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Interest & Curiosity

 Most popular among 15-year-old students:
space & astronomy, seemingly mysterious
phenomena or phenomena scientists
cannot explain yet
(ROSE study, Sjoberg & Schreiner, 2010)




Interest & Curiosity

 Most popular among 15-year-old students:
space & astronomy, seemingly mysterious
phenomena or phenomena scientists
cannot explain yet
(ROSE study, Sjoberg & Schreiner, 2010)

« Epistemic curiosity — the drive to learn more
» 48% for oscillations and waves (Hochberg, 2016)
» 62% for acoustics (Hirth, 2019)
* 65% for radioactivity (Molz, 2016)
» 78% for particle physics (Woithe, 2020)




Image and Nature of Physics

« Science in the making: physics of the latest Nobel Prizes
(e.g. Higgs mechanism 2013, neutrino oscillation 2015, gravitational waves 2017)

 Foster awareness of the tentative nature of scientific knowledge

» lllustrate aspects of scientific practices, e.g. international collaborations




The Meet-a-Scientist Effect

« Contact to real scientists can have positive effects on students’ attitudes towards
science because it might positively change their perception of scientists
(Houseal et al., 2014; Woods-Townsend et al., 2016; Woithe, 2020)
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Interest Types & Connections to Students® Lives

« Students differ in their interest profiles (Hauller et al., 1998)

« Particle physics learning unit can further increase the ,interest gap“ (Polen, 2019)

« Contextis the key to interest even in particle physics (Zochling et al., 2020)




Interest Types & Connections to Students® Lives

« Students differ in their interest profiles (Hauller et al., 1998)

« Particle physics learning unit can further increase the ,interest gap“ (Polen, 2019)

« Contextis the key to interest even in particle physics (Zochling et al., 2020)

Item text Interest %

Learning more about how to treat diseases using particle accelerators 7%
Learning more about how to detect weapons in a container using particle detectors 70%
Transforming a mobile phone into a particle detector and trying it out 69%
Learning more about elementary particles and fundamental interactions 39%
Calculating the masses of different elementary particles, since they cannot be weighed 36%
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“What is a particle?”
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Ongoing Educational Reconstruction

 Three fundamental concepts of the design
of a learning unit (Wiener et al., 2017a)

* Model aspect of particle physics
 Typographic illustrations
* Linguistic accuracy
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Ongoing Educational Reconstruction

Three fundamental concepts of the design
of a learning unit (Wiener et al., 2017a)

* Model aspect of particle physics
 Typographic illustrations
* Linguistic accuracy

Yl NS4

proton neutron

a) Please select the antigreen charged up quark.
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Curriculum Links

* In most countries, the chapter of particle physics is only placed at the end of curricula,
if at all (TIMSS study, Mullis et al., 2012)

« 73% students: particle physics is a valuable addition to the curriculum (Polen, 2019)

« Topics of particle physics can be linked to core curriculum (Lindenau & Kobel, 2019)
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« Topics of particle physics can be linked to core curriculum (Lindenau & Kobel, 2019)
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Feynman Diagrams

A more complex diagram E
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Expensive Equipment & Limited Student Activities
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Question

Which of the
following activities
are possible for high-
school students?
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Merci bien!

Questions?




References

Bernstein, F., Keller, O., Schmeling, S., Wilhelm, T. & Woithe, J. (2020). Ein LINAC zum
Selberbauen. Modell eines elektrostatischen Linearbeschleunigers. Unterricht Physik,
180, 33-35

Bernstein, F., Schmeling, S. & Wilhelm, T. (2020). 3D-gedruckte Experimente zur
modernen Physik. Vom Michelson-Interferometer zum Quantenradierer. Plus Lucis, 4,
33-39

Dahlkemper, M.N., Klein, P., Mdller, A., Schmeling, S.M. & Wiener, J. (2022).
Opportunities and Challenges of Using Feynman Diagrams with Upper Secondary
Students. Physics, 4(4), 1331-1347

Hauller, P., Lehrke, M., & Hoffmann, L. (1998). Die IPN-Interessenstudie Physik. Kiel:
IPN

Hirth, M. (2019). Akustische Untersuchungen mit dem Smartphone und Tablet-
Computern - Fachliche und didaktische Aspekte. Kaiserslautern, Technische Universitat
Kaiserslautern. PhD thesis

Hochberg, K. (2016). iMechanics: Smartphones als Experimentiermittel im
Physikunterricht der Sekundarstufe Il, Kaiserslautern, Technische Universitat
Kaiserslautern. PhD thesis

Houseal, A. K., et al. (2014). "Impact of a student—teacher—scientist partnership on
students' and teachers' content knowledge, attitudes toward science, and pedagogical
practices." Journal of Research in Science Teaching 51(1): 84-115.

Keller O., Benoit M., Muller A. & Schmeling S. (2019). Smartphone and Tablet-Based
Sensing of Environmental Radioactivity: Mobile Low-Cost Measurements for Monitoring,
Citizen Science, and Educational Purposes. Sensors, 19, 4264, article, open source
hardware & software

Kranjc Horvat, A., Wiener, J., Schmeling, S. M., & Borowski, A. (2022). What Does the
Curriculum Say? Review of the Particle Physics Content in 27 High-School Physics
Curricula. Physics, 4(4), 1278-1298.

Lindenau, P. and M. Kobel (2019). Introducing an innovative approach of teaching the
Standard Model of particle physics at high school. Journal of Physics: Conference
Series, |IOP Publishing.

Molz, A. (2016). Verbindung von Schilerlabor und Schulunterricht-Auswirkungen auf
Motivation und Kognition im Fach Physik, Kaiserslautern, Technische Universitat
Kaiserslautern. PhD thesis

Mullis, 1., Martin, M., Minnich, C., Stanco, G., Arora, A., Centurino, V. & Castle, C.
(2012). TIMSS 2011 Encyclopedia: Education Policy and Curriculum in Mathematics
and Science, Volumes 1 and 2. Chestnut Hill, MA: TIMSS & PIRLS International Study
Center, Boston College.

OECD. (2019). TALIS 2018 results (Volume 1): Teachers and School Leaders as
Lifelong Learners. Organisation for Economic Cooperation and Development (OECD).
Polen, C. (2019). "Particle Physics: An Essential and Engaging Part of the High School
Physics Program." The physics teacher 57(5): 320-322

Sjgberg, S. and C. Schreiner (2010). "The ROSE project." An overview and key
findings: 1-31

Wiener, J., Schmeling, S. M. & Hopf, M. (2017a). Introducing 12-year-olds to elementary
particles. Physics Education, 52(4), 1-8

Wiener, J., Schmeling, S. M. & Hopf, M. (2017b). An alternative proposal for the
graphical representation of anticolor charge. The Physics Teacher, 55(8), 472-474
Woithe, J. (2020). Designing, measuring and modelling the impact of the hands-on
particle physics learning laboratory S'Cool LAB at CERN, Kaiserslautern, Technische
Universitat Kaiserslautern. PhD thesis

Woods-Townsend, K., et al. (2016). "Meet the scientist: The value of short interactions
between scientists and students." International Journal of Science Education, Part B
6(1): 89-113

Zochling, S., et al. (2020). "Spreading interest in particle physics among high-school
students—what matters?" Proceedings of Science (ICHEP2020) 390(964)




