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Abstract

The purpose of this research was to compare the efficiency of multiple Imputation methods of
multilevel missing data. Six methods of the Imputation included Multiple Imputation Fully Conditional
Specification (FCS), Random Forest (RF), and four methods of Optimal Impute (Opt. impute). A simulation
study was based on real-world educational data with a random coefficient model. The performance of
these approaches under various conditions was investigated: 1) six types of missing data: Missing completely
at random (MCAR), Missing at Random (MAR), Missing not at Random (MNAR), and three mixed types of
missing data: MCAR-MAR, MCAR-MNAR and MAR-MNAR 2) the level 1 sample sizes: 1,000, 2,000, and 3,000
units and the level 2 sample sizes: 40, 50, and 60 units, 3) three missing rates of observations in the level
1 sample sizes which were three levels: 30%, 40%, and 50% respectively. The results showed that for
the MCAR, Opt. cv method had the highest average efficiency; Opt. svm method was the most effective
in MAR, MCAR-MAR and MAR-MNAR; and RF method was the most effective in MNAR and MCAR-MNAR.
Therefore, the Opt. impute method tended to provide the highest average efficiency, followed by the RF
method and the FCS method, respectively.
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Toifinsdunsgaymenuy MCAR sansdiil 1 vt
theyedeyafilsngunsgamenuy MAR smunsdlil 2
2w lAN1SgUMELUUNANTI8E MCAR - MAR
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thyadeyafildannnissiaestuil 1 anduiiums
Avualvinisdunsgamonuy MCAR anunsdlil 1
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n3dif 3 aléinsgayvneuUURANTIBE MCAR-MNAR
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M19199 2 Anedevas NRMSE wag RB lumsussanaanisifivesvesdulssavsanuanasegdulunsidenenis

~
AN
Aol naeiildlumsisuiisuuszansnmussisnaunusigyme
Weuly . A ey oo £ .
lumsuszanadmisiinesvasdudszivsanunanasgu (4)
NRMSE RB
Type of N N M
et Opt. | Opt. | Opt. Opt. | Opt. | Opt.
Missing ! 2 Fcs | RE | P | PR PPR dontev] Fes | RF P P P | opt.ev
knn | tree | svm knn | tree | svm

30 | 0.12 | 0.06 | 0.07 | 0.06 | 0.06 | 0.05 | -0.08 | -0.37 | -0.25 | -0.09 | -0.06 | -0.12
1,000 | 40 | 40 | 0.13 | 0.06 | 0.01 | 0.09 | 0.09 | 0.07 | -0.50 | -0.13 | -0.40 | 0.04 | -0.01 | -0.17
50 | 0.14 | 0.10 | 0.08 | 0.11 | 0.11 | 0.01 | -4.18 | 155 | -0.55 | -0.42 | -0.04 | -0.26
30 | 0.12 | 0.09 | 0.09 | 0.07 | 0.07 | 0.06 | -0.04 | -0.28 | -0.39 | -0.08 | -0.04 | -1.69
MCAR 2,000 | 50 | 40 | 0.14 | 0.06 | 0.10 | 0.12 | 0.09 | 0.08 | -0.56 | -0.18 | -0.32 | -0.12 | -0.14 | -0.20
50 | 0.17 | 0.09 | 0.11 | 0.11 | 0.11 | 0.09 | -0.39 | -0.30 | -0.44 | 0.31 | -0.37 0.30
30 | 0.15 | 0.11 | 0.09 | 0.07 | 0.07 | 0.06 | -0.01 | -0.22 | -0.32 | -0.11 | -0.42 | -0.36
3,000 | 60 | 40 | 0.12 | 0.09 | 0.10 | 0.09 | 0.01 | 0.09 | 0.27 | -042 | -0.31 | -0.32 | -0.27 | -0.76
50 | 0.14 | 0.07 | 0.10 | 0.10 | 0.11 | 0.09 | -0.69 | 056 | -0.55 | -0.34 | -0.14 | -0.48
30 | 0.15 | 0.10 | 0.12 | 0.09 | 0.09 | 0.09 | -0.40 | -0.22 | -0.11 | -0.27 | -0.46 | -0.27
1,000 | 40 | 40 | 0.18 | 0.13 | 0.15 | 0.12 | 0.11 | 0.12 | -0.49 | -0.35 | 0.95 | -0.05 | -0.05 | -0.05
50 | 0.19 | 0.14 | 0.15 | 0.13 | 0.12 | 0.13 | -0.50 | -0.39 | -0.27 | -0.25 | -0.66 | -0.25
30 | 0.14 | 0.10 | 0.11 | 0.11 | 0.09 | 0.10 | -0.54 | -0.33 | -0.25 | -0.26 | -0.20 | -0.26
MAR 2,000 | 50 | 40 | 0.15 | 0.15 | 0.12 | 0.12 | 0.10 | 0.11 | -0.34 | -0.40 | -0.43 | -0.34 | -0.20 | -0.33
50 | 0.17 | 0.15 | 0.13 | 0.12 | 0.10 | 0.12 | -0.60 | -0.35 | -0.58 | -0.26 | -0.19 | -0.26
30 | 0.11 | 0.07 | 0.09 | 0.08 | 0.08 | 0.08 | -0.40 | -0.15 | 0.41 | -0.21 | =0.12 | -0.21
3,000 | 60 | 40 | 0.13 | 0.11 | 0.11 | 0.08 | 0.08 | 0.08 | -0.59 | -0.38 | -0.46 | -0.31 | -0.26 | -0.30
50 | 0.16 | 0.12 | 0.12 | 0.10 | 0.08 | 0.10 | -0.66 | 0.45 | -0.53 | -0.45 | -0.30 | -0.44
30 | 0.12 | 0.05 | 0.08 | 0.05 | 0.09 | 0.07 | -0.26 | -0.05 | -0.12 | -0.21 | -0.20 | -0.19
1,000 | 40 | 40 | 0.14 | 0.07 | 0.09 | 0.07 | 0.11 | 0.10 | -0.57 | -0.18 | -0.30 | -0.40 | -0.44 | -0.42
50 | 0.19 | 0.09 | 0.10 | 0.09 | 0.09 | 0.09 | 0.56 0.31 | -0.29 | -0.89 | -0.81 | -0.83
30 | 0.13 | 0.05 | 0.07 | 0.07 | 0.07 | 0.07 | 3.00 | -0.06 | -0.01 | -0.04 | -0.05 | -0.08
MNAR 2,000 | 50 | 40 | 0.13 | 0.07 | 0.08 | 0.08 | 0.09 | 0.08 | -0.11 | -0.14 | -0.19 | -0.15 | -0.08 | -0.12
50 | 0.16 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09 | 0.51 0.10 | -0.48 | -0.65 | -0.72 | -0.67
30 | 0.12 | 0.06 | 0.08 | 0.08 | 0.09 | 0.08 | -0.27 | -0.26 | -0.29 | -0.23 | -0.23 | -0.22
3,000 | 60 | 40 | 0.14 | 0.07 | 0.08 | 0.08 | 0.08 | 0.07 | 0.15 | -0.25 | -0.15 | -0.02 | -0.14 | -0.22
50 | 0.15 | 0.08 | 0.10 | 0.09 | 0.10 | 0.10 | -1.75 | -0.48 | -0.12 | -0.32 | -0.29 | -0.34
30 | 0.16 | 0.10 | 0.10 | 0.07 | 0.06 | 0.07 | -1.54 | -1.05 | -0.32 | -0.33 | -0.32 | -0.32
1,000 | 40 | 40 | 0.18 | 0.13 | 0.12 | 0.10 | 0.07 | 0.08 | -1.48 | 1.47 | -0.23 | 0.95 1.39 1.39
50 | 0.22 | 0.22 | 0.14 | 0.09 | 0.11 | 0.11 | -1.66 | -0.69 | -0.67 | -0.25 | -0.50 | -0.26
30 | 0.12 | 0.08 | 0.10 | 0.09 | 0.08 | 0.07 | -0.61 | -0.14 | 0.01 0.04 | 0.02 | -0.11
2,000 | 50 | 40 | 0.17 | 0.10 | O.11 | O.11 | O0.11 | 0.11 | =2.21 | -0.69 | -0.67 | 0.67 | -0.37 | -0.67
50 | 0.17 | 0.12 | 0.13 | 0.12 | 0.12 | 0.12 | 0.12 | -0.21 | -1.23 | -0.67 | 0.02 | -0.67
30 | 0.10 | 0.05 | 0.06 | 0.05 | 0.05 | 0.05 | -0.96 | -0.07 | -0.07 | -0.28 | -0.27 | -0.28
3,000 | 60 | 40 | 0.13 | 0.07 | 0.08 | 0.06 | 0.07 | 0.06 | -0.19 | -0.34 | -0.29 | -0.37 | -0.30 | -0.37
50 | 0.17 | 0.12 | 0.10 | 0.12 | 0.10 | 0.10 | -0.75 | -0.44 | -0.43 | -0.42 | -0.27 | -0.43

MCAR-
MAR
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M19199 2 Aedevad NRMSE wag RB lumsussanarnnsfivesvasdulssavsanuanasedulun1sidenenis

finw (sin)
Aol LnmﬂﬁﬁiﬂummﬁﬂuLﬁauﬂszawﬁmwmm:‘iﬁwﬂumuﬂ'q@gyma
Tumsuszanadmisfivmesvasdulssavsanunnnasdu (5
e of NRMSE RB
hj\/izsing Moo | Mol Mot cog | e | Ot | Ot | Opt. optev] Fcs | me | OPE | OP | OPE 1o
knn | tree | svm knn | tree | svm

30 | 0.14 | 0.09 | 0.09 | 0.07 | 0.04 | 0.01 | -0.09 | -0.13 | -0.37 | -0.14 | -0.07 0.14

1,000 | 40 | 40 | 0.16 | 0.11 | 0.10 | 0.09 | 0.09 | 0.10 | -0.61 | -0.45 | -0.22 | -0.28 | -0.20 | -0.28

50 | 0.20 | 0.13 | 0.11 | 0.11 | 0.08 | 0.09 | -0.25 | -0.41 | -0.59 | -0.82 | -0.72 | -0.82

30 | 0.15 | 0.08 | 0.09 | 0.08 | 0.09 | 0.08 | 6.96 1.33 0.08 | -0.16 | -0.16 | -0.16

TA(,:\;:I: 2,000 | 50 | 40 | 0.16 | 0.09 | 0.11 | 0.12 | 0.11 | 0.12 | -0.58 | -0.18 | -0.30 | -0.34 | -0.29 | -0.34
50 | 0.17 | 0.09 | 0.12 | 0.11 | 0.12 | 0.11 | -0.58 | -0.14 | -0.42 | -0.36 | -0.32 | -0.36

30 | 0.12 | 0.05 [ 0.02 | 0.05 | 0.05 | 0.05 | 0.64 093 | -0.23 | -0.22 | -0.21 | -0.22

3,000 | 60 | 40 | 0.12 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | -0.86 | -0.10 | 1.39 0.88 0.66 0.88

50 | 0.17 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09 | -0.40 | -0.15 | -0.19 | -0.32 | -0.23 | -0.32

30 | 0.14 | 0.06 | 0.11 | 0.10 | 0.05 | 0.09 | -0.84 | -0.25 | -0.30 | -0.16 | -0.21 | -0.24

1,000 | 40 | 40 | 0.18 | 0.12 | 0.12 | 0.13 | 0.08 | 0.10 1.11 | -1.71 | -0.13 | -1.18 | -0.03 | -1.98

50 [ 0.19 | 0.11 | 0.13 | 0.12 | 0.09 | 0.11 1.79 0.13 | -0.52 | -0.79 | -0.07 0.47

30 | 0.13 | 0.09 | 0.10 | 0.09 | 0.02 | 0.07 | -0.62 | -0.22 | -0.20 | -0.06 | =0.01 | -0.12

!\,\/TI\/TARI_? 2,000 | 50 | 40 | 0.14 | 0.10 | 0.11 | 0.11 | 0.08 | 0.10 | -0.56 | -0.27 | -0.37 | -0.44 | -0.44 | -0.42
50 | 0.16 | 0.12 | 0.13 | 0.13 | 0.13 | 0.12 | -1.52 | -0.29 | -0.77 | -0.57 | -0.56 | -0.50

30 | 0.12 | 0.08 | 0.07 | 0.09 | 0.09 | 0.08 | -0.15 | -0.25 | -0.03 | -0.34 | -0.37 | -0.32

3,000 | 60 | 40 | 0.15 | 0.10 | 0.10 | 0.11 | 0.11 | 0.11 1.29 | -0.10 | -0.04 | -0.47 | -0.98 | -1.24

50 | 0.16 | 0.19 | 0.09 | 0.10 | 0.10 | 0.09 | 0.12 0.01 | -0.01 | -0.57 | -0.51 | -0.04

RUEWIA: N, Way N, Wy anfegesyduniviazinafmegeseiuiass, M unu snsgaymelussauiivils, dvun vanedia
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