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Who Gets Government SME R&D Subsidy?
Application of Gradient Boosting Model
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ABSTRACT

In this paper, we build a gradient Boosting model to predict government SME R&D
subsidy, select features of high importance, and measure the impact of each features to
the predicted subsidy using PDP and SHAP value. Unlike previous empirical researches,
we focus on the effect of the R&D subsidy distribution pattern to the incentive of the firms
participating subsidy competition. We used the firm data constructed by KISTEP linking
government R&D subsidy record with financial statements provided by NICE, and applied
a Gradient Boosting model to predict R&D subsidy. We found that firms with higher R&D
performance and larger R&D investment tend to have higher R&D subsidies, but firms
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with higher operation profit or total asset turnover rate tend to have lower R&D subsidies.
Our results suggest that current government R&D subsidy distribution pattern provides

incentive to improve R&D project performance, but not business performance.
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Number of
Firms
923
1,163
1,485
1,572
2,106
2,667
3,420
3,691
4,615

(Unit: Million Won, Count)

Number of
Projects
1,487
1,673
2,486
2,150
3,129
3,809
5,208
5452
6,383

Private R&D
108,255
140,095
166,534
216,650
143,186
152,643
212,040
183,899
222,257

Investment

Gov R&D
subsidy
194,029
2271537
318,159
353,204
483,638
639,288
837,206
1,188,485

1,569,508

(Table 1) Government R&D for SME(2002~2010)

302,284

367,632
569,864
626,824
791,931
1,049,246
1,372,384
1,791,765

484,693

Total R&D
Investment

2002
2003
2004
2005
2006
2007
2008
2009
2010

Year
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(Table 3) Machine Learning Algorithm: Root Mean Squared Error

(Uni: million won, %)

Model RMSE RMSE Reduction .vs Ridge Regression

Gradient Boosting 116.713 7.20%
Random Forest 118505 5.77%
Neural Network 119.101 5.30%
Partial Least Square 125.745 0.02%
Principle Component Regression 125.747 0.02%
Ridge Regression 125.767 0.00%
Lasso Regression 125.769 -0.002%
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(Table 5) Variables in ‘Very High' Cluster, ‘High" Cluster, and ‘Middle’ Cluster

Variable Definition Category Importance | Cluster
royalty_total | Total Royalty receipt Research Performance| 19.766 | Very High
dp_total | Total Domestic Patent Research Performance| 10.434 High
b_total Total number of business application case | Research Performance 5923 High

d Research and Development Expenses Business Performance 5642 High
(asset+cost)
da_n_1 Domestic paFent application Research Performance 1.137 Middle
dummy(previous year)
b.n_1 Business application dummy(previous year)| Research Performance 0.983 Middle
opl Operation profit Business Performance 0.861 Middle
sci_total | SCI publication dummy Research Performance 0.806 Middle
tr Total asset turnover Business Performance 0.581 Middle
sa Selling and Administrative Expense Business Performance 0.465 Middle
535 ATAMAR Tl AT A 2 EPAFYS nelEn
s 40E el AEEY 9 FA57
2= o3} B
gt AnEesed n@aase 023 9T 9T 24
78 Mg 5 37 Wl 715 9 (Royalty_ <Table 4> ¥ <Table 5>¢] ¥ T 9% &
total), =W E3%Al(dp_total), A+ 3=Al(b_ A= E faTE AN AYE 49
tota) = B 71e7Ee] e Algskete] A Aol nX = g Avlel] Uik Jr=
& AAE YeRdlE Aoty ()T 8 s AgetA R, A WETE AL R S5
A ATAAARE ) AR TFALE o) i dgel de Au ATIA Far,
dl, 71 F 271 A% AUE ARKISE (b D) o]2 B3] 9JeA B =FolA= s W
2 AdE 58] 29 77 (dan_1)7F 92 o] FEoELR9} SHAP gh& #A18kth -
o] A3t ks vERE AEAT AT LOEET ofE} Sy JF o]efo] il
ZAES] &4 AE e SCL i Sgust $505 F4A0 WA e 44
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of 3 v 7AABAE T AT % 3Eke] A Bl 2450 2
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(Figure 4) Partial Dependence Plot(PDP):
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of Partial Dependence Plot

Variable d(Partial Dependence)/d(X)
royalty_total 2.186
dp_total 1.360
b_total 0.716
rd 0.949
opl -0.275
tr -0.230
sa -0.028
Variable d(Partial Dependence)
da_n_1 44.369
b.n_1 50.192
sci_total 102.115
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(Table 7) Variable with High Average Absolute SHAP Value

High
High
High

High

Middle

Middle

Middle
Low

Middle

Middle

average absolute SHAP | SHAP Cluster

23.383
21.980
14.577
19.327
3.724
2.284
3.160
1.678
5.742

2.705

Importance Cluster

Very High

High

High

High

Middle

Middle

Middle

Middle

Middle

Middle

Importance

19.766
10.434
5923

5.642

1.137
0.983

0.861
0.806
0.581

0.465

Variable
royalty_total

dp_total
b_total

rd
da_n_1

b_n_1

opl
sci_total

tr
sa
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CHE 1) A A AbgE WS

(Appendix Table 1) List of Variables used in Machine Learning

Category | Variable Definition unit Category | Variable Definition unit
Dependent Government R&D L . . . . .
Variable gov_fund Subsidy million | Business car Capital Adiquacy Ratio ratio
Business kk Revenue thousand | Business opr gsteizatlon Profit Growth ratio
Business cr Current Ratio ratio Business pr Net Profit Growth Rate| ratio
Business qr Quick Ratio ratio Business ri Return on Investment ratio
Business dr Debt Ratio ratio Business eg ggzgloyment Growth ratio
Business fr Fixed Ratio ratio Business rd R&D expense thousand
(asset +cost)
Business icr Interest Coverage Ratio| ratio Business cs cost of goods sold thousand
Business sgr Sales Growth Rate ratio Business sa gelhng and administra- thousand
tive expenses
Business rts Total Asset Growth Rate| ratio Business as Total asset thousand
Business roe Return on Equity ratio Business tfaa fixed tangible asset thousand
Business m Net Profit Margin ratio Business opl Operation Profit thousand
Business ois Operating Profit Ratio ratio Business npl Net Profit thousand
Business itr g;(ie:tory Turnover ratio Business nil Net Income thousand
Business rt Receivable Turnover ratio Business ec Equity Capital thousand
. Tangible Fixed Asset . . . .
Business tfa Growth Rate ratio Business oc Outside Capital thousand
Business dc depreciation ratio Business i Inventory thousand
Business t taxes and dues thousand | Business ie Interest Expenses thousand
Research | dp_total | Total domestic patent number | Business fe Financial Expenses thousand
royalty Total Borrowing and
Research z)t A Total royalty receipt thousand | Business dar Bonds payable to Total| ratio
- Asset
Research | b_total To@ o of business number | Business pc personnel cost thousand
application
Research | op_total Total patent abroad bianry | Business Ic labor cost thousand
dumpy
Research | sci_total |sci publication dummy | binary | Business fff Other employee benefits | thousand
Domestic Patent
Research | dr_n_1 |Registration dummy binary | Business il interest income thousand
(previous year)
Research | b_n_1 Business ap phcanon binary | Business rc rent cost thousand
dummy(Previous year)
Domstic Patent
Research | da_n_1 | Application dummy binary | Business tr Total asset turnover number
(previous year)
control ear | oA of gov_fund number
Y disbursement
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(Appendix Table 2) Sample Statistics of Continuous Variable

Variable | Mean SD MAX MIN | Variable | Mean SD MAX MIN
year 2006 2 2010 | 2002 cs 9717011 | 22554701 | 415000000 38
gov_fund 81 155 911 0 sa 1708184 | 3385303 | 76206169 64
cr 260 464 8629 | -469 as 11036845 | 23386202 | 350000000 6964
qr 212 408 7900 | -123 tfaa 3837064 | 9167557 | 157000000 -2554
dr 251 460 10073 -8 opl 624075 | 2024318 | 27847361 | —24826939
car 42 21 108 0 npl 511220 | 2193306 | 23202836 | -22170278
fr 17 278 6494 0 nil 417930 | 1916594 | 19926460 | 20839122
icr 7 36 328 | -320 ec 4995240 | 12272719 | 178000000 | -22205084
sgr 60 190 2921 | -100 oc 6041225 | 13024032 | 217000000 -6713
rts 40 98 2200 | -100 i 1464185 | 3700860 | 72179719 49
opr 119 402 6355 | -100 ie 206066 | 488599 | 9510090 1
pr 140 459 6793 | -100 fe 221754 | 534846 | 10196451 1
i 5 17 283 | -431 dar 35 24 795 0
roe 14 45 1114 | -1160 pc 660027 | 1191419 | 27047539 21
m 0 28 300 | -317 I 841044 | 1841938 | 34297040 100
ois -1 31 99| -3%% fff 109172 250688 | 4669501 5
tr 1 1 29 il 56632 | 161317 | 2534251 -172
itr 50 126 1334 rc 32565 78750 | 1997048 1
rt 11 22 350 t 30935 59409 | 1495668 1
tfa 63 235 2512 | -108 dc 413528 | 1073522 | 22556285 7
eg 13 49 1200 -9 | dp_total 0 1 46 0
rd 437398 | 838340 | 25734436 1 mgoil;y* 5507892 | 21662315 | 812771000 0
kk 11966050 | 26079417 | 459000000 | 2400 | b_total 0 1 81 0

(Appendix Table 3) Sample Frequency of Binary Variable

Variable 0 1
op_total 40353 335
sci_total 40298 390
dr_n_1 40159 529
b.n_1 39748 40
da_n_1 3934 1334
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(Apendix Figure 1) Sample Correlation Plot
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