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Academic Citation Characteristics of Research Software Based on Functional Classification:
Evidence from zbMATH Open Database

DAI Ting” CAO Zhe'? LIU JianHua™* ZHANG Lin"’

(1. School of Information Management, Wuhan University, Wuhan 430072, P. R. China; 2. Center for Science, Technology & Education Assessment,
Wuhan University, Wuhan 430072, P. R. China; 3. Beijing Wanfang Data Co., Ltd., Beijing 100036, P. R. China; 4. Key Laboratory of New Publishing and
Knowledge Services for Scholarly Journals, National Press and Publication Administration, Beijing 100190, P. R. China)

Abstract: As a critical non-documentary knowledge resource, research software plays a foundational role in research activities. Based on the zbMATH
Open database, the study constructs a functional classification framework for research software in mathematics. The study introduces generative artificial
intelligence technology to achieve automated annotation for classification through prompt engineering. Further, the study applies bibliometric and network
analysis methods to investigate the characteristics and patterns of research software citations. The results indicate that citations of research software in
mathematical research demonstrate a continuous growth trend and high citation concentration, with a small number of software tools occupying pivotal roles
in research practice. Different mathematical disciplines demonstrate varying degrees of reliance on different types of research software. Regarding software
combinations, research software within the same functional category is often co-cited to address complex and evolving research needs. In cross-functional
combinations, computational software is more likely to be co-cited with software from other categories. These findings reveal the citation characteristics and
dynamic evolution patterns of research software across different functional categories, and provide empirical evidences and methodological references for
understanding the tool ecosystem in research activities as well as extending bibliometric research beyond traditional scholarly literature.

Keywords: Research Software; Citation Characteristic; Functional Classification; Generative Artificial Intelligence; zZbMATH Open Database
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