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Jupyter Notebooks Widely Used Among Scientists
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Jupyter Notebooks Widely Used Among Scientists

B. E. Granger and F. Pérez, "Jupyter: Thinking and Storytelling With Code and Data," in Computing in Science & Engineering, vol. 23, no. 2, pp. 
7-14, 1 March-April 2021, doi: 10.1109/MCSE.2021.3059263. 
A. Rogozhnikov, “Jupyter (IPython) notebooks features,” https://arogozhnikov.github.io/2016/09/10/jupyter-features.html 

Explanatory text

Re-executable code cells

Cell outputs
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Prior Results of Jupyter in General Data Analysis

• “Exploratory” [Kery and Myers 2017] 

• “Throw-away” [Kandel et al. 2012] 

• “Messy” [Kery et al. 2018, Rule et al. 2018] 

• Too much effort to clean up the mess [Rule et al. 2018]
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FAIR Principles
For scientific data and code

Findable 

Accessable 

Interoperable 

Reusable



A Thin Layer over the Interpreter
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All cells share a global state
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A Thin Layer over the Interpreter
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How does Jupyter support the 
needs of scientific users?
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What do scientists value in software?
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Quality Attributes
What do scientists value in software?
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Quality Attributes
What do scientists value in software?

e.g., reusability, maintainability, scalability
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Quality Attributes
What do scientists value in software?

What tactics do scientists use to 
promote those qualities?

e.g., reusability, maintainability, scalability
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Study Details

• 60min observation of a participant’s own task and 30min interview
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Study Details
Qualitative Analysis Process

• Grounded theory analysis process 

• Memos to determine saturation of findings 

• Low-level codes from recordings, transcripts, and comments 

• High-level codes for notebook goals, quality attributes, and user tactics

low-level code high-level code
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Study Details

• 60min observation of a participant’s own task and 30min interview 

• Grounded theory qualitative analysis process 

• High-level codes for notebook goals, quality attributes, and user tactics 

• 20 participants (9 female):  

• 11 computing, 3 biology, 3 social sciences, 3 earth sciences
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Study Details

• 60min observation of a participant’s own task and 30min interview 

• Grounded theory qualitative analysis process 

• Derived notebook goals, quality attributes, and user tactics 

• 20 participants (9 female):  

• 11 computing, 3 biology, 3 social sciences, 3 earth sciences 

• 21 notebooks total (one participant worked on two notebooks)
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Research Questions

1. What goals do scientific users pursue in notebooks?
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Research Questions

1. What goals do scientific users pursue in notebooks? 

2. What non-functional requirements (quality attributes) do they prioritize? 

3. What tactics do they use to meet the quality requirements? 

• Direct use of existing notebook features, OR 

• Workarounds for the limitations of existing features
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Results

38



Results

Disposable 
Explorations

Findings Artifact 
Construction

Goals 
(RQ1)
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Results

Disposable 
Explorations

Findings Artifact 
Construction

Clarity Reusability Reproducibility Explorability

Correctness Performance Debuggability Collaboration

Use of AI

Goals 
(RQ1)

Quality  
Attributes 

(RQ2)

Additional  
Findings

41



Results
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Cell-based 
inspection

Using cell-output 
correspondences
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Explorability
Tactic: Using cell-output correspondences

“It’s really easy to see 
intermediate values in 
your code because 
you have them stored” 
— P12
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Explorability
Tactic: Using cell-output correspondences

“It’s really easy to see 
intermediate values in 
your code because 
you have them stored” 
— P12
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Explorability
Workaround: Cell-based inspection

Inspection code: temporary code snippets that help 
the user understand the current state of the notebook
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Explorability
Workaround: Cell-based inspection

P19
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Explorability
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Explorability
Workaround: Cell-based inspection

P19
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Design Opportunity: incorporating inspection code without clutter



Avoid debugging 
inside functions/loops

Markdown 
notetaking

Results
Clarity

Clarity
Quality  

Attribute 
(RQ2)

Tactics 
(RQ3)
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Clarity
Tactic: Markdown Notetaking
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“The Markdown function is extremely important to me.” — P20



Clarity
Tactic: Markdown Notetaking

P17
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Clarity
Workaround: Saving outputs

P4
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Clarity
Workaround: Saving outputs

A tension between 
grouping related code 
(clarity) and breaking 
apart a cell to inspect 
inside it (debuggability)

P4
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Clarity
Workaround: Saving outputs

A tension between 
grouping related code 
(clarity) and breaking 
apart a cell to inspect 
inside it (debuggability)

P4

DO: liveness affordances that work inside loops and functions
58



State reuse
Cell-by-cell 
execution

Results
Performance

Performance
Quality  

Attribute 
(RQ2)

Tactics 
(RQ3)

59



Performance
Tactic: Cell-by-cell execution

“The nice thing about Jupyter notebook for me is just loading 
the data, and not having to load it every time I run a script.” — P4
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Performance
Tactic: Cell-by-cell execution

“The nice thing about Jupyter notebook for me is just loading 
the data, and not having to load it every time I run a script.” — P4

P2
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Performance
Workaround: State reuse

State reuse Manual state 
management

Incorrect 
code

+ →

62



Performance
Workaround: State reuse

State reuse Manual state 
management

Incorrect 
code

+ →

P2
63



Performance
Workaround: State reuse

State reuse Manual state 
management

Incorrect 
code

+ →

P2
64



Performance
Workaround: State reuse

State reuse Manual state 
management

Incorrect 
code

+ →

DO: context-aware tracking of outdated code
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Results

Clarity

Explorability

Performance

Quality Attributes 
(RQ2)

Cell-output correspondences
Cell-based inspection

Caching data
Cell-by-cell execution

Markdown cells
Saving outputs

Tactics (RQ3) Design Opportunities

Incorporating inspection code 
without clutter

Liveness affordances that work 
inside loops and functions

Context-aware tracking of 
outdated code
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All cells share a global state

Ongoing Work: Peapod
Abstractions for modular notebooks

Out of date exploration

Contact: Ayla Kurdak akurdak@ucsd.edu



Ongoing Work: Plottery
Multimodal creation of Matplotlib plots
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Plo!ery: Sculpting Plots with Code, GUI, and AI

ANONYMOUS AUTHOR(S)

Fig. 1. P!"##$%& imitates a traditional graphical editor, o!ering GUI and AI editing of Matplotlib code in a Jupyter notebook.

Scientists use many tools to author plots, and each tool operates in a particular interaction modality: text-based programming (e.g.,
Matplotlib and ggplot2), graphical direct manipulation (e.g., a spreadsheet’s chart builder), or natural language (e.g., an AI chat
interface). Textual code is the most capable of these, but writing code is laborious. We present P!"##$%&, a Jupyter notebook extension
that leverages API type annotations to add graphical direct manipulation and natural language input to the popular (but often loathed)
Matplotlib plotting library. User interactions in P!"##$%&’s in-situ graphical interface are immediately rei!ed in the user’s code so
they may seamlessly mix-and-match between code, GUI, and AI interactions. Through a two-part user study we found that code edits
were appropriate for quick edits or duplicating code, the GUI suited straightforward visual changes, and the AI provided broad support.
Participants freely switched between modalities, using all modalities successfully.

ACM Reference Format:
Anonymous Author(s). . Plottery: Sculpting Plots with Code, GUI, and AI. In Proceedings of Preprint. ACM, New York, NY, USA,
24 pages.

This work is licensed under a Creative Commons Attribution 4.0 International License.
© 2025 Copyright held by the owner/author(s).
Manuscript submitted to ACM

Manuscript submitted to ACM 1

Contact: Brian Hempel brian@brianhempel.com

GUI + Code + AI 



Ongoing Work: TidyNote
A notebook extension that supports organizing exploration at various levels

Contact: Lisa Huang r6huang@ucsd.edu



Conclusion

An observational study of 20 scientific users of Jupyter notebooks showing: 
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Conclusion

An observational study of 20 scientific users of Jupyter notebooks showing: 

• Goals for notebooks are not just for messy explorations 

• Scientific users value many quality attributes (QAs), some in conflict 

• Tactics used to meet one QA often inhibit other QAs 
New designs for notebooks that help scientists meet their QAs 

Paper: https://doi.org/10.1109/ICSE55347.2025.00232  

Contact: Savitha Ravi, s2ravi@ucsd.edu

ArXiv Paper
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Use of AI Tools

• 11 participants used AI tools: 3 Copilot*, 9 ChatGPT* (P5 used both)

76 * early 2024 versions



Use of AI Tools

• 11 participants used AI tools: 3 Copilot*, 9 ChatGPT* (P5 used both)

(e.g., brainstorming a solution)

77 * early 2024 versions



Use of AI Tools

• 11 participants used AI tools: 3 Copilot*, 9 ChatGPT* (P5 used both)

• Scientific users rely on AI tools for notebook programming, but they 
sometimes lack the knowledge to successfully use AI suggestions

low success rate

(e.g., brainstorming a solution)

78 * early 2024 versions


