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Who programs?
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Software Engineers

System Administrators

Cybersecurity Specialists
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But Also
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Finance 
Professionals

Bloggers
End-User Programmers
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What is End-User Programming?
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Our Definition

End-user programmers are domain 
specialists that modify or create 

programs to achieve the result of a 
program for their own use or to 

share with a handful of colleagues. 

The key to understanding non-programmers' interaction 
with computers is to recognize that non-programmers are 
not simply under-skilled programmers who need 
assistance learning the complexities of programming. 
Rather, they are not programmers at all. They are business 
professionals or scientists or other kinds of domain 
specialists whose jobs involve computational tasks.
 — Nardi et al.

End-user programming is done by a motivated power user 
who may or may not be a professional programmer, 
modifying or creating small ad-hoc tools for their own use 
or perhaps to share with a handful of colleagues.
 — Ink & Switch

We then define end-user programming as “programming to 
achieve the result of a program primarily for personal, 
rather public use.”
 — Ko et al.
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Scientific 
Work

Also 
Scientific Work
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Real Scientific 
Work
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What do you think?

Which programming languages/frameworks did 
scientists report using for their work? (select all 
that apply)

❏ Vanilla Javascript 
❏ Python
❏ R
❏ Vega-Lite
❏ D3
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RStudio Jupyter Notebook

VS Code

Google Colab

R
& 
Python

❌ Vanilla JS
❌ D3
❌ Vega-Lite
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Computational tools & practices limit what scientists can express

Workshop Excerpt, February 2025

“I think one of our big issues is how [large predatory fish like tuna and sharks] spend so 
much time at depth that ideally we want a cool way to show their tracks at depth and how 
they’re interacting with oceanographic variables throughout the actual tracks that they’re 
taking” 
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Scientific Programming 
● Many reasons to code: Design RNA 

structures (Nouwens et al.), model climate 
data (Ziegler et al.), analyze ecology data 
(Brousil et al.)

● But, aren’t formally taught: Little 
instruction, and instead learn from peers 
or through self-study (Hannay et al.)

● → Disempowerment: Variety of 
languages, debugging difficult (Nouwens 
et al.)

● + Steep learning curve: Tools and 
languages are technically complex (Berger 
et al.) 
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“I’m supposed to be an expert in too many things.” 
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Statistician Domain expert 

Writer Visualization designerScience communicator

Programmer

“I don’t have much of a computer science background...” [and]

Prototype Review Excerpt, July 2025
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“[figures] generate buzz”
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Prototype Review Excerpt, July 2025
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Interview/Observation/Code Review Excerpt, October 2023
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“It would be really cool to have an interactive component where people 
could, when you’re reading a paper, zoom in on a graph, click the 
points and stuff. I think that would solve a lot of the issues, either with 
the volume of data that we have, or the nuance of each data point that 
you lose in the 2D printed version that they’re still publishing” 
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“[Plotting] at a higher taxonomic rate like phylum or class... would put me and my 
dog in the same color and we know that me and my dog have different niches... I don’t 
want to lose my fine grained data at the taxonomy level” 

human → ← dog

← human & dog
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What is 
interactivity?
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Potluck

Ten Brighter Ideas

Plotly
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Interactivity in science
“...more-rapid 
comprehension, better 
comprehension, the 
possibility of gaining a 
useful degree of 
comprehension in a 
situation that previously 
was too complex, speedier 
solutions, better solutions, 
and the possibility of 
finding solutions to 
problems that before 
seemed insoluble.” 
- Engelbart
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Copernicus
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“The spectacle metaphor of instruments is 
replaced by a metaphor where the instruments 
become a material playground that provides us 
with a way to learn a lot about the world and 
about phenomena produced by these 
instruments. Observation as a source of 
empirical knowledge is extended to include 
doing, by interacting and intervening with the 
world through our instruments.” - Boon
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What about Zooming in on the San Francisco Bay?
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So what can we do?
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How can we give scientists the ability to create 
interactive elements that they could potentially then 
use to enhance their analysis, communication or 
other work activities?

What do you think?
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So what can we do?

We can provide scientists training...
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So what can we do?

We can provide scientists training...

Or dedicated staff...
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“There's a person in our lab, she set it up so that we can run R 
through the terminal.” Prototype Review,  July 2025
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So what can we do?

We can provide scientists training...

Or dedicated staff...

Or improve tooling
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tldraw
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“What is the best way to display data? Should I 
separate it... How do I know which 
[visualization] to pick?”

“Sometimes [visualizing data] can be very 
overwhelming. What do we include? How do I 
group things?”
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Workshop Excerpt, February 2025
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What do you think?

Based on a 2024 survey of researchers, which AI tool is most commonly 
used?

❏ Github Copilot (code)
❏ Midjourney (images)
❏ ChatGPT 
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ExplanAItions
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How does scientific work change when 
scientists author interactive elements?
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Ten Brighter Ideas

Jupyter Notebook Defining Interactivity 

● Ease of creation
● Ease of using
● Fossilized 
● Malleable
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Questions/Comments:

Clemens N Klokmose Magnus Madsen Matthew Lutze

Arvind Satyanarayan Josh Pollock Dylan Wooton
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