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Background & Methods: The purpose of this research is to estimate the efficiency of the pharmaceutical firms and the determi-
nants of their efficiency. Stochastic frontier analysis(SFA) and panel study are applied to the data of 60 domestic pharmaceutical

firms from 2006 to 2012.

Results & Conclusion: First, the result of the stochastic frontier analysis shows that overall efficiency of the pharmaceutical firms is
increasing as time goes by. However, if firms are classified by the scale, the larger firms show more efficiency and if classified by the
degree of innovativeness, the innovative firms show more efficiency compared to the non-innovative firms. This evidences show
that the scale and R&D investment have significant relationships with the efficiency of the pharmaceutical firms. Therefore, it is nec-
essary to increase the national level of investment for the fundamental researches to vitalize R&D of the new drugs.

Second, the result of estimation of the determinants of efficiency shows that the firms with larger sales promotion expenses and
entertainment expenses have less efficiency compared to the other firms. This can be explained by the structural characteristics of
the small generic pharmaceutical firms. Therefore, the government had better make the pharmaceutical firms to reduce sales pro-
motion and entertainment expenses and increase R&D expenses by introducing systems such as global budgeting system on medi-

cine or reference pricing system.
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Table 1. Variables in equation* for the efficiency estimation

Variable Definition
Y Output variables  Sales (of the firm 7, at the year #)
Xt Input variables No. of employees (of the firm i, at the year #)
Xt Material expenses (of the firm i, at the year )
Xiit Tangible assets (of the firm 7, at the year #)
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Table 2. Variables in equation* for the determinants of efficiency®
Variable Definition
TE: Dependent variable Efficiency Efficiency estimated through stochastic frontier analysis
Zyir Explanatory variables Scale Sales (of the firm i, at the year ¢)/Domestic Market Scale (at the year #)

Znit R&D R&D expenses (of the firm 7, at the year #)/sales (of the firm 4, at the year ¢)

Zsit Marketing Advertising expenses (of the firm 7, at the year t)/sales (of the firm i, at the year ¢)
Zair Promotion expenses (of the firm i, at the year ¢)/sales (of the firm i, at the year ¢)
Zsit Entertainment expenses (of the firm 7, at the year #)/sales (of the firm , at the year #)
d; Policy dummy After 2007: 1, before 2007: 0
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Table 3. Basic statistics (from 2006 to 2012)

Variable Average Standard deviation Min Max
Y: Sales (100 million won) 1,377 1,684 54.4 9310
X;: No. of employees (person) 4676 4424 14 2,365
X: Material expenses (100 million won) 726 931 13.7 5,255
Xs: Tangible assets (100 million won) 533 752 5.04 5729
Zy: Market share (%) 0.78 0.94 0.04 484
Z7. R&D expenses ratio (%) 6.67 1.7 0.02 85.59
Zs: Advertising expenses ratio (%) 3.26 349 0.002 23.32
Zi: Promotion expenses ratio (%) 35 2.96 0.002 13.99
Zs: Entertainment expenses ratio (%) 1.21 1.55 0.003 10.61
d: Status of policy enforcement 0.86 0.35 0 1

Table 4. The maximum likelihood estimation estimates of the equation*

Coefficient Standard-error T-ratio
(30 (Constant) 6.47 0.35 18.55
B1 (Log Xi) 0.33 0.02 16.58
B2 (Log Xzi) 0.69 0.02 44.10
(33 (Log Xai) 0.01 0.01 0.52
Log likelihood LR test of the one-sided error Distribution No. of observations
317.46 326.51 Mixed chi-square 420

3
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Table 5. Technical efficiency

Decision making units (firms) Year Mean
2006 2007 2008 2009 2010 2011 2012
1 0.66 0.68 0.70 071 073 0.75 0.76 071
2 0.72 073 0.75 0.76 0.78 0.79 0.80 0.76
3 072 073 0.75 0.76 0.78 0.79 0.80 0.76
4 0.75 0.77 0.78 0.79 0.81 0.82 0.83 0.79
5 0.62 0.64 0.66 0.68 0.70 071 073 0.68
6 0.85 0.86 0.87 0.88 0.89 0.89 0.90 0.88
7 0.68 0.70 0.72 0.73 0.75 0.76 0.78 0.73
8 0.71 0.73 0.74 0.76 0.77 0.79 038 0.76
9 073 0.75 0.76 0.78 0.79 038 0.82 0.77
10 091 092 092 093 093 094 094 093
" 0.82 0.84 0.85 0.86 0.86 0.87 0.88 0.85
12 097 098 098 098 0.98 098 098 0.98
13 092 092 093 093 0.94 0.94 095 093
14 0.63 0.65 0.67 0.69 0.71 0.72 0.74 0.69
15 093 093 094 094 094 0.95 095 094
16 0.77 0.79 0.80 0.81 0.82 0.84 0.85 0.81
17 0.90 091 091 092 092 093 093 092
18 0.55 057 059 0.62 0.64 0.66 0.68 0.61
19 0.84 0.85 0.86 0.87 0.88 0.89 090 0.87
20 0.78 08 0.81 0.82 0.83 0.84 0.85 0.82
21 0.60 0.63 0.65 0.67 0.69 0.70 0.72 0.66
22 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.84
23 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.84
24 0.89 09 091 091 092 092 093 091
25 0.96 0.96 0.96 097 097 097 097 097
26 071 072 074 0.76 0.77 0.78 08 0.75
27 072 073 0.75 0.76 0.78 0.79 08 0.76
28 090 091 092 092 093 093 094 092
29 0.95 095 0.96 0.96 0.96 097 097 0.96
30 0.64 0.66 0.68 0.70 0.71 0.73 0.75 0.69
31 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.84
32 0.90 091 091 092 093 093 094 092
33 074 0.75 0.77 0.78 0.80 0.81 0.82 0.78
34 0.71 073 0.74 0.76 0.77 0.79 08 0.76
35 092 093 093 094 094 094 095 094
36 0.76 077 078 08 081 082 083 0.80
37 0.83 0.84 0.85 0.86 0.87 0.88 0.88 0.86
38 097 097 0.98 0.98 098 098 098 0.98
39 071 073 0.75 0.76 0.78 0.79 0.80 0.76
40 057 059 0.62 0.64 0.66 0.68 0.69 0.64
41 0.90 091 091 092 092 093 093 092
42 0.48 051 053 0.56 0.58 0.60 062 0.55
43 094 094 095 0.95 0.95 0.96 0.96 095
44 091 092 092 0.93 093 094 094 093
45 0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.86
46 0.85 0.86 0.87 0.88 0.89 0.89 09 0.88
47 0.65 0.67 0.69 0.70 072 074 0.75 0.70
48 0.96 097 097 097 097 097 098 097
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Table 5. (Continued)
L . o Year
Decision making units (firms) Mean
2006 2007 2008 2009 2010 2011 2012
49 067 0.69 0.70 0.72 0.74 0.75 0.77 0.72
50 0.89 0.89 0.90 0.91 091 092 093 0.91
51 0.64 0.66 0.68 0.70 0.72 0.73 0.75 0.70
52 071 072 074 0.76 077 0.78 0.80 0.75
53 0.86 0.87 0.87 0.88 089 09 09 0.88
54 0.96 0.97 0.97 097 097 097 0.98 0.97
55 0.80 0.81 0.82 0.83 0.84 0.85 0.86 0.83
56 095 0.96 0.96 0.96 0.96 097 0.97 0.96
57 087 0.88 0.88 0.89 090 091 091 0.89
58 0.60 0.62 0.65 0.67 0.68 0.70 0.72 0.66
59 0.77 0.79 0.80 0.81 0.82 0.83 0.84 0.81
60 0.58 0.60 0.62 0.65 0.66 0.68 0.70 0.64
Mean 0.79 0.80 081 0.82 0.83 0.84 0.85 0.82
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Figure 1. Firms'average efficiency.
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Figure 2. Large firms and small and mid-sized firms'average efficien-
cy by year.
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Figure 3. Innovative firms and the other firms’ average efficiency by
year.

Table 6. Estimation of the determinants of efficiency

Variable Coefficients (t-value)
Z1: Market share 0.031**(3.29)

Zy: research and development expenses ratio 0.005* (2.01)

Z3: Advertising expenses ratio 0.006* (2.13)

Zi: Promotion expenses ratio -0.006** (-2.86)
Zs: Entertainment expenses ratio 0011 (-4.61)

d: Policy dummy 0.041**(9.30)
Constant -0.105(-1.97)
R 0.406

*p<0.05. **p<0.01.
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Appendix 1. Basic statistics

Variable Year Average Standard deviation Min Max
Y: Sales (100 million won) 2006 1,005 1172 544 5712
2007 1125 1,340 584 6,359
2008 1,267 1,538 100.1 7,023
2009 1425 1,728 1020 8,011
2010 1548 1851 1407 8,468
2011 1618 1.957 154.0 9,073
2012 1,647 1,993 1347 9,310
Xi: No. of employees (person) 2006 4192 3974 27 2,074
2007 4376 4237 31 2,09
2008 4572 4464 14 2,169
2009 4756 448 48 2,226
2010 4875 454.9 48 2,281
2011 4926 465.3 45 2,303
2012 503.9 4724 53 2,365
X7. Material expenses (100 million won) 2006 496 583 13.7 2339
2007 552 665 432 2619
2008 628 780 536 3237
2009 736 9N 55.1 3735
2010 822 1.019 60.2 4,763
2011 893 1,124 753 4,568
2012 954 1,206 80.6 5,255
Xs: Tangible assets (100 million won) 2006 350 501 51 3,021
2007 376 527 6.8 2972
2008 453 601 50 2,969
2009 550 761 79 4474
2010 622 860 337 5,225
2011 665 891 46.2 5447
2012 79 941 102 5,729
Zy: Market share (%) 2006 071 0.83 0.04 4.06
2007 0.74 0.88 0.04 417
2008 0.74 0.89 0.06 409
2009 0.78 095 0.06 440
2010 081 097 0.07 442
2011 0.84 1.02 0.08 473
2012 0.86 1.04 0.07 484
Zy. R&D expenses ratio (%) 2006 719 13.39 0.16 69.52
2007 6.87 12.09 0.18 68.92
2008 7.02 13.63 0.15 85.59
2009 6.49 10.94 0.02 60.38
2010 584 827 0.03 54.11
2011 6.4 9.87 0.06 65.55
2012 6.88 9.37 0.02 52.95
Zs. Advertising expenses ratio (%) 2006 375 4.00 0.013 2257
2007 353 387 0.002 2332
2008 332 368 0.007 21.92
2009 312 333 0.006 18.45
2010 298 315 0014 1722
2011 315 331 0.004 16.30
2012 295 303 0012 16.14
Zi: Promotion expenses ratio (%) 2006 368 2.76 0.028 9.13
2007 421 347 0.032 1341
2008 449 329 0.028 1344
2009 419 282 0.027 10.66
2010 304 254 0.022 9n
2011 2.38 24 0.009 10.08
2012 245 268 0.002 13.99
Zs. Entertainment expenses ratio (%) 2006 121 1.36 0.061 7.03
2007 1.34 1.58 0.063 778
2008 1.36 174 0.036 8.7
2009 145 1.97 0.044 10.61
2010 1.23 1.66 0.042 9.12
2011 093 1.26 0.003 6.2
2012 084 0.94 0.009 459
d: Status of policy enforcement 2006 0 0 0 0
2007 1 0 1 1
2008 1 0 1 1
2009 1 0 1 1
2010 1 0 1 1
2011 1 0 1 1
2012 1 0 1 1
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