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Abstract. We will present the results of our research on the quality of Slovak students’
conceptual understanding in mechanics at the secondary school level. In the research, where
sampling was based on PISA (TIMSS) stratified two-stage cluster sample procedure, we are
applying the well-known Force Concept Inventory, a research-based diagnostic content survey,
together with the free modern cloud technologies - the electronic forms (Google forms) and the
interactive cloud computing tools (Jupyter, R Shiny). Our up-to-date experience also shows that
due to the technology collecting data and their statistical analysis is less technical, timeconsuming and more reproducible than before.

1 Measuring conceptual understanding in physics
The efficiency of any education is significantly affected by prior knowledge, understanding
and experience of students on what they learn [1, 2]. Therefore, one of the key characteristics of
physics instruction evaluation and instruction quality is students’ conceptual understanding.
Every competent teacher should have skills and tools to diagnose the incorrect preconceptions or
misconceptions. In physics education research, we can quantitatively measure students’
conceptual understanding through research-based content surveys or conceptual tests [3], whose
number is currently almost fifty (https://www.physport.org/).
2 Reproducible research with free modern cloud technologies
Administrating conceptual tests even in a classroom by standard collecting or processing
methods is still time-consuming, using more advanced methods is too difficult to carry out or
reproduce. In our research, we are testing new interactive cloud-based technologies – the
electronic forms (Google forms) for data collection, Jupyter notebooks [4] and an R Shiny app
[5-7] for data processing. As for research questions, we are finding answers to following
pedagogical problems: Are mentioned tools directly and easily applicable in school conditions?
Using these technologies, can we estimate the quality of the conceptual understanding of Slovak
students at secondary schools in chosen physics area (mechanics) in reasonable short time and
with low costs?
Our pilot study on trial samples indicates positive answers to these questions. At the time of
conference talk, we will refer our experience and quality measurements based on Force concept
inventory [8, 9] applied to a representative national sample from Slovakia chosen by us using
PISA (TIMSS) stratified two-stage cluster sample procedure [10, 11].
3 Preliminary conclusions
Thanks to the free modern cloud technologies for data collecting and processing from
diagnostic tools, pedagogical research or feedback should be less technical and time-consuming
than before. Our pilot experience also indicates that Jupyter notebooks are more appropriate for
the efficient and easily reproducible research work of scientists, didactic research groups or
students during their diploma thesis or dissertation research. On the other hand, the interactive R
Shiny application (Fig.1) providing visually rich, one-click statistics is ideal for in-service

teachers who need easy-to-handle, quick-to-use and no time-consuming processing of collected
data, as well as their interpretation with recommendations.

Fig. 1 A screenshot of our Shiny application with similar functionality as the Data Explorer at
https://www.physport.org, providing quick informative one-click statistics from chosen diagnostic tools
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