X

® Dec112019,1045AM
vl

Enhancing Scientific Work g

Caroline Berger P A
PhD Candidate bt A
Aarhus University & o
23 October 2025 : e 2

0 Hatteras

LS
a

Max's Travel Log

DATETAGGED:  Aug 19, 2019, 4:00:00 AM
LOCATION TAGGED: Fort Lauderdale, FL
LATEST PING: Dec 11,2019, 1045:42 AM

CLOSETRACK X A7 7
LA
$Ar )

caroline.berger@cs.au.dk S |
carolineberger.github.io g

¢ P
Sso0 Se;

2k
b B4



mailto:caroline.berger@cs.au.dk

Interview, Workshop and

Observation, Code Prototype Review
Review with with Marine
Scientists Biologists

Scientists and Code:
Programming as a Tool, Berger et

al. PLATEAU 2024 Under submission
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Who programs?
Software Engineers
System Administrators

Cybersecurity Specialists
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But Also
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Finance
Professionals

abby govindan
@abbygov - Follow

| know we make a lot of fun of tumblr but it did create a
whole generation of young teenage girls who self taught
themselves HTML and JavaScript just to make Destiel

theme smut blogs or Harry Potter fan accounts or
whatever and in my opinion that is pretty rad

5:11 PM - Jan 20, 2022

@ 425K @ Reply (2 Copylink

End-User Programmers

CashFlow | (500) 150 125 175 350 |

Dates | 8/17/2017 12/31/2017 12/31/2018 12/31/2019  6/30/2020]

NPV [=xNPV(C11,C5:65,C7:67) | 160

Discount Rate | 10%]|

Bloggers
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What is End-User Programming?

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.”
— Koetal

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.
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Scientific
Work

 Jupyter Quickstart_Example usaed cranges A s py Binder link
File Edit View Insert Cell Kernel Widgets Help Trusted | Python 3 O

<.
B

+ %< & B A ¥ MRun H C W/ Code Memory: 197 / 2048 MB

& Download & & O GitHub % Binder

v e wuu ooy ouu

In [25]: import matplotlib.pyplot as plt

In [27): # Temperature vs. Depth
ax = plt.scatter(x=data[ 'Temperature'],y=data['Depth’'],c=data['Salinity']);
plt.gca().invert_yaxis(); # Flip the y-axis
plt.colorbar(label='Salinity"')

e Also
.. Scientific Work

100
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i=]
s
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Temperature (C)
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TCOLL§313437990999709%1 .
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: Jupyter BaSnF4_ELFCAR_slice Last Checkpoint: 04/09/2023 (autosaved) e Logout

—y {
.
I[( { = Um _/:_: File ~ Edit  View Insert  Cell  Kernel  Widgets  Help Not Trusted | & | Python 3 (ipykernel) O
stvo AT + </ @ B4 ¢ | prRn B C »| code )=
v {A :Il In [1]: from pymatgen.io.vasp import Chgcar
lH - MW =, from cmcrameri import cm
Y at 20 g A import numpy as np
| P / ’( L1
import matplotlib.pyplot as plt
%matplotlib inline
f 'lf / %config InlineBackend.figure_format='retina’'
/ | .
4 A
s 1 4 "Y‘_, In [8]: chgcar = Chgcar.from_file('BaSnF4_ELFCAR.gz"')
¥ ol chgcar.datal'diff'].shape

4 RENS7 =Y TR T R,
DVI OJ_A,.-,,‘(A'-J‘. 'J/(,.V\T&.L.‘, atds cent

~
[~

\ ‘ \
(VW =¥ | % %Proved

out[8]: (140, 140, 140)

In [ ]: ax = plt.subplot()
plane = chgcar.datal['diff'][47]+chgcar.datal'total'][47]
shifted_plane = np.roll(plane, 47, axis=0)

[J [J [
ax.imshow(shifted_plane, interpolation="splinel6", cmap=cm.lipari)
for shift in range(1,13,2):
ax.plot([0, (shift+1)/6], [(6-(shift+1))/6, 1]

,
transform=ax.transAxes, color="white", alpha=0.15, linestyle='-', linewidth=1)
ax.plot([0, (shift+1)/6], [(shift+1)/6, o],

transform=ax.transAxes, color="white", alpha=0.15, linestyle='-', linewidth=1)
i in range(7):
for j in range(7):
if not (i+j)%2:

(‘n ax.plot(1/6%i, 1/6%j, 'x', color='white',
-y markeredgewidth=None, markersize=4, alpha=0.5, transform=ax.transAxes)
-/ plt.axis('off')
plt.tight_layout()
plt.savefig('BaSnF4_elfcar.pdf', dpi=300)
plt.show()

-
o
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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

Iy By Wy Wy N

Join at menti.com | use code 8626 0629
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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
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Iy By Wy Wy N
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RStudio R e —— Jupyter Notebook

B + X O [ » m C » Code v Python 3 (ipykernel) O #
Untitled )] US_states R* Workspace History
Source on & » i Load~ Save~ Import Dataset~ 7 Clear All -
Eain A7z ~# Run Line(s) _=Run All - title: Matplotlib Demo
1 library(maps Data ) author: Norah Smith
2 library(ggplot2 Capitals 2x47 double matrix date: .May 22nd, 2021
3 dataCus.cities) pornaty
4 Distance 47x47 double matrix htmi:
code-fold: true
S gplot(long, lat, data = choro, group = grouj Host 12x47 double matrix —
6 fill = essoult, geom pol ") LanguageDistance 47x47 double matrix
7 gplot(long, lat, data = choro, grou| rou :
® 9 group = 9T |y 1tilingual 12x47 double matrix Polar Axis
8 111 - assault / murder, geom polygor .
Neighbours 47x47 double matrix v For a demonstration of a line plot on a polar axis, see @fig-polar.
T Files Plots Packages Help [ #| label: fig-polar
2 zoom B Export T POF o Clear Al #| fig-cap: A line plot on a polar axis
Console — import numpy as np
> choro <- choro 5 ‘impart matplotlib.pyplot as plt
group, 100 r = np.arange(o, 2, 0.01)
geom = “polygon”) theta = 2 % np.pi * r
gplot(long, data = choro, group = group, X fig, ax = plt.subplots(subplot_kw={'projection': ‘polar'})
£i11 = ossa / murder, geom = "polygon") & ax.plot(theta, r)
ossant murder, ge polyg | ax.set_rticks([0.5, 1, 1.5, 2])
plot(long, lat, data = choro, group = group, % . ax.grid(True)
= assault, geom = “polygon™) 3 plt.show()
lony 3
o v o - =
e
P th VS Code
O n L] — py_scripts. / 0
y . " 1)
@ oowme = prog_01py X S " [ 0s \
180¢ | o
PY_SCRIPTS prog_01.py \ C /‘J
prog_01.py palindrome(a): L. /s
a = a.upper() J
eturn a
name = input("Enter a na 25° 2150
if palindrome (name) —
print("It's 270°

§ ggnllla ] S ‘ P : & Untitled145.ipynb Google Colab
X Vega-Lite

File Edit View Insert Runtime Tools Help All changes saved

+ Code + Text

RoBLE T DEBUGCON TERMINAL
/usr/local/bin/python3 /Users/lotf: d/Desktop/py_scripts/prog_01.py 2 " '
lotfinejadaMs-iMac py_scripts % Ubin/python3 /Users/Lotfinejad/Desktop/py. <> o print('Line 1')
ipts/prog_01.p; e s '
Enter a nam print(‘Line 2')
Tt's a palindrome name. - .
lotfinejadaMs-iMac py_scripts % | (] print('Line 3')
C» Line 1
Line 2
Line 3

1

OUTLINE
Python 3.10.164-bit  ® 0 A 0 Ln8 Col45 Spaces:8 UTF-8 LF Python &’
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Computational tools & practices limit what scientists can express

ent?
nico®
Latitude 0 x @V jars
Longitude —> lLat| V
0] Lon. —3 combo?

¢

Depthdata —>Depth| =, ¢
o " \_._.._ . 7
Date/Time

“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”
Workshop Excerpt, February 2025
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Scientific Programming

me doing
calculus, and
physics problems

e Many reasons to code: Design RNA

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

(Brousil et al.) - F— ding

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

e - Disempowerment: Variety of : M
languages, debugging difficult (Nouwens

et al.) A o e

e + Steep learning curve: Tools and o ] _ =
languages are technically complex (Berger | | e e [
etal.) 5 o =

Caroline Berger | caroline.berger@cs.au.dk | 12


mailto:caroline.berger@cs.au.dk

Programmer Domain expert -

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

“I'm supposed to be an expert in too many things.”

Science communicator Visualization designer

Prototype Review Excerpt, July 2025
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@ nature &
Nature research paper: Proteotoxic stress response drives T cell exhaustion

‘(figures] generate buzz” and immune evasion

5 10 15 20
/SLAMF6

Prototype Review Excerpt, July 2025 P JEWN W

IFNy

~ PD1 Tex

D6

Response to ER stress

Protein quality control

Cytoplasmic translation

Mitochondrial translation

Translation

] Protein transport

TCR stimulation

mRNA processing

Epigenetic regulation

Glycolytic process

Fatty acid catabolism

Oxidative phosphorylation
Activation score

z score
- 3

T 2 101 2

Bladder

MC38 colon = - MB49
MBA49 bladder Tt . Torog Tint Trex  Torog Tint Trex

(s.c) TIL isolation N E
Colon b . P
b Response to ER stress
(X ) %Mays X MC38 - e ]
¥ —_ Intracellular protein transport

_) _) "l y s Autophagy

CD44"CD8’

anslation
translation
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To the scientists, the output is more
important than the code itself.

/ Hram... That is not
what I thought it
would be...

They use output like charts to
confirm their expectations and to
communicate their findings.

Interview/Observation/Code Review Excerpt, October 2023
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- easier way to make website with interactive figures

— C0SIN Wi Yo mn : : :
ol W wibgise - Sndratihe Rauees st that could be included in a paper -> would also be

(‘A?Ul(\ VEAY in, 4 paya” = ‘_”""\a a\ Ao olRiey e cool if at some point journals allow you to include
RSl S s LR ToNANAL  dnwaid adfor oG e Fopuees WD animated and/or interactive figures within the
Y UeY WE Ot vwdk peOple wowwdigs i ohpd ol paper itself since most people nowadays read
L WWGSCC Gyt \D(_cp».‘mﬁ) MOre Wermouw v (Lo w papers online
&,x\,\m% At - websites are becoming more common to
show fisheries data
'y («f Crades o Wihayr | 00t Clyt LmNred waug (OF. M""“’j - for sharing between colleagues, more streamlined
: 9 0Pt COUN At OV Sf’CO"C'( ways of creating shared notebooks where people
rd Ro¥bLo¥s Wi et N
S : ¥y could give you specific feedback (kind of like a
ku\\oht\b (Wnda Wu a ogovfe google doc)

“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”

Workshop Excerpt, February 2025
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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”

=
0

human » ¢ dog

o
w
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30
1

20
1
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|
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T

Workshop Excerpt, February 2025
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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”

o
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human - ¢ dog

< human & dog

!

Workshop Excerpt, February 2025
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What is
interactivity?

Plotly

Plant Watering Tracker Potluck

## Plants

~{ Fiddle leaf: every 6 days, last watered on 8/19/2022 A

- Montsera: every 4 days, last watered on 8/21/2022 ¥

#f Yuzu tree: every 5 days, last watered on 8/17/2022

- The Yuzu tree needs some holes in the pot so that water can drain.
~{ Pine Bonsai: every 4 days, last watered on 8/19/2022 ¥

Premise Ten Brighter Ideas

Result

This would save 41.8 TWh per year.
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Copernicus

Interactivity in science o .

“..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

P00 —MmMm78Mmm
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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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1: Better to fish
Calgary® 0.8
Re 0.6
(® Date to show 0.4
A 0.2

0

8

-

-0.2

B -0.6

Helena= 1 0.8
; | -1: Poorer to fish

= Adjust species weightings
© Filter map 4 3 Pier

Q@ Add map elements 2017-08-01

@ Change extent

Zoom to full extent £ " = City

= DENVERs
Zoom to West Coast b
Zoom to Bight

What about Zooming in on the San Francisco Bay?
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So what can we do? What do you think?

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?

Join at menticom | use code 8626 0629
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So what can we do?
software carpentry

We can provide scientists training...

'Replacing a stacked bar
plot with a dot plot g&

DATA SCIENCE

Replacing a stacked bar plot with a dot plot in R with :
ggplot2 (CC352)
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So what can we do?

We can provide scientists training...

Or dedicated staff...

“There’s a person in our lab, she set it up so that we can run R
through the terminal” Prototype Review, July 2025

@ Society of Research Software Engineering

Caroline Berger | caroline.berger@cs.au.dk | 25
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So what can we do?

We can provide scientists training...
Or dedicated staff...

Or improve tooling
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Page 3

A\ review

e kind...

Submit

1%

Leave areview

It's great!

tidraw e » © @

Make this green

{?/02’1‘@0"

—_—
000 O
9 0 O 0
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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?”

Workshop Excerpt, February 2025
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Here is the R code that performs these steps:

O Copy code

library(osmdata)

library(mapview)

pittsburgh_bbox <- getbb(

query <- opq(bbox = pittsburgh_bbox) %>%

add_osm_feature(key = , value =

pharmacies_sf <- osmdata_sf(query)

mapview(pharmacies_sf$osm_points, zcol =

Vibe coding with Al agents is not for scientists

Caroline Berger | caroline.berger@cs.au.dk | 29
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What do you think?

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

Q Github Copilot (code)
a Midjourney (images)
a ChatGPT

Join at menticom | use code 8626 0629
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8 Chatbots I Image creating O Insight generators

B Code writing ¢ Research assistant @ Search

onace open ) N -
Gemini (Google) _ 33%
Copilot (Microsoft) _ 32%
DALL-E (Open A) G 22%
scopusal (Eisevier) [CEEGNN 22%
Github Copilot [N 5%
Claude.ai (Anthropic) - 9%
Midjourney - 9%
Perplexity.ai - 7%
Consensus - 6%

LiaMa (Meta) |80 5%
Stable Diffusion (Stability Al) . 5%

Writefull (Digital Science) [} 4% ExplanAltions
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How does scientific work change when
scientists author interactive elements?
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{10]:

from matplotlib import pyplot as plt
import numpy as np Jupyter Notebook

X, ¥, scale = np.random.randn(3, 109)

fig, ax = plt.subplots()

SADIUST THIS VALUE
size=52000| I

ax.scatter(x=x, ym=y, ce=scale, ss=np.abs(scale)ssize)
ax.set(title="Some random data, created with JupyterLab!")
plt.show()

Defining Interactivity

Some random data, created with JupyterLab!

-]

Premise Ten Brighter Ideas

Result

This would save 41.8 TWh per year.

Ease of creation
Ease of using
Fossilized
Malleable
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Enhancing Scientific Work

Caroline Berger

PhD Candidate

caroline.berger@cs.au.dk
carolineberger.github.io

Clemens N Klokmose Magnus Madsen Matthew Lutze

Arvind Satyanarayan Josh Pollock Dylan Wooton

'. zﬁl"'
/(:;; el Ll

Questions/Comments:

Join at menti.com | use code 8626 0629
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