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ANOVA

konsep dasar

Digunakan untuk menganalisa dan
mengintrepertasikan pengamatan/observasi pada
multiple populasi

— Pengujian rata-rata beberapa populasi (2 atau lebih)
— Versatile statistical toqalat statistik serbaguna)
Asumsi pada ANOVA

— Tiap populasi berdistribusi normal

— Standar deviasi tiap populasi sama
ANOVA

Membagi total variasi set data berdasarkan sumber
variasinya:

— Antar populasi
— Dalam populasi

ANOVA
What does ANOVA do? o
jenis
At its simplest (there are extensions) ANOVA tests + One-way ANOVA
the following hypotheses: .
— Equal sample size
Ho: The means of all the factors / treatments are equal.

— Unequal sample size
H,: Not all the means are equal

* Two-way ANOVA
« doesn’t say how or which ones differ. — Without Interaction
* Can follow up with “multiple comparisons”

— With Interaction
Note: we usually refer to the sub-populations as

“treatments” when doing ANOVA.



One-way ANOVA
Equal Sample Size: data

Treatment Observations Totals Averages
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One-way ANOVA
Equal Sample Size: Uji Hipotesa

* Contoh Soal

TR | Observations
Concentration (%) 1 2 3 4 5 6 Totals Averages
5 7 8 15 11 9 10 60 10.00
10 12 17 13 18 19 15 94 15.67
15 14 18 19 17 16 18 102 17.00
20 19 25 22 23 18 20 127 2117
383 15.96
42 g2
$8; = SSramen = 3 -5
P+t 0P (1f1j i _ (60 + (94)° + (102 + (127)°
24 6
= 382.79

S5 = S5 = SSeumens
= 51296 — 38279 = 130.17

One-way ANOVA
Unequal Sample Size: format
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One-way ANOVA
Equal Sample Size: format

Source of Degrees of
Variation Sum of Squares Freedom Mean Square F
MS.
Treatments - a1 M oo
Mg

Error S5 a(n = 1) MSg
Total 85 an — 1

- _ S tamens /(8 = 1) _ MS s

0T sSe/latn — 1)] MS;

a

8S5r=3 D
aA

and ; reject H, if

fO >.fu,a—|.n(n—l)

S5 Trcaments =

The error sum of squares is obtained by subtraction as

S8g = 887 — SSveatments

One-way ANOVA
Equal Sample Size: Uji Hipotesa

* Contoh Soal

Source of Degrees of

Variation Sum of Squares Freedom Mean Square fo
Hardwood

concentration 382.79 3 127.60 19.60
Error 130.17 20 6.51

Total 51296 23

Source of Degrees of
Variation Sum of Squares Freedom Mean Square F
MS
Treatments S rcatments a—1 M8 renimments —Igmm
Mg
Error 5S¢ ain = 1) MS;
Total S8 an — 1
- _ Stramens/(@ = 1) _ MSrcumens
. O Sse/la(n — 1)] MS;
a 32
= & i
SSp= E Yi— N
i=1 j=1
R reject H, if
38 Ty cmtrmeta) 2 N f -~ f
sl : J0 7 Jaya—1,a(n—1)

SSg = 887 — SStreatments

Joor320 = 4.94
KESIMPULAN???  teject [T,

Hardwood concentration berpengaruh pada rata-rata kekuatan kertas

12. Weight Gain of Athletes A researcher

wishes to see whether there is any difference in
the weight gains of athletes following one of three special
diets. Athletes are randomly assigned to three groups and
placed on the diet for 6 weeks, The weight gains (in
pounds) are shown here. At a = 0.05, can the researcher
conclude that there is a difference in the diets?

Diet A Diet B Diet C
3 10 8
6 12 3
7 11 2
4 14 5
8
6



Randomized Block ANOVA

data
Blocks

Treatments 1 2 ... b Totals Averages
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Randomized Block ANOVA
Uji Hipotesa

* Contoh:
Treatment  Treatment
Fabric Sample Totals Averages
Chemical Type 1 i 3 4 5 Ve T
1 1.3 16 0.5 1.2 11 A0 114
2 22 24 04 2.0 1.8 8.8 1.76
3 18 153 0.6 L5 15 6.9 1.38
4 3.9 4.4 2.0 4.1 34 17.8 3.56
Block totals y.; 9.2 10.1 35 838 76 39.2(r.)
Block averages ¥ 2.30 2.53 0.88 220 1.90 1.96(y..)
L&, a2 55 N
SSr = %‘ p Yi— @b reatments — ) ab
(3927 (570 + (88)° + (6.9 + (17.8)°
= (L3P +(1.6)* + - + (3.4) 55 = 2569 - 5
(30.2
e e L

Randomized Block ANOVA
Uji Hipotesa

Source of Degrees of

Variation Sum of Squares Freedom Mean Square fo
Chemical types

(treatments) 18.04 3 6.01 75.13
Fabric samples

(blocks) 6.69 4 1.67

Error 096 12 0.08

Total 25.69 19
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Randomized Block ANOVA

format
Source of Degrees of
Variation Sum of Squares Freedom Mean Square Fy
Treatments L — a—1 SSTieatmeans MStreaments
a-1 MSg
S
Blocks SSBtocks b-1 Slocks
b-1
. 585
Error 55z (by subtraction) (a—1b-1) @-n6-1
Total ab— 1
reject H, if

fO >.fu,(f—|.n(n—l)

SSg = S57 — SSTveatraents — SSlocks

Randomized Block ANOVA
Uji Hipotesa

* Contoh:
5 42 2
SShiecks = E TII _ $Sg = 857 — SSBiocks — SSTreatments
= ab =2569 — 6.69 — 18.04 = 0.96
(92 + (10.12 + (3.5 + (8.8 + (7.6)°

4

(39.2)
20

fo=15.13

f001=3.12 =595

KESIMPULAN???

= 6.69

Randomized Block ANOVA
Uji Hipotesa

Hypotheses for testing the effectiveness of the blocking variable:

H,: The levels of the blocking variable are equal in their effect.
H;: Atleast one level has an effect different from the others.

Calculated value of F = MSB/MSE, computed as shown in Table 12.6
Critical value of F = F(a, v,, v,)
where v, = (n — 1), df associated with the numerator, and
v, = (t — 1)(n — 1), df associated with the denominator
and n = number of blocks, t = number of treatments

Decision rule: If calculated F > F(a, vy, v,), reject H; at the « level.



Randomized Block ANOVA
w/o interaction vs w/ interaction

\/ Block 1
\/ Block 2

Population Mean
Population Mean

Block 1

Block 2

h & A h & 5
Treatments Treatments
(a) (b)
(a) No interaction
(b) Interact

Two-Factor ANOVA
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Two-Factor ANOVA

format
Source of Sum of Degrees of
Variation Squares Freedom Mean Square Fy
55, MS,
= MS, =
A treatments 55, a-1 Ly == MS;
B S5, b1 My = e
treatments B TR MSe
SS4n M55
Interact; S8, =1k -1 MSyp=—7——""7"+—
nteraction an (a = 1)( ) = G- 1) M5
Error 5Sz ab(n = 1)
- DI E
Total 55, abn = 1 Mse = Ce— 1)
Two-Factor ANOVA

Uji Hipotesa

The hypotheses that we will test are as follows:

1. Hyny=m==1,=0 (no main effect of factor 4)
H: atleastone 7, # 0

2. HyBi=B="=B=0 (no main effect of factor B)
H: at least one B; # 0

3. Hp(B)yy=@hl=-=(P)=0 (no interaction)

H,: at least one (7B), # 0

data
Factor B
1 2 b Totals Averages
Yue XYz Y- Yizes Yiar: Yiszs
1 oooa 1T coes Fl2n cea Plin Vi i
Yaris Yoo Vay1s ¥razs Y21 Yavze
Factor 4 cees Vain R U Voo T
Totals m,\".-l = = |AI Ve L“ . :
Averages Vi Y2 ¥ ¥
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Two-Factor ANOVA
format
a b n yZ
SSp = J/%k T
i=1 ;=El =Y abn
a 2 2
Vi y...
S8, = —
4 ,:El bn  abn
by 3R
SSp = —_— =
B Zan apn
a [T yZ
- vee
S84 = —= — 88, — 8§
SSg =S5 — 885,35 — 8§, — 55
Two-Factor ANOVA
Uji Hipotesa
* Contoh
Primer Type Dipping Spraying Ve
1 4.0,45,43 54,4956 @ 28.7
2 5.6,49,54 58,6.1,63 @ 34.1
3 3.8,3.7.40 @ 5.5,50,5.0 @ 27.0
pir 40.2 49.6 898 = y...




Two-Factor ANOVA
Uji Hipotesa

* Contoh
a2 - IS
W= 2 2 20 St = gy
= 2 2 40.2)° + (49.6)°  (89.8)
= (400 + (457 + _ (402 :( ) (lx] .
5.0y (89,8 10.72
4 (5.0)2 — =
(5.0) 18
BIR S
SSigpes = ; b abn
(2877 + (34.1) + (27.0)°
B 6
(89.8)
T
Two-Factor ANOVA
Uji Hipotesa
* Contoh
Source of Sum of Degrees of Mean
Variation Squares Freedom Square f
Primer types 4.58 2 229 28.63
Application methods 491 1 491 61.38
Interaction 0.24 2 0.12 L.50
Error 0.99 12 0.08
Total 10.72 17

Joosan =389
Joosi2 = 4.75

Fi sher’ séIe§,Dukey$@e

* Metode yang dapat digunakan untuk
mengetahui rata-rata manakah yang berbeda
diantara treatment, jika Ho ditolakoleh Uji-F.

" LSD: |5 — 3] > LSD

2MS;
n

LSD = "uﬂ.a(n*l)

(1
LSD =ty n—ar| MSE (E + F})

—_
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Two-Factor ANOVA
Uji Hipotesa

* Contoh

a b vk g2
S8 ersction = o abn Wupe =SS,
interaction 85 n abn pes

methods

(128 + (15.9) + (11.5) + (15.9)" + (18.2)" + (15.5)°
- 3

(898

458 — 49] = (
13 458 — 491 =024

§S, = S8, — S8

iypes

=10.72 — 458 — 491 —0.24 = 0.99

S‘\.mm]lmk S8

“Vmteraction

Two-Factor ANOVA
Uji Hipotesa

* Contoh
7.0

6.0
Spraying
.,

L
.
Ty 5.0
Dipping
4.0

3.0

2
Primer type

w

Fisher’'s LS

We will apply the Fisher LSD method to the hardwood con-
centration experiment. There are = 4 means, n = 6. MSy =
6.51. and £ 53¢ ;0 = 2.086. The treatment means are

The value of LSD is LSD = fopps20V2MSg /i = 2.086
V2(6.51)/6 = 3.07. Therefore. any pair of treatment aver-
ages that differs by more than 3.07 implies that the correspon-
ding pair of treatment means are different

The comparisons among the observed treatment averages
are as follows:

dvs 1 =2117 = 1000 = 111

5% 10% 15% 20%
3vs. 2= 1700

2vs. 1= 1567 —

0 5 10 15 20 " 25 psi
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