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Diagnosis of Graduate Students’ Standardized Use Ability of Scientific Research Tools: An
Empirical Analysis Based on the "Three—Layer and Three—Cycle" Framework
Chen Chen
Beijing University of Technology

[Abstract] The profound transformation of research paradigms has made tools such as literature management,
data analysis, code programming, and generative Al essential in the foundational setup for graduate students'
research. However, the widespread adoption of these tools has not naturally led to the simultaneous
improvement of their proper usage skills. This study proposes a "Three—Layer Three—Ring" analytical
framework, which divides the ability to use research tools in accordance with norms into three vertical layers:
the tool function layer, the standard norms layer, and the research workflow layer, and defines three horizontal
content domains: literature management, data management, and code/Al application. This creates 9 analytical
dimensions through the combination of the three layers and three rings. Based on this framework, a
questionnaire survey was conducted with 90 first—year engineering graduate students as samples. The results
show: (1) Students' scores across the three layers are all in the medium to high range (the tool function layer M =
3.52, the standard norms layer M = 3.63, the research workflow layer M = 3.57), and there is no statistically
significant difference among the three layers (F = 0.13, p = 0.879), indicating an overall medium level with
structural differentiation; (2) Generative Al tools are extremely popular among students (A11, M = 4.37, 93% of
respondents rated as relatively consistent or higher), but version control (A10, M = 3.03) and awareness of open

data platforms (A8, M = 2.30) are notable weaknesses; (3) The normative use of code and Al applications scores
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the lowest among the three rings (M = 3.40), creating a "scissors gap" between the high usage rate and low

standardization level of Al tools; (4) Undergraduate research experience has a significant positive impact on the

normalization of code and Al applications (p = 0.030), and professional master's students perform better than

academic master's students in the integration of research workflows (p = 0.045). The study reveals the "overall

medium, structural differentiation" pattern of the ability to use research tools in accordance with standards

among first—year engineering graduate students, providing data—driven diagnostic evidence for the reform of

research tool education in graduate studies.

[Key words] Graduate education; research tools; academic norms; three—layer three—ring framework; replicable

research
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