
“Should we as scientists approach teaching 
with the same rigour and appreciation for 
evidence that we exercise in our research 
experiments in the laboratory ?”



Conceptual understanding [1]

• All teachers aspire at their students gaining a good conceptual understanding. 
• How is good conceptual understanding best achieved collectively for a class?    

By active learning.
• This can be measured using concept inventory tests.
• The method is more important than the teacher ! 
• It so happens, as one intuitively can guess, that this ALSO improves success rates at final 

exams.

[1] : Carl Wieman (Nobel Prize Winner 2001, Bose-Einstein condensates) , 
Large-scale comparison of science teaching methods sends clear message, www.pnas.org/cgi/doi/10.1073/pnas.1407304111
Improved Learning in a Large-Enrollment Physics Class , www.sciencemag.org/cgi/content/full/332/6031/862/DC1

http://www.pnas.org/cgi/doi/10.1073/pnas.1407304111
http://www.sciencemag.org/cgi/content/full/332/6031/862/DC1


We struggle with similar
problems



[1]



By introducing active learning we also make better researchers ! It’s a win for our
research too



Active learning
The active learning methods are designed to 
have the student working on tasks that simulate an aspect of expert reasoning and/or 
problem-solving
while
receiving timely and specific feedback from fellow students and the instructor that guides 
them on how to improve. 
Examples of active learning tasks :  answering questions using electronic clickers  ;  completing 
worksheet exercises ; discussing and solving problems with fellow students ; …

students who actively engage with course material will end up retaining it for much longer 
than they would have otherwise, and they will be better able to apply their knowledge 
broadly. 



Active learning is not easy to implement [2]

• Make questions the students cannot answer simply by reading the course material —
although they are expected to have done that before attending class. Instead, they have 
to apply what they have learned, which they do by clustering around tables in small 
teams and arguing over the options. 

• requires substantially more preparation than do standard lectures — but benefits justify 
the time that the approach takes away from research. 

• an active-learning class is more like improvisational acting, he says. “You have to go with 
the flow”, responding to questions and situations as they arise. Not easy.

• Active learning done badly is worse than a good lecture. Claim of using at least some 
active-learning methods is not enough, teachers should develop their lesson plans in 
the same way as they design experiments. 

[2] M. Mitchell Walldrop, The science of teaching science, NATURE | VOL 523 | 16 JULY 2015



[3] : The implications of a robust curriculum in introductory mechanics , C.Hoellwarth , Am. J. Phys. 79 (5) May 2011 

Active learning is not easy to implement [3]



Concept inventory tests [4,5]

• CI tests help answering “I made a change to my teaching, did it work?” They have been 
rigorously designed and tested, so you know that (on average) your students’ scores 
reflect their understanding of physics and not a misinterpretation of the wording of the 
questions.

• Teachers use the differences in scores between pre- and post-test (e.g. raw gain, 
normalized gain or effect size), not the value of the scores themselves, to determine the 
effectiveness of their teaching. If scores were slightly inflated by guessing, looking at 
differences in scores cancels out this effect, and the comparisons remain valid.

• CI tests are not meant to replace other assessments such as exams, homework, clicker 
questions, discussions with students, etc. Conventional wisdom is that they should be 
used in concert with these other forms of assessment.

• CI questions can actually be much more difficult for students than typical end-of-chapter 
problems, or final exams, because they require deep understanding. There is evidence 
that focusing on the kind of basic conceptual understanding probed by concept 
inventories can lead to improvement on traditional problem-solving

[4] : https://www.physport.org/recommendations/Entry.cfm?ID=119636
[5] : https://www.physport.org/assessments/

https://www.physport.org/recommendations/Entry.cfm?ID=119636
https://www.physport.org/assessments/


You can easily
gain access to all
tests



Force & motion

• https://www.physport.org/assess
ments/assessment.cfm?I=13&A=F
MCE (you need a password)

• The average normalized gain is 
0.52 for interactive engagement 
and 0.19 for traditional lecture.

Example of one question

https://www.physport.org/assessments/assessment.cfm?I=13&A=FMCE


EM

Example of one question

QM



What do we do about this, here at NBI?

- We will focus on active learning and Concept Inventory tests in the 
University Pedagogy course (practical part) for our Assist. Prof.  from 
now on. Those of you who are or will become departmental supervisors 
can help with this.



What do we do about this, here at NBI?

- We have seen the evidence , from other physics institutes. 
- Do we think this is what we should try more, all of us, in order to 

further improve the students performance,  reduce the drop-out rate, 
decrease their delay, make them better at research or jobs afterwards? 

- If yes, then ….



Questions we should ask 

• Why do we keep lecturing?
• Which questions/activities engage students in productive thinking?
• How to give and receive feedback efficiently?
• How to diversify opportunities to a heterogenous audience?
• How to define and assess our learning goals?

• Can we help each other in this group?  Share what works and what 
not? 

Share, Discuss


