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Abstract

The following thesis focus on the sixty one Listed/OTC Electric Machines
Industry enterprises in Taiwan as study objects. This study adopted input-oriented
viewpoint and tried to select the suitable variables, meanwhile, use Principle
Component Analysis (PCA) to extract four single perspective indicators from the
four dimensions of Balanced Scorecard (BSC), finally decided input five elements:
fixed assets ~ number of employees, customer perspective indicator, internal process
perspective indicator, learning and growth perspective; output two elements: net
revenues, financial perspective indicator to do three kinds (best, medium, worst) of
BSC perspective combination’s operational efficiency study through Bounded
Variable Data Envelopment Analysis (Bounded-DEA).

Bounded-DEA empirical results show that: (1).The median value of Technical
Efficiency, best BSC 0.406 ~ worst BSC 0.235 - medium BSC 0.209 in sequence. (2).
The median value of Pure Technical Efficiency, worst BSC 0.880, best BSC 0.440,
medium BSC 0.248 in sequence. (3).The median value of Scale Efficiency, medium
BSC 0.992, best BSC 0.988, worst BSC 0.372 in sequence, but the worst BSC with
input reducting status on fixed assets, number of employees, customer perspective,
internal process perspective, learning and growth perspective, meanwhile, leads to
the lowest output value among the three conditions on the financial perspective and
net revenue.

The results of this study show that the electric machines industry enterprises in
order to profit and survive, they must pay the relative costs, meanwhile, consider
the financial and non-financial factors, the appropriate input layout, emphasis on
operational efficiency, and then to get the expected profit and survival. If adopting
the worst BSC ones still go its own way, that is not adjusted to the necessary inputs,
the subsequent output profit is bound to decline, meanwhile, be catched up by
adopting the best BSC and medium BSC ones on the operational efficiency in the
near future.

Keywords: Electric Machines Industry ~ Balanced Scorecard ~ Principal Components
Analysis- Operational Effeciency - Bounded Variable Data Envelopment
Analysis (Bounded-DEA)
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PC(2)= a2l X1 + a22 X2+ ....+a2p Xp Y,

(X =)
PC(m)= amlX1l+amlX1l+...+ampXp —— Y
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SREEENEES R B TSRS S TR

AP AEE s alls o alpRE ™ & i @ PC(L) WA ARE R
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BR G R XSRS R ERT LR EERI A A LR
CES R

AT R T g + (BSC) w G B L A A 42 F B iR A
Befs o P RAF B AR A DA Rk S A e T LG H - 4
o Hdicdp 120 0~100 2 > #cdp g & > & BSC 4 i -

24



¥ = & Bounded-DEA #-31f§ 4
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(=) CCR #-1]

CCR #i5t sr 27 Farrell 558 > & BN IHEK 4 2 BA2L 7 H TR
Mo de CCR BN 7 AU % xﬁ;};/\ SIEA A u2Fpod Rl oF i H_Farrell
BT Rk che SR T A AN E 2 W Ew o A N 2 2 FR A
EFLARFHE TR AT ’%}i Mz i SRR T BN B 2 2
letpﬂauﬂaaéﬂL?T’@%W%*ﬁ%*%*ﬁqoﬁéit
B4 W hgEiaed o FP A & 4 48~ B2 CCR £ BCC st -

@“ﬁ

N

DEA%’ BEL2ZME BXKF NBRF >+ - B DMU e B2 47
T e RS EA MR B 3~ bl p°IF;»P§+— DMU 3 s & !
m g~ o —,—'”ﬁ nB DMU > P H ek 25 2 #8180 5

E m
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(3-1)

Il
=
-
-
%4
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Y%\ % ] B DMU en& r 78 &2 113 d
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u BRv, A Ha AN LS L o

s = 251 £ F 48 #(non- archlmedean quantity) » % 7 & — #&-] (OE B> &
Pt P k1075 107 2 op R didkc S éﬂt’sﬂ'ﬂ#ﬂﬁlqﬁ* IETER S
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B
i=1
m
s.t. Zvi}{ij =1
i=1
- m
I"Lr'?r'] - Zvixlj =0, i=1, 11
i=1 i=1
u,v; =e>=0, i=1,...qmit=1....,5 (3-2)

d N (R AP AE) 7 nt st m+ 1 BRI P stm F o RHH R
> ¥ (dual) oSG8 0 € Fostm BALFINECP 1202 ndstm+l B R P o @
;;;,\ B A B #cstmid ﬁr’ gf*x;f-,%f (ESN - | RN Sl SR I g
FEOFMATEYEFEFS LTV - P a0 AERFSHBENE 2 T uE

i 5 enF A (Boussoflane et aI. » 1991) o i€ AR H0N P = H I 5
do (3-3) 9

Min El=E—E(ZSl—+Zs:)
i=1 r=1

£l

2.t FL] i EIX +s” =0, i=1,.....,m
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S %E—l’fs—ﬂ’f— Pl %57 3%2 DMU B @/ F 538 > ¢ 97
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P
S A EA DT £ Rt lendi Ao R A B AEAR Y 4 G F oA AUB T AREER PR
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BosS P e AR HER Y B 2 P T
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=3 m
5.t Zur‘:’ﬂ—uu/ZviK”_l J=1, .
r=1 i=1
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i=1
B
Max g] = Z I"Lr?rj Uy
i=1
m
s.t. Zvi}{ij =1
i=1
E m
I‘LP?FJ_ZULXLJ_UDEOJ ]:1! 1
i=1 i=1
L., =2>=0, i=L..,m:r=1,....,58
u, £ E & R3] (3-6)

doug ¥ of AR DR e T AT

B oup = O FF 0 RS HAR R E
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Foup <0 B SRR PR

i=1 r=1
iy
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=1
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i1
n
S
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A=0 (3-9)
Max &
s.t.  ByS=YCA

x5 = X2

1Y <YM gu

B OF IS 1N

L=XA=U

Az=0 (3-10)
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3 1506 hEH 1965/03 318 ~ 8 T B E2 HF 2 QR §
4 1507 A& 1966/07 |
- T EF BB T AN 12 EH D ﬁmi
5 1512 | s34l | 1970/06 y F
sl g oz fpd
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(A 4-2-1) MFF G 4 5 A ikl %

Component |[Compl [Comp2 |Comp3 |Comp4d |Comp5 |Comp6 |Comp7 |Comp8 |Comp9
Eigenvalue [7287214 |40463.6 |14190.2 |4238.9 |1347.41 |363.191 |153.597 |7.1921 |1.43429
Difference |7246751 |26273.4 |9951.29 |2891.49 |984.214 |209.594 |146.405 |5.75781 |-
Proportion |0.9917 |0.0055 |0.0019 |0.0006 |0.0002 0.0000 |0.0000 |0.0000 |0.0000
Cumulative |0.9917 |0.9972 [0.9992 0.9997 |0.9999 1.0000 |1.0000 |1.0000 |1.0000
Principal components (eigenvectors)

Variable Compl |Comp2 |Comp3 |Comp4d |Comp5 |Comp6 |Comp7 |Comp8 |Comp9
f1 0.0025 |-0.0066 |0.0794 |-0.0251 |0.0424 |0.5337 0.7463 |-0.3855 |0.0300
f2 0.0016 |-0.0038 |0.0454 |0.0149 |0.0002 |0.3223 0.1987 |0.8039 |-0.4562
f3 0.0033 |0.0017 |0.2363 |-0.0675 [-0.0003 |0.7338 |-0.6188 |-0.1251 |0.0499
f4 0.0013 |0.0768 |-0.0316 |-0.5911 |0.8002 |-0.0471 |-0.0105 |0.0329 |-0.0026
f5 0.0010 |0.9956 |0.0143 |0.0869 |-0.0302 |0.0063 0.0066 |-0.0016 |0.0005
6 -0.0001 |-0.0524 |0.0860 |0.7951 |0.5967 = |0.0138 [-0.0346 |-0.0152 |0.0031
7 0.0002 |-0.0020 |0.0060  |0.0078 |-0.0010 |0.1064 |0.1117 |0.4332 |0.8880
8 1.0000 |-0.0011 |-0.0079 {0.0015 |-0.0008 |-0.0025 |-0.0007 |-0.0003 |0.0003
9 0.0072 |-0.0073 |0.9629 |-0.0738 |-0.0300 |-0.2429 |0.0829 |0.0243 |0.0009

(4 4-22) M-S L AT R EL S
Component Compl | Comp2 | Comp3 Comp4 Comp5 Comp6
Eigenvalue 7287195 14104.6 370.394 158.758 11.9271 1.47685
Difference 7273090 13734.2 211.636 146.831 10.4502 .
Proportion 0.998| 0.0019 0.0001 0.000 0.000 0.000
Cumulative 0.998| 0.9999 1.000 1.000 1.000 1.000

Principal components (eigenvectors)

Variable Compl | Comp2 Comp3 Comp4 Comp5 Comp6
fl 0.0025| 0.0802 0.5345 0.7442 -0.3924 0.0106
2 0.0016] 0.0452 0.3069 0.2169 0.8274 -0.415
3 0.0033] 0.2384 0.7425 -0.6155 -0.1059 0.0422
7 0.0002| 0.0058 0.1001 0.1187 0.3873 0.9088
8 1.0000 -0.008 -0.0025 -0.0007 -0.0002 0.0003
9 0.0072] 0.9667 -0.2425 0.0792 0.0177 0.0026
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(#£4-2-3) SERHS 1A A TS S

Component Comp1l Comp?2 Comp3
Eigenvalue 2858.94 0.00042 8.70E-05
Difference 2858.9 0.0003 :
Proportion 1.000 0.000 0.000
Cumulative 1.000 1.000 1.000
Principal components (eigenvectors)
Variable Compl Comp2 Comp3
fl 0.000 0.2344 0.9721
f2 1.000 0.000 0.000
3 0.000 0.9721 -0.2344
(‘t% 4-2-4) B £ fﬁc’u AL ITHESES
Component Compl Comp2 Comp3
Eigenvalue 2858.94 0.00042 8.70E-05
Difference 2858.9 0.0003 :
Proportion 1.000 0.000 0.000
Cumulative 1.000 1.000 1.000
Principal components (eigenvectors)
Variable Compl Comp2 Comp3
fl 0.000 0.2344 0.9721
2 1.000 0.000 0.000
3 0.000 0.9721 -0.2344
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('t 4-2-5) p iR

ERE - ST LR TR TS !

Component Compl Comp2 Comp3 Comp4 Comp5 Comp6 Comp7 Comp8 Comp9 Compl0
Eigenvalue 981240 315265 8489.09 4284.3 1917.04 21.39 67.9462 23.8399 7.95645 4.14438
Difference 665975 306776 4204.79 2367.25 1795.65 53.4443 44.1063 15.8834 3.81207 4.14438
Proportion 0.7482 0.2404 0.0065 0.0033 0.0015 0.0001 0.0001 0.0000 0.0000 0.0000
Cumulative 0.7482 0.9886 0.9951 0.9984 0.9998 0.9999 1.0000 1.0000 1.0000 1.0000
Principal components (eigenvectors)
Variable Compl Comp2 Comp3 Comp4 Comp5 Comp6 Comp7 Comp8 Comp9 Comp10
il -0.0004 0.0010 -0.0175 0.0302 -0.0496 0.1820 0.9687 -0.1463 0.0289 0.0500
i2 0.0010 -0.0015 0.0052 -0.0102 -0.0021 -0.0045 -0.0058 0.0587 0.9662 -0.2506
i3 -0.0004 0.0001 -0.0014 -0.0050 0.0316 -0.0756 -0.0065 0.1144 0.1674 0.6727
i4 0.0084 0.0253 0.2203 0.9731 0.0068 -0.0581 -0.0143 0.0063 0.0078 -0.0023
i5 0.8411 0.5382 -0.0334 -0.0154 0.0150 -0.0288 0.0023 -0.0231 0.0013 -0.0001
i6 0.0095 0.0046 0.0755 -0.0428 -0.0211 -0.3955 0.2182 0.8668 -0.0969 -0.1650
i7 -0.3820 0.5941 -0.0286 -0.0066 -0.0012 -0.0161 0.0012 -0.0047 0.0012 -0.0016
i8 -0.0148 -0.0097 -0.0030 -0.0084 0.9947 -0.0597 0.0608 -0.0279 -0.0081 -0.0461
i9 -0.0004 0.0001 -0.0014 -0.0050 0.0316 -0.0753 -0.0065 0.1147 0.1668 0.6722
i10 -0.3820 0.5941 -0.0286 -0.0066 -0.0012 -0.0161 0.0012 -0.0047 0.0012 -0.0016
i11 0.0165 0.0334 -0.1165 0.0730 0.0728 0.8763 -0.0992 0.4426 -0.0158 0.0228
i12 0.0057 0.0518 0.9639 -0.2106 0.0117 0.1512 -0.0079 -0.0196 -0.0002 0.0202
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(& 4-2-6) P FRiRAEH G

LA PAKHELE

Component Comp1l Comp2 Comp3 Comp4
Eigenvalue 786196 4594.29 432.711 45.65
Difference 781601 4161.6 387.06 :
Proportion 0.9936 0.0058 0.0005 0.0001
Cumulative 0.9936 0.9994 0.9999 1.000

Principal components (eigenvectors)

Variable Compl Comp2 Comp3 Comp4

i4 0.0142 0.9986 -0.0508 -0.0086
i5 0.9995 -0.0153 -0.0181 -0.0191
i6 0.0109 -0.0108 -0.3675 0.9299
i11 0.0246 0.0501 0.9285 0.3672

(4 42-7) BY A3 EHa 3 3D A AE &

Component |Compl Comp2 |Comp3 |Comp4 |Comp5 [Comp6 |Comp7 |Comp8 |Comp9 |ComplO
Eigenvalue |23673212 (2520832 340080 |32960.9 [298.672 ({170.056 |148.665 (8.51785 |2.19515 |0.0000
Difference [21152379 |2180753 (307119 [32662.2 [128.616 |21.3917 |140.147 |6.3227 2.19515 |00.0000
Proportion |0.8911 0.0949 ' |0.0128 |0.0012 |0.0000 |0.0000 - |0.0000 |0.0000 |0.0000 |0.0000
Cumulative |0.8911 0.9859  |0.9987 |1.0000 1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000
Principal components (eigenvectors)

Variable Compl Comp2 |Comp3 |Comp4 - |Comp5|Comp6 {Comp7 |Comp8 |Comp9 |ComplO
11 -0.0005 0.0013 |0.0154 [0.0013 |-0.2118 |0.4170 |0.8817 |0.0603 -0.0052

12 0.0011 -0.0034 |0.0048 |0.0303 |-0.2923 |0.8352 |-0.4638 |-0.0238 |-0.0175

13 0.0000 0.0000 |-0.0000 [0.0000 |-0.0002 |-0.0018 |0.0002 |0.0165 0.0043

14 0.9989 -0.0144 0.0248 |-0.0374 |0.0017 |0.0006 |0.0003 |0.0002 0.0005

15 0.0207 0.9894 |-0.0751 |0.1225 |0.0070 |0.0025 |0.0002 |-0.0007 0.0004

16 -0.0001  |-0.0013 |-0.0000 |0.0093 |-0.0210 |0.0092 |-0.0163 |0.1856 |0.9822

17 0.0345 -0.1196 |0.0335 |0.9864 |-0.0809 |-0.0609 |0.0078 |-0.0054 |-0.0095

18 0.0014 -0.0192 |0.0009 |0.0953 |0.9287 |0.3526 |0.0544 |0.0258 |0.0116

19 -0.0245 |0.0790 |0.9962 |-0.0232 |0.0070 |-0.0086 |-0.0117 |-0.0010 |0.0006

110 0.0001 0.0007 |0.0003 |0.0019 |-0.0150 |-0.0167 |-0.0639 |0.9800  |-0.1865

68




(% 4-28) EVHAFIEHG LA PLA P HELS

Component Compl Comp2 | Comp3 Comp4 Comp5 Comp6 Comp7
Eigenvalue 23659211 | 2507212 | 331244 297.034 168.718 8.84603 0.000
Difference 2.00E+07 | 2.00E+06 | 32827 128.32 159.87 8.846
Proportion 0.903 0.0957 0.0013 0.000 0.000 0.000 0.000
Cumulative 0.903 0.9987 1.000 1.000 1.000 1.000 1.000

Principal components (eigenvectors)

Variable Comp1l Comp2 | Comp3 Comp4 Comp5 Comp6 Comp7

12 0.0011 -0.0035 | 0.0313 -0.3126 0.9492 -0.0164
13 0.000 0.000 0.000 -0.0001 -0.002 0.0156
14 0.9992 -0.0165 | -0.0368 0.0016 0.0005 0.000

15 0.0209 0.9924 | 0.1209 0.0074 0.0021 -0.0008
17 0.0345 -0.1203| 0.9869 -0.0817 -0.0599 -0.0031
18 0.0014 -0.0192 0.0947 0.946 0.3087 0.0185
110 0.0001 0.0007 0.0019 -0.0229 0.0098 0.9996
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