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Empirical Analysis on the Relationship between R&D Inputs and
Performance Using Successive Binary Logistic Regression Models

Sungmin Park
Department of Business Administration, Baekseok University

The present study analyzes the relationship between research and development (R&D) inputs and performance
of a national technology innovation R&D program using successive binary Logistic regression models based on
a typical R&D logic model. In particular, this study focuses on to answer the following three main questions; (1)
“To what extent, do the R&D inputs have an effect on the performance creation?”; (2) “Is an obvious relation-
ship verified between the immediate predecessor and its successor performance?”; and (3) “Is there a difference
in the performance creation between R&D government subsidy recipient types and between R&D collaboration
types?” Methodologically, binary Logistic regression models are established successively considering the “Suc-
cess-Failure” binary data characteristic regarding the performance creation. An empirical analysis is presented
analyzing the sample n = 2,178 R&D projects completed. This study’s major findings are as follows. First, the
R&D inputs have a statistically significant relationship only with the short-term, technical output, “Patent
Registration.” Second, strong dependencies are identified between the immediate predecessor and its successor
performance. Third, the success probability of the performance creation is statistically significantly different
between the R&D types aforementioned. Specifically, compared with “Large Company”, “Small and Medium-
Sized Enterprise (SMS)” shows a greater success probability of “Sales” and “New Employment.” Meanwhile,
“R&D Collaboration” achieves a larger success probability of “Patent Registration” and “Sales.”

Keywords: Binary Logistic Regression, Government Subsidy, R&D Collaboration, R&D Logic Model, Small
and Medium-Sized Enterprise
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1.A & £ FER&D A AZ Y 7 B XA Ao &3k Aot
(Wholey, 1983; Bickman, 1987; Wholey, 1987; McLaughlin and
& 5T R&D B33 7F= R&D =8 Z&(Logic Model) ==+ Jordan, 1999; Ruegg and Feller, 2003; W. K. Kellogg Foundation,
=] AF&(Logic Chain) 5.2 AR = AA A S5%o &7 2004). WKKF(2004)= Al 714 M2 G2 7|17 5 #& 7163
sto] R&D A9 FY o] F AZHA Ao whet dAHoR Ao o dA A —F}‘Friﬁ' (1) H71A(13) A=, ) T
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Q44 o3 2428 HFALYL o] $FReD T % A DA B AFEA

7tATFNEAY O E3E A QA R&D = ERF R,
Ruegg and Feller(2003)°] 7= 473 4Fa} Advanced Technology

Program(ATP) R&D =2 28, McLaughlin and Jordan(1999)2]
o] o 2] & 43} Research and Technology Development and
Deployment Program(RTDDP) R&D =] 28 Fo| 7|,
A EA Y R&D HA & FHE AFH o2 EA4F b Aok
g, fuAQ Zledd F7td ARG EE, M
ATP, Tt 7 A 5= 43} Industrial Technology Development Pro-
gram(ITDP) 30 Chakal % A A A% ek 2243471 &8
A9 (Knowledge Economy Technology Innovation Program, KETIP)
5°] 2 THRuegg and Feller, 2003; Shipp et al., 2005; Ruegg, 2006;
Hsu and Hsueh, 2009; KEIT, 2010; KEIT, 2011; KEIT, 2013). &=,
A 278 M RS =ofHe AAY, AT 7R
Age 9 AN A FH7| 8 R&D FE o] ZFxEH F
A, #8718 fra ol We A3} 2ol & 13 FHA < R&D
FA o] MAZ AR Mol @ 5= A4 o] tHKEIT, 2010;
KEIT, 2011; OMB and OSTP, 2012; OSTP, 2012; KEIT, 2013).
A, b 71e A STt T NRAIE S S A, F 87

SRR EEREE SR L LD LE DR
2 EAsEA Fol thd AAATE A7 01§ AR o]
W 5, i 24 AES o §3 AFEA 23 Qe 1
% 7] o Atk R&D 4% BH L AW B HPATY
FEA BAPOLA, B ] 43 3F A AR (time-
g ® FE3 WAH B4 AEL HA - FHA) 7 A

et al., 2006; Guan and Chen,
Ao AEd AFA
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R&D #4119 344 53 2& gy A t
of ool ANE = TE o= FA M, o]k F7 R&D
Ao Belo] AR IFE < BT 7 U= AH A=

R&D Government Subsidy Recipient Type (T1)
(SME versus Large Company)

R&D Collaboration Type (T2)
(Single Company R&D versus R&D Collaboration)
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Helol g A+ B84 5 Al7]1E bk QIok(Shipp et al., 2005;
Ruegg, 2006; KEIT, 2011). &3, A7 HHE SHAA = OF
S B ARYEES F83 R&D 7 E8AA F A AY A
34 EHE =93¢ HAAFE0] &1 ¥ Th(Fritsch and Lukas,
2001; Belderbos et al., 2004; Laursen and Salter, 2006; Berchicci,
2013; Robin and Schubert, 2013).

B AFE71e8A F7hdFAEA] W A RA L R&D #
Ao Tt A7 7 #AE GHHHQIR&D = EE A &

EE3aA gk (1) B te B R
HA7A W3] 7Hsq 717 (2) <A A i
A= =7 3) “FRUIE R FY &

EAs =71 B 4

217870 2 A A5k A

B AES 743 , <5 R&D
HA) Y] A5 EA F 53], A A= o F Ad 4F-Ad o)A
A5 EAES 1T AEH o]g A 2H (Logistic) ¥ AR F
S 7o 2 AFEA S AN o] F Bl g gle
g AR Y F5 R&D HAE “R&D HAE A Q). &
e A1 AE A 2% o2 281 E A 3 A
TR A ASE] LA ST EAE T TAHZ FAHHT

<Figure 1>ollA QA AR o2 FAH] A2d
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Figure 1. A R&D logic model with inputs, performance and external influences
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T3 R&D A HH7HE 919 WY 2 ¢ R&D = EF ot
(McLaughlin and Jordan, 1999; Ruegg and Feller, 2003; WKKF,
2004) Ruegg and Feller(2003), Hsu and Hsueh(2009)= &3 12
< &3l R&D FHA| A7 Al nsfof & FESE A HF
02 AT (1) FY (Inputs) FHE2 FRA LG, 53]
718 deFATY, ¥, 4213 (2)
Z(Outputs) A =& =, 53] 249 -
A, 74 A2 A3} (Outcomes) A &5 *}"éﬂ' o]%; (4) &

1A, A3 - AA A 3hF &I (Impacts) FE-2 AFLE 50
Q?_IQE} <Figure 1>91A4 A AHA4FH 02 FAH YEELS
A7 A NGO ZA R&D FY, AT 2 YFE Fgadl
& BofFed, old g AA T AW e A 34 Al 44 F
oA =23ttt

= e 27T EAY S
W A71A 08 Z7}38t7) &R Al éi*‘] H] 2~(National Science
and Technology Information Service, NTIS)oll &= - &&|3l=
dl, 4 AAA R 6714 F, (1) &6, (2) =%, (3)

A3 (5) AH A, (6) B - 7€ AFH H (1) ] - A

H 1% 7bl‘i T T2 AAAEE 18T ), <Figur
& 53] 58 > Aist - A g g At A
TAolga A, o) e, 3 FHA T4
F S - AFNBEGE 7EYA A g 7)Y 1w
I AFER ZFEETHKISTI, 2008; MKE, 2008; MST - OSTI,
2008). A AXAAZI S FAAY BHEE G ZALl| w}
29, R&D ALY FY vl A3 7 #A 221, FH7]H,
e, MAAE 7 A AE A5 Ao Hlul Fo] T4
A5H R&D AAEA FAIY AL E g HTHKEIT, 2010,
KEIT, 2011; KEIT, 2013).

H, v=9 A5 T7HAFNEAY ot | A R&D 9
g9 Hads 7zt otk v= o4 = (Office of Ma-
nagement and Budget, OMB) & ©]= Ul 5# 2732l 343}
714 A = (Office of Science and Technology Policy, STP) 5
< 201495 = 7 FNEARY O oA 949 A
£ =@ v oler 59, AR eSs TG R&D F 5* gol g
2897} 46171 % BokZ 3% THOMB and OSTP, 2012).
ATPE A FA AT 48 7] #Ho] “T 7] H(Single Company)
e 7, BHEA °J§L‘&.‘ e JJEH US$ 29 gko 2 A5}
AL, T 2090 WE A1 S Adete s #ed A
© 2 B HTh(Ruegg and Feller, 2003)

Chen et al.(2011)2 20053 55 20073744 313 7t S5 7370
HEFA 7199 *3 A M 8HE DEA 7|9 B3] 2 EA S5(Malm-
quist Index) 7y BA59 e, &3 tr|dH £4719
ZHR&D @ 4 %ﬁ’“g 7514 . Belderbos et al.(2004)=
1996\ 5-E] 1998 744] 31 7% Lﬂ%ﬂ%& 2,0567H 719 = o3
OS2 R&D Y0l 7199 =T B 71EdA Aol v A=
F&IARYORE EASGE, 474 ¥ ¥ E T
St AAd o] Aol ghe 8134t Fritsch and Lukas(2001)&

EE
é
e =
ol

=9 18007 71 & g
Logit-Poisson 3] 7 53 0.

TE(F, TALT), R&D ZE(F, R&D I EHIE), o] F 714
o A CE Fo3 b3 %
Berchicci(2013)& 199219 5§ 20043744 1

253770 719 < o= 24
S FMgge, 7= ’?_"‘o EHE]‘?i
& 7|0 8t YR Hl &3 A.UA e <]
HAY A7 IS %L"'O}%U:} 53], R&D g o] 22 7]
Ae 2 71l HlE) 5 R&D EFS =YOEZH 71g Al
AL A AANZ Ak A2 XA TE Robin and Schubert
(2013)& 200413 56 20083 7bA] 5 7F 2~ 9 = 7Y
S Ao HEZAES AASL 1 AEE JA Tobit 37

o|etg] 0}
Z}EE Toblt Q A=
‘Wﬂfﬂz“

zygow BA }.O:l_‘:_tﬂ 710 &8s TRHERLD 7| B3}

o] @eo] 71¢ 844 el isd AAF 2 An &L 57}

NIlE 357 Al Hastoh

3. 975

B Aol AEsnA s 2 B3 A (F, R&D FHA)9)

A5 EAS Y& W4E2, <Figure 1> X“ﬁ AZHE o
2 IANH F /A RKD BY, A 2 98 gagl 7 =

o tjSHth AR, R&D £ 850 )25 E=R&D PP WS

2 &, XI(R&D Government Subsidy, FA A=), X2(R&D
Period, A7-71%7]7}), X3(R&D Workforce, 17711 2) Al
7HA ot} E4, R&D A I FZ = Y(Patent Registration, &
3 5-%), Y2(Sales, "1 Z W), Y3(New Employment, A7+ &) A
7FA ot} vpAeto 2 R&D YE MG} A I & F
REENLESS Tl(Company Type, B ALY 8 7] % 3
e ST F ) T2(R&D Collaboration Type, ¥¥ 3
TR £ AFEY M= At A d o] F Al 47k A
AW E = A, 2 R&D A3 FEEE A3t A2 433
B2 A7 A2 o) ¢ 34T ®uk ojyg, 1 FEY
SEAQJ B B2 E 7ekete] Al 7hA] A4E dAE R&D
AT YL Y2, Y3E 4 ()FE 4 3)3 22 Al 7HA] o7l

~

HTEE HEE o] 03 2 A I ARFoE AL o
20, " A2 AAY Y1 &, Y1, > 00| (F, 53153 4
A& AF)0IE, ol t g3k BHEE AT BE o7 B4
RE-A5 o7 W4 Bl = 12 W8 S o g}, 9,

T M AEH = 87HA] M52 <Figure 1> 4] =9
AFNA FEHoE F&H EH FEE 7|23
A8 AolH, o] ¢ HEO| NTIS 4 A FHA FAA & 4
24 O ALY 543 714 DS Badel ddka BuE
FEES F7HE uhdste] 2749 Z o] thMcLaughlin and Jordan,
1999; Ruegg and Feller, 2003; WKKEF, 2004; Wu et al., 2006,
KISTI, 2008; MKE, 2008; MST - OSTI, 2008; Hsu and Hsueh,
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2009; Guan and Chen, 2010).

if Y1.,>0,
]31:{1 iYL >0
0 otherwise

1 if Y2. >0,
B2 = ’ ’ 2
! {O otherwise @)

1 if Y3, >0,
B3. = ' ' 3
! {O otherwise 3)

T1, T2 7 7FA] o7 G 2 (4), 4 (5)¢h 2ol A
ot WA, " A= AA Y FANH G| “T) 7] 4" Large
Company)°]® TI; = 1, “TZ?J]Q”( mall and Medium-Sized
Enterprise, SME)©] ¥ T1,= 0 g+ zk=t} o] ¢ f-A e A, i 2
Z MAY #Y F3o] “¥8 R&D”(R&D Collaboration)©] H

T2;= 1, “&% R&D”(Single Company R&D)°] ¥ T2;=0 k< 2t
=

)

T1. = {1 if the i™ observation by “Large Company”, )
P10 otherwise (i.e. “SME”)

T2 — {1 if the i" observation by “R&D Collaboration”, 5)
i 0 otherwise (i.e. “Single Company R&D”)

2 (6)F 2ol Bojd o] EZIAE‘ 319 23 Model (1) §F
-3 4 (Response Variable) B1S & 5714 o 21 4=(Predictor)
X1, X2, X3, T1, T22 A3ttt 1822 Model (1) Al 7}HA
R&D F FE54 A FH7|1# 2L Y 73 T whek 5
5% 4% A= ofF #d A A FEo| drpy Izt
A Bt AE B4 3T <Figure 1>9] R&D =223 9 A4
&2 0 2 Model (2), Model (3)Z 4] (7)

Model )= &4 Bl SR
B2 &, W& A3} % % of F #d A3-Ad 2 BAE F7t
210 2 Model (3)E R&D =828 &M 4
FA et Ao YA 2l g et o] H TA o

A3 B 55 2 A 55 3 BAAZ ZFo|t

e Model (1) : E(B1|X1, X2, X3, T, T2)

=f(X1,X2,X3,T1,T2)

exp(8, + 4, X1+ 5,X2+ 3,X3
+ By + B T2)
" Trexp(B, + B, X1+3,X2+ 3,X3 ©)
+ B T1+ B, T2)

* Model (2) : E(B2[X1, X2, X3, T1, T2, B1)

=f(X1,X2,X3,T1,T2,Bl)

exp(8, + 8, X1+ 3,X2+ 3,X3+ Oy,
+ B, T2+ 85,B1)

T Trexp(By +B,X1+ 3,X2 + 3,X3 + i T 1 @)
+ 3, T2+ B, B1)

o Model (3) : E(B3|X1, X2, X3, T1, T2, BI, B2)
= f(X1,X2, X3, T1, T2, BI, B2)

exp(B, + B, X1+ B,X2+ 3,X3 + B,
+ 87512 + 5, B1+ 65,B2)

T Tt exp(By + B, X1+ B,X2+ B;X3 + B, T1 ®)
+ B T2+ 35, B1+ Bp,B2)

S, A 2o A AAE AHed BE FHIES F3 o] 24
|70l 7] Z3ted, Al 13l A AlA I 2 Ate) 57190 Al 7kA A
2ol o g =53] 99, £ ATRYS Ta) Agsar
St M S GEEE AAst ofg o Zo] AT 4 ATk

o 715 o] A3 B2 ¢ (+)2)

e e EAsh, 1 9 4
3502 AYD5E AT Aot

PR ER NE R ERIRE R S
she A7 24 el

o M3 BB D B £ DAY EE AR fB
wol7k 24 Aol

o 731 F RN 58 HF, “FA7197 O <Th71ed)
B3} 3% of ol §9% Ao)7} EAT Aol

e 71432 W 3 7HE, BE RED” ¥ “8E R&DY)

1:1*1‘IT0
5t AE o 2ol HI Fol 7k 241 Aol

>

A7 &P Y “ZEAE” 7] 2 2007
1A 53 2 % 3,0337) R&D JMI =, 71l
o] F#3k 18997, & 2,257/ R&D
B 1 E2 ARt NS FRAET) O
< SHAEE “AEAA T} ofd “FEIAAE B
= Aol A R&D T thul B3 F29] A
A Az AR HeE.
J:‘ % 225770 R&D FA 9] YA E
, Y2, Y3 EFoA STHAQL o]
l 4712 M-Sl tsl M= 242 99%
H“HH’“E Z3 3 %k% Zte #E3 NAES B AFES
AEANA = ALstAtt ?L Al 99% WELLE= X3, Yl
Y2, Y3 =M 2 27} 82.20, 15.60, 89.51, 103.000] 9, 2}
o] th9J = <Table 1>oﬂ Al 15401 T}, o] 9} 22 A %k—‘l X*
&3t Z 7970 #Z AAE o) FH o E Bt AAY &
HEHOR 7531% BASEA NG AE 27En=2 1780]
o 39, X194 A5 24 AE AuE Hel 489 g8
1,00094/USS$ 1010}, Y12 A A AA 5 Abs} gh4kd 7] <315

o 2 o i
Emlmr.?ﬂﬂlm
o P B ol
NN E

ox
|o
fi
oy

O S T e

=
=
3l

A=}

l

o M X

Y “A A AA R&D AHA R AA Thol =gl A Fo
2P 7t AAE YA (F, W 555 79 545
£=06:100°] 48" U & 79 5355 AH 7t



346

Aol t} (MKE - KIAT 2012).
<Table 1> £ AZEA A
HojFEoh WA, R&D AW

Zp=21789 F
T 9 A 67}?‘](#, X1, X2,

07]

FAZ=

H
X3,Y1,Y2,Y3)9 9% (Skewness), 3 =(Kurtosis) 5= HH 4l
o] 67}A M9

gt FHA REE FTE & 5 Ak 53,
S 2EOWE HYFE <Figure >NAE EH =
Al 7HA A Y1, Y2, Y39 A ol e

AAE,

0 2349l gt Hohe

A3 ZE A5 WA 77128 AT Y1(8977K, 897/2,178
x100 = 41%) S A 202, A A A2 5 Y2 (84071, 39%), AF
3] - AAA SF & A Y3(678, 31%) 9} Zol, <Figure 2>
O] R&D =E| B A A A  HOE H28rE

A O 7HAast= Ao ot} o)9 e nj gL

=Hd =

Al 742 o] ¥ <= B1, B2, B39] H ¥ (Mean) 0.41, 0.39, 0314L
YA H} o] o} e @S Al 7HA AT YL Y2, Y3 BT

AT Median)7} 0 Fh2 Fot ASHE YA HH, o]=H
A3 ZE B35 NAY d4aH Sdo| A FUET. FFL
AW T T2 #d 42 370 0.14,0.580] B2 X4 A& 0=

2,178 A; (1) “Th 71 47 14%, “% 2719 86%; (2

) “fg a R&Dn

58%, “THE R&D” 42% S 0.2 ZAMETH B AZEA A A9
g« R&D” FF 2 T A= AL (1) “AHE, (2) “at

@, (3) WD, o) A 7P 53 % o= @ 7ol

H=
E—l"n‘

=& oujght}. <Table 1> ©] o= EFHAKStDev), B &
AlF(CoefVar), HF(Max) 52 HoFH, “TEIA"E +
AE AEBE X2 HOghS 10172 ﬂOIHE} <Table 2>+
=0, 1) R

EHAEn=2178& FH1 R FI(F,T
(%, T2=0,1) 2 Al 744 o] X F 7w
=0,1;B3=0, 1) 7 B & &3 7] »
Zolt}. 3, & AT A =R&D U E

%%@@
1 74<
e

=0, 1;B2
Ml EREE

TR )

77H fﬂWBl—l&Bz—l
zAe Lés}% #Z0 1 = 42970 2, 71 8] £-0] 429/897x
100 = 48%<1 ¥Hd Bl =0 21& WE38hs &= A 1,281
A FAH Bl=0&B2=1Z0E& UHEees #= A =
411702, 1 H1E0] 411/1,281x100 = 32%} 2o] Atz o0&
O 450 4, Y2 43 & 977} R&D =22 9

AA gAY A AE 7o &€ 7hsAo] S B
o] Zt} npVIA & Bl =1&B2=1 A& u}fo}—g #= 714
F4297) Z| A Bl=1&B2=1&B3=1ZAL &= 4

Z A 4= 702, T Hl80] 327/429x100 = 76%¢) HHE,
Bl =1&B2=0 272 W=dl= 3 ) A 5 4687) S04 BI
=1&B2=0&B3=1 20& WE3he A3 A FE307M2
1 H] 20 30/468x100 = 6%} 7o) AAE B E A 0 2 T
EAHEE AX Y3 AS ZE 77 Y2 AT AE o Ho

- o] &2 qlo] B AT,
g °éf*ﬁ°lﬂd_¢ T1, T20ﬂ E}E}HE, oﬂg 301 NMEE!
=

A

=

o
e ot
g — rif

=7
z3& U&éé = J?J_r? A ﬂ T 8977H ﬂw T=1%
N3 =(F, 88 R&D”) BZ A = 63712, 4|
£-0] 637/897x100 = 71%°J HE T2 =0 2P S BESe o
7Hzﬂ 26070 2, 1 1] £-0] 260/897x100 = 29%0] 2 & A=,
YI AR ZAZE AR e dFRAUT T2 2 Aol & HTh E
Sk Tl =1 24 HE=(F, “u71) 2 44 < 175
A=, 71 H &) 175/897x100 = 20%Q WA, T1 =0 =4S ¥
Z3te B2 A = 7220 E, 1 81$0] 722/897x100 = 80%
o|BR A “FA7IG Y YI AR FE T FEolH 7

o i, &9
o
N

[e3
I\

_l

E2A2H IATHE AT HARY S FL BP0 WE SA0 Tk F, ol F B} A4 3] dHE ZA LY I EA
AR ARAE S ol A 44U AN AR L B A D, o8 A o] QB0 4
71 RIERAe dg “01 AEe &A% F o9 2w
PR EE42 54 242 ﬂﬂEﬁ“M%%ﬁ%%#ﬂﬂ
293 E B Fo TR AAES vE H5E 4 ke &
<Table 2>& ¥4 A& n=21718 WFo2 4 F=2 #5  dE
Table 1. Descriptive statistics of the sample(n = 2,178)
Variable Name Unit Mean | StDev | CoefVar | Median | Max | Skewness | Kurtosis
R&D Government Subsidy X1 (USS 10%) 1.13 1.47 129.91 0.50 14.94 2.54 9.31
R&D Period X2 (Years) 2.44 1.85 75.87 2.00 10.17 1.31 1.96
R&D Workforce X3 (Man-years) 9.33 1294 | 138.71 5.00 80.00 2.14 5.78
Patent Registration Y1 0.85 1.82 213.82 0.00 15.60 3.81 18.40
Sales Y2 (US$ 10%) 1.43 6.20 434.05 0.00 87.67 7.65 72.26
New Employment Y3 (Man-years) 291 8.97 308.27 0.00 103.00 6.01 46.33
Company Type Tl 0.14
R&D Collaboration Type T2 0.58
Binary Conversion of Y1 Bl 0.41
Binary Conversion of Y2 B2 0.39
Binary Conversion of Y3 B3 0.31




944 o) 2A 28 ALY L o] B RaD Y R AT WAl B AFEA 47
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Figure 2. Histograms of R&D inputs and performance variables(n = 2,178)
Table 2. The number of observations in the sample based on the performance creation
Bl =0 Bl =1 Total
B2 =0 B2 =1 Subtotal B2 =0 B2 =1 Subtotal
B3 =0 |B3=1|B3=0[B3 =1 B3=0|B3=1|B3=0|B3 =1
1 = 0 T2 =0 398 26 78 118 620 98 13 22 73 206 826
T =1 315 26 55 129 525 225 13 63 215 516 1,041
Subtotal 713 52 133 247 1,145 323 26 85 288 722 1,867
1 = 1 T2 =0 27 1 4 8 40 37 7 10 54 94
™ =1 74 3 9 10 96 78 4 10 29 121 217
Subtotal 101 4 13 18 136 115 4 17 39 175 311
Total 814 56 146 265 1,281 438 30 102 327 897 2,178
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43 EALH JAEY - 4HRY AR, X1, X2, X3 BF FHY FEATE FaL P-value7t

0.05 wEto] B2 wk-g¥ 4= Blo| FAH O E Fo3 o SHF
2 AdAY FAF 54H(0dds Ratio) 5, exp(3)E X1
A, exp(3,) = 12002 X1 gE 1 &9
A

<Table 3> ZA| 2~H il?%‘%* A 2 & Model (1)9] F£
E_,\q A= Z “9/]_;‘1 > = &

: A3 S Ho 2 H”(Full Model) &= Al 452 Aos o2 Sof Aua
“Z2E¥"(Reduced Model)# TE3t7] 98] AHgHT whg O = TE = E O

42 B 1 = 1 o] A (Success) Z, “71 ZAA(Case) 0.2 Ao o/l WEBI=13k 5, 8F &E a7t 1209 S7bshe
o], 2-5% Q9 (Factor) ol W5 T, T2 71 %5 F Reference A2 EAET o9t & M= F3 =1, X1, X2, X3 &
Level)% Z7FTI=0,T2=0 %22 AATh Model ()9 7 7 1 B S7boll wet 53155 A3} & 4T FEo] o}
9 B4 A%E Avsid 083 2 Ae 7oz d4d) 53], BIUH X320 X1, X29] 57
Table 3. Binary logistic regression analysis with Model (1)
Model Description
Model
BI versus X1, X2, X3, T1, T2
Link Function
Logistic Distribution
Response Variable Value Count
Bl 1 897 (Success)
0 1,281 (Failure)
Total 2,178
Factor Level Value
Tl 2 0, 1
T2 2 0, 1
Binary Logistic Regression Analysis
0Odds Ratio 95% CI
Variable Factor Level Coefficient SE Z P-value Odds Ratio
LB UB
Intercept -1.665 0.096 -17.42 0.000
X1 0.180 0.050 3.63 0.000"" 1.20 1.09 1.32
X2 0328 0.037 8.91 0.000"" 1.39 1.29 1.49
X3 0.011 0.005 2.36 0.018" 1.01 1.00 1.02
Tl 1 -0.372 0.153 242 0.015" 0.69 0.51 0.93
T2 1 0.400 0.104 3.86 0.000"" 1.49 1.22 1.83

Log likelihood = -1,294.117, x*> = 363.057, DF = 5, P-value = 0.000
Goodness-of-fit Statistics

Method b DF P
Pearson 1,843.28 1,662 0.001
Deviance 2,156.23 1,662 0.000
Hosmer-Lemeshow 90.31 8 0.000
Measures of Association
Somers’ D 0.50
Goodman-Kruskal ~ 0.50
Kendall’s 7, 0.24
Pair Type Count Percentage
Concordant Pairs 858,104 74.7
Discordant Pairs 283,361 24.7
Tied Pairs 7,592 0.7
Total 1,149,057 100.0

x kxR

, , indicate statistical significance at the significance level o = 10%, 5%, 1% respectively.
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S AGEE JRHORE o FYo| 73 RYPOE Ak
ok % 1,149,057(= 897x1,281)7H (8 &, A 3h) &= /N A Z(Pair)
T AT BSINAY BF dF FEo] AU B3 AAY AF
& gERtg 52 “%_]7?]@. "(Concordant Pair) 74-%- 858,10471
(74.7%)2 1 ¥ ¢l “B<Y XA (Discordant Pair) 73 - 283,361
M24.7%)% Bl g W) FiH 02 O HE Model (1)9f B
SH Bl 3t 4% 582 Fesithy #oHT

Table 4. Binary logistic regression analysis with Model (2)

<Table 4> Model (2) &
Model (1)o] =g 54 7}119} Al Model (1) HH$-
T BlE dSHTE Ze, T 6714 SHTE T B2
£ A%t J%H&# B2=1 %ol 4% 5, 7IEAHCE 4
=, -7 2% SHFE AXE T, T2 £ B1Y 7| &F
=& 47 T1 =0, T2=0,B1 =0 ZoZ A=} &, <Table
4> 9 o] % Al <Table 5> Bejd &4 2749 |4 &

£ E4 2ot Model (2)

01-}14 —1)4 l"_gi
B rlr

Model Description

Model
B2 versus X1, X2, X3, T1, T2, Bl

Link Function

Logistic Distribution

Response Variable Value Count
B2 1 840 (Success)
0 1,338 (Failure)

Total 2,178

Factor Level Value

T1 2 0, 1

T2 2 0, 1

Bl 2 0, 1

Binary Logistic Regression Analysis

Odds Ratio 95% CI
Variable Factor Level Coefficient SE Z P-value Odds Ratio
LB UB
Intercept -0.684 0.084 -8.12 0.000
X1 0.023 0.047 0.49 0.624 1.02 0.93 1.12
X2 -0.108 0.034 -3.15 0.002"" 0.90 0.84 0.96
X3 0.014 0.005 3.00 0.003"" 1.01 1.00 1.02
T1 1 -0.762 0.157 -4.85 0.000™" 0.47 0.34 0.64
T2 1 0.195 0.100 1.95 0.052" 1.22 1.00 1.48
Bl 1 0.733 0.100 7.34 0.000™" 2.08 1.71 2.53

Log likelihood = -1,399.840, »* =

104.787, DF = 6, P-value = 0.000

Goodness-of-fit Statistics

Method X DF P

Pearson 1,778.84 1,724 0.175

Deviance 2,274.15 1,724 0.000
Hosmer-Lemeshow 18.86 8 0.016

Measures of Association

Somers’ D 0.25

Goodman-Kruskal ~ 0.25

Kendall’s 7, 0.12

Pair Type Count Percentage

Concordant Pairs 689,851 61.4
Discordant Pairs 413,815 36.8
Tied Pairs 20,254 1.8
Total 1,123,920 100.0
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A=, <Table 3>H-H <Table 5>7HA| o] A RY o) 7|23 2 29 Alqtu&st #d9 A F 712 A¢ollMes 489
A2Y ALY AHE A 3HAA AR M AFAA VRS E FSHEA A SAH LR Fof3 A= FQ
YA st go) QbR A, ML 1€ AGEE T 8 5 sl ol o] 198 A 4549 Sangel 120
ilx—,oi Al 7HA R&D AW X1, X2, X3 57 §AA L ALY ALY AodME A2 SdE e Aot =
2 FoF K)o e e Bl A9+ Model (1) 5, %31% A, 74 2 AEEn. &, AA 4 JJerH &A% AT
= A3 %%ﬂr HdE A @ @A E el i, W o AEAol G 53, mE A3 F=o M 2
Table 5. Binary logistic regression analysis with Model (3)
Model Description
Model
B3 versus X1, X2, X3, Tl, T2, Bl, B2
Link Function
Logistic Distribution
Response Variable Value Count
B3 1 678 (Success)
0 1,500 (Failure)
Total 2,178
Factor Level Value
Ti 2 0, 1
T2 2 0, 1
Bl 2 0, 1
B2 2 0, 1
Binary Logistic Regression Analysis
i ) ) Odds Ratio 95% CI
Variable Factor Level Coefficient SE Z P-value Odds Ratio
LB UB
Intercept -2.832 0.153 -18.55 0.000
X1 -0.022 0.066 -0.33 0.745 0.98 0.86 .11
X2 -0.048 0.049 -0.97 0.333 0.95 0.87 1.05
X3 0.015 0.006 237 0.018" 1.02 1.00 1.03
Tl 1 -0.594 0.221 -2.69 0.007" 0.55 0.36 0.85
T2 1 0.152 0.140 1.09 0.277 1.16 0.88 1.53
Bl 1 0.392 0.139 2.83 0.005™" 1.48 1.13 1.94
B2 1 3473 0.136 25.60 0.000"" 3222 24.70 42.03

Log likelihood = -816.857, x* = 1,067.583, DF =

7, P-value = 0.000""

Goodness-of-fit Statistics

Method i DF P
Pearson 1,837.30 1,804 0.287
Deviance 1,423.15 1,804 1.000
Hosmer-Lemeshow 25.06 8 0.002
Measures of Association
Somers’ D 0.75
Goodman-Kruskal ~ 0.76
Kendall’s 7, 0.32
Pair Type Count Percentage
Concordant Pairs 887,178 87.2
Discordant Pairs 122,127 12.0
Tied Pairs 7,695 0.8
Total 1,017,000 100.0
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44 R&D YEHF AFREA

FAHE 5 ok YurA 2959 %}*—1 A
s

B% o}oq <Table 6>J+ ﬂol X1,X2, X3 7t =
S A3t} 2422 A4FA 4 Pearson’s r

Z Al 7HA

o ©
i
L
—{> _u.

Kendall’s 75, Spearman’s p;,
710] A E]EJ\:}

<Table 6> X1, X2, X3 2 v - & 484 & Hol £,
B2 X2, X37k X190 &3 A% 7hsstthe AAl 8l X
o o240l £ X2, X3 5 /1A 450l
YO R AEAMEtA oA AnE 3 A% A
g 371402 918 Bayol gtk @, A 714 R&D §

o] & ATHE

QRIS e SARYOE AAE A S,
ABAE Z2RHL %%8}04 54 R&D A7) dis) 1
R&D 43 BE AF FEE AL 9F3tA st b

<Table 7> 4 Al 744 S 2 242k thef A X2, X3
7HA 041 = L¢%£ Xﬂﬂ 0}7 A &4 2ot <Table 7.(a)>
T

A JJrOIE} T%ﬂl S7tM

HA BAHCE frodt oﬂé—@%t« X1, T2, T 7} 71 &<
T}, <Table 7.(b)>= ¥H& 4= B2 thu] o] S84 X1, T1, T2,
47470 ti gt 3| A8 Aoltt. FAHA G EE7F Model
) B4 A9} YAHA FAFCE Fo dEFHFE
T1, T2, Bl Al 7FA 7} S1E T, ppA| 20 & <Table 7.(c)>& Kt
S B3 thy] o ¥4 X1, T1, T2, BL, B2 57}A o th3l 3
AEA Aoty FAAF L3571 Model (3) 24 A9t ¢
AstAM AR 3 S5+ T1, Bl, B2 Al 7}x1 }

Model (1) &4 Ao} 4|

G, Table > A4 AAIAE, X1 & 58 Bl
2,03 A 25 sl AR P 2D, A
4§ 40] 18 MeUFE 0K B2 O]Ei, R&D 24
B9l G e A0 A% dhet ok £ 9SS AG

o,
)
_\1

9, <Table 9] %4 B0 7|28 A 28] 3712 A}
A A 37l AlAE 7 AR S A, o= @Al Al 43
4 9mae 945 BAn Eo} AN ol GAHY B
& 744 Aol 7k A st E Fito] 7H 3190, H 4 R 9 A
ol A e <7131 thl “"iﬂ“”«l & 5 ATFaLE, o]

W4 X1, X2, X3%h BASfel, ok FAAS RE G2l 7] F I AT AT A BT BEolH 2 A2 94
Table 6. Correlation coefficients of R&D input variables
X1 X2
(R&D Government Subsidy) (R&D Period)
X2 Pearson’s r 0.617
(R&D Period) (P-value) (0.000"")
Kendall’s 7 0.693
(P-value) (0.0007)
Spearman’s p, 0.844
(P-value) (0.0007)
X3 Pearson’s r 0.596 0.434
(R&D Workforce) (P-value) (0.0007) (0.0007)
Kendall’s 7, 0411 0.397
(P-value) (0.000"") (0.000""")
Spearman’s p, 0.549 0.521
(P-value) (0.000) (0.000)
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Table 7. Binary logistic regression analyses with reduced models

(a)

Model

B1 versus X1, T1, T2

) - ) Odds Ratio 95% CI
Variable Factor Level Coefficient SE Z P-value Odds Ratio
LB UB
Intercept -1.242 0.081 -15.42 0.000
X1 0.458 0.044 10.41 0.000"" 1.58 1.45 1.72
Tl 1 -0.094 0.148 -0.64 0.525 091 0.68 1.22
T2 1 0.647 0.098 6.57 0.000"" 1.91 1.57 2.32
Log likelihood = -1,340.988, x*> = 269.316, DF = 3, P-value = 0.000
(b)
Model
B2 versus X1, T1, T2, BI
) - i Odds Ratio 95% CI
Variable Factor Level Coefficient SE Z P-value Odds Ratio
LB UB
Intercept -0.773 0.077 -10.04 0.000
X1 0.020 0.037 0.55 0.579 1.02 0.95 1.10
T1 1 -0.750 0.151 -4.96 0.000"" 0.47 035 0.64
T2 1 0.160 0.096 1.67 0.096° 1.17 0.97 1.42
Bl 1 0.679 0.097 7.04 0.000"" 1.97 1.63 2.38
Log likelihood = -1,409.137, x* = 86.195, DF = 4, P-value = 0.000
(c)
Model
B3 versus X1, T1, T2, BI, B2
Odds Ratio 95% CI
Variable Factor Level Coefficient SE Z P-value Odds Ratio
LB UB
Intercept -2.867 0.142 -20.18 0.000
X1 0.026 0.052 0.50 0.618 1.03 0.93 1.14
T 1 -0.525 0.213 -2.46 0.014~ 0.59 0.39 0.90
T2 | 0.161 0.135 1.19 0.234 1.17 0.90 1.53
Bl 1 0.374 0.135 2.78 0.005"" 1.45 1.12 1.89
B2 1 3.485 0.135 25.74 0.000"" 32.62 25.02 4253
Log likelihood = -820.073, »* = 1,061.152, DF = 5, P-value = 0.000"
. R&D FA| 0| T HAstE T FAHHQ o FoE
3, AA7EA ol g HHH AFEA A 7|28 g A3y
S W AH o
5. & B dTe s AR g E2Ad 7184 F7td 70
%H}?j = 3 7HARI A AA 7| 284G S T = 2007
T7FAFNEAR S E FEE AP E BYsty, 2 AHRE & BE 20113704 59 77|y & i7]‘§0] Z33 JB
EAAAY S AN Lol A o2 AR HY 5 x] TER&D FAZ FAE B AMEn=2,178715 £43
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| o Stage I | Review R&D Performance Evaluation Logic Models |
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| o Stage II | Select Factors for R&D Inputs, Performance, External Influences to be Investigated |
{
o Stage III Establish a Research Model, Define Variables, and State Research Hypotheses
(IT1.1) Develop Successive Binary Logistic Regression Models
(IT1.2) Define Variables for R&D Inputs, Performance, External Influences
(IT1.3) State Research Hypotheses
{
o Stage IV Analysis with Full Models
(IV.1) Descriptive Statistics of the Sample
(IV.2) Frequency Analysis of the Sample
(IV.3) Logistic Regression — Full Models
(IV.3.1) Define Successive Logistic Regression Models’ Structure
(IV.3.2) Designate the Case of Each Response Variable
(IV.3.3) Designate the Reference Level of Each Predictor Having Factor Levels
(IV.4) Interpretation of the Logistic Regression Results
(IV.4.1) Predictors’ Coefficients
(IV.4.2) Odds Ratios of Predictors’ Coefficients
(IV.4.3) Tests for the Models’ Significance (i.e., Likelihood Ratio Tests)
(IV.4.4) Fitness Tests for the Models (e.g., Pearson, Deviance, Hosmer-Lemeshow)
(IV.4.5) Fitness Tests for the Models (e.g., Delta Chi-sq versus Probability, Leverage)
(IV.4.6) Check Models’ Predictability (e.g., Somers’ D, Goodman-Kruskal y, Kendall’s 14)
(IV.4.7) Check Models’ Predictability (e.g., Concordant Pairs, Discordant Pairs, Tied Pairs)
\
o Stage V | Correlation Analysis Among Variables Relating to R&D Inputs |
\
o Stage VI Analysis with Reduced Models
(Build Reduced Models with Regard to the Results from Correlation Analysis)
(Repeat the Same Steps Described within the Stage IV)
{
o Stage VII | Draw Conclusions and Practical Implications Based on the Full and Reduced Models

Figure A.1. A schematic diagram for the empirical analysis procedure of the present study
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