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An empirical Analysis of Scientific and Technological Performance for the Railroad
R&D through the Cross-sectional Analysis
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Abstract An analysis of railroad industry has been insufficient whereas there are lots of analysis of accumulation of tech-
nology, economic performances and ripple effects for macroscopic view and other industry of R&D investments. This study
decided intellectual rights, patent, and paper as common indicators of scientific and technological performances for set-
ting up performance targets through surveying and analysis of preceding study and verified a appropriateness of scientific
and technological performances for railroad R&D 11 projects which were successfully finished. Preceding study has been
set up performance targets by research investments as input, but this study made a performance target by model through
a cross-sectional and residual analysis of performances of railroad R&D 11 Projects in applying research investments,
capital investments and inner labor cost per man and research time as inputs, and verified a validity and a empirical anal-
ysis through analysis of other project.

Keywords : Analysis of railroad R&D, Cross-sectional analysis
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Table 1 Railroad R&D investments and performance
7f¥n elAn A+ IR(GF, A PP(AIA, 1
ﬂ}xﬂ 7]2_}’(Y) HZ o] O—‘l :VLT:]_ (o = ) ( )
RLR) | (LCold) (MP) PT 71Ek A = 58] A
RRI 11 543.0 65.6 98 46 270 316 103 24 127
RR2 7 370.0 40.5 80 36 33 69 165 17 182
RR3 6 400.0 46.9 65 43 43 86 104 11 115
RR4 5 353.0 42.0 64 44 54 98 65 16 81
RRS5 5 22.0 3.0 9 1 5 12 - 12
RR6 5 24.0 4.7 9 - 4 27 8 35
RR7 3 12.0 32 13 - 1 35 1 36
RR8 5 30.0 39 8 - 1 1 20 2 22
RR9 3 7.5 1.9 9 - 1 1 5 - 5
RR10 5 17.0 43 6 6 - 6 19 5 24
RRI11 4 21.0 22 8 - 1 1 6 1 7
SHA| 1799.5 184 404 588 561 85 646
Table 2 Analysis of scientific and technological performance for railroad and other fields
o I IR PT PP
S ZHER|(SH
SO0 Tesm [ agew | s=@ | Adew | AA@ | Adaw
e 1,799.5 588 0.33 184 0.10 646 0.36
E 2,655 661 0.25 121 0.05 702 0.26
AA 3,730 413 0.11 161 0.04 2,061 0.55
A uE 6,385 1074 0.17 282 0.04 2,763 043
2% 17,141 - - 1087 0.06 14170 0.83
25 534,096 - - 37,544 0.07 - -
Ht 0.215 0.06 0.486
Mg Table 3 Correlation analysis of RI, LC, MP
1 RI LC MP
08
06 . l Pearson 3715 1 998(**) 990(**)
04 B B Rl | oojatz opx 000 000
02 - ‘lTv’] = = ( © —1) . .
0 E‘;Agg = g N 11 11 1
22 | m& | W8 |A4ms | 33U | R | B2
A} Al = k% k%
"R| 033 0.25 011 017 0.215 LC P:arson gzl | 998C) ! B4
o] L=
=pT| 01 005 0.04 0.04 0.06 0.07 0.06 i ol ) 000 000
=pp| 036 0.26 055 043 083 0.486 N 11 1l I
Pearson A1 | 990(**) | .984(*¥) 1
Fig. 1 Performance ratios of R&D MP [ gojsts (4% 000 000
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Table 4 Collinearity analysis of independent variables RI, LC, MP

3 0
e | wg | MEERAE medoaw o BIAE a4 5%
B gZot el ez | Aot | eaasl | VIF
&) -55.079 25.502 -2.160 .068 -115.383 5.224
R RI -3.252 1.346 -7.056 -2.416 .046 -6.435 -.069 .002 546.158
LC 27.654 9.461 6.926 2.923 .022 5.283 50.025 .003 359.526
MP 2.743 2.606 1.022 1.053 327 3418 8.904 017 60.308
) 8.712 4.440 1.962 121 3.615 21.039
- RI 378 197 3.995 1915 128 -170 926 002 584.986
LC -1.694 1372 -2.050 1235 | 284 -5.504 2.115 003 370.492
-.545 364 -.985 1497 [ 209 -1.557 466 017 58.190
) 8374 14.076 595 571 24.909 41.657
op RI 642 743 2.240 864 416 -1.115 2.399 .002 546.158
LC -7.504 5222 3.023 1437 | 194 -19.852 4.843 003 359.526
MP 2.808 1438 1.682 1.953 092 -593 6.209 017 60.308
Table 5 Reanalysis of railroad R&D 11 project's investments and performance
IR(&=, 1) PP(AIA, 1)
AR | RT(Y) | R(EY) | RCI(EY) | LC€) | MP(E) | LCPM(SY) T ey a = S 74]
RR1 11 543.0 4774 65.6 98 0.67 46 270 316 103 24 127
RR2 7 370.0 329.5 40.5 80 0.51 36 33 69 165 17 182
RR3 6 400.0 353.1 46.9 65 0.72 43 43 86 104 11 115
RR4 5 353.0 311 42.0 64 0.66 44 54 98 65 16 81
RR5 5 22.0 19 3.0 9 0.33 4 1 5 12 12
RR6 5 24.0 193 4.7 9 0.52 4 27 8 35
RR7 3 12.0 8.8 32 13 0.25 1 1 35 1 36
RR8 5 30.0 26.1 39 8 0.49 1 1 20 2 22
RR9 3 7.5 5.6 1.9 9 0.21 1 1 5 5
RR10 5 17.0 12.7 43 6 0.72 6 6 19 5 24
RRI11 4 21.0 18.8 22 8 0.28 1 1 6 1 7
SHA| 1799.5 184 404 588 561 85 646
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Table 6 Regression analysis results of railroad R&D 11 projects

R&DS| 25t | &%
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M
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X Y R Al FE R A F frolghsE t TegE

A== 0.625 0.543
RI IR 0.756 0.729 27918 0.001 ol 584 0.001
B P 1.146 0295
PT 0.952 0.944 118.228 0.000 ol L0873 0,000
B =N 1519 0.163
PP 0.787 0.763 33.187 0.000 ol 5761 0,000
= -0.588 0.571
RCI IR 0.752 0.724 27.234 0.001 ol 5219 0,001
B = 1214 0270
PT 0.952 0.944 119.818 0.000 eI 10946 0,000
B =S 1.554 0.155
PP 0.790 0.767 33.954 0.000 rCl 5327 0,000
eI Py 0.065 0.950
LePM IR 0.753 0.691 12.178 0.004 RCI 3.934 0.004
LCPM -0.192 0.853
= -0.524 0.622
" PT 0.962 0.947 63.369 0.000 RCI 8.649 0.000
LCPM 1.132 0309
=S 0.807 0.443
" PP 0.791 0.739 15.184 0.002 RCI 4383 0.002
LCPM -0.198 0.848

AR~ -
kel R | e | ot
L(I::;M, IR 0.888 0.840 18.477 0.001 LCPM 0894 0.401
RT 2.904 0.023
=N 1455 0219
., RCI 14.083 0.000
PT 0.991 0.985 153.366 0.000 LCPM 5433 0,092
RT -3.690 0.021
= 0.642 0.541
., RCI 3.052 0.019
PP 0.792 0.703 8.878 0.009 LCPM 1% 0,881
RT -0.114 0912
= 2.053 0.074
RCI, LC IR 0.873 0.842 27.588 0.000 RCI -2.310 0.050
LC 2773 0.024
=N 1.136 0308
" PT 0.954 0.935 51.315 0.000 RCI 1.072 0333
LC -0.364 0.731
=N 2.662 0.029
PP 0.867 0.834 26.065 0.000 RCI 2.597 0.032
LC 2,144 0.064
= 3729 0.007
RCI, RCI 2477 0.042
LC, RT IR 0.940 0.915 36.693 0.000 Lo 5761 0,028
RT 2.797 0.027
=N 2.662 0.029
PP 0.867 0.834 26.065 0.000 RCI 2.597 0.032
LC 2,144 0.064
P 3729 0.007
RCI 2477 0.042

IR 0.94 91 69 00

0 0915 36.693 0.000 LC 2.761 0.028
RT 2.797 0.027

T 1 p<0.05



200 BRHEEE=2A H14H AH3E(2011H 68)

I

Table 7 Coefficients of IR, PT, PP
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_ 2= _ -

=YW 63369 2 3.150 6.006 0.524 0.622
RCI, LCPM 0.962 0.947 © 600) RCI 0.097 0.011 0.909 8.649 0.000
FEWT PT LCPM 13.819 12.204 0.119 1.132 0309
=24 RCI 0.790 0767 33.954 Ay 17.326 11.151 1.554 0.155
&S PP (0.000) RCI 0.288 0.049 0.889 5.827 0.000
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Table 8 Collinearity analysis of independent variables RCI, LCPM
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3t A3} VIFZko] Table 83}

£F3 . gk 959
conr | we WEES A o U eme| BT U4 AT
B xF02t H e} ok etk | SRS VIF
&) -3.150 6.006 -.524 622 -18.588 12.289
PT RCI .097 011 .909 8.649 .000 .068 126 .687 1.456
LCPM 13.819 12.204 119 1.132 309 -17.551 45.190 .687 1.456
Table 9 Performance and residuals of railroad R&D 11 projects
A CE D AR A7 2k A Aohigk 2k Aehigk @A
IR 206 316 110 110
RR1 PT 52 46 -6 6 144
PP 155 127 -28 28
IR 136 69 -67 67
RR2 PT 36 36 0 0 137
PP 112 182 70 70
IR 148 86 -62 62
RR3 PT 41 43 2 2 68
PP 119 115 -4 4
IR 129 98 -31 31
RR4 PT 36 44 8 8 65
PP 107 81 -26 26
IR -3 5 8 8
RR5 PT 3 4 1 1 20
PP 23 12 -11 11
IR -2 4 6 6
RR6 PT 6 4 -2 2 20
PP 23 35 12 12
IR -7 1 8 8
RR7 PT 1 1 0 0 24
PP 20 36 16 16
IR 0 1 1 1
RRS PT 6 0 -6 6 10
PP 25 22 -3 3
IR -9 1 10 10
RR9 PT 0 0 0 0 24
PP 19 5 -14 14
IR -5 6 11 11
RR10 PT 8 6 -2 2 16
PP 21 24 3 3
IR -4 1 5 5
RR11 PT 3 3 0 0 21
PP 23 7 -16 16
IR -1
2} g+ PT -5
PP -1
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Table 10 Investments and performance of TC, CR, DR, FI
RT RI RCI Al B LC MP IR( PP
M| e | @o | G | an | ™| @ o] @ i
TC 5 49.1 41.8 - 7.3 0.73 10 16 16 21 27 7<=k
CR | 5 | 1174 | 1103 285 71 0.71 10 [ 20 | 3 | 23 | 22 | 712/ 9@ A3a] =4
DR | 5 | 1165 | 969 255 196 098 | 20 [ 11 | 6 | 17 | 54 |7]2/% 9 &4 =4
FT | 5 101 884 18 126 0.74 17 | 13| 20 | 33 | 35 | 7|2/ 2 Ajaan] =a
Table 11 Analysis results of performance and residual for TC, CR, DR, FI
| ey | ey | e | AR WA | an | e | e s | e )
IR 8 21 13 13
TC 0.73 14.9 49 PT 11 16 5 5 20
PP 29 27 2 2
IR 35 17 -18 18
CR 0.71 6.0 11.7 PT 17 11 -6 6 29
PP 49 54 5 5
IR 35 33 2
DR 0.98 16.8 5.8 PT 20 13 -7 19
PP 45 35 -10 10
IR 41 23 -18 18
FI 0.74 12.5 59 PT 16 20 4 4 43
PP 43 22 21 21
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