENINIALRAUUDY 4 1.00 1.10 18
5 1.00 98 21
P3LUUAYS 8 bl 6 200 110 P
7 2.00 98 18
8 2.00 1.20 09
1% v 1%} o & 9 2.00 1.01 08
ﬁ]’mﬁua;&aaimﬂuuﬁmaga PINU 10 200 98 06
" 3.00 98 08
12 3.00 99 10
13 3.00 1.24 .09
14 3.00 1.10 08
15 3.00 1.22 "

MTUATIEN Analyze —> General Linear

Model —> Univariate
1) Jousiuwds fall
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¥ Univariate

Dependent Variable:

&> Company
& Steel_thickness

Fixed Factor(s):
& Zine_thickness = ).

Random Factor(s):
Covariate(s):

WLS Weight:

=t

=

R Univariate

Dependent Variable:
b & Zine_thickness

Fixed Factor(s):

&> Company

Random Factor(s):

Covariate(s):

& Steel_thickness
L2

WLS Weight

-

(o] () (o) o) e

@

2) i Model @on Custom satl

18 Uniariste Model

Specity Model
O Fullactonal ®{gustom

Fadtors & Covariates: Model

B

|2 company
| Steet_thickness
L
Type:
interaction >
)
Sum of sguares: (Typelll ¥ Include intercept in model
( Cancel | Help |
8 Univariate: Model
Specify Model
O Full factorial ©® Custom
Faciors & Covariates. Hodet
|+ company Company
| steel thiciness. Steel_thickness
Build Term(s
Type:
Main effects ~
Sum of squares: |Type Ml ™ ¥ Include interceptin model
Lcanca ||

s @

3)  Adn OK glanaans sail

Tests of Between-Subjects Effects
DependentVariable: Zine_thickness

Type Il Sum
Source. of Squares df Mean Square F Sig.
Corrected Model .010? 3 .003 1.502 247
Intercept .000 1 .000 .07 794
Company .010 2 .005 2.387 138
Steel_thickness .004 1 .004 1.782 .209
Error .023 1" .002
Total 245 15
Corrected Total .033 14

a. R Squared = .303 (Adjusted R Squared = .113)

A ANUAUIVIBAENLHUINA 3 UTEN
(Company) (x) sV nasensUAsuLUaes
y N30ANMUNUIUUBIRINEEnIo LAl

df e 1, 11 @dfiA1 F Ap 1.782 wag Sig.
= .209 3989U5U Hy, AUNUIUNAIN 3 USEN
ldunnaanu Felddndudedimsgdiniig
wUsUTIUTW

B) WlafinsanAnuuanassznitsaeay
VDWRALUAT df = 2, 11 a@dfAn F = 2,387 way
Sig. = .138 F38ausU H, wselufinnnuuanang
ST NANARBVIMIAUUA MTEAIUNUIU
Yosdanzafiedouuumanuduldunnsieti

dauaguuazanysie

Tumsnaaeainly fnaassdesnisaiuny
TWAnAuAanndeutesfian n1saruAw
ANLAAIALATOUYBINITVIAADY naasvild
Tagnisdauvinurenaasseanidungu 9
(grouping %38 blocking) MMUAINLANAINVD
miaenaaes urluunsedaguaaesliauisn
WUNAUYDINUIENAABILA LYU AUNEIY
aziduavesianszay anuuuuves ey
WWANBULAGDU AUNUNIVBIlaNEWHUNDY
wdeudedansdmariiduiu eiFumaaos
nnaosdeuiudestaduiliaulasen tiels
n51uiwadadeiiaulewnaindsiivaaeas o
Wheevimemedaninaisenii M5insen
ANLUTUTIUTIN LAUTIVTINTOYAINKA
N1INARBINAIBRUU LYY NINN1INARDILUE
annisalaruaufazidentduuuduanysel
3enMIMAResii MeTeiauulUTIy
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salunmsmaassuuuduanysal dsflesuiely 2]
unaudl uin1sAasnIndanianisal
AIUAN 1 @n1IN130d 819350EITNTIATIEIN
ANuKYTUTINITUNTNARRIRUUN ALY Tl
aeluvden wagminan1inisalaiuau 2
an1in1sal Myiaseiagldizieseiay (3]
wUsusrusanlunisnaassuuudnsaaviu

(Latin Square Design: LSD)
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