
Developing reasoning and 
metacognitive skills through 

reflective lab reports
Jasmina Lazendic-Galloway

TU/e innovation Space, Eindhoven University of Technology
j.lazendic.galloway@tue.nl

School of Physics and Astronomy, Monash University

ViCEPHE 2021 @JasminaGalloway

Context: PACE (Physics and Astronomy Collaborative-
learning Environment) studios at Monash built in 2014

• Elective 1st year unit, mainly engineering students (~75%), enrolment around 200 students
• Covers: Newtonian mechanics, Electromagnetism (previously Waves & Optics), 

and Quantum Mechanics
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Lectures – information transfer

Tutorials – working on problem sets 
related to concepts from the 
lectures

Labs – learning about experimental 
side of physics – and uncertainties, 
uncertainties, uncertainties

Usual set-up of the courses:

Assessed via the mid-
semester test and exam
(80%)

Assessed via lab reports 
(20%)

We are assessing different 
skills, but the reasoning 
used should be the same!
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What is the issue 
I wanted to address:
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• Concepts and peer 
learning with clicker 
questions

Lectorials (2h)

• Doing experiments 
(collecting data)

Labs (2h)
• Doing problem sets 

(attempt at home, 
correct/explore in 
class through peer 
learning)

Tutorials (2h)

• Understanding of 
why it’s important 
what you’ve done in 
the lab

Reports

Setting up active learning cycle
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Using dual feedback

Williams, I., Schliephake, K., 
Heinrich, L. M., & Baird, M. 
A. (2017)

Integrating Science and 
Practice (iSAP): An 
Interactive Case-Based 
Clinical Decision-Making 
Radiography Training 
Program
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Step 1: Submit your 
answers
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Questions are “tagged”:
(Experimental Skills)
Q1. Describe two ways in which you estimated/determined the moment of inertia of 
the disc and hub. 

(Technical Analysis)
Q2. Describe the logic behind the plot you made to determine the mass of the masses 
attached to the disc. Show the plot complete with all features (title, axes labels, error 
bars and line of best fit). Also state estimates for the mass of the masses attached with 
uncertainties based on the fit results (from Excel’s LINEST function). 

(Synthesizing Knowledge and Critical Thinking)
Q3. Why was it important that the weights be placed on the disc symmetrically? 
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Step 2: Read an 
explanation from an 
“expert” and reflect: 
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Reflection Questions:
(Experimental Skills)
Q1. How does your answer compare to the expert’s? Does your answer clearly describe 
the details of the method including what to measure and how to then determine the 
moment of inertia from these quantities? Have you clearly identified variables measured 
and used and any assumptions made?

(Technical Analysis)
Q2. How does your answer compare to the expert’s? Does your answer explain how to 
isolate the mass of the weights added? Have you included all elements required for the 
plot and remembered to use Linest to determine the line of best fit and the 
uncertainties? (Note: your axes may not be the same but is your plot still linear? Does 
the fit provide the mass of the weights in some way?)

Synthesizing Knowledge and Critical Thinking)
Q3. How does your response compare to the experts? Have you explained the physical 
relevance of placing the weights symmetrically?
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Step 3: Both reports are now marked
• “Tags” for each question – marked according to mastery
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Students can easily 
see the level of 
their mastery in 
Moodle gradebook

(and compare how 
they’ve done in respect 
to the rest of the cohort)



Rubric is simple (on purpose)
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… and dual feedback

Students are provided with dual feedback 
(Laurillard 2012): 

1) their intrinsic feedback from the comparison, 
and
2) external feedback from the instructor on both 
their original answers, as well as their reflection 
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Did it work?
Top five themes identified from student responses to open-ended survey questions: 

Q1: Which aspect(s) of this unit did you find most effective?

1st runOld way 2nd run
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What did students think?

• The feedback method is very impressive. Because we can find out our 
weaknesses and strengths in this unit.
• I thought it was great that a lot of our in–class assessment had a 

focus on demonstrating that we were in the process of learning the 
material, i.e. the answer didn't necessarily have to be correct – as 
long as we'd made a good effort and recognised our mistakes, we'd 
get a decent grade. This took the pressure off the assignments a little, 
thus letting us have more time to focus on learning the material. 

• Cancel reflection reports, we are scientists not writers.” 
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