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A Method for Selection of Input-Output Factors in DEA

Sungmook Lim

Division of Business Administration, College of Business and Economics, Korea University

We propose a method for selection of input-output factors in DEA. It is designed to select better com-
binations of input-output factors that are well suited for evaluating substantial performance of DMUs.
Several selected DEA models with different input-output factors combinations are evaluated, and the

relationship between the computed efficiency scores and a single performance criterion of DMUs is
investigated using decision tree. Based on the results of decision tree analysis, a relatively better DEA
model can be chosen, which is expected to well represent the true performance of DMUs. We illustrate the
effectiveness of the proposed method by applying it to the efficiency evaluation of 101 listed companies in

steel and metal industry.
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Figute 2. The conceptual framework of the proposed method
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Input factors

Output factors

Selling and administrative expenses

Total assets
Total liabilities
Net cash flows from financing activities

Standard deviation of income before income taxes

Sales

Income before income taxes

Cash flows from operating activities
Retained earnings

Working capital(=current asset - current liability)

Table 2. Nine DEA models with different combinations of input-output factors

Model 1 2 3 4 5
o Selling and . . o Selling and
g . o Selling and ° Selling and g . o Net cash flows from
Input administrative . . L . administrative expenses . o
administrative expenses administrative expenses financing activities
factors expenses . o Total assets .
o Total liabilities o Total assets . o Total liabilities
o Total assets o Total liabilities
o Income before income | ° Income before income
o Income before o Income before income taxes taxes . .
Output . o Retained earnings
; income taxes taxes o Sales o Sales Sal
actors o Sales
o Sales o Sales o Cash flows from o Cash flows from
operating activities operating activities
Model 6 7 8 9
o Net cash flows from o Net cash flows from
o Total liabilities financing activities financing activities
. . o Net cash flows from A
Input o Standard deviation| © Total liabilities f . . o Total liabilities
. o inancing activities o
factors of income before | o Standard deviation of 'g o o Standard deviation of
. . ) o Total liabilities . .
income taxes income before income income before income
taxes taxes
. . o Retained earnings o Retained earnings
Output | © Retained earnings | © Sales & &
. . . . o Sales o Sales
factors | ° Working capital | ¢ Working capital

o Working capital

o Working capital
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Table 3. Descriptive statistics of the translated input-output factors

Factors Min Max Average Std. Dev.
Selling and administrative expenses 8.8 11176.5 286.8 1159.7
Total assets 87.7 263628.7 6116.6 27247.6
1Pt ol labilices 35.9 45712.1 2091.0 62695
Factors
Net cash flows from financing activities 0.0 37487.3 1892.1 4984.0
Standard deviation of income before income taxes 2.6 12498.2 274.7 1324.2
Income before income taxes 1.0 41539.1 1007.5 4146.9
Sales 110.6 200434.0 5339.0 20895.0
?;ti?: Cash flows from operating activities 1.0 41121.5 1481.7 4050.8
Retained earning 1.0 187580.5 2944.4 18663.8
Working capital(= current asset-current liability) 1.0 66317.0 5993.4 6131.6
[Model 7}
< 0,5749225285 >= 0.5149205005
| B3.68
0 %4l
Total 100,08
[Model 2]
< (0.46693201 > = 1,46693201

25.08
75.08
Total 100,08

Figure 3. The result of decision tree analysis
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Table 4. Pattern of efficiency scores and the probabilities of the rate of increase in stock prices being above the median

Type Pattern of efficiency scores Probability
1 E, < 0.5749225285; E, < 0.5703659102 23.1%
2 B, < 0.5749225285; FE, > 0.5703659102 45.2%
3 E, > 0.5749225285; E, < 0.46893201 33.3%
4 E, = 0.5749225285; E, = 0.46893201 71.4%
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<Appendix 1> Efficiency results from the nine DEA models

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
AE 0.64 0.64 0.64 0.64 0.30 0.15 0.49 0.30 0.49
ST AR 0.30 0.41 0.30 0.45 0.47 1.00 1.00 1.00 1.00
el A 0.31 0.75 0.31 0.76 0.76 0.81 1.00 1.00 1.00
A 0.75 0.58 0.75 0.75 0.38 1.00 1.00 0.38 1.00
Aol 29 0.63 0.71 0.97 0.97 0.57 0.20 0.63 0.57 0.63
Rkl 0.50 0.47 0.50 0.50 0.33 031 0.59 0.36 0.59
¥4 0.47 0.46 0.47 0.47 0.27 0.14 0.48 0.27 0.49
ST A7 0.50 0.71 1.00 1.00 0.62 1.00 1.00 0.78 1.00
A7} 0.51 0.52 1.00 1.00 0.33 0.17 0.33 0.33 0.33
aH AL 0.27 0.44 0.29 0.44 1.00 1.00 0.97 1.00 1.00
FUA % 0.41 0.30 0.45 0.45 0.28 0.24 0.42 0.28 0.49
Alo}A 7 0.89 0.56 0.89 0.90 0.48 0.15 0.85 0.48 0.85
EABES] 0.61 0.45 0.62 0.62 0.35 0.14 0.61 0.35 0.61
Ao A 0.88 0.75 0.88 0.88 0.96 0.29 0.96 0.96 0.96
BNGZ2HE 0.81 0.56 0.92 0.92 0.41 0.16 0.72 0.41 0.72
FYAY 0.65 0.67 0.65 0.72 0.82 0.34 0.69 0.82 0.82
Frg 0.52 0.39 0.58 0.59 0.36 0.15 0.53 0.36 0.53
Pt 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
F2F 0.88 0.72 0.88 0.89 0.55 047 0.96 0.55 0.96
stoledv) g 0.37 0.37 0.37 0.37 0.17 0.07 0.22 0.17 0.22
IZESHETY 0.61 0.40 0.63 0.63 0.38 0.22 0.37 0.38 0.40
NIZAE 0.50 0.38 0.82 0.84 0.26 0.20 0.34 0.26 0.34
ERalLl=y 0.56 0.25 0.56 0.56 0.27 0.12 0.30 0.27 0.30
weE7 0.57 0.55 0.88 1.00 0.56 0.32 0.52 0.56 0.56
THEH 0.55 0.47 0.56 0.66 0.47 0.37 0.54 0.47 0.54
I 0.41 0.39 0.86 0.86 0.20 0.32 0.83 0.23 0.83
agolad 1.00 1.00 1.00 1.00 1.00 0.47 1.00 1.00 1.00
Hujslo] 23 1.00 0.56 1.00 1.00 0.40 0.08 1.00 0.40 1.00
T 4 0.54 0.47 0.54 0.54 0.29 0.99 1.00 0.29 1.00
e 1.00 0.68 1.00 1.00 0.53 0.18 1.00 0.53 1.00
ARl 0.40 0.28 0.40 0.40 0.27 0.16 0.31 0.27 0.34
FEAL 0.78 0.41 0.78 0.78 0.30 0.04 0.62 0.30 0.62
ZIdgnF 0.82 0.68 0.82 0.82 0.56 0.12 0.90 0.56 0.90
A4 1.00 0.68 1.00 1.00 0.54 0.11 0.73 0.54 0.73
SR 0.61 1.00 0.61 1.00 1.00 1.00 1.00 1.00 1.00
o] -2+ 0.80 0.80 0.80 0.80 0.12 0.20 0.29 0.12 0.33
RS 0.79 0.79 0.99 1.00 1.00 0.27 1.00 1.00 1.00
s ool 0.65 0.65 0.65 0.65 0.22 0.29 0.42 0.22 0.42
DSRA 7% 0.52 0.31 0.53 0.55 0.31 0.34 0.52 0.31 0.52
3lo) 2 0.49 0.62 0.50 0.73 0.50 0.39 0.50 0.50 0.50
o 3k 7% 0.79 1.00 0.82 1.00 1.00 0.78 1.00 1.00 1.00
v =A% 0.41 0.30 0.42 0.42 0.22 0.05 0.22 0.22 0.22
o) EA & 0.35 0.26 0.40 0.40 0.14 0.29 0.41 0.14 0.44
ALY 0.46 0.38 0.51 0.51 0.20 0.16 0.41 0.22 0.41
TEITITYA 1.00 0.74 1.00 1.00 0.74 0.74 0.74 0.74 0.74
Gl G4 0.66 0.30 0.71 0.71 0.24 0.34 0.42 0.24 0.42
Y2 0.62 0.45 0.62 0.62 0.18 0.16 0.26 0.18 0.26
2 = hof| o] 0.76 0.49 0.76 0.76 0.45 0.24 0.57 0.45 0.57
AR A 1.00 0.83 1.00 1.00 0.44 0.25 0.99 0.44 0.99
FAlo| =4 E] 0.84 0.67 0.84 0.84 0.30 0.30 0.39 0.30 039




DEA| A £} - A& 2.4 A9 WY
HJIET 0.55 0.48 0.55 0.55 0.25 0.16 0.29 0.25 0.29
to] &0} 0.49 0.30 0.50 0.50 0.13 0.21 0.26 0.13 0.26
AJS 0.65 0.43 0.66 0.66 0.30 0.54 0.54 0.30 0.54
A= 0.59 0.30 0.59 0.59 0.18 0.10 0.17 0.18 0.20
Aduto] 1.00 0.77 1.00 1.00 0.70 0.35 0.75 0.70 0.75
A E 0.90 0.77 0.90 0.94 0.64 0.27 0.62 0.64 0.64
AEA7EY 0.77 1.00 0.77 1.00 1.00 1.00 1.00 1.00 1.00
fue 0.25 0.19 0.38 0.38 0.15 0.18 0.14 0.15 0.18
9lo]x)-¢1 0.44 0.25 0.45 0.45 0.22 0.15 0.28 0.22 0.29
N5es 0.99 0.61 1.00 1.00 1.00 1.00 1.00 1.00 1.00
w]FE2 A 0.58 0.44 0.58 0.58 0.20 0.27 0.36 0.20 0.36
B3 0.61 0.51 0.61 0.64 0.43 0.55 0.69 0.63 0.69
ALA 7 0.78 0.76 0.84 0.93 0.44 0.35 0.47 0.44 0.47
LA 1.00 1.00 1.00 1.00 0.42 0.44 0.48 0.42 0.48
Al o] 3 of] = 0.54 0.38 0.54 0.56 0.34 0.26 0.46 0.34 0.46
AlZdrlE 0.45 0.31 0.53 0.61 0.31 1.00 1.00 0.31 1.00
BHE A A 0.71 0.37 0.71 0.71 0.37 0.17 0.50 0.37 0.50
SAAT 0.62 0.42 0.62 0.62 0.20 0.17 0.25 0.20 0.25
el ~ 0.49 0.49 0.49 0.49 0.14 0.07 0.17 0.14 0.17
AFg-0] 1A 0.54 0.38 0.54 0.54 0.34 0.34 0.53 0.36 0.55
FAAY 0.91 0.89 0.91 1.00 0.68 0.56 0.72 0.68 0.72
Hax7) 0.73 0.70 0.73 0.73 0.58 0.37 0.67 0.59 0.69
AEF 0.69 0.52 0.69 0.70 0.33 0.34 0.34 0.34 0.34
3ol ~E] 0.70 0.73 0.70 0.74 0.42 041 0.41 0.43 0.47
A E2 0.54 0.44 0.54 0.60 0.41 0.96 0.99 0.41 0.99
Aol 0.34 0.23 0.34 0.34 0.17 0.19 0.26 0.17 0.26
3}o]"SNT 0.87 0.73 0.87 0.88 0.46 0.31 0.50 0.46 0.50
ALy 2 0.68 0.29 0.69 0.69 0.26 0.37 0.71 0.26 0.71
o) ART 0.34 0.34 0.34 0.34 0.06 0.11 0.17 0.06 0.17
g9 1.00 1.00 1.00 1.00 0.58 0.24 0.74 0.58 0.74
e 1.00 0.83 1.00 1.00 0.62 0.27 0.61 0.62 0.62
S SR ] 0.45 0.37 0.45 0.46 0.25 0.15 0.25 0.25 0.25
s~ 0.65 0.56 0.79 0.79 0.33 0.17 0.33 0.33 0.33
o 0.53 0.70 0.54 0.94 0.78 1.00 1.00 0.78 1.00
447 1.00 1.00 1.00 1.00 1.00 0.49 1.00 1.00 1.00
12D ] 0.64 0.68 0.67 0.89 0.72 0.43 0.68 0.72 0.72
HR 24 0.56 0.55 0.56 0.57 0.27 0.43 0.48 0.48 0.48
A o] 1] €] 0.83 0.62 0.83 0.83 0.21 0.20 0.21 0.21 0.21
2ted el 0.87 0.50 0.89 0.89 0.24 0.15 0.27 0.24 0.27
3ol 2] 0.85 0.83 0.85 0.85 0.27 0.12 0.56 0.27 0.56
5ol 2~ H) 0.82 0.66 0.90 0.95 0.67 0.23 0.67 0.67 0.67
ARl 0.62 0.43 0.62 0.62 0.21 0.19 0.25 0.21 0.25
AP H B 0.37 0.29 0.37 0.37 0.15 0.18 0.20 0.15 0.20
ool K 0.42 0.53 0.42 0.62 0.56 0.42 0.56 0.56 0.56
AHE = 0.48 0.37 0.48 0.48 0.13 0.30 0.27 0.13 0.30
vFH Y 0.65 0.58 0.65 0.73 0.52 0.37 0.52 0.52 0.52
34k 0.90 1.00 0.90 1.00 1.00 1.00 1.00 1.00 1.00
HyAEE 0.74 0.52 0.74 0.74 0.15 0.13 0.20 0.15 0.20
£3BM 0.94 0.98 0.94 1.00 0.42 0.33 0.43 0.42 0.43
Pt 0.49 0.38 0.49 0.49 0.24 041 0.46 0.46 0.46
7 0.55 0.35 0.58 0.58 0.18 0.26 0.33 0.18 0.33
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