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Research on dynamic development of innovation
performance from the perspective of input co-evolution
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[ Abstract] In order to analyze the total factor efficiency from the perspective of the coordinated evolution of innovation investment
of large and medium-sized industrial enterprises in China from 1999 to 2017, the paper first establishes a composite system synergy
model based on entropy method for objective empowerment. The order degree and the degree of synergy of its composite system are
measured and analyzed. Then, the dynamic development relationship between each innovation input element and innovation
performance is analyzed through impulse response and variance decomposition. The results of the composite system collaborative
model show that the level of synergistic evolution of each innovation input factor subsystem will have an impact on the degree of
synergy of the composite system, and because the Chinese industrial enterprises slow down the pace of catching up with the world’s
technological frontier, it negatively affects the coordinated development of entire composite system. The results of impulse response
and variance decomposition show that there is mutual promotion and mutual feedback between innovation input factors and
innovation performance. Due to the independent characteristics of enterprises, innovation resources and innovation technologies bear
more fluctuation explanations in innovation performance than innovation environment.
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Tab. 2 Subsystem order parameter weight table 1

A X X, X, X, Z Z, Z3
1999 27.6 5.2 260.2 304.6 543.9 7 120.0 197.3
2000 32.9 5.7 353.4 388.9 575.6 7 116.0 214.2
2001 37.9 6.6 442.3 422.0 703.3 6 747.0 226.1
2002 42.4 7.3 560.2 509.2 816.2 7 100.0 264.6
2003 47.8 8.3 720.8 639.0 944.6 6 651.0 340.9
2004 43.8 7.6 954.5 820.9 1 095.3 6 566.0 446.8
2005 60.6 10.5 1250.3 1457.2 13349 6 874.0 526.6
2006 69.6 12.0 1630.2 1862.9 1 688.5 7 838.0 695.1
2007 85.8 14.8 2 112.5 2453.3 2135.7 8 954.0 840.4
2008 101.4 17.5 2 681.3 3 095.8 2611.0 10 027.0 955.6
2009 115.9 20.6 3210.2 3 654.6 3276.8 12 434.0 11422
2010 137.0 22.9 4015.4 4 420.7 4196.7 12 889.0 1 545.6
2011 158.7 25.2 5030.7 5697.2 4797.0 15 709.0 1 904.1
2012 181.9 28.9 59923 6571.8 5 600.1 18 847.0 2 630.1
2013 197.7 29.6 6 744.1 7 440.6 6 184.9 20 408.0 3 416.9
2014 203.8 31.3 7319.7 7 953.3 6 454.5 21 858.0 4246.7
2015 198.6 33.5 7792.4 7978.9 7 005.8 23 855.0 5059.0
2016 196.4 36.0 8 289.5 8903.8 7 760.7 26 469.0 5851.1
2017 193.1 36.3 8 976.2 10 064.1 8 383.6 28 500.0 6 826.2
AL Aj 0.211 0.216 0.282 0.291 0.279 0.317 0.404
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Tab. 3 Subsystem order parameter weight table 2

A Y, Y, Vs Y, P, P, Py
1999 207.5 18.1 13.8 845.6 7 884 52292 5 550.0
2000 245.4 18.2 26.4 1 132.6 11 819 55953 7 641.4
2001 285.9 19.6 36.3 1264.8 15 338 57 412 8793.5
2002 372.5 25.7 42.9 1492.1 21297 59 788 10 837.8
2003 405.4 27.1 54.3 1 896.4 31382 68 633 14 097.7
2004 367.9 54.0 69.9 2590.6 42318 74 576 20 421.2
2005 296.8 69.4 83.4 2792.9 55271 81 033 24 097.1
2006 320.4 81.9 87.4 3019.6 69 009 100 760 31232.8
2007 452.5 106.6 129.6 3 650.0 95 905 112 369 40 976.2
2008 440.4 106.4 166.2 4167.2 122 076 121 358 51291.6
2009 394.6 163.8 174.7 3671.4 166 762 152 770 57 978.1
2010 386.1 165.2 21.4 3 638.5 198 890 159 637 72 863.9
2011 421.0 178.3 203.0 3677.8 265 612 176 044 88 650.2
2012 378.0 145.7 178.1 3 669.0 327 116 210 730 98 192.2
2013 373.6 138.1 189.5 3 495.0 359 791 222 508 112 561.9
2014 365.1 131.5 190.2 3287.2 393 480 225 206 123 600.8
2015 390.6 101.6 207.2 2703.0 394 956 176 447 129 076.6
2016 456.4 104.8 187.6 2622.0 438 422 195 747 147 336.4
2017 370.2 114.8 182.1 2705.1 496 260 222 448 159 956.9
A A, 0.110 0.395 0.296 0.199 0.394 0.258 0.348
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Tab. 4 System order degree and composite system order degree from 1999 to 2017

o f d, (s,) d, (s,) d. (s,) (sovs ) el s)  c(s, ) D(S)
1999 0.001 6 0.003 9 0.003 1 - - - -

2000 0.004 9 0.013 1 0.004 4 0.005 6 0.002 1 0.003 5 0.003 4
2001 0.007 9 0.021 2 0.005 7 0.010 5 0.004 1 0.006 8 0.006 6
2002 0.011 6 0.037 6 0.009 1 0.018 4 0.007 8 0.014 2 0.012 7
2003 0.016 6 0.049 0 0.010 5 0.026 0 0.010 6 0.018 3 0.017 1
2004 0.018 3 0.077 8 0.013 0 0.035 2 0.012 9 0.027 2 0.023 1
2005 0.033 6 0.081 0 0.018 3 0.049 7 0.022 1 0.034 3 0.033 5
2006 0.043 9 0.093 3 0.030 0 0.061 5 0.033 8 0.049 1 0.046 7
2007 0.059 9 0.142 7 0.042 3 0.090 0 0.047 9 0.073 9 0.068 3
2008 0.076 7 0.157 3 0.053 9 0.107 4 0.061 8 0.088 3 0.083 7
2009 0.092 9 0.164 9 0.074 1 0.121 3 0.080 5 0.106 9 0.101 5
2010 0.113 1 0.173 8 0.093 6 0.137 7 0.100 5 0.124 0 0.119 7
2011 0.138 3 0.181 2 0.119 2 0.155 7 0.126 0 0.143 5 0.141 2
2012 0.163 0 0.157 1 0.155 7 0.157 3 0.157 0 0.152 9 0.155 7
2013 0.179 1 0.154 0 0.184 0 0.163 3 0.179 2 0.164 9 0.169 0
2014 0.190 8 0.147 4 0.208 2 0.164 8 0.197 0 0.171 6 0.177 3
2015 0.196 5 0.135 4 0.237 0 0.160 1 0.213 6 0.175 4 0.181 7
2016 0.209 1 0.141 2 0.270 5 0.168 8 0.235 6 0.191 6 0.196 8
2017 0.219 7 0.132 1 0.302 5 0.167 2 0.255 6 0.196 0 0.203 1

TR e(sy o0 ) IR THEENE S RE, D(S) R=HEENEGRR
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Fig. 1 Subsystem synergy trend chart
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Fig. 2 Composite system synergy trend chart
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Tab. 5 ADF statistics calculation results

. ) I FAH
Arht ISR ADF it P i zEip
1% 5% 10%
Ln(IR) N,0,0 -10.279 1 0.000 1 -2.699 8 -1.961 4 -1.606 6 T
Ln(IT) C,0,0 -10.078 8 0.000 0 -3.857 4 -3.040 4 -2.660 6 T
Ln(IE) N,0,2 -3.803 6 0.000 8 -2.7175 -1.964 4 -1.605 6 Fia
Ln(IP) N,0,0 -11.993 0 0.000 1 -2.699 8 -1.961 4 -1.606 6 Fia
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Tab. 6 VAR model optimal lag order test results

Lag LR FPE AlC sc HQ
0 72556 NA 0.0000  -0.383 00 —0.187 000
1 96.097 3 125.423 50 0.000 0 -8.952 60 -7.972 400
2 126.0212  28.163 68" 4.77e-10"-10.590 72* -8.826 273"
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Fig. 3 AR root test results
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Fig. 4 Impulse response diagram
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(c) Variance decomposition of LN(IE)
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Fig. 5 Variance decomposition
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