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Abstract

The objective of this research is to compare the efficiency of four missing value estimation methods; i.e.
Expectation Maximization, Multiple Imputation 1, Multiple Imputation 2, and K-Nearest Neighbor Imputation.
The response variables of three factor factorial experiment were tested in randomized complete block
design. The difference between Multiple Imputation 1 and Multiple Imputation 2 is the distance calculation
methods of observations. A simulation study is conducted by Monte Carlo technique for 108 situations
and 2,000 replications for each situation. The studied points are as follows : the numbers of each factor
are 3, 4 and 5, the number of block is 3 with the percentages of missing values at 5 and 10, and the
studied variances of observation are 25 and 625. In addition, the efficiency comparison criterion is the
estimated mean squared error. The result shows that K-Nearest Neighbor Imputation has the lowest
estimated mean squared error for all situations. Therefore, K-Nearest Neighbor Imputation is the most

efficient estimator for all situations.

Keywords: Three Factor Factorial Experiment in Randomized Complete Block Design, Missing Value,

Expectation Maximization, Multiple Imputation, K-Nearest Neighbor Imputation
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p Ao Innuredudluuninddeyagayme

Vs, AD AFUNANGYMIE U0IN b ABSUUT ¢

Yoy AO AFUNATAULLS Wl ¢ ARANYT ¢

AI9E NN SAUINMTEEENeTENI TRy ar TS
FudentunsussnaeagmedneiBiailiesisauues

a o v v

BUNUNTU mmayjauamﬂumiwﬁ 1

M13199 1 Toyavnuaunuuwinnaea 3 Jadelu

vhenauysaladu
c1 c2 c3
R1 467641 | 60.68464 | 49.87981
R2 49.21649 NA 53.37298
R3 49.18564 | 50.658 | 48.03401

1 ! £ v adaa & Ay
IYSVNITNINVBUANIYITTAURDN NITUNVBUR
o &

gauvng 1 A1 Awandlanadl

d(y,, ) =|49.21649 — 46.7641| +|53.37298 — 49.8798]|
=5.94556

d(7,,1,) = |49.21649 — 49.18564| +[53.37298 — 48.03401]
=536982

TuppUN 3 SeeduTEYEYITEnIntoya uad
wasFendeyanilndiuteyagsymeniian k 1u3u
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2000
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M13199 2 AsEInuAUAR ARG EUSIARLRReYeINTUSEINMAgNeYa 4 35 Welade A 31 3 sy

uudady A

3

91U’y B

3

a

5

Fuutade C

3

a4

5

3

aq

5

3

4

5

EM

54.83618

52.22104

52.7111

56.16509

53.01584

53.66945

56.85091

56.73382

52.82985

;=25

MI1

55.05089

52.21956

53.15863

56.70702

53.1872

54.44403

55.02762

52.07811

50.61329

MI2

3317.75

1623.799

1777.378

700.7083

2488.512

1533.963

3620.616

631.0163

526.6475

v

KNN

30.51706

28.53236

28.55324

31.42628

28.55173

28.83089

30.26576

30.34731

28.18913

EM

22912.24

23843.79

23535.4

22455.48

23599.25

22849.13

22090.8

22456.89

22288.33

agengIauay 5

ol =625

MI1

23458.17

22395.46

22635.15

22566.95

22563.96

21868.03

22717.84

23556.68

21733.12

Jay
U

Mi2

260036.9

440369.8

156278.9

680509.3

42782.07

76258.94

49071.09

79288.21

51746.92

KNN

12618.42

13052.63

12496.43

12494.12

12446.09

12176.04

12476.34

12579.65

11698.62

EM
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54.69676

53.76136

54.67204

54.00654

54.65059

53.6196

54.10663

54.41685

MI1

55.22548

53.67534

52.39187

53.78817

52.30702

51.78341
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54.10197
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MI2

1403.511
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1034.673

528.0239

1416.758
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865.7354

1429.488

v

KNN

30.42651

31.03443

29.10014

29.74221

29.13676

29.3601
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29.67245

29.54671

EM

22621.66

22448.07

22834.6
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22152.22
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23704.94

22366.92

MI1

22184.63

23194.65
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22625.65
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21652.18
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21794.48
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o} =625

B

MI2

186390.8

373317.7

73365.64

39260.37

185846.8

32779.8

164563.1

155882.1

60939.71

KNN

12512.85

13052.73

12389.96

13224.52
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12122.54

12341.03

12665.98

12172.97
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5
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3

4
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EM
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55.33826

54.7892

57.74635
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56.3274

MI1

55.61977

52.71921

54.31887

56.79804

53.36156

55.53407
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53.44824
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1575.271

3032.425

1726.38

661.015

1480.208

3084.428

617.189

1143.699

1061.527

v

KNN

29.14396

29.86641

29.10879

31.49534

28.7483

29.55774

29.09804

28.87255

29.17042

EM

23172.96

22540.9

22349.02

23719.7

23179.48

23287.78

22881.98

23574.22

23002.47

uoo

MI1

22495.33

22148.83

22227.54

22545.98

22535.66

22959.58

22570.82

22335.02

22706.38

VBYAFUMYIDYRY 5

ol =625

v

MI2
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285247
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42337.29
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200833.1
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93946.98

44272.87

KNN

13021.15

12232.79
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12211.46

12235.69

12499.58

12302.36

12209.64

EM

54.57817

55.33655

54.27769

53.03452

56.29976

54.53241

54.33059

55.0475

56.72438

MI1

53.42512

51.80532

52.62701

52.62846

52.02882

53.53306

53.94203

51.85477
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MI2

3858.245

892.2146

513.0816

1500.048
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2220.711

1476.236

1097.603

3687.785

o

KNN

30.39533

29.42599

29.12093
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29.33359

29.14413
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EM
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22030.41

22848.7

23095.12

23174.45

23304.74

22281.27

23145.53

22516.01

uoo

MI1

23031.17

22711.16

21604.89

22181.91

21628.54

2259292

21536.51

21978.17

22193.28

ol =625

Joyagayeiesay 10

MI2

443982.2

46621.89

67166.71

140526.2

85359.62

92150.68

26620.03

50012.53

191554.6

KNN

12876.07

12631.48

12375.73

12511.11

12204.14

12449.55

12377.24

12036.21

12149.21
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A51971 4 mﬂismmmﬂmmmLﬂéauﬁwﬁﬂaaaLaﬁsﬁuaamsﬂizmmmq@maﬁg& 4733 lothdy A T 5 edu
Fuutady A 5
uulady B 3 4 5
Fuutady C 3 4 5 3 4 5 3 4 5
EM |54.83618|52.22104 | 52.7111 |56.16509 | 53.01584 | 53.66945 | 56.85091 | 56.73382 | 52.82985
0 , MI1 | 55.05089 | 52.21956 | 53.15863 | 56.70702 | 53.1872 | 54.44403 | 55.02762 | 52.07811 | 50.61329
& v =2 T | 331775 | 1625.799 | 1777.378 | 7007083 | 2488.512 | 1533.963 | 3620.616 | 6310163 | 5266475
2 KNN |30.5170628.53236|28.55324|31.4262828.55173 | 28.83089 | 30.26576 | 30.34731 | 28.18913
%; EM |22912.24 | 23843.79 | 23535.4 | 22455.48 | 23599.25 | 22849.13 | 22090.8 | 22456.89 | 22288.33
§ , M1 |23458.17 | 22395.46 | 22635.15 | 22566.95 | 22563.96 | 21868.03 | 22717.84 | 23556.68 | 21733.12
& | % =% T2 [260036.9 | 440369.8 | 156278.9 | 6305093 | 42782.07 | 76258.94 | 4907109 | 79288.21 | 51746.92
KNN |12618.4213052.63|12496.43|12494.12|12446.09 | 12176.04 | 12476.34|12579.65 | 11698.62
EM | 53.82513 | 54.69676 | 53.76136 | 54.67204 | 54.00654 | 54.65059 | 53.6196 | 54.10663 | 54.41685
S » _ s [ ML [5522548 5367534 | 52.39187 | 5378817 | 5230702 | 51.78341 | 5277193 | 5410197 | 51.53134
& o= M2 | 1403.511 | 924.8652 | 912.4614 | 1034.673 | 528.0239 | 1416.758 | 6951.634 | 865.7354 | 1429.488
s KNN [30.4265131.03443(29.10014|29.74221(29.13676 | 29.3601 |30.20818|29.67245 | 29.54671
%; EM | 22621.66 | 22448.07 | 22834.6 | 23415.05 | 22152.22 | 22601.06 | 23067.28 | 23704.94 | 22366.92
ol M1 | 22184.63 | 23194.65 | 22089.18 | 22625.65 | 21440.83 | 21722.94 | 21652.18 | 21621.19 | 21794.48
§ o1 = 00 T T 186390.8 | 3733177 | 73365.64 | 3926037 | 185846.8 | 32779.8 | 1645651 | 155882.1 | 60939.71
KNN |12512.85(13052.73|12389.96 | 13224.52|12212.98|12122.54 | 12341.03 | 12665.98 | 12172.97
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