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ABSTRACT
The aims of the project were to introduce the students to a self-organized computational learning environment that they can use for their further (self)studies and to introduce them to the scientific peer review
process. Both are skills highly needed in the scientific and professional environments. The self-organized
learning was realized with Jupyter notebooks hosted on the DL.MIN hub (https://code.min.uni-hamburg.de/hub/login) and the peer review process and the access to and exchange of all necessary course
material was realized with an OpenOLAT room hosted by Universität Hamburg. Jupyter notebooks allow
the user to combine data analysis, plotting and interpretation in an easy way and allows for easy reproducibility of the results and easy parameter testing. The whole peer review process can be carried out in a
Jupyter notebook provided as exercise. We provided students with screencasts produced in cooperation
with the Lehrlabor team and DL.MIN that introduced them to Jupyter notebooks, plotting in python and
the peer review workflow as implemented in OpenOLAT. Furthermore, guidelines for peer review and best
practices of scientific computing, partly newly developed for the project, were uploaded to the OpenOLAT
room and available for the students. The screencasts and an OpenOLAT template course are available.

CONCEPTION AND OBJECTIVES
Using the well-established master module ‘Raum- und Oberflächenwellen-Seismologie (Body and surface
wave seismology)’ which is taught in the first year of the Geophysics master, we wanted to introduce the
students to the use of Jupyter notebooks and the process of a formalized peer feedback including a grading
of the feedback process. The course consists of lectures, compulsory exercises and is normally finalized
with a written exam. To be allowed to the final exam, a certain portion of the points in the exercises has
to be obtained. As a special motivation, it is possible to obtain bonus points for the written exam by completing the exercises. The exercises are carried out using Jupyter notebooks. The handed in notebooks are
swapped among the students and peer reviewed. The final grade of the exercises consists of the grading
for the notebooks and the grading given for the peer feedback.
The use of Jupyter notebooks fits nicely into the guiding principle of research-oriented learning championed by Universität Hamburg and CEN (Centrum für Erdsystemforschung und Nachhaltigkeit) of which
the Institute of Geophysics is a member. It allows students to acquire skills in an open-source environment
that structures the whole process from data acquisition, data processing and plotting up to the final interpretation of their own results. In addition, Jupyter notebooks allow the visualization of scientific results1
can be used as manuals for computer programs and day-to-day data processing routines2 and might even
be used to reproduce scientific papers or parts of them. In the field of seismology, in which context the
funded project is taught, a considerable amount of Jupyter notebooks exits that can be used for selfstudy.3 The python programming language used in the Jupyter notebooks in the project is highly popular
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in many scientific disciplines (e.g. obspy4 in seismology, iris5 in meteorology) and the fast expanding field
of machine learning (e.g. pytorch6). Thus, a basic knowledge of Jupyter notebooks and python gives students the opportunity to pursue their own scientific studies and data analysis in a well-organized way.
Most of the students participating in the master course already have a basic knowledge in python from
the Bachelor course in seismology and some general programming experience from the modules ‘Datenverarbeitung und Programmierung in den Geowissenschaften’ and ‘Numerische Methoden in den Geowissenschaften’ which are taught in the 3rd and 4th semester of the Geophysics and Oceanography
Bachelor, respectively. The introduction to Jupyter notebooks at the beginning of their Master study might
help the students in the self-study of further scientific topics and also facilitate the data handling during
a subsequent Master thesis. In the past, already many students in the seismology group employed Jupyter
notebooks during their respective Master studies to document their results and organize their data processing. Because Jupyter notebooks also allow for the use of the statistical R software, the self-learning
scripts developed during the corresponding Lehrlabor projects ‘RLab’ und ‘RLab 2.0’7 can also be used to
supplement the results obtained using python programs. There are also Jupyter notebooks from the ‘RLab’
project available for self-study.
Because Jupyter notebooks allow for a system-independent reproduction of data processing and the corresponding visualization of the results when executed on a server, we intended to let the students swap
their exercises written in Jupyter notebooks and let them run on a server for peer review. Their review
comments can then be directly entered into the Jupyter notebooks and handed back to the supervisors. In
case no server solution would be available, we planned to provide a local installation for the students in
the terminal room of the Institute of Geophysics or provide a script for a local installation on the students’
personal devices.
The assessment of the validity of presented scientific results is an integral part of the scientific process.
The peer review introduced within the framework of this project builds upon the modules ‘Wissenschaftliches Arbeiten’ in the 4th semester and ‘Grundlagenseminar’ in the 5th semester taught in the Bachelor
studies of Geophysics and Oceanography. While these modules introduce some feedback basics, the peergrading component introduced in this project introduces a more formal approach. This is intended to
strengthen a critical inspection of presented results in the students. This builds upon experiences in the
former Lehrlabor project ‘Peer Grading’ by Ulrike von Luxburg8 who introduced the concept at the introductory level. Results indicated that such an approach endows the students with critical skills like a better
self-assessment, critical reading and an ability to swap the perspective in the teacher-student relationship.
Here, we introduced the additional approach to ‘grade the grading’. The intention was to motivate the
students to do thorough feedback work, as it was relevant for their own grades. By providing the students
with sample solutions for the exercises in form of Jupyter notebooks (Fig. 1) and letting them do feedback
on the same problems they did themselves, we hoped to create a situation in which the students ‘as experts’ are able to give reasonable feedback. However, it was not intended that this feedback should be
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used to improve the original submission or that the grading given by the peers should be incorporated into
the final grade of the student exercises. This grading was still completely up to the course assistant and
consisted of the grades for the original submission of the exercise and the performed peer feedback.
The conception for the project included a digital environment in which the students can access all necessary material and software for the solution of the exercises using Jupyter notebooks and the subsequent
peer review process. This includes both the Jupyter servers on which the Jupyter software can be executed
and some kind of content management system that is able to perform the task of the review process.
To introduce the students to Jupyter notebooks and to ease the peer review process and the file handling
during the course, the creation of screencasts (Fig. 2), sample Jupyter notebooks and best-practice
handouts for the peer review process (Fig. 3) was intended. The whole conception and implementation of
the project was to be carried out in close cooperation of the project group consisting of Prof. Céline Hadziioannou as the project proponent and the responsible lecturer, Johann Jacobsohn as Research Assistant
for the technical implementation of the project and the production of the screencasts, Julián Peláez-Quiñones as Student Assistant responsible for the creation of exercise and solution Jupyter notebooks, Fabian
Dethof as tutor for the exercises and Dirk Becker for the creation of the course in the content management
system.
We planned to provide the students the screencasts and the introductory material for the Jupyter notebooks and the peer review process before the start of the actual lecture period. This should give them the
opportunity to get accustomed to the new software and the peer review process by self-study.
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Fig. 1: Sample solution Jupyter notebook produced for the project. For exercises, students were provided with a Jupyter
notebook that detailed the tasks to address as homework, gave some background explanations and additional resources and a starting point for code development. Students completed the code, produced corresponding graphics,
interpreted their results and handed in the final notebooks for peer review and review by the student tutor.

IMPLEMENTATION
In close cooperation with the DL.MIN team and the team from the Lehrlabor, we discussed several possible
implementations of both the document handling during the peer review process and the implementation
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of the Jupyter notebook software. However, as there exists no single system that addresses both requirements at the same time, we used a dual setup of OpenOLAT for the course organization and a JupyterHub
for the actual programming and review tasks. OpenOLAT is an e-learning platform widely used at the UHH
and helped us manage our course by setting up and assigning exercises to each student. It also served to
host additional material (screencasts, documents etc.) and tracking assignment progress. Because this is
an already existing system, which is widely used, we preferred it with respect to other solutions like an
implementation with GitHub that was also in the discussion. We also set up a trial routine under GitHub
and tested it internally in our group. However, we finally decided against such an implementation, as it
would have required a local installation on a student’s device and a probably steeper learning curve than
the OpenOLAT implementation.
To introduce the students to OpenOLAT and the handling of the peer review process in OpenOLAT, we
produced a screencast walkthrough. This screencast was given to the students as homework. In addition,
we also invested the first in-person exercise lesson to introduce the students to OpenOLAT and the downloading and uploading of material. We created a sample exercise (Exercise 0) that we used to acquaint the
students with the technical procedure of the peer review process. One of the reasons for this special emphasis on teaching the technical implementation was that OpenOLAT does not provide a native module
or functionality for a peer feedback process. Our workaround was to use the workflow of the exercise
module (Kursbaustein Aufgabe) in OpenOLAT and to formally refuse the initial submission of the students.
This sends the task back to the students for revision. Fig. 4 shows the workflow implemented in our
OpenOLAT course. The task was initially uploaded as a Jupyter notebook to the OpenOLAT course with a
fixed date for handing in the exercise (‘Zuweisung Aufgabenstellung’). Students downloaded the Jupyter
notebook created by the student assistant containing the tasks, additional information and a starting
point for code development (see Fig. 1). They uploaded the finished Jupyter notebook (‘Abgabe’). The notebooks were swapped among the students automatically by a script written by Johann Jocobsohn,9 which
allows for an automatization of this task by downloading all student notebooks at once and performing
an allocation that avoids an assignment of their own submission. The script even performs an initial check
of the functionality of the submitted notebooks and contacts students with faulty submissions automatically by mail. The review files produced by this process are manually uploaded again to the OpenOLAT
course room (file BAR6178.zip under ‘Rückgabe und Feedback’ in Fig. 4). Students review their peers' submission and upload it again to OpenOLAT (file Review4.zip under ‘Überarbeitung’). Finally, the student
tutor reviews both the original submission (U04_BAT1234.zip in Fig. 4) and the peer review (Review4.zip)
and uploads his corresponding comments as html-files exported from the Jupyter notebook server (files
BAR6178_reviewed_*.html and u04_*_corrected.html under ‘Überarbeitung’ in Fig. 4). Now the submission is formally accepted, and a grading entered in OpenOLAT (‘Bewertung’). During the revision stage,
which starts after the deadline for handing in the exercise, students have access to a sample solution provided online in OpenOLAT (‘Musterlösung’). The sample solution also consisted of a Jupyter notebook prepared by the student assistant.
JupyterHub is a hosted version of Jupyter notebooks, which is the environment in which programming
tasks are solved by our students. JupyterHub helped us provide a working setup to all students with minimal maintenance. We used the DL.MIN provided JupyterHub10 that is also able to run Jupyter R scripts and
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was already tested in the RLab Lehrlabor projects. Due to the great support from the DL.MIN team (Michael
Heinicke and Lars Thoms) a python environment was up and running on the JupyterHub at the start of the
semester that included all necessary python modules to run the Jupyter notebook exercises. The JupyterHub is also able to incorporate further python modules when needed. We introduced the students to the
functionalities (login, file upload, modifying and running Jupyter notebooks) of the JupyterHub during the
first in-person exercise session and provided them sample Jupyter notebooks for testing of the environment. During the course, students uploaded the Jupyter notebooks provided in the OpenOLAT course room
to the JupyterHub, worked on them online and downloaded the JupyterNotebook file for later submission
to the OpenOLAT system. There is also the option to export PDF or HTML versions of the Jupyter notebook.
Because the JupyterHub is a server implementation, no local installation by the students is needed. Thus,
both the data handling in the OpenOLAT course room and the work on the Jupyter notebooks on the JupyterHub can be performed on a device with internet access in a normal browser window.
Before the start of the lecture period, supporting screencasts and handouts were created with the intention to help the students with running Jupyter notebooks, understanding the handling of the peer review
process in OpenOLAT and giving them general guidelines for the peer review process. Johann Jacobsohn
produced Screencasts in close cooperation with the DL.MIN team (Karen Kandzia, Stefan Koch, Michael
Heinicke) and Christian Kreitschmann from the Lehrlabor team. These screencasts were available as download from the OpenOLAT course room and students were asked to review these screencasts before starting
their work on the exercises. These screencasts were available throughout the course for reference. In addition, a compilation of useful references for python, plotting in python and Jupyter notebooks was provided along with a document containing coding tips provided as both pdf and executable Jupyter notebook. These documents were also made available in a resources folder in the OpenOLAT room for selfstudy. Finding common ground on the question what characterizes a good review took several iterations
within the project team. Especially the question how a proper review for computer code should be performed proved difficult. We finally ended up with creating handouts for students that give guidelines for
the scientific part, for the implementation of the code and the graphical presentation of the results (Fig.
3) as well as a document that contains some general ideas about the review of computer code (available
in the template OpenOLAT course room). In addition, we also provided some general best practice recommendations for peer review and profited from discussions with Matthias Otto and several documents he
produced for projects of the Universitätskolleg11 that we also linked for the students. We also provided
several documents with more course specific resources dealing with the scientific content of the lecture
(body and surface waves). The students could also use these for self study.
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Fig. 2: Screenshot from screencast giving an introduction to plotting with python.

RESULTS AND DELIVERABLES
During the course of the project Johann Jocobsohn produced several screencasts (Fig. 2), which detail a)
the process of obtaining an assignment from OpenOLAT, working on this assignment on the DL.MIN JupyterHub and uploading the solutions back to OpenOLAT, b) doing the review process in the course, c) a
basic introduction to Jupyter notebooks and d) some general information about plotting in python. The
former two screencasts might be used in other courses to introduce students to OpenOLAT, Jupyter notebooks and a peer review process modelled to our project. The other two notebooks can be used for a general introduction to the use of python in Jupyter notebooks. Spending the first exercise lesson and the first
(not graded) exercise in general to introduce the students to the workflow of the peer review proved beneficial. Because of the formal rejection of the initial student submission, this workflow was not entirely
intuitive. A specialized OpenOLAT module would be helpful here. The production of the screencasts consumed quite some time and things like the different pitch of the speaker during different times of the day
have to be considered when producing longer screencasts. One of the lessons learned from the student
feedback is a desire for shorter screencasts that only address a specific topic and not extended ones that
deal with several at once. However, a structuring of specific contents of the screencasts might be done via
chapters that can be referenced in the OpenOLAT course.
Providing the students with Jupyter notebooks that contained the exercises and a starting point for the
code development was also good. It shifted the focus a little bit from the formal set up of the notebook
environment (loading basic modules, setting up the correct parameters for the display of the graphics) to
working on the scientific code implementation.
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Students also generally gave good and constructive peer feedback and the given grading was comparable
to that given by the student tutor. However, the first few exercises were not so easy to review, as there
was not so much scientific interpretation involved. This emphasizes the need to come up with proper exercises for review.
The students in general were content with the presented concept of self-organized learning with Jupyter
notebooks and the peer feedback process. They had only minor problems with the workflow and were
generally able to submit their exercises and reviews without any problems. However, an inclusion of the
given peer feedback into a revision of the exercise before final submission might increase the students’
motivation to deal with the given feedback. Due to the small number of students participating in the first
round of this new course layout, it is not possible to tell whether the new peer feedback concept that also
had the intention to better familiarize the students with the lecture material by inspecting their peers’
solution while being aware of the master solution, really worked. However, the general feedback was positive and possible positive effects might be investigated during the coming years when the material produced during the Lehrlabor project phase will be further used and possibly modified.
Participants were also polled informally to fine-tune the process and were encouraged to contact staff
personally or via email for further explanation, where needed. This was possible because there was a close
contact between the students and the lecturer and the student tutor during the lectures and exercises due
to the small number of students participating in the exercises. This might be more difficult in a larger
course with more students.
While the students worked on and completed nearly all the exercises, they did not follow up on many of
the self-learning materials also presented in the course environment. They mostly stuck with the material
needed to complete the exercises. This might be due to high workload for students during their Master
studies. Thus, it might be helpful to limit the additional resources to a few selected examples. However,
several students incorporated the use of Jupyter notebooks for their own studies and then also used additional material for self-study as intended.
Screencasts, guidelines for peer review, additional material residing in a resources OpenOLAT course room
resources folder and a short introduction for the peer review workflow were copied into a template
OpenOLAT room for later use during future semesters of this course and also possibly for other courses.
This template course room can also be accessed.
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Fig. 3: Handouts for peer review guidelines for the code implementation (left) and graphic representation of the results
(right) in the Jupyter notebooks.

RETROSPECTION AND OUTLOOK
In general, students were quick to adopt Jupyter notebooks into their daily work and in the subsequent
semester, several students also presented their seminar work in Jupyter notebooks. Thus, the introduction
of Jupyter notebooks for self-organized study and documentation of their work can be regarded as (at
least partly) successful.
The choice of the dual set up with OpenOLAT for the organization of the course material and the review
process and the JupyterHub of DL.MIN for running the Jupyter notebooks proved beneficial. Although a
single system would be preferable (like running a JupyterHub in OpenOLAT or Moodle), the students had
no problem to work with the two different systems and encountered only minor problems during the first
sessions. Both systems worked fine with only minor exceptions. We once managed to break the JupyterHub by processing an excessively large dataset. However, the DL.MIN team quickly rectified this. Due to
the move to Moodle as a course management system within the Institute of Geophysics during the introduction of digital teaching during the Corona lockdown, there might be a shift to Moodle in the future. An
implementation in Moodle might benefit from the ‘Gegenseitige Beurteilung’ activity implemented there,
although we did not yet have time to test the feasibility of such an implementation.
It is intended to perpetuate the approach developed during the Lehrlabor project phase by teaching the
master module in future semesters in the same way. The choice of exercises might be improved to give
the students the opportunity for a more meaningful feedback. This would imply a stronger focus on the
interpretation of the results and not only the technical aspects of algorithm implementation and the
graphical representation of the results. This was also one of the critical remarks raised by the students.
The exercises might thus be modified to give the students a better opportunity to judge the scientific re-
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sults and interpretation of their peers and not only the implementation of the code. However, as the introduction to the use of Jupyter notebooks and good programming style will still be a main objective in
coming years, we will keep some emphasis on proper coding which is also vital during the following Master
studies.

Fig. 4: Workflow of the peer review process as implemented in the exercise module (Kursbaustein Aufgabe) in
OpenOLAT.

There might also be a revision of the peer review process by giving the students the opportunity to incorporate the obtained feedback into their final submission. By only grading the original submission and the
given feedback, the motivation to access the feedback for improving one's own understanding of the subject might be somehow diminished. This might shift a bit the focus from the grading and evaluation of
the feedback itself and will focus more on the whole process of revising an exercise based on the given
feedback and might even improve the students’ understanding of the studied subject. There are experiences in our institute with feedback schemes during the preparation of Master theses where students are
also graded for the quality of their feedback.
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It would be nice to check the technical implementation of the automatized reviewer assignment in a larger
course. This will also allow for a truly anonymous review, which was not possible in the small group of our
course. However, as the technical implementation now exists, everyone is free to download it from the
university GitLab page and to try it.
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