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Imagine…



You find yourself asking…

What’s the best way to handle missing values in this context?

How do I visualize this data? 

How do I interpret this pattern I’m seeing?



The “Classroom-to-Practice” Gap
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• Data science students excel at syntax but often struggle when faced with 
"messy," unstructured, real-world problems

• The primary hurdles aren’t just coding; they’re conceptual (“what does 
this data mean?) and strategic (“What is the next step?”)
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[1] Iraklis Varlamis. (2025). Messy Data in Education: Enhancing Data Science Literacy Through Real-World Datasets in a Master’s Program
[2] Singh, A., Fariha, A., Brooks, C., Soares, G., Henley, A. Z., Tiwari, A., Chethan M, Choi, H., & Sumit Gulwani. (2024). Investigating Student Mistakes in Introductory Data 
Science Programming



The “Obvious” Solution & Its Limits
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• The natural solution seems to be AI assistants (e.g., Gemini in Sheets, 
Copilots)

• What they do well: Act as powerful “task-completers”. They instantly 
generate code, clean columns, and answer specific questions

• Where they fall short: They are “answer-givers”, not “mentors”. This 
approach risks promoting superficial learning and over-reliance
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[2] Delikoura, I., Fung, Yi. R., & Hui, P. (2025). From Superficial Outputs to Superficial Learning: Risks of Large Language Models in Education. ArXiv.org. 
https://www.arxiv.org/abs/2509.21972



Therefore Our Goal was to: 
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Build a tool, embedded directly into the data science workflow (JupyterLab), 
to provide guided mentorship—not just answers. 
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Watchful Intelligent Science Expert
WISE for short



What is WISE?
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AI Assistant
Real Time & Convenient

Domain Aware Support
Relevant Insights within Jupyter Environment

Smarter EDA Suggestions
Task-Specific Guidance



How did we design it?
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We focused on design on these principles:

• Ease of Use - Proactively assists users 
• Data-Specific Analysis - Features target key analysis bottlenecks (e.g., 

parsing, terminology, graph trends)
• Flexible Architecture - Built for scalability, maintainability, and easy 

addition of new features



WISE Demonstration
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https://docs.google.com/file/d/1H-cf27XASMqmldBWrWSZQqEwLhmjhZZe/preview


Technical Architecture
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Technical Architecture (Cond.)
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Modularity

Decoupled 
Architecture

Reusable 
Context

Fact 
Verification

● Easily add new features (plot analysis, dataframe analysis) 
● Aids in concurrent development

● Easily refactor code for UI/UX Changes
● Standardized data format

● Extract keywords once → use multiple times
● Increase response quality without large overhead

● Multi-stage LLM processing
● Significantly reduce hallucinations
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However, we’re not sure how effective 
WISE’s support will be for novices.
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RQ: How do experts help novice data scientists 
make sense of and work effectively with data from 
unfamiliar domains?



We Paired 7 Domain Experts with 7 Novice 
Data Scientists
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• Domain Experts
• PhD researchers in diverse domains (e.g., data privacy, climate)
• Designed domain-specific EDA tasks in Python 

• Novice Data Scientists
• 3rd-year DS undergrads
• Unfamiliar with the domain and dataset they were assigned



We Observed How Experts and Novices Collaborate
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  Pre-observation 
Briefing

Introduction & 
study overview

Task Introduction

Expert introduces the 
dataset & EDA task

 
         

Task execution

Novice works 
through EDA task 

with expert support

Post-Task Interview

Expert and novice reflect 
on the experience
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Transcripts Codes Themes

Coding

Iterative Comparison

Interpreted Transcripts Using Thematic Analysis
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Themes
Encourage Thinking 

Identify Knowledge 
Gaps

Validate and Correct

Give Clear 
Explanations

Establish Domain 
Context

Build Rapport



How Experts Prepare Novices to Work with 
Unfamiliar Data: 
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• Domain-Specific Background:

• explain key concepts and technical/field-specific vocabulary 

• Real-World Context:

• describe why the data matters, how it was collected, who it impacts in real 
life

Builds a foundation for novices to understand the data:

“When I say carbon dioxide, that is CO₂. CO₂ is the chemical formula, and carbon dioxide is 
the chemical name.”

    Establish Domain Context

Helps novices make sense of data through real-world examples:

“It seems that whenever you have a low night, you seem to have a high night later… that’s 
because of something called sleep pressure. If you lose a lot of sleep one night, your body 
will fall asleep quicker and spend more time in deep and REM stages.”



How Expert Build Rapport with Novices:
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Encouragement - to build confidence:

“Your thought process is excellent.”

“Yeah, that’s a good way to think about it.”

    Build Rapport

Reassurance - to reduce anxiety:

“That’s okay, we’ll just work through it as a challenge.”

“I think that's very close to the expected output. You may just rename these columns.”



How Experts Help Novices Make Progress:
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Encourage Thinking 

Identify Knowledge 
Gaps

Validate and Correct

Give Clear 
Explanations

Notice where the novice 
struggles or gets confused

Ask guiding questions 
instead of giving direct 
answers

Confirm what’s right 
and gently correct 
errors

If still stuck, 
explain step by 
step

Adaptive 
Feedback Loop



Implications - AI Tutors
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• Adaptive support:

• tailor the amount and type of support to learner needs

• balance guidance and independence

• Teach analytical reasoning, not just answers:

• encourage learners to explain and reflect on their thinking

• develop transferable reasoning skills 



Implications - Educators 
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• Build contextual understanding:

• connect data to real-world relevance

• Use adaptive scaffolding:

• support learning through adaptive feedback loops

• Build rapport and motivation:

• provide encouragement, validation, and reassurance



Limitations & Challenges 
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• Moments of silence:

• Preemptively identify when novice is stuck

• Inconsistent EDA tasks:

• Hard to compare effectiveness across different task formats and 
domains



Future Work
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• Conduct a large-scale quantitative study:

• Compare performance with and without WISE

• Make WISE more adaptive and dynamic:

• Adjust the type and amount of help based on users’ needs



Questions?
● The problem:

○ Novices struggle with analysis strategy  ("what to do next") and domain 
knowledge gaps .

● Our Tool (WISE):
○ A proactive JupyterLab extension built to be a guiding mentor .

● Our Study:
○ We analyzed human expert-novice pairs to define effective mentorship .

● Key Findings:
○ Experts adapt: they guide strategy  with questions and build confidence  

with validation.



Thank you!
For More Questions:

Contact Andrew H. Yang: any012@ucsd.edu  or 
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