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Management Efficiency Analysis of Innovative Pharmaceutical Companies'
Technological Innovation Activities
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Abstract

The purpose of this study is to analyze the efficiency and productivity of technological innovation
activities of companies certified as innovative pharmaceutical companies by the government to diagnose
their competitiveness and derive measures to strengthen them. This study collected pharmaceutical
input (R&D expenditures and number of employees) and output (sale, operating profit and patent) data
between 2017 and 2019 for 38 innovative pharmaceutical companies. This study analyzed them using
the data envelopment analysis (DEA) method, Tobit model and the Malmquist Productivity Index (MPI).
First, the DEA result of the innovative pharmaceutical companies show that between the value of the
CCR model of the scale efficiency and the value of the BCC model to diagnose the internal operation
efficiency is differences. Second, efficiency does not differ between corporate characteristics. Third,
Tobit model shows that number of patents held have positive effects on efficiency. Forth, overall MPI
is 0.89. This can be interpreted as the rate of TECI decreased 3%p and TCl has increased 4%p. The
results of this study can be used as decision—-making data for response strategies to improve efficiency
by identifying the cause of inefficiency and presenting target values.
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2 0.742 0.879 0.844 DRS BcC | 11 - 6 5
3 0917 1.000 0917 DRS
4 0.761 1.000 0.761 DRS
5 1.000 1.000 1.000 CRS
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Ao o2 Hx ool tist vi=Es Ay (X 6l
Zow CCR E&olA DMU38L 213], BCC 230
Al DMU139°| 143]2 71 ol 2=t shARt
BCC ZgojlA DMU3, DMU26, DMU312 &= Fot
o3 Z&gEA Eotqrt

E 6. DEA Zuiof Qg = Zch

CCR BCC
DMU
Reference Set [Reference| Reference Set |Reference
1 6 3
DMU11(0.770), DMU13(0.009),
DMU16(0.642),
2 DMU16(0.977),
DMU38(0.138) DMU18(0.251),
i DMU(0.098)
3 DMU11(0.935),
DMU16(0.689)

DMU1(1.743),

4 | DMU5(0.657), 4
DMU38(0.506)

5 10 4
DMU11(0.800), DMU11(0.622),

DMU13(0.121),
DMU16(0.167),

6 DMU16(0.047),
DMU33(1.205),

DMU38(0.032) DMU33(0.041),
: DMU38(0.169)

5 | DMU16(0.023), DMU13(0.035),
DMU33(1.736) DMU33(0.965)
DMU11(1.082), DMU4(0.072),

DMU13(0.031),

8 | DMU16(0.095),

DMU38(1.781) DMU16(0.256),
: DMU21(0.641)
OMU16(0.036), DMU1(0.226),
DMU12(0.313),

9 | DMU33(1.073),

DMU38(1.076) DMU(0.078),
: DMU38(0.383)
DMU1(0.071), DMU12(0.263),

10 | DMU33(2.207), DMU13(0.034),
DMU38(0.354) DMU33(0.703)

11 18 9

12 | DMU38(0.431) 4

13 | DMU16(0.830). 14
DMU38(7.015)

DMU1(1.688), DMU1(0.462),

14 | DMU5(0.391), DMU4(0.489),
DMU38(0.174) DMU(0.049)
DMUS(0.050), DMU11(0.655),

DMU16(0.042),

15 | DMU11(1.011),

DMU38(0.404) DMU21(0.223),
: DMU38(0.080)

16 17 11

17 | DMU16(0.043). DMU13(0.064),
DMU33(2.244) DMU33(0.936)
DMU11(1.819),

18 | DMU16(0.724), 1
DMU38(0.949)

DMU5(0.296), DMU5(0.297),

19 | DMU11(0.371), DMU11(0.337),
DMU33(0.151) DMU33(0.366)
DMU5(0.239), DMU5(0.375),

20 DMU11(0.313), DMU12(0.181),
DMU33(1.193), DMU13(0.052),
DMU38(0.342) DMU33(0.391)
DMU5(1.782),

21 | DMU11(0.436), 6
DMU38(0.273)

DMU4(0.295),
DMU11(0.188), DMU13(0.011),
22 | DMU16(0.128), DMU16(0.181),
DMU38(1.315) DMU21(0.059),
DMU38(0.453)
DMU1(0.380), DMU1(0.011),
DMU12(0.507),
DMUS(0.311),
23 DMU13(0.006),
DMU(0.359),
DMU38(0.434) DMU33(0.339),
: DMU38(0.138)

9g | DMUTT(E.136), 1
DMU16(0.591)

DMU16(0.063), DMU13(0.048).
DMU16(0.010),

25 | DMU33(0.946),

DMU(0.500) DMU33(0.390),

: DMU38(0.552)
DMU1(0.487),
26 | DMU5(3.827),
DMU33(0.323)

57 | DMU16(0.030), DMU16(0.181),
DMU38(2.328) DMU38(0.819)

5g | DMUT1(0.439), DMU11(0.500),
DMU34(0.728) DMU34(0.500)




— BMUTI(0.228),
DMU13 (0.077),
DMU16(0.091).

2 DMU16(0.060),

DMU33(0.285),
DMU38(0.752) DMU21(0.287).
DMU38(0.348)
p— DMUT1(0.150),
DMU16(0.019),
30 | DMUT1(0.442),
DMU38(0.672) DMU21(0.458),
DMU38(0.373)
BMUT1(0.070),
31 | DMU33(0521)
DMU34(0.299)
DMUT1(0.197), OMUS(C.08)
DMU16(0.005).

2 DMU13(0.018),
DMU33(1.102), DMU33(0.796)
DMU38(0.038)

B 3 1 5

34 34 i 2

BMUT1(0.043),

35 | DMU34(1.118) e,
BMUT1(0530), DMUA(0.250),

36 | DMU16(0.292) DMU16(0.434),
DMU38(1.551) DMU21(0317)

DMUT1(0.506),
5 | DMUTIO60D), DMU16(0.092).
DMU38(0.445) DMU21(0.065).
DMU38(0.336)
% 7 10
Avg. 0687 0873 08% -
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Zup &2 A= A& DEA Eﬁ& Aestgl7] i
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EZo|B & AkE W] FStofof St A HEE
KW, CCR E@A+= E9] 352.9%, EH 352.9%,
FAolY 113.9%F S7H1711L BCC REoJA = EF
350.0%, W& 377.0%, FLol9] 115.1% Z7HA7]
| 584& AT & Sk

At | = A =
T et B | D= 0/e] £9
Sixigt | 40,449 162 11,303 | -44,536 1
CCR [ =Hzt | 9481 162 51,188 | 6.175 4
Mg | -76.6% - 352.9% | 113.9% | 352.9%
Sixizt | 40,449 162 11,303 | -44,536 1
BCC | =Hzt | 8637 162 539156 | 6,733 5
g | -78.6% - 377.0% | 1151% | 350.0%
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Ho|z] gk=ttal 43 & 4= Stk
H 8. Wilcoxon—-mann-Whitney Z4Z Zu}

o3 o
2d P-Val g2 P-Val
= HIAE | W Qdt | HI0| | W
ke PV Ue | miopAt | sRAL ue

CCR | 0.660 | 0.827 | 134 |0.1321| 0.713 | 0.602 | 133 |0.8289
BCC | 0.793 | 0.984 | 142]0.0583| 0.871 | 0.669 | 106 |0.2484

SE | 0.834 | 0.839 | 109 [0.6157] 0.819 | 0.886 | 175 |0.1297
*p-value  0.05 R+F
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T Mean | Std. Dev. Min Max
QIB7I1zt 5.68 224 1 7
SSIRAl 34.2 35.0 0 166

TR 22 g etk & dTeld g @
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FHHP T84 32 180 34 " ol B4F
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AW g, 249 A4 S VlerE T S
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*p-value { 0.05 Re+&

DEA &8/ &40 |ARRE Aol <1 th= I54
= 719 FYgdie] 429 A vlE&E H|acke b
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e} FYehE] A9 HEo] ISR 2 Ha
SIAEAE FHT 5= e BAE P4 HIEA 0]
2} ghri44].

THAE A A=(MPDY] o4 15t & 3%
o= AB4Hdo] S71, 13 2oy Aido] 5, 1HTh
Zom Azto] Age] wet FY the] AH=9] HlEo]
7Aas Ao=2 wsitt

MPI= A7HY] S50 @& DMUY] A4y W
714&9] WM3KTC, Technical Change)?} &4 ¥
SHTEC, Technical Efficiency Change)@ &34
BT = SltH4s]. 71ed a8 HIRAS(TECI-
catchup effect= &+ AIF 719 71&4 &84 9%
£ Brlol= Ageolth. 71ed 884 M= Ve
o thgt &3 5717, A7ls 9 A4 A}, A
2AE, B8 9 Y] 7H5E VA SoE oA A
HE} FAAAF A dekg 7R =7 UERE

- CCR =8 BCC 23 7|12t TECI TCI MPI
= Estimate St|Std. Error|Estimate St|Std. Error T1(2017~2018) 0.99 0.90 0.88
Intercept 0.486839* | 0.239577 0.507699 0.345078 T2(2018~2019) 0.96 0.94 0.90
QIB717t 0.026654 0.041803 0.012463 0.059774 Avg. 0.97 0.92 0.89
E5i9X 744 | -0.003822 | 0.002594 | -0.016842* | 0.007324
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o 66%9 TAEES HAFEY|, ol T17]oE=
TCI0.692 7|&ERE HYonw T27d&

TECI0.17)2 @A) steste] abie] A shet
sloict. BARACE 5] *gwmﬂ 120} &t
ARro] A% £ o] 4 ulgo] 4
Stk 2L olmjgict weta 7] o}nw A A4}
we Jlgse 59 2 A 9 71&84 5
2 B A FHS 9190 slor Fehag). wretA
Alohg yg A% 1 vgkel 2378 DMUSS AJ4F
wejo] a7

B 12. Zt DMUE MPI H3lo CHSH 7|51 240}

DMU T1(2017~2018) T2(2018~2019) Geometric
TECI | TCI | PECI | TECI | TCI | PECI |mean of PI

1 1.00 | 1.24 | 124 | 1.00 | 1.14 | 1.14 1.19
2 1.02 | 098 | 1.00 | 1.08 | 0.93 | 1.00 1.00
3 113 | 097 | 110 | 1.16 | 0.91 1.05 1.07
4 1.03 | 093 | 096 | 091 1.03 | 0.94 0.95
5 0.89 | 081 | 072 | 159 | 114 | 1.81 1.14
6 1.06 | 094 | 100 | 079 | 089 | 0.71 0.84
7 118 | 069 | 082 | 0.17 | 0.83 | 0.14 0.34
8 106 | 095 | 099 | 113 | 097 | 1.10 1.05
9 120 | 094 | 114 | 090 | 1.01 | 091 1.02
10 | 111 | 082 | 091 | 088 | 1.10 | 0.96 0.94
11 100 | 085 | 085 | 1.00 | 058 | 0.58 0.70
12 ] 139 | 080 | 1.12 | 091 1.08 | 0.98 1.06
13 1 090 | 094 | 085 | 099 | 0.92 | 091 0.88
14 | 081 1.03 | 084 | 096 | 1.08 | 1.03 0.93
15 | 084 | 081 | 068 | 060 | 0.77 | 0.46 0.56
16 | 1.00 | 098 | 098 | 1.00 | 092 | 0.92 0.95
17 1 095 | 085 | 0.80 | 0.77 | 0.87 | 0.67 0.73
18 | 094 | 095 | 089 | 118 | 0.89 | 1.05 0.97
19 | 122 | 103 | 125 | 106 | 0.85 | 091 1.07
20 | 096 | 086 | 082 | 1.24 | 1.03 | 127 1.02
21 | 064 | 070 | 045 | 1.22 | 093 | 1.14 0.71
22 | 118 | 095 | 112 | 1.05 | 098 | 1.03 1.07
23 | 089 | 076 | 067 | 090 | 1.09 | 0.98 0.81
24 | 122 | 096 | 117 | 1.32 | 080 | 1.06 1.12
25 | 097 | 091 | 088 | 1.03 | 1.02 | 1.05 0.96
26 | 111 ] 083 | 092 | 057 | 1.08 | 0.62 0.75
27 | 122 | 090 | 110 | 0.76 | 1.12 | 0.85 0.96
28 | 103 | 0.88 | 091 | 053 | 054 | 0.29 0.51
29 | 112 | 089 | 100 | 093 | 094 | 087 0.94
30 | 108 | 088 | 095 | 1.26 | 1.02 | 1.29 1.11
31 1.26 | 0.91 114 | 096 | 094 | 0.91 1.02
32 | 124 | 089 | 110 | 1.16 | 0.90 | 1.05 1.07
33 | 100 | 075 | 075 | 1.00 | 1.03 | 1.03 0.88
34 | 059 | 087 | 051 1.72 | 1.0 1.75 0.95
35 | 043 | 1.056 | 045 | 117 | 071 | 0.83 0.61
36 | 1.01 | 092 | 093 | 1.056 | 092 | 0.97 0.95
37 | 064 | 097 | 063 | 143 | 087 | 1.24 0.88
38 | 100 | 0.86 | 086 | 1.00 | 1.16 | 1.16 1.00
Avg.| 099 | 090 | 088 | 096 | 0.94 | 0.90 0.89
v. 2 B
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