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9.2 Design of Experiments for Sampling

9.2.1 Completely Randomized Design

= Design of experiments to have little impact from other factors.
= One way to do this is to make the whole experiments random.

= Example: Compare gas milage of three cars (A, B, C) with 5
drivers

Driver 1 2 3 4 5

Car Type B C A A C




9.2 Design of Experiments for Sampling

9.2.2 Randomized Block Design

Driver 1 2 3 4 5

A(22.4) B(12.6) C(18.7) A(21.1) A(24.5)
C(20.2) C(15.2) A(19.7) B(17.8) C(23.8)
B(16.3) A(16.1) B(15.9) C(18.9) B(21.0)

Car Type

(gas mileage)




9.2 Design of Experiments for Sampling

9.2.2 Randomized Block Design

= Statistical model of the randomized block design:

Yl]=”+ ai+Bj+Ei]', i=1,2,...,k,j=1,2,...,b
B; : effect of j* level of the block variable

* In the randomized block design, the total variation is divided
into as follows:

Yij —-Y. = (Yl] _Vi- — 7] + 7) + (71 —-Y. ) + (7] — 7)



ooT =
bk—1

SSE

of Experiments for Sampling
9.2.2 Randomized Block Design

Division of sum of squares and degree of freedom
Sum of squares :
Degree of freedom :

+ SSTr
= (b—1)(k—1) + (k—1)

Table 9.2.3 Analysis of Vanance Table of the randomized block design

Total sum of squares, degree of freedom bk—1

SST = XJXJ(IGj [ 4 5

i=1j=

+ SSB Error sum of squares, degree of freedom (b—1)(k—1)

+ (b—1)

SSE = ZE(K—Z—?#?_)?

i=1lj=

Treatment sum of squares, degree of freedom k—1

Variation gum of fDregzee of Mean Squares F value ks
quares eedom SSTr= Y, ), (¥, -
=1j=1
_ SSTr _ MSTr L W
Treatment SSTr k—1 MSTr = "= by = SE —bgl(Yi—
lock f f f -
Block SSB h—1 MSB = gffi Block sum of squares, degree of freedom b—1
kb
B B _ SSE ZE
Error SSE (b—1)(k—1) | MSE =D =1 ==
Total SST bk— 1 =k (¥~ )’



9.2 Design of Experiments for Sampling

[Example 9.2.1] Table 9.2.4 is the rearrangement of the fuel mileage data in Table 9.2.2
measured by five drivers and car types.

Driver 1 2 3 4 5 Average
Car A 22.4 16.1 19.7 21.1 245 20.76
Tyoe B 16.3 126 159 17.8 21.0 16.72

C 20.2 15,2 18.7 18.9 23.8 19.36
Average 19.63 14.63 18.10 19.27 23.10 18.947

1) Assuming that this data has been measured by the completely design, use "eStat; to do
the analysis of variance whether the three car types have the same fuel mileage.

2) Assuming that this data has been measured by the randomized block design, use eStat
1 to do the analysis of variance whether the three car types have the same fuel mileage.
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of Experiments for Sampling

<Answer of [Example 9.2.1]>

File | Ex921Gashileage csv

Analysis Var by Group
' 3: Miles v 1 Car

( Selected data: Raw Data | (Select up 1o two 4

(Factor1 : Car) Miles Analysis of Variance

Hepri=pz=. =

(Group Car) Miles Confidence Interval Graph

Selectedvar V3 by V1, 18 [TestStaf] = (S5Tr/(k-1)) / (SSE/(n-K)) ~ F(2,12) Distribution
Car Driver | Miles V4 164
1 A 1 224 .
2 A 2 16.1 [ ] e @ ]
=5 1.2+
3 A 3 197 o35
4 A 4 21.1 . ;
5 A 5 245
6§ B 1 16.3 .
7 |B 2 12.6 C-
=310
g B 3 15.9
21936 C
8 B 4 17.8
10 B 5 21.0 T ! T Y
@ ] 7 1 3 10
1 |C 1 0.2 2 2 2
Fo = 2.19, p-value = 0.1546
12 | C 2 15.2 e
13 | C 3 187
14 | C 4 18.9
15 | C 5 238 8




9.2 Design of Experiments for Sampling

<Answer of [Example 9.2.1]>

Analysis of Multiple
: . Analysis Var (Miles) Group Mame (Car)
Variance Comparison ' "
. Sum of deg of . ] . Mean
Factor : Mean Sguares F value p value 1 (A) 2 (B 3 (C)
Squares freedom Difference W < 5. 2 -
i ) 20.76 16.72 19.36
(95%HSD)
Treatment 42085 21.043 2180 0.1546
- ;i 1 (A) 404 140
Error 15312 5.609 20.76 523 5.23
fota 157357 2 @) 404 264
16.72 [5.23) [5.23)
3 (C) 140 2.64
19.36 (5.23) (5.23)




9.2 Design of Experiments for Sampling

Two-
dimension
Statistics
Observation Factor B Factor B Factor B Factor B Factor B Factor A
Factor A - Factor B Mean Graph Mean (Driver) (Driver) (Driver) (Driver) (Driver) T e
Std Dev Level (1) Level2 (2) Level3 (3) Leveld (4) Level5 (3)
1 1 1 1 1 5
FactorA (C
ac:;;e'g (a;; 22,400 16.100 19.700 21.100 24500 20760
NaN NaN NaN NaN Nal 3.148
1 1 1 1 1 5
Fact‘;::l(ac[aé; 16.300 12.600 15.900 17.800 21.000 16.720
NaN NaN NaN NaN NaN 3.054
1 1 1 1 1 5
Fact‘;:::lgc(acr; 20200 15.200 18700 18.800 22800 19360
NaN NaN NaN NaN NaN 3.097
Factor B z z 2 z z iz
o F 19.633 14.633 18.100 19.267 22.100 18.947
J 3.089 1818 1970 1.680 1852 3.353
Missing 0
Observations
Analysis of
Variance
Sum of deg of
Factor g Mean Squares F value o value
/ Squares freedom
Factor A (Car) 42085 2 21.042 43 447 < 00001
Factor B (Driver) 111437 4 27.838 57.521 < 00001
Error 3.875 8 0484
Total 157.397 14
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Design of Experiments for Sampling

9.2.3 Latin Square Design
= Two block variables:

Table 9.2.6 Fuel mileage data by four drivers and four road
types of four car types (A, B, C, D)

Column 1 Column 2 Column 3 Column 4
Road 1 Road 2 Road 3 Road 4

Row 1 | Dnver 1 A B C D

Row 2 | Dnver 2 B C D A

Row 3 | Dnver 3 C D A B

Row 4 | Dnver 4 D A B C
Null hypothesis Hy: yy=p= - =u

Alternative hypothesis H, : At least one parr of y; Is not equal
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9.2 Design of Experiments for Sampling

9.2.3 Latin Square Design

= Statistical model of the randomized block design:
Yiik = B+ a; + B + Vi T €jjk, i,j,k=12,..,r

a; . effect of it" level of row block variable
B; : effect of j" level of column block variable
vy . effect of k' treatment variable

= In the Latin square design, total variation is divided as follows:

Yi]'k —7 = (Yijk —71'.. — 7] — 7--k+ 27) + (Vl — 7 ) + (7] — 7) + (Vk — 7)
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9.2 Design of Experiments for Sampling

9.2.3 Latin Square Design

= Statistical model of the randomized block design:

Yl]=”+ ai+Bj+Ei]', i=1,2,...,k,j=1,2,...,b
B; : effect of j* level of the block variable

* In the randomized block design, the total variation is divided
into as follows:

Yij —-Y. = (Yl] _Vi- — 7] + 7) + (71 —-Y. ) + (7] — 7)
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of Experiments for Sampling
9.2.3 Latin Square Design

Total sum of squares degrees of freedom *—1

SST = EZE( —Y)»® . Table 928 ANOVA

i=li=1;=

. Sum of Degrees of
Error sum of squares degrees of freedom 12 —3r+2 Variation Squares |freedom Mean Squares F value
S5E = 222( Y i.._?j_?..k—l_g?..)z Treatment SoTr r—1 MSTr = ooTr Fy = MS5Tr
i=1j=1k=1 r—1 MSE
Row sum of squares, degrees of freedom r—1 Row SSR r—1 MSR = SSRI
r..r..r._ . r—
SSR=>22 (¥, —v.) 55C
i=1j=1k=1 Column SoC r—1 MSC = —1
Column sum of squares degrees of freedom r—1 Error cor g s VISE — SSE
3 = =
55C = EZE(Y V)’ =342
P=l=1k= Total SST =1

Treatment sum of squares, degrees of freedom r—1

SSTr= ZTIZT} Zr] (Ef“k—?ﬂ_)ﬂ

1=1j=1k=1

0 N
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9.2 Design of Experiments for Sampling

|

9.2.3 Latin Square Design

Example 9.2.2 | Table 9.29 is the fuel mileage data of four car types (A, B, C, D) measured by four
drivers and four road types with Latin square design.

Table 9.2.9 Fuel mileage data by four drivers and four road
types of four car types (A, B, C, D)

Column 1 Column 2 Column 3 Column 4
Road 1 Road 2 Road 3 Road 4

Row 1 | Driver 1 A(22) B(16) C(19) D(21)
Row 2 | Driver 2 B(24) C(16) D(12) A(15)
Row 3 | Driver 3 C(17) D(21) A(20) B(15)
Row 4 | Driver 4 D(18) A(18) B(23) C(22)

Use TeStatUs; to do the analysis of variance whether the four car types have the
same fuel mileage.




f Experiments for Sampling
9.2.3 Latin Square Design

Testing Hypothesis ANOVA - Latin Square Design m

[Hypothesis] ~ Hy ' pg =pp=... =ty
Hj : At least one pair of means is different

[Test Type] F test (ANOVA)

[Sample Data] Treatment r = (4,B,C,D)

Columnl Column2 Column3 Column4 Column5 Column6 Row

Rowl A B C D X;..| 19.500
Row?2 B C D A %).. 16.750
Row3 C D A B X3..| 18.250
Row4 D A B C R,.. 20.250

Row5 Xs..

Row6 Xg..

Column X.;. 20250 X,. 17.750 X.3. 18500 X.4. 18250 Xij. X.6-
Treatment X..; 18.750 X., 19500 X..3 18500 X.4 18.000 X.j5 X..6 X... 18.688

= m—— :



)eriments for Sampling

9.2.3 Latin Square Design




9.2 Design of Experiments for Sampling

Analysis of

9.2.3 Latin Square Design

Variance
Factor 2 S:;;:i deg of freedom|| Mean Squares F value p value
Treatment 4.688 3 1.563 0.075 0.9710
Row Var 28.188 3 9.396
Col Var 14.188 3 4.729
Error 124.375 6 20.729
Total 171.438 15
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