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Analysis on the Relationship between R&D Inputs and Performance by
using Panel Data : Focus on Defense Industry
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Abstract This study analyzes the relationship between R&D input and performance using panel data from the defense
industry. A research model is established based on the R&D logic model, and the study sample consists of a strongly
balanced panel data (n=351) empirically analyzed using panel linear regression. Results identified that defense
improvement expenditure has a positive influence on the R&D input, and R&D input positively affected patents using
a S-year time lag. In addition, R&D input positively impacts economic performance, including sales and profit. Hence,
the major finding includes R&D inputs have statistically significant effects on economic outcome and the R&D logic
model featuring a time-lag.

Keywords : Panel Data, R&D Input, R&D Performance, Time Lag, Defense Industry
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Table 1, Literature Review

Author(Year) Variables Methods

R&D Cost, Assets,
Profits, Promotions

R&D Logic

Y.M.Cho(1998) Model

S.M.Cho and
J.Y.Chung(2001)

R&D Cost, Profits,

Sales Regression

R&D Cost, Profit,
Tobin Q, Sales, Cash
Flow

J.H.Kim(2007) Regression

R&D, Production,
Employment Index

Edquist and
Mckelvey(1998)

Average
Comparison

Ejermo and
Kander(2009)

R&D, Exports,

Ranki
Employment Index anang
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Time-series
Analysis

R&D Expenditure,

J.S.Choi(2009) Profits

R&D Resources,
Patents, Papers, Sales,
Profits

Brown and

Svenson(1998) Survey

Fahrenkreg et
al.(2002)

R&D Input, Papers,

Surve;
Patents, Sales Y

R&D Cost, Patents,

Ernst(2001) Sales

Panel Analysis

R&D Costs,
Certification, Patent,
ROI

Tobit

C.J.Lee et al.(2012) Regression
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Table 2. ATP R&D Logic Model

Input Output Outcome Impact
Improvement
Human P .
Resources of Process, Science and
urces,
S Knowledge, Profit, Technology,
Facilities, .
. Patent, Sales, ROI Economic,
Capital, Co .
. Publication, Society
Information . .
Certification

st JitE PR £73 7€ d5(Brown and
Svenson, 1998; Fahrenkreg, 2002)9} ATP Z3o] w2
W Table 29} o] 79, A3}, T2jal s5E9E 257
g =tk gukg oz 231 A 3K Outcome)= 13H%

d¥HOutput)7} 285 et 497F gon, 5

[

53819 4% 7199 mEd Skl frol ¥ 9 &
v A% A Emst, 2001)7} T} dutd oz E3sje}



sd Elol8E o]

3 el ReD F13 A7 A 84

=i 52 7199 R&D 9% 2 AAE5HE HAFE
A golH, mjEdo|r} ol T2 AAA Az 2
FICHT

e
e

= 1= ATP(Advanced Technology Program)<]
Zudol 71zete] 7HdS Ak R&D F
g, A, A, AR Folr o]F R&D AMd
il *éﬂ}.ﬂ_ Jth R&D A= 1214 A9l 23}
12} A= AAE

=
&
o

ko

b

fe e

jins

o]
H

=2

ox, —m

_\}_Il
fu
i
k3

, S AN, A4,

o

T

N
-

ol
o
==

4 Aolel
ST REE
19 Rap #A
ke L}E}L}h

N
-
i

N

2 ofy
XL ol
=

&

o
N
N
)

X
d
1

ol
-

i
, 2T
i%: o

2
)

o
_0|L
~
I
o
(i
—
=]
=}
L
o

ol
ol
L=
13
o
it
ol
i
f
=
e

il
o

Y

o,

!
-
ox

o)
£

odk
o

fof

Tl <

s 719 R&D FAR= R&D 12H] K54,

&yl Faks w2 Aol
A9 R&D FA= R&D 23H4 Ak

olehyell Jaks uF Aol

R&D 12+ AIHEF, =

2744 g g el el

D U ] AR &

7Hd3:

7144 R&D

o,

=, o)
e v3

J

“
=
A

Itk

2 3o

7145

=
L

22 9472y
221 if< Hlo|E EAM ¥

R&D Input

R&D Output

R&D Outcome

Defense
Expenditure

H R&D Cost

Profit ‘

1ol The 2912 AR ABATES P
Ao o8t v BARAS AT e} B

493

Atell eJgh dloBlE ] @A Y Fo] ogk |k
(bias)o] AT = ATH8]

HodATE AR e Edue 749 AFAR
9 53, =% A vo]"HE &85, o] HoHES
HAA o2 =2 JABAE Zterh A =& g
Al 9J& tsddAd wAZE LS o] 5 s
7171 913 3 delHE &4 dd 245 AM-g
[9]. =g dloleE FWW(cross-section) F A|AIE
(time-series) Ho|E]e} 2] 7d7|de] WiRd oz 3

e g Eﬂ(dynamlc) AL FA4T 5 Uk A}
A8 WS 7 8 2 (individual effect)<}e] 03
Alell weh vk A o] *ZH OP/} &€ "ﬂ:r“’ﬂ"ii
17 a7 fixed effect; FE) =
effect: RE) R¥E FEAE h}[m]
2 NEENE A FgoR B
ezt

IARgY B

|
S

gk v )
& B, o A

(pooled OLS)7}+9]

q9 4% F

3

Breusch-Pagan

o /\Zo] 5% ©

o
o
<1
fr
B
>.
>
oy

(1

2 (DOlA 9k t2 A2 7193 AE yERde,
Yol AHHg Xe ARl met #fstele 719

Agbol AR sk
9 Aot i AT
og Z@]-_Q_O]_oq 7]./\4

Yie = XieB + Xig 1 (2

AaaakE w@ss) a4 @9 el X ¢,
€2, 13, th, 5 5 AR F7heke] 7H 52
Fatag g

+ Bui + &

A



BAbE &8 EA A19A A12E, 2018

2.2.2 djolg

Table 3. Panel Data in Defense Industry

. . . Dat:
Sector | Period Indicator Variable ata
Source
Defense
KOSTAT
IR&D Expenditure o8
; nputs
Fire, R&D Cost DART
Aero- 2009
space, ~ Sales DART
Navy, | 2017 R&D Profits DART
C4l
Performances Patents KIPRIS
Papers RISS

200 Y
ERELIES %74] (KOSTAT)OJW xﬂ+ e
ik Fol AmelM FEATE 7S] AFNEnlE
ool wh} W eje] Apolzt YA, & Al Fh=
+3J(2012)¢) AR Ao)E AEte] A Azl
A 7 Agpamlz Aok

R&D A3 ol 5319 A5, 75 AR ANA A
3 SR04 Au]2~KIPRIS)oNA 7199 A=
W 58 SUFE A w2 dnusdtednd
oA AFgete SredFARAHARISS)NA 38
o} 3 mjE o Qdgdelel HolHe s A%

S AALEN(DART)N A ARE ZPAFR 1A 0] =] A AEA

Table 5. Pearson pair-wise correlation analysis

3L, AZgho] gle 714l d43te] 3971 7ol sk
g g }»(strongly balanced)E 753t HFE]

Table 4. Summary and descriptive statistics

Variable Obs. Mean S:i Min. Max.
E)zz:;;zre 351 | 2996 | 010 | 2979 | 30.13
R&D Cost 351 | 2086 | 450 0 25.87

Sales 351 | 2603 | 232 | 2183 | 31.63
Profits 351 | 1523 | 1756 | -28.44 | 2930
Patents 351 | 2633 | 68.44 0 620
Papers 351 534 | 11.66 0 63

—y L

332 Al (Pearson correlation) +
Table 5 #Zom, A7) ;_Hﬂl~ 13-4 A oA 290 v

5% FrelFEel A FHel e
EETRE 1% FAFEAN G dualE 2
o 9 24 Aol ReD £ MR 4% A7

WSk R&D 134 A}el wlg e, 53, ite] frelzal
o] 912 F5AS AAE EF duoz Bl
o Q& WE Fololh ujZ Abole] o] o] o)

2.3 2M Znt
7Hd1el] tigh Hausman A4 A3, 344 AF7HAS

712y81A) kot g B3-S AME-ZIh H¢k Breusch-Pagan

(Note: *** ** * indicate significance level of 1%, 5%, 10%)

Def. Expenditure R&D Cost Sales Profits Patents Papers
Def. Expenditure -
R&D Cost 0.0351 -
Sales 0.0125 0.5152%** -
Profits -0.153 %% 0.0637 0.1056%* -
Patents 0.1403*** 0.3278*** 0.5359%** -0.0883* -
Papers -0.1135%* 0.3673%** 0.5574%** 0.0650 0.5423%** -
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Table 6. Panel analysis of Hypothesis 1

Variable R&D cost (RE)
In_Defense Expenditure 0.1778%**

cons 1.64e+08

R square 0.3000
Hausman chi square 0.0001
Breusch-Pagan chi square 1081.72%**

Note: *** ** * indicate significance level of 1%, 5%, 10%

7Hd 2= R&D T 1242 A3zte] Aoz
AAE el EAME "Fggﬂ‘:}. 53519 A5 A4
539 NSzt 5% FoFEAA ok
RHo=z %H—‘/LE}. Hausman #4 2
3.65010. 0.1, FolFFo] 5%KE T}
Aexo] gErygor Bt &
AR AR 1% FolgEddA folst
2] sid o] ghg oLsel Hs| efdet
th= Ymjolt}, =& AN £ = fons 2
7} QA 2%t Hausman 7178 3} Chi square %%
o] 13.610]2H, FF7Fo] 7|7 Eo] g g Y
&= Adglon} AN e} =] Al A=
35 Th Ao R A e} v
TAE AR &3 glo] 5%9] FefFFEelM &
" z= Aoz YEeERdth Hausman 7374
‘/F{F 0% vRko.2 7S 712 tel] whet
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Table 7. Panel analysis of Hypothesis 2

Variable L5.Patent (RE) In_Sales (FE)
In_R&D_Cost 1.7146%* 27.0119**
cons -18.5033 1.81e+12
R square 0.1163 0.4857
Hausman chi square 3.65 24.58%**
Breusch-Pagan chi 410304+ )
square
F-value - 244.61%**

Note: *** ** * indicate significance level of 1%, 5%, 10%, L5: 5
years time-lag

7h 32 el ARz 234 A3t Z190e) o
o1l FFE A=A AU 7 A= Table 8
3} o] 3] AAE 2T FI5E 1%04 Bl
ol G3e ZE=th Hausman A4S S8l 7771
of Ausel #E Fd wdem A A
Breusch-Pagan 7174 23+ 1% §2 504 &8 &
ol #Hd #Ao] 35 OLSHTE #gatyict
Table 8. Panel analysis of Hypothesis 3

Variable In_L3.Profit (RE)

In_R&D_Cost 0.7445%%x

cons 1.3127

R square 0.4140

Hausman chi square 0.12

Breusch-Pagan chi square 62.89%**
Note: *** ** * indicate significance level of 1%, 5%, 10%, L3: 3

years time-lag

Table 9. Panel analysis of Hypothesis 4

Variable In_Profit (FE)
In_Sales 9.8945%**
Patents -0.0579%**
Papers 0.0052
cons -24.0835%**
R square 0.1720
Hausman chi square 13.85%**
F-value 4.36%**

Note: *** ** * indicate significance level of 1%, 5%, 10%, L3: 3
years time-lag
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