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Introduction
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What is Data Science?

• Data science transforms raw data into actionable insights and plays a crucial role in real-world 

problem solving and business decision-making. 

• The data science workflow is complex and labor-intensive, requiring expertise across fields like 

domain knowledge, computer science and statistics. 
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Data Science Agent

• Recent research explores using LLMs as autonomous data science agents. 

• These agents aim to simplify the complex and labor-intensive data science workflow.
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“Data science agents answer user queries
by generating code that operates on diverse data formats”

Input Output

DS Agent



Specialized LLM Agent?

5



Limitations of current Data Science Agents
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Method : DS-STAR
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DS-STAR :  
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• L1 → text-to-Python approach

• L2 → Verifier Agent

• L3 → Iterative refine loop



Analyzer

• Examines all data and creates a textual summary of their structure and contents. 

• Implemented text-to-python to enable handling data in various formats. (L1)

• This summary becomes a vital source of context for tackling the task at hand.
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Loop of planning, implementing, and verifying

• Planner : Generates a high-level plan to solve the given query. 

• Coder : Translates the plan into executable code and runs it.

• Verifier : Evaluates if the current plan and execution sufficiently solve the problem.

• Router : Decides how to refine the plan by adding or correcting steps.

10



DS-STAR+

• To solve open-ended questions, gathering evidence via sub-question generation.

• Solving sub question through DS-STAR and aggregate the information into Report. 
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Results
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Experimental Setup

• Benchmarks

• KramaBench : Requires selecting relevant data from large data lakes where only a subset is useful

• DA-Code : Covers a wide range of data science tasks, including data preprocessing, machine learning, …

• DABStep : Uses JSON, Markdown, and CSV formats, reflecting realistic multi-source data analysis

• DABStep-Research : Covers data preparation, analysis, and report generation for open-ended queries 

• Evaluation : 

• Assessed using an LLM-as-a-Judge with 1) absolute scoring (content, formatting) and 2) pairwise comparison 

• Task

• Easy Level: Simple tasks using a single dataset, solvable with minimal reasoning.

• Hard Level: Complex tasks requiring multiple datasets, domain knowledge, and multi-step reasoning.
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Quantitative Analysis : DS-STAR
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Qualitative Analysis : DS-STAR
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ReAct misinterprets the 

dataset, concluding that 
the ‘NextPay’ value or 
related column does not 

exist

DS-STAR analyzes the 

entire data file, 
understands its structure, 
and correctly identifies 

the relevant column.



Quantitative Analysis : DS-STAR+
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Qualitative Analysis : DS-STAR+
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DS-STAR+ generates appropriate 

sub-questions and produces a 
well-integrated report by 
effectively synthesizing the 

answers.



Additional study

• [Ablation study] Data File Analyzer is essential for high performance. 
• It means retrieved relevant data is important step.  

• [Cost Analysis] Given high performance on difficult tasks, it remains cost-efficient.
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Conclusion
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Further Research

• [Future work] Extend this framework to a human-in-the-loop setting.

• Domain Knowledge of Human + Automated capabilities of DS-STAR.

• [Related Work] Automated Expand the User’s Query 

• MLE-STAR: Machine Learning Engineering Agent via Search and Targeted Refinement
• DS-STAR: Data Science Agent for Solving Diverse Tasks across Heterogeneous Formats and Open-Ended Queries
• MARS: Modular Agent with Reflective Search for Automated AI Research 20

Purpose 
(Automation of)

Question level Data 

MLE-STAR ML engineering
Goal-driven 

Ex) Improve accuracy, ..
given

DS-STAR Data analyze
Open-ended

ex) “Analyze data”
open 

(given)

MARS AI research
Open-ended

ex) “Propose method”
Fully open 
(search)



Conclusion

• DS-STAR is an autonomous data science agent that combines heterogeneous data analysis with 

iterative planning and LLM-based verification. 

• It achieves state-of-the-art performance across multiple benchmarks 

(DABStep, KramaBench, DA-Code). 

• By automating complex workflows, it improves accessibility and enables broader data-driven 

innovation. 
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E.O.D.
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analyzer: |
You are an expert data analysist.
Generate a Python code that loads and describes the content of {filename}.
# Requirement
The file can both unstructured or structured data.
If there are too many structured data, print out just few examples.
Print out essential informations. For example, print out all the column names.
The Python code should print out the content of {filename}.
The code should be a single-file Python program that is self-contained and can be
executed as-is.
Your response should only contain a single code block.
Important: You should not include dummy contents since we will debug if error occurs.
Do not use try: and except: to prevent error. I will debug it later.

planner_init: |
You are an expert data analysist.
In order to answer factoid questions based on the given data, you have to first plan
effectively.
# Question
{question}
# Given data: 
{summaries}
#Your task
Suggest your very first step to answer the question above.
Your first step does not need to be sufficient to answer the question.
Just propose a very simple initial step, which can act as a good starting point to
answer the question.
Your response should only contain an initial step.

planner_next: |
You are an expert data analysist.
In order to answer factoid questions based on the given data, you have to first plan
effectively.
Your task is to suggest next plan to do to answer the question.
# Question
{question}
# Given data: 

{summaries}
# Current plans
{plan}
# Current step
{current_step}
# Obtained results from the current plans:
{result}
#Your task
Suggest your next step to answer the question above.
Your next step does not need to be sufficient to answer the question, but if it
requires only final simple last step you may suggest it.
Just propose a very simple next step, which can act as a good intermediate point to
answer the question.
Of course your response can be a plan which could directly answer the question.
Your response should only contain an next step without any explanation.

coder_init: |
# Given data: 
{summaries}
# Plan
{plan}
#Your task
Implement the plan with the given data.
Your response should be a single markdown Python code (wrapped in).
There should be no additional headings or text in your response.

coder_next: |
You are an expert data analysist.
Your task is to implement the next plan with the given data.
# Given data: 
{summaries}
# Base code
python
{base_code}

# Previous plans
{plan}
# Current plan to implement
{current_plan}
#Your task
Implement the current plan with the given data.
The implementation should be done based on the base code.
The base code is an implementation of the previous plans.
Your response should be a single markdown Python code (wrapped in).
There should be no additional headings or text in your response.

verifier: |
You are an expert data analysist.
Your task is to check whether the current plan and its code implementation is enough to
answer the question.
# Question
{question}
# Given data: 
{summaries}
# Plan
{plan}
# Current step
{current_step}
# Code
python
{code}

# Execution result of code
{result}
#Your task
Verify whether the current plan and its code implementation is enough to answer the
question.
Your response should be one of 'Yes' or 'No'.
If it is enough to answer the question, please answer 'Yes'.
Otherwise, please answer 'No'.
Your answer (Yes/No): 

router: |
You are an expert data analysist.
Since current plan is insufficient to answer the question, your task is to decide how to
refine the plan to answer the question.
# Question
{question}
# Given data: 

{summaries}
# Current plans
{plan}
# Current step
{current_step}
# Obtained results from the current plans:
{result}
#Your task
If you think one of the steps of current plans is wrong, answer among the following
options: Step 1, Step 2, ..., Step K.
If you think we should perform new NEXT step, answer as 'Add Step'.
Your response should only be Step 1 ... Step K or Add Step.

debugger: |
# Given data: (filenames)
{summaries}
# Code with an error:
python
{code}

# Error:
{bug}
#Your task
Please revise the code to fix the error.
Provide the improved, self-contained Python script again.
Note that you only have {filenames} available.
There should be no additional headings or text in your response.
Do not include dummy contents since we will debug if error occurs.

finalyzer: |
You are an expert data analysist.
You will answer factoid question by loading and referencing the files/documents listed
below.
You also have a reference code.
Your task is to make solution code to print out the answer of the question following the
given guideline.
# Given data:
(summaries)
# Reference code
python
{code}

# Execution result of reference code
{result}
#Question
{question}
#Guidelines
{guidelines}
#Your task
Modify the solution code to print out answer to follow the give guidelines.
If the answer can be obtained from the execution result of the reference code, just
generate a Python code that prints out the desired answer.
The code should be a single-file Python program that is self-contained and can be
executed as-is.
Your response should only contain a single code block.
Do not use try: and except: to prevent error. I will debug it later.
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2. 거의 모든 리뷰어가 지적한 약점
(1) Novelty 부족 (가장 큰 이유)
•planner / verifier / refinement → 이미 흔함
•“조합은 괜찮지만 새롭진 않다”

사실상 reject의 70% 이유

(2) LLM-as-a-judge 문제
•신뢰성 / bias / robustness 부족
•이게 framework의 핵심인데 검증 부족

(3) 비용 & latency
•multi-step loop → API call 많음
•실제 적용 시 비용 부담

(4) 엔지니어링 vs 연구
•“good system, weak research contribution”
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Idea
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Limitations of current Data Science Agents

• Limitation 1 — Heterogeneous Data Handling

• Prior methods primarily assume clean, structured tabular data (e.g., CSV)

• They fail to effectively utilize diverse formats such as JSON, text, and markdown

• Limitation 2 — Lack of Reliable Verification

• Execution success does not guarantee logical correctness or alignment with user intent

• This issue is amplified in open-ended queries without a single ground-truth answer

• Limitation 3 — One-shot Planning Failure

• Prior approaches rely on single-pass (one-shot) planning without iterative refinement

• They break down on complex, multi-step reasoning tasks requiring feedback and adjustment
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