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Figure 2 PSH index calculation process
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Figure 3  Patent PSH index distribution
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Table 2 Descriptive statistics of main variables

AR A R HEA R Ef P 1fiE 22 R/ME PN
Citations_5 1,685,970 6.902 16.355 0 2,348
Patent_Generality 1,496,992 0.530 0.281 0 0.976
Num_Assignment 1,685,970 0.475 0.899 0 21
Science_Input 1,685,970 0.275 0.446 0 1
Science_Intensity 463,393 7.004 11.822 0 250
Complexity 1,685,970 0.477 0.284 0 0.975
Novelty 1,632,772 0.474 0.341 0 1
Maturity 1,660,462 3,359.372 3,232.240 0 638,550
Tech_Cum_Speed 1,682,142 1.047 0.093 0.574 2.887
Tech_Diversity 1,685,970 1.174 0.526 1 23
Patent_Scope 1,685,970 17.763 14.170 1 887
PCT 1,685,970 0.100 0.300 0 1
Inventor_Sci_Expe 1,685,970 0.312 0.324 0 1
Inventor_Tech_Bread 1,685,970 5.734 8.076 0 148
Num_Inventors 1,685,970 2.510 1.804 0 76
Num_Applicants_Sci 1,530,794 2,188.774 4,688.280 0 45,899
Num_Applicants 1,530,794 1.034 0.213 1 14
Num_PC 1,685,970 22.541 46.978 0 2,399

SARTI R AT A DC RS 0L S0 BE T AR B AT B4 Ah B 0 53 BT
15 i il 41 2 LR AT 1) LGP DU, T BASEAT F — 25
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Table 3 Results of balance test for matching variables

¥iE o
5 i 4 R KA P A 22 ( % )
b H 21 EetE
VE 2 i 0.510 0.454 20.1
Complexity
NI 0.510 0.506 1.3
VT T2 Fif 0.496 0.463 9.7
Novelty
VE T Jei 0.496 0.498 -0.7
VT 2 i 7.574 7.778 -25.6
LnMaturity
VT e 5 7.574 7.551 2.9
U] 1.058 1.048 9.7
Tech_Cum_Speed
NI 1.058 1.063 -5.6
VT 2 i 0.145 0.084 20.3
LnTech_Diversity
VC i J& 0.145 0.137 2.5
VE 2 i 2.820 2.610 27.5
LnPatent_Scope
NS 2.820 2.842 -3.0
U T2 i 0.095 0.095 -0.2

PCT
VE Mg J 0.095 0.098
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Abstract: The relationship between scientific knowledge—a critical input to technological systems—and invention value remains a cen-
tral concern in science policy and innovation management. While existing studies have primarily focused on correlational analyses,
yielding inconsistent findings, the integration of scientific knowledge into technological systems is not random but intimately linked to
knowledge recombination patterns and invention team characteristics. The inconsistency in research findings likely stems from endoge-
neity issues caused by selection bias, which traditional regression analyses fail to address. Causal inference methods are thus necessary
to accurately estimate the net causal effect of scientific knowledge on invention value, thereby providing more reliable evidence for sci-
ence and technology policymaking.

Using a counterfactual causal framework, we employed Propensity Score Matching (PSM) and Generalized Propensity Score Matc-
hing (GPSM) to estimate the causal effects of both the presence and intensity of scientific knowledge inputs on patents”technological
and commercial value. Existing measures of scientific knowledge input intensity focus solely on citation counts, overlooking variations
in scientific literature impact. We address this limitation by developing the Patent Scientific Citation h — index ( PSH) , inspired by the
h - index methodology, which integrates both quantitative and qualitative dimensions of scientific citations to more accurately assess pa-
tents”scientific knowledge absorption. We measured patents”technological value using two indicators: forward citation counts and tech-
nological generality. Commercial value was quantified through the frequency of patent transfers. Analyzing 1,685,970 utility patents
granted by the USPTO (2001 -2010) and their 6,473,214 — citation links to 1,407,439 scientific papers, we established the follow-
ing findings :

(1) Our findings demonstrate positive causal effects of scientific knowledge input on both the technological and commercial value
of patents. Patents incorporating scientific knowledge receive significantly more forward citations than those without such inputs. This
indicates that scientific knowledge integration enhances a patent$ capacity to serve as a foundation for subsequent innovations. Moreo-
ver, scientific knowledge input significantly enhances patents”technological generality. Specifically, we observe that scientific knowl-
edge incorporation enables the development of more influential general — purpose technologies. The theoretical mechanism underlying
this relationship lies in how comprehensive scientific understanding enhances researchers” cognitive capabilities to effectively identify,
access, and recombine knowledge from distant technological domains. Finally, patents incorporating scientific knowledge demonstrate
significantly higher transfer frequencies compared to those without such knowledge inputs. This pattern suggests that science — based in-
ventions exhibit enhanced potential for private value realization, primarily because established scientific frameworks provide a shared
cognitive platform and common language among market participants.

(2) A nonlinear relationship exists between scientific knowledge input intensity and inventive value. Empirical analysis reveals a
fluctuating "rise — decline — rise" pattern in patents”forward citations and transfer frequencies as the PSH index increases. Patents with
either low or high PSH intensities demonstrate superior technological impact and market transaction potential. In low — PSH domains,
moderate scientific knowledge integration maintains technological advancement while aligning with market cognition. Mid - range PSH
shows diminishing returns due to potential divergence from user expectations. High — PSH patents leverage rich scientific knowledge to
overcome technical barriers, yielding enhanced technological impact and market value. Regarding technological generality, our findings
reveal that patents characterized by higher PSH indices embody more fundamental scientific principles. The universal applicability of
these underlying principles facilitates technology extension and diffusion across diverse application contexts, resulting in enhanced lev-
els of technological generality.

This study makes several significant contributions to the innovation policy literature. First, we employ a causal inference frame-
work to establish the causal relationship between scientific knowledge input and inventive value. Second, we advance methodological
development by introducing a novel approach that incorporates the H — index to quantify scientific knowledge input intensity. These em-
pirically grounded findings provide robust evidence for optimizing science and technology policies, bridging the gap between theoretical
frameworks and practical policy implementation.

Key words: scientific knowledge; invention “s value; propensity score matching ( PSM); generalized propensity score matching

(GPSM) ; counterfactual framework.



