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Abstract: Large-scale, high-quality scientific data serve as the foundational
cornerstone of the artificial intelligence-driven scientific research paradigm (AI4S).
However, as a crucial component of scientific data, the unique value of negative
results data within the AI4S framework has yet to be thoroughly explored, and their
systematic collection and utilization remain absent in practice. This paper

systematically examines the distinctive value of negative results data for AI4S from



three dimensions—technological, economic, and institutional—demonstrating their
critical role in enhancing Al model quality, reducing waste in research and
development resources, and promoting scientific integrity. Based on this analysis, the
paper proposes three policy recommendations: first, to establish a data aggregation
system for negative results tailored to AI4S; second, to reshape the academic
evaluation mechanisms concerning negative results; and third, to foster an intelligent
cycle of bidirectional empowerment between data and models. These
recommendations aim to construct a mechanism for realizing the value of negative
results data, encompassing "source supply —diverse incentives — technological
empowerment," thereby providing both theoretical and practical references for the
development of China's AI4S strategy and its data infrastructure.

Keywords: negative result data; Al for Science (AI4S); publication bias; scientific

data management; research integrity
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Artificial Intelligence for Science (AlI4S) has become a strategic high ground in
global scientific and technological competition. In August 2025, the State Council of
China issued the "Opinions on Deepening the Implementation of the 'Al+' Action",
ranking "AI+" in science and technology as the top priority action. In November 2025,
the United States launched a national Al for Science program known as the "Genesis
Project", systematically integrating computing power, algorithms, and scientific data
resources to consolidate its leading position in global science and technology
competition. The strategic deployments of China and the United States indicate that
AI4S is becoming a new focal point of great-power competition in science and
technology. Building a large-scale, high-quality, and comprehensive scientific data
system has become the decisive foundation for the successful implementation of
AI4S.

However, as an important component of scientific data, the unique value of

negative results data in the AI4S paradigm has not yet been fully recognized, nor has



it been systematically collected and utilized in practice. Although existing studies
have made valuable explorations into scientific data governance in the context of
AI4S, they have not systematically analyzed the value of negative results data and the
mechanisms for realizing it. This paper systematically examines the unique value of
negative results data for AI4S from three dimensions—technological, economic, and
institutional—and demonstrates their key roles in improving Al model performance,
reducing R&D resource waste, and promoting research integrity.

First, negative results data are a critical component for improving the
performance of Al scientific models. The basic principles of machine learning
indicate that a model's discriminative ability depends on how accurately the training
data delineate the decision boundary. Models trained solely on positive results data
(positive samples) can learn "under what conditions an experiment will succeed," but
cannot accurately determine "under what conditions an experiment will inevitably
fail." This leads to overfitting in regions where positive samples are sparse, resulting
in unreliable predictions for unknown data. Negative results data precisely fill this
critical gap: they mark the boundaries of scientific laws, help Al models distinguish
known feasible regions from known infeasible regions, and significantly reduce the
risk of misjudgment in unknown regions.

Second, disclosing and utilizing negative results data can reduce the waste of
R&D resources. On the one hand, this approach converts individual trial-and-error
costs into public knowledge, avoiding repeated exploration of known ineffective
solutions. On the other hand, it can correct the directional bias caused by publication
bias, preventing subsequent research from continually investing significant resources
on an unreliable foundation. More importantly, in the AI4S context, systematically
collecting and utilizing negative results data can overcome the limitations of
traditional research models—where negative results are difficult to discover, retrieve,
and reuse across contexts—thereby amplifying resource-saving effects in multiple
dimensions.

Third, systematically collecting and utilizing negative results data can promote

research integrity through the dual mechanisms of "deterrence" and "incentives,"



providing a feasible path to addressing the "reproducibility crisis" in scientific
research. On the one hand, combining negative results data with Al models can
significantly increase the probability of detecting research misconduct, creating a
strong deterrent. On the other hand, recognizing the value of negative results can
reshape researchers' incentive structure for reporting negative results, encouraging
them to disclose such results proactively.

In response to the triple dilemma facing negative results data in China—
insufficient institutional supply, distorted incentives from the evaluation system, and
efficiency bottlenecks in technical infrastructure—this paper proposes systematic
countermeasures from three levels: source supply, multi-dimensional incentives, and
technological empowerment. At the source supply level, an institutionalized data
submission system independent of journal publication is constructed by clarifying the
legal status of negative results data and the obligation to submit them, implementing
full-lifecycle data management plans and pre-registration systems, and building a
national submission platform with replication linkage systems. At the
multi-dimensional incentive level, the evaluation logic centered on scientific
exploration value is reshaped by recalibrating the risk preferences of research funding,
shifting project acceptance toward scientific data asset assessment, and incorporating
negative results data contributions into talent evaluation reforms aimed at "breaking
the four onlys" and "establishing new criteria." At the technological empowerment
level, the technical pathway for efficiently converting data into AI4S productivity is
established by constructing intelligent extraction mechanisms for existing negative
results data, forming a closed loop of intelligent re-production empowered by
bidirectional data-model interactions, and developing intelligent research integrity

assessment tools based on negative results data.



