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Abstract: The implementation of competencies regarding Research Data Manage-
ment (RDM) and Data Literacy (DL) into the curricula is a major challenge for the NFDI
community. In physics as well as in other disciples, the beginners’ lab courses are the
first point in time where students have to deal with data, and are therefore an intuitive
point for the integration of first RDM learning objectives. However, the modification of
teaching materials is a time-consuming and potentially expensive task. In this con-
tribution the authors show how this can be achieved in the physics beginners’ lab on
the basis of concrete examples, thereby affecting the education of students in a wide
range of subjects, including the sciences, engineering, but potentially also medicine or

geology.
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1 Introduction

There are many views on how to best integrate Research Data Management (RDM)
and the Reasearch Data Life Cycle [1] as well as Data Literacy (DL) [2] in curricula
across the disciplines. In this work, the authors focus on physics programmes at EQF
[3] level 6 (Bachelor’s degree) or combined programmes on level 6 and 7 (previous Ger-
man degrees, e.g. Diplom, Staatsexamen) and programmes that contain a significant
share of physics courses, such as biophysics, astronomy, material science etc.

The physics community has been discussing several approaches, including dedi-
cated courses for RDM and DL, or practical learning during the practical phases and
thesis projects of the programme. The first option suffers from the already full curricu-
lum which causes difficulties in adding new content. Since students choose individual
thesis topics, the second option does not ensure equal RDM content for all students
during their studies. Furthermore, at the time of their thesis students may already have
adopted some kind of handling data. A third option, which this work focusses upon, is
to modify the beginners lab courses in such a way that all students learn and experi-
ence the basics of RDM and DL while taking the courses, and thereby also become
familiar with the FAIR principles [4]. The key arguments in favour of such an approach
are [5]:
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« During the beginners lab, students work with “real” experimental data for the first
time, making it a natural starting point to teach RDM.

» By sharing data during the lab, it is possible to analyse data in a more complex
fashion, and hence to answer more interesting and relevant questions.

» The implementation of the necessary changes is quite straightforward. In partic-
ular, no changes to any examination regulations become necessary.

» The anticipated outcome can be achieved mostly by changing the way experi-
ments are conducted by the students and without additional personnel require-
ments.

2 Exemplary Experiments

While the first three steps of the Research Data Life Cycle — creating, processing and
analysing data — are naturally already included in most of the lab classes, the last three
steps — preserving, giving access to and re-using data — are currently missing in most
cases. In the following, two exemplary experiments in which a simple modification can
enhance the learning outcome regarding DL are described:

2.1 Radioactive decay

An exemplary implementation of all life cycle steps is possible in experiments using
radioactive sources, which exist at most universities. Sources like 252Cf with a half-life
time of 2.6a [6] allow the modelling of radioactive decay without additional efforts by
applying the different data life cycle steps: Different lab groups perform their experi-
ment in which along the way raw total counts measured from the source are obtained
(creation of data). The processing and analysis of this data easily leads to a total count
rate. If this rate is collected in digital form from each group (preserving data), e.g. in
form of a pandas dictionary, following groups can get access to this growing data set,
and re-use it to probe the law of radioactive decay.

2.2 Specific heat of metals

As a second example, in a thermodynamics experiment for the measurement of the
temperature dependence of specific heat ¢(T") of metals, different groups can deter-
mine ¢(T") for one material each (Al, Cu, Pb...) and thereby once experience the whole
measurement process on their own. They can then exchange their data (giving access)
and each analyse the data sets of all groups. By doing so, students on the one hand
learn how to record data such that others who did not do the experiment by themselves
are able to analyse it, and on the other hand naturally learn how to profit from data
which is already taken by others.

The implementation of new topics in existing courses certainly needs to be monitored
by appropriate evaluation methods, following the PDCA cycle [7] (plan, do, check, act).
It is well-established to offer this task as theses e.g. for graduate or PhD students in
education. Continuous evaluation of the lab course allows for immediate reaction to
any problem which might arise over time, and is expected to improve the experiment
itself, leading to improved student success and a higher rate of students achieving the
desired learning outcomes [8]. Additionally, it becomes easier for the teaching staff to
adapt to improved technology and methodology in the field.
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3 Conclusion

The authors would like to emphasise the strength of the given approach, which is to
achieve high impact with only small modifications of existing lab experiments. While
the examples given in this contribution are specifically for physics programmes, the un-
derlying idea can be easily adopted by other disciplines: In every programme where
students work empirically with data, the corresponding courses can be used as a start-
ing point for teaching RDM and DL competencies by introducing comparably small
changes to the curriculum.

To summarise, this contribution specifically outlines how it can succeed to modify
common beginners lab experiments in order to add DL competencies to the learning
outcomes of the students. Based on the Research Data Life Cycle the authors suggest
experiments and outline correspondence to the six stages thereof. For each case, the
desired learning outcomes are discussed in detail.
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