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Motivation of the project

 COVID-19 pandemic: Rapid transformation of labs into distance learning → specific challenges
facing traditional structures, manifold learning objectives, and the use of typical lab equipment (Hut 

et al., 2020; Jelicic et al., 2022; Werth et al., 2021)

 (In-)effectiveness of traditional, cookbook-styled lab tasks (Holmes et al., 2017; Teichmann et al., 
2022; Rehfeldt, 2017) with multiple causes, e.g.

– missing opportunities for student engagement (Holmes & Wieman, 2018)

– lack of motivating elements (Rehfeldt, 2017)

– learning with multiple representations (Ainsworth, 2006)

 New learning objectives, e.g., acquisition of digital competencies (Thoms et al., 2021)
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How we address this demand…

… by developing and evaluating standalone, competence-centred experimental tasks (including
instructions for students and instructors) for distance & on-campus learning

 Using household items and digital technologies, especially smartphones, for data collection & 
analysis by utilizing built-in sensors, e.g. with phyphox (Stampfer et al., 2020)

– Affordable & easily accessible

– Experiments conductable everywhere (cf. pandemic)

→ first-hand data collection & analysis (Klein et al., 2021)

– Positive effects on students‘ motivation (Hochberg, 2016)

– Enhancing inquiry-based learning processes (Becker et al., 2020)

 Addressing a variety of experimental & digital competencies

 Fostering open-inquiry learning processes

→ different levels of difficulty possible
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How we design our experimental tasks…
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How to model a bottle?
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The objective is to test two models for the sound a bottle makes when air is blown across the top.

Open-closed tube Helmholtz resonator



How to model a bottle?
Task documents

 Students’ version contains

– Introduction to the topic of the task

– Equipment list

– Task description

– Skills in focus and learning goals

– Assessment of the task

 Instructors’ version additionally contains

– Overview of the task characteristics

– Description how the task could be succeded
including example data

– Possible aspects of difficulty

– Suggestions for possible modifications

– Suggestions for the assessment of the task
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The task:

Test the models of an open-closed tube and a Helmholtz resonator for the frequency of the sound of blowing 

across a bottle top […]. Pay attention to the domain in which each model is applicable and attempt also to 

probe the limits of the models. Plan and execute the required measurements. Choose a suitable way to 

represent your collected data and make a comparison between your data and the predicted frequencies given 

by the two models. Remember to estimate the experimental uncertainty of your results. 



How to model a bottle?
Findings
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How to model a bottle?
Skills in focus
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 Experimental skills in focus

– Planning an experiment

– Data collection

– Data representation

– Comparing model predictions with collected data

 Digital skills in focus

– Using smartphone applications to gather data

– Data analysis

– Data representation

Analogy:
spectral radiance of electromagnetic radiation

https://en.wikipedia.org/wiki/Rayleigh%E2%80%93Jeans_law



How to model a bottle? 
Evaluation of the task
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Evaluation to improve tasks, investigate their efficacy & check their usability for university teaching

 Observations during the use of our tasks by the students

 Questionnaire & semi-structured interviews addressing

– Efficacy/perceived learning goals

– Adequacy of the experimental task

– Students’ experience during the task

– Experimental activities in focus

– Use of digital technologies

 Planned: expert interviews/ratings



How to model a bottle? 
Student feedback
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Derived from interviews with 15 science teacher training students in FIN

“There were a lot of things 
in the task that were not 
locked in place 
beforehand. A lot of small 
things to think about that 
are usually taken away by 
preparing everything for 
you.”

“We did not really 
understand what the word 
model meant. […] It was 
not familiar from other lab 
documents to be told to 
compare to a model.”

“Liked the freedom in the 
execution of the task, but if 
this were graded, the 
freedom would make the 
task difficult and 
stressful.“

“This was much more 
rewarding [than a 
cookbook-style task] 
because you got to use 
some creativity in how to 
do the measurements and 
to me, that is a very 
positive thing in this task, 
the openness.”



Some additional tasks
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– Sliding smartphone

– Magnetic field

– Vertical spring–mass system
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Slamming door experiment
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Differential equation: 𝑎 + 𝑏𝜔 + 𝑐𝜔2 = −𝐼 ሶ𝜔

with 𝛾 = 4𝑎𝑐 − 𝑏2

„Short task buffet“



For further information & materials …
… please visit our project website!
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https://jyu.fi/digiphyslab

https://jyu.fi/digiphyslab
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