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49308308 : MAJOR : MATHEMATICS AND INFORMATION TECHNOLOGY
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PREECHA KHRUSOM: THE SIMULATION TO COMPARE THE EFFICIENCY OF
USING ONE - WAY ANALYSIS OF VARIANCE WITH TWO - WAY ANALYSIS OF VARIANCE IN
RANDOMIZED COMPLETE BLOCK DESIGN. INDEPENDENT STUDY ADVISOR
ASSOC. PROF. PAIBOOL RATANAPRASERT. 79 pp.

The objective of this study is to compare the efficiency of using one — way
analysis of variance with two — way analysis of variance in randomized complete block
design. The efficiency is measured by considering the ability to control probability of type |
error and power of the test. The simulations were done using program R tutorial. The number
of repeating is 1,000 times for each case. The results of this research can be summarized as
follow:

The capacity of controlling probability of type | error

Case 1. When there is no difference between treatments and between blocks,
using one — way analysis of variance and two — way analysis of variance in randomized
complete block design can control probability of type | error at the 0.01 and 0.05 level of
significance.

Case 2. When only the blocks are difference, two — way analysis of variance can
control probability of type | error rates in every cases but one — way analysis of variance can
control probability of type | error rates in some cases at the 0.01 and 0.05 level of
significance.

Power of the test

Case 3. For there are difference between treatments only, the one — way analysis
of variance has power of the test higher than two — way analysis of variance at the 0.01 and
0.05 level of significance almost of the case. The exception occur when the difference
between treatments are high and the number of block is 15, About the two — way analysis of
variance, power of the test which is approximately 1 is at the 0.01 and 0.05 level of
significance, but about the one — way analysis of variance, it is only at the 0.05 level of
significance.

Case 4. For there are differences between treatments and blocks, when the
number of treatment and block is large, the two — way analysis of variance will have power of
the test higher than the one — way analysis of variance at the 0.01 and 0.05 level of
significance. When both treatment and block is at high level in difference and the number of
block is 15, power of the test in the two — way analysis of variance is approximately 1 at the

0.05 level of significance.
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s 1R MUAT D ADNIIAY 7 tas S U AR 3 A
i<-1

for(ci in 1:1000)

{

Bl=c(rnorm(3, mean =0, sd = 1))

B1

B2=c(rnorm(3, mean =0, sd = 1))

B2

B3=c(rnorm(3, mean =0, sd = 1))

B3

B4=c(rnorm(3, mean =0, sd = 1))

Tlsunsuvian
B4

a 4
Tsunsumsimsigvanuuilsisu
B5=c(rnorm(3, mean =0, sd = 1))

uuDDANFNANY T

BS5

B6=c(rnorm(3, mean =0, sd = 1))
B6

B7=c(rnorm(3, mean =0, sd = 1))
B7
BS=sum(B1,B2,B3,B4,B5,B6,B7)
BS
sumBS=sum(B172,B2/2,B32,B4"2,B5"2,B6"2,B7"2)
sumBS

X=BS"2/(7*3)

X

y <- (B1+B2+B3+B4+B5+B6+B7)
y=y"2/7

y



Y=sum(y)

Y
al=(sum(B1)"2/3)+(sum(B2)"2/3)+(sum(B3)"2/3)+(sum(B4)"2/3)+(sum(B5)"2/3)
+(sum(B6)*2/3)+(sum(B7)"2/3)
al

sst=sumBS-X

sst

ssa=Y-X

ssa

ssb=al-X

ssb
sse=sumBS-Y-al+X
sse

msa=ssa/(3-1)

msa

msb=ssb/(7-1)

msb

mse=sse/(2*6)

mse

F=msa/mse

F

Fblock=msb/mse
Fblock

pvalueF<-pf(F,2,12,lower.tail=FALSE)

if ( pvalueF <0.01)
{
cat ("(",i,") =", pvalueF,"\n")
1<-i+1
H
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i=i-1

i=i/1000 .
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i<-1

for(ci in 1:1000)

{

Bl=c(rnorm(3, mean =0, sd = 1))
Bl

B1=B1+1

Bl

B2=c(rnorm(3, mean =0, sd ='1))
B2

B3=c(rnorm(3, mean =0, sd = 1))

B3

B4=c(rnorm(3, mean =0, sd = 1))

B4

B5=c(rnorm(3, mean =0, sd = 1))

Tlsunsuvian
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B5
B6=c(rnorm(3, mean =0, sd = 1))
B6
B7=c(rnorm(3, mean =0, sd = 1))
B7
BS=sum(B1,B2,B3,B4,B5,B6,B7)
BS

sumBS=sum(B1"2,B2"2,B3"2,B4"2,B5"2,B6"2,B7"2)

sumBS
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X=BS"2/(7*3)

X

y <- (B1+B2+B3+B4+B5+B6+B7)
y=y"2/7

y

Y=sum(y)

Y
al=(sum(B1)"2/3)+(sum(B2)"2/3)+(sum(B3)"2/3)+(sum(B4)"2/3)+(sum(B5)"2/3)
+(sum(B6)"2/3)+(sum(B7)"2/3)

al

sst=sumBS-X

sst

ssa=Y-X

ssa

ssb=al-X

ssb

sse=sumBS-Y-al+X

sse

msa=ssa/(3-1)

msa

msb=ssb/(7-1)

msb

mse=sse/(2*6)

mse

F=msa/mse

F

Fblock=msb/mse

Fblock
pvalueF<-pf(F,2,12,lower.tail=FALSE)
if ( pvalueF <0.01)



{
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cat (n ",i,") _n , pvalueF,"\n")

i<-i+1
}
b
i=i-1
i=1/1000

i

Tilsunsueos
Tisunsumsdnnamdadivvesmsiasavuagiu

nan H,

JRPA P 1 = 4
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i<-1

for(ci in 1:1000)

{

tl=c(rnorm(l, mean =0, sd = 1))

t1
cl=tl+1

cl

Bl=c(cl,rnorm(2, mean =0, sd = 1))

B1

t2=c(rnorm(1, mean =0, sd = 1))

t2
c2=t2+1

c2

B2=c(c2,rnorm(2, mean =0, sd = 1))

B2

t3=c(rnorm(1, mean =0, sd = 1))

t3

c3=t3+1



c3

B3=c(c3.,rnorm(2, mean =0, sd = 1))
B3

t4=c(rnorm(1, mean =0, sd = 1))

t4

c4=t4+1

c4

B4=c(c4,rnorm(2, mean =0, sd = 1))
B4

t5=c(rnorm(1, mean =0, sd = 1))

t5

c5=t5+1

c5

B5=c(c5,rnorm(2, mean =0, sd = 1))
BS

t6=c(rnorm(l, mean =0, sd=1))

t6

c6=t6+1

c6

B6=c(c6,rnorm(2, mean =0, sd = 1))
B6

t7=c(rnorm(1, mean =0, sd = 1))

t7

c7=t7+1

c7

B7=c(c¢7,rnorm(2, mean =0, sd = 1))
B7
BS=sum(B1,B2,B3,B4,B5,B6,B7)

BS
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sumBS=sum(B172,B2/2,B3"2,B4"2,B5"2,B6"2,B7"2)
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sumBS

X=BS"2/(7*3)

X

y <- (B1+B2+B3+B4+B5+B6+B7)
y=y"2/7

y

Y=sum(y)

Y
al=(sum(B1)"2/3)+(sum(B2)"2/3)+(sum(B3)"2/3)+(sum(B4)"2/3)+(sum(B5)"2/3)+(s
um(B6)"2/3)+(sum(B7)"2/3)
al

sst=sumBS-X

sst

ssa=Y-X

ssa

ssb=al-X

ssb

sse=sumBS-Y-al+X

sse

msa=ssa/(3-1)

msa

msb=ssb/(7-1)

msb

mse=sse/(2*6)

mse

F=msa/mse

F

Fblock=msb/mse

Fblock

pf(F,2,12,lower.tail=FALSE)



if ( pf(F,2,12,lower.tail=FALSE) >0.01)
{
cat("(",i,") =", pflF,2,12,lower.tail=FALSE),"\n")
i<-i+1
H
H

i=i-1
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countHo=1

NZ1000 T1lsunsusion

bata=(countHo/N) Tdsunsumsmuiummasmsnagoy (Power of Test)

power=1-bata

power

L
%

a2 = 4 =] = 1
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i<-1

for(ci in 1:1000)

{

Bl=c(rnorm(3, mean =0, sd = 1))
Bl

B1=B1+1

Bl

t2=c(rnorm(1, mean =0, sd = 1))
t2

c2=t2+1

c2

B2=c(c2,rnorm(2, mean =0, sd = 1))
B2

t3=c(rnorm(1, mean =0, sd = 1))



t3

c3=t3+1

c3

B3=c(c3,rnorm(2, mean =0, sd = 1))
B3

t4=c(rnorm(1, mean =0, sd = 1))

t4

c4=t4+1

c4

B4=c(c4,rnorm(2, mean =0, sd = 1))
B4

t5=c(rnorm(1, mean =0, sd = 1))

t5

c5=t5+1

¢S

B5=c(c5,rnorm(2, mean =0, sd = 1))
B5

t6=c(rnorm(1, mean =0, sd = 1))

t6

c6=t6+1

c6

B6=c(c6,rnorm(2, mean =0, sd = 1))
B6

t7=c(rnorm(1, mean =0, sd = 1))

t7

c7=t7+1

c7

B7=c(c7,rnorm(2, mean =0, sd = 1))
B7

BS=sum(B1,B2,B3,B4,B5,B6,B7)
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BS
sumBS=sum(B1"2,B2/2,B3"2,B4"2,B5"2,B6"2,B7"2)
sumBS

X=BS"2/(7*3)

X

y <- (B1+B2+B3+B4+B5+B6+B7)
y=y"2/7

y

Y=sum(y)

Y
al=(sum(B1)"2/3)+(sum(B2)"2/3)+(sum(B3)"2/3)+(sum(B4)"2/3)+(sum(B5)"2/3)
+(sum(B6)"2/3)+(sum(B7)"2/3)

al

sst=sumBS-X

sst

ssa=Y-X

ssa

ssb=al-X

ssb

sse=sumBS-Y-al+X

sse

msa=ssa/(3-1)

msa

msb=ssb/(7-1)

msb

mse=sse/(2*6)

mse

F=msa/mse

F

Fblock=msb/mse
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Fblock

pf(F,2,12,lower.tail=FALSE)

if ( pf(F,2,12,lower.tail=FALSE) >0.01)

{
cat("(",i,") =", pf(F,2,12,lower.tail=FALSE),"\n")
i<-it1
}

H

i=i-1

countHo=1

N=1000

T1lsunsnson
bata=(countHo/N)

TsunsumsAuIaaINaImsnaas (Power of Test)
power=1-bata

power
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1<-1
for(ci in 1:1000)
{
T1=c(rnorm(7, mean =0, sd = 1))
T1
T2=c(rnorm(7, mean =0, sd = 1))
T2
T3=c(rnorm(7, mean =0, sd = 1))
T3



BS=sum(T1,T2,T3)
BS

sumBS=sum(T1"2,T2/2,T3"2)

sumBS
X=BS"2/(7*3)

X

Tlsunsuvian

Tsunsumsamseianuulsdsou

uuuguauysal

y <- sum(T1)"2/7 +sum(T2)"2/7 +sum(T3)"2/7
y
Y=sum(y)
Y
al=(sum(T1)"2/3)+(sum(T2)"2/3)+(sum(T3)"2/3)
sst=sumBS-X
sst
ssa=Y-X
ssa
sse=sumBS-Y
sse
msa=ssa/(3-1)
msa
mse=sse/18
mse
mst=sst/(21-1)
mst
F=msa/mse
F
pf(F,2,18,lower.tail=FALSE)
print(pf(F,2,18,lower.tail=FALSE))
if ( pf(F,2,18,lower.tail=FALSE) <0.01)
{

cat("(",i,") =", pf(F,2,18,lower.tail=FALSE),"\n")
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i<-i+1
}
}
|l
. Tilsunsueos
1=1-1
11000 Tisunsumsdnnamdadivvesmsdasavuagiu
: nan H,
1

= Y JRP P ' <3
2. NYUNUNTUNUANULANANLRNIZUADN

#HHH SUATIUIUNT AUAIIIAD 3 AvuanionaaoaluuAaz NI ALIUAIMNY 7
i<-1
for(ci in 1:1000)
{
tl=c(rnorm(l, mean =0, sd = 1))
tl
cl=tl+1
cl
T1=c(cl,rnorm(6, mean =0, sd = 1))
T1
t2=c(rnorm(1, mean =0, sd = 1))
t2
c2=t2+1

c2

T2=c(c2,rnorm(6, mean =0, sd = 1)) Tusunsaumsn

T2 Tsupsumsamseianuuilsdsou

t3=c(rnorm(1, mean =0, sd = 1))

uunguauysal

t3
c3=t3+1

c3



T3=c(c3,rnorm(6, mean =0, sd = 1))
T3

BS=sum(T1,T2,T3)

BS

sumBS=sum(T172,T2"2,T3"2)
sumBS

X=BS"2/(7*3)

X

y <- sum(T1)"2/7 +sum(T2)"2/7 +sum(T3)"2/7
y

Y=sum(y)

Y
al=(sum(T1)"2/3)+(sum(T2)"2/3)+(sum(T3)"2/3)
sst=sumBS-X

sst

ssa=Y-X

ssa

sse=sumBS-Y

sse

msa=ssa/(3-1)

msa

mse=sse/18

mse
mst=sst/(21-1)
mst

F=msa/mse

F
pvalue<-pf(F,2,18,lower.tail=FALSE)

if ( pvalue <0.01 )

{
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cat(" ",i,") _n , pValue,”\n")

i<-i+1
}
} |
Tlsunsueoy
=il Tlsunsumsanamdaaivvesmslgeasaunagiv
i=i/1000 wan o
0

i

~ Y JRP P 1 ~ 4
3. NYUNUNTUNUANVUADANNIRWIENTANUA

HH MNUATILIUNTANUANAY 3 AvuanilenaaealuuAaTNTAMUAIMINY 7 sy
1<-1
for(ci in 1:1000)
{
Tl=c(rnorm(7, mean = 0, sd = 1))
Tl
TI=T1+1
Tl

T2=c(rnorm(7, mean =0, sd = 1))

T2 Tilsunsuvian

= = = a 4
T3=c(morm(7, mean = 0, sd = 1)) Tsunsumsiasizrianunalsisoiu

3 uunguauysal

BS=sum(T1,T2,T3)

BS
sumBS=sum(T172,T2/2,T3"2)
sumBS

X=BS"2/(7*3)

X

y <- sum(T1)"2/7 +sum(T2)"2/7 +sum(T3)"2/7

y



Y=sum(y)
Y
al=(sum(T1)"2/3)+(sum(T2)"2/3)+(sum(T3)"2/3)
sst=sumBS-X
sst
ssa=Y-X
ssa
sse=sumBS-Y
sse
msa=ssa/(3-1)
msa
mse=sse/18
mse
mst=sst/(21-1)
mst
F=msa/mse
F
pf(F,2,18,lower.tail=FALSE)

if ( pf(F,2,18,lower.tail=FALSE) >0.01)
{
cat("(",i,’") =", pfiF.2,18,lower.tail=FALSE),"\n")
i<-i+1
H
H
i=i-1

countHo=1

N=1000 T1lsunsnsos

bata=(countHo/N) | T1l5unsumsmiuamimaansnaaos (Power of Test)

power=1-bata




power

v Y
%

~ Y aA = J a3 = 1
4. MNYUNUNTUNMINTAUNUALASUADNUAITNLANA

i<-1

for(ci in 1:1000)

{

T1=c(rnorm(7, mean =0, sd = 1))
T1

TI=T1+1

Tl

t2=c(rnorm(1, mean =0, sd = 1))

0 Yalsunsauwan

C2=t2+1 Tsunsumsdmszanunilslsiu

1 4
0 HUUGNANY Il

T2=c(c2,rnorm(6, mean =0, sd = 1))
T2

t3=c(rnorm(1, mean =0, sd = 1))

t3

c3=t3+1

c3

T3=c(c3,rnorm(6, mean =0, sd = 1))
T3

BS=sum(T1,T2,T3)

BS

sumBS=sum(T172,T2"2,T3"2)
sumBS

X=BS"2/(7*3)

X
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y <- sum(T1)"2/7 +sum(T2)"2/7 +sum(T3)"2/7
y

Y=sum(y)

Y

al=(sum(T1)"2/3)+(sum(T2)"2/3)+(sum(T3)"2/3)
sst=sumBS-X

sst

ssa=Y-X

ssa

sse=sumBS-Y

sse

msa=ssa/(3-1)

msa

mse=sse/18

mse
mst=sst/(21-1)
mst

F=msa/mse

F

pf(F,2,18,lower.tail=FALSE)

if ( pf(F,2,18,lower.tail=FALSE) >0.01)
{

cat("(",i,") =", pfiF,2,18,lower.tail=FALSE),"\n")

i<-it1

H
H
i=i-1
countHo=i

N=1000
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bata=(countHo/N)
power=1-bata

power
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TsunsumsAuIaaINaImsnaas (Power of Test)
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