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Outline

Status Quo & Wishlist 

Implementation of Data Literacy &  
Programming Skills in  
Göttingen’s curriculum on 

• Bachelor Level 
• Master Level 
• PhD/Research/Theses Level 

Outlook

Data literacy: Orgin and purpose of data, algorithms, formats, interpretation in physics context
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Outline

Status Quo & Wishlist 

Implementation of Data Literacy &  
Programming Skills in  
Göttingen’s curriculum on 

• Bachelor Level 
• Master Level 
• PhD/Research/Theses Level 

Outlook
Disclaimer: Personal view, from Condensed Matter Theory perspective ! 
 
Own Research: Numerical Quantum Many-Body Methods 
My current role teaching of computational physics modules

CRC 1073 Board member (for Research Data Management)

Developed RDM policy for Condensed Matter Theory 



4

Status Quo

Claim (by personal experience, no statistics):  
After a PhD in physics, people typically master: 

 
Programming skills  

(since they published) 

Visualization  
(since they gave talks, wrote papers, thesis) 

Know about Back-Up and do it 

Data storage (long-term archiving) 

 … the way to that result may be rocky …

Graduate StudentUndergraduate Student
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Status Quo … and what do we lack? … Wishlist

Wild West style! 

cool_code_v233.c

Documentation? 

Easy to retrieve?


(Handily) Accessible?

Not an 
automatic 

given anymore

Public access?

Novel tools

(ML, data mining)

FAIR principles
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Bachelor Physics Curriculum

Modul 
Grundlagen 

des  
Experimentierens 

Errors, 
Visualization, 

Statistical  
Analysis 
(basics)
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Bachelor Physics Curriculum

Term Break: 
C or Python
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Bachelor Physics Curriculum

Numerical Homework Assignments (in most courses) — simple algorithms, Python, visualisation
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Example: Integrated Exercises in ExPhys/Theory Course

Solving ordinary differential equations
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Example: Integrated Exercises in ExPhys/Theory Course

Ordinary DEs, Python, Jupiter notebooks, plotting, comparison to limiting cases
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Bachelor Physics Curriculum

Central Moduls: Hands on tutorials, programming projects, applications — C/C++
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Computergestütztes wiss. Rechnen — Computational Methods

Core list of topics  

Ordinary differential equations —  
Numerical Integration 

Random numbers and Monte Carlo Integration 
Partial differential equations — Discretization 

Linear Algebra tools 
Time-dependent PDEs

4th Semester, Lecture 2SWS, Tutorial 4 SWS, weekly sheets   
4 mandatory small homework projects,  

Grade earned for one-week programming project  
Must use git repos — code & data, versioning! 

Examples from (selection varies): 

Classical Mechanics 
Eletrodynamics 

(Single-particle) Quantum mechanics 
Biophysics, Complex Systems, 

…
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Computational Methods: Example I
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Computational Methods: Example II
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Computational Methods: Example III

For some students, best course ever, 
For 50% not so much 

Besides programming exercises, tutorials on:  
Basics of programming, Makefile, own libraries, Lapack, Plotting, Histograms, GSL, … 



16

New path: Applied Computer Science B.Sc. with Focus on  
Computational Physics

https://www.uni-goettingen.de/de/619510.html
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New path: Applied Computer Science B.Sc. with Focus on  
Computational Physics

Attractive 
for physics 
students: 

Two degrees, 
More professional 

Training in 
Computer science
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Master Physics Curriculum

Master Physics

Solid State and 
Materials Physics Particle Physics Biophysics & 

Complex Systems AstrophysicsTheoretical Physics

"BIG data” 
Own specific solutions exist

with specialisation in:
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Master Physics Curriculum

Master Physics

Solid State and 
Materials Physics Particle Physics Biophysics & 

Complex Systems AstrophysicsTheoretical Physics

with specialisation in:

"BIG data” 
Own specific solutions exist
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Master Physics with Theoretical Physics

Total  
Enrolment 

~ 20 students

https://www.uni-goettingen.de/de/lehre/219703.html#stream
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Master Physics with Theoretical Physics

6 Standard  
Programming  

projects: 
Monte Carlo, 

Molecular dynamics 
Real-time evolution 

In QM, 
Finite-dimensional 
QM Many-Body, 

Lanczos, 
Exact diagonalization,  

…

30 — 60 students!

3 Advanced,  
Research-oriented  

Programming  
projects: 

Cross sections 
In parrticle physics, 

Actice Brownian  
motion, 

Dynamics in Quantum 
Many-Body, …

~ 10 students

https://www.uni-goettingen.de/de/advanced+computational+physics+lab/617237.html
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Methods of Computational Physics

WiSe 2022/23, Prof. Steffen Schumann
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Graduate Program — PhD Students, Bachelor/Master theses

Graduate school: GAUSS @ Göttingen — good scientific practice 

RDM training in DFG cooperative initiatives 

RDM training In research groups 

Disclaimer: Strong Focus on Condensed Matter Perspectives & Needs

NFDI  Initiatives with Goettingen Physics participation
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Example: CRC 1073 Atomic energy scale conversion 

Project A 
Experiment

Comparison,  
Interpretation

Project B 
Theory

(processed) 
data/figures

(processed) 
data/figures

Publication

Similar concepts in DFG FOR 2414 (Frankfurt), DFG FOR 5522 (pending initiative)

Support offered, joint RDM goals, delocalised implementation

Internal RDM seminars: Best practice examples from research groups

RDM course offered by eResearch Alliance (RDM experts)

Currently: Internal survey of status quo

Experimental Solid State Physics 
Condensed Matter Theory 

Materials Physics 
Chemistry 

Theoretical Quantum Chemistry
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Example: Condensed Matter Theory groups

(AG Bloechl, FHM, Kehrein, Manmana) 

Annual RDM training Seminar (summer term) 

Ten-Year Archive 

Published CMT RDM policy (on our webpage):  
Processed Data made public (since 2020) 

Internal project documentation,  
post-project documentation 

RDM statements in Bachelor/Master thesis  
(Location of data/ git repo, access)

https://uni-goettingen.de/en/heidrich-meisner+group/649369.html
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Example: Where do we publish Code and Data? Support Infrastructure

GRO.data

Data storage 
Gitlab 
Cloud services

Interdisciplinary public data repository

RDM training  
courses

Currently Ancillary files on arXiv.org 

GRO.data @ Göttingen Campus 
(interdisciplinary) 

Future: Zenodo 

or subject-specific repos

http://arXiv.org
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Example: ArXiv.org

Processed 
data

Code: Link to public 
git repo

http://ArXiv.org
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Example: GRO.data

https://data.goettingen-research-online.de/
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Example: GRO.data

https://data.goettingen-research-online.de/

DOIPublication

License

Metadata

Data for download
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What we have for sure 
 

Programming skills: C/C++ 

Symbolic Software 


Visualization: gnuplot, …, Python, … 

Data storage & Back-Up


Use of Repositories


Know about FAIR principles on theses level


Know about Good Scientific 

Practice Principles


Aluminum (shiny) Standard 
 

Data & Code publication


Professional Versioning 


Professional Code & Data documentation


Statistical Analysis, professional


ML for everyone ?


“Advanced" FAIR principles

….


Machine learning & BIG data

Open ends, room for further development & discussion
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Thank you!

Summary

(Some) Relevant people in Göttingen

Prof. Arnulf Quadt 
Experimental 
Lab Courses

PD Salvatore Manmana 
Coordination 

Teaching Theory

Prof. Martin Wenderoth  
Dean of Studies 

& team

Key points: 

B.Sc.: 
Mandatory: 
Programming Course (C++/Python) 
Computational Methods  
Numerical examples in basic courses 
Visualization  
(via exemplary exercises, lab course) 
Optional elements ! 

Master: Example Theoretical Physics 
Strong focus on Comp. Physics 

PhD/ Research/ Theses: RDM & FAIR principles


