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Abstract: Understanding whether combined novelty and interdisciplinary knowledge integration can enhance the techno-
logical impact of scientific papers is important for the development of new quality productive forces. To this end, this

study employs Monte Carlo simulations to measure combinative novelty using higher-order metrics derived from real and
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simulated distributions of knowledge combinations. Disciplinary novelty is quantified using co-citation matrices and distri-

butional distances across disciplines. Adopting a dual perspective of direct and indirect technological impact, this study in-

tegrates a “paper-to-patent” citation network with a deep “paper-to-paper” citation network to propose metrics such as pat-

ents directly and indirectly citing papers. These metrics capture the direct and indirect technological impact of scientific pa-

pers. Based on a fixed-effects regression analysis of 30 million scientific papers from the Microsoft Academic Database,

the findings reveal that combinative novelty positively promotes both direct and indirect technological impacts of papers,

with a stronger effect observed on indirect technological impact. By contrast, disciplinary novelty exclusively promotes in-

direct technological impact. Furthermore, the study identifies that, in STEM fields and large collaborative teams, both com-

binative and disciplinary novelty effectively enhance the dual technological impact of papers. Notably, the positive effect

of disciplinary novelty on the indirect technological impact of papers exhibits a declining trend over time.

Keywords: novelty; interdisciplinarity; science—technology; technological impact
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