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1. Background and Research Gaps

● Automated data science still relies heavily on expert experience and repeated 

trial-and-error.

● Existing AutoML methods are often limited by predefined search spaces, while 

current LLM-agent systems usually follow a single workflow.

● This makes it difficult to flexibly explore better data-processing and modeling 

strategies.
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We propose SPIO, a multi-agent framework for automated data science.
SPIO generates multiple candidate strategies at each stage and sequentially integrates them into complete pipelines.

It supports both single best pipeline selection and ensemble-based pipeline optimization.

SPIO uses collaboration between the Code Agent and Plan Agent.
The Code Agent executes each data science step and reports results.
The Plan Agent generates diverse candidate strategies based on previous code, validation scores, and execution feedback.
Finally, SPIO-S selects the best pipeline, while SPIO-E ensembles multiple high-quality pipelines.

2. Framework Overview: SPIO
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3. Dataset Details
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● SPIO improves performance by about 5.6% over strong baselines on average.

● Compared with the top Kaggle leaderboard solutions, SPIO shows only about a 2% 

performance gap.

● On the 2025 Rainfall dataset, SPIO-E reaches the top 9% of the leaderboard.

Dataset released after 
2025

4. Experiments - Main Results
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We conduct ablation studies to analyze (1) the effect of plan ranking, (2) ensemble size, and (3) each SPIO module.

● Performance Comparison : Top-1 plans usually perform best

● Ensemble Validation: Ensemble-2 provides a strong balance between performance and stability

● Module Impact Analysis : Removing any module reduces overall performance.

4. Experiments - Ablation Studies
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• Evaluation objects: 10 LLM–dataset settings.

Participants: 10 participants with AI practitioner experience or graduate-level backgrounds in related fields.

Evaluation scale: A total of 100 dataset–participant evaluation pairs.

• Experiment 1: Likert-scale evaluation

We evaluated the plans for four stages: preprocessing, feature engineering, model selection, and hyperparameter tuning.

We also evaluated the final pipelines selected by SPIO-S and SPIO-E.

A 1–5 Likert scale was used, and the analysis was conducted across four dimensions: plausibility, interpretability, 

diversity & coverage, and usability & trust.

• Experiment 2: Forced-choice evaluation

The Top-1 to Top-3 final candidate pipelines generated by SPIO-E were anonymously presented to the participants.

Participants were asked to select the plan they considered most suitable for each dataset.

5. Additional Analysis - Qualitative Analysis
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5. Additional Analysis - Case Study
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6. Conclusion & Future Work

SPIO improves automated data science by moving beyond a fixed single-path workflow.

It uses LLM-based multi-agent collaboration to generate, select, and integrate multiple candidate pipelines.

Experiments show that SPIO outperforms existing baselines on Kaggle and OpenML datasets, with SPIO-S selecting 

the best pipeline and SPIO-E improving stability through ensemble.

Limitations & Future Work

SPIO may not always find the globally optimal pipeline, and its results can be affected by the LLM, prompt design, 

and ranking quality.

Future work will focus on early pruning to reduce cost and extending SPIO to more real-world data science tasks.
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