




Program for the session

30 mins: Why should we use active learning techniques?
30 mins: An active learning example from Energy and Environmental physics
10 mins: An example from honours year
20 mins: Discussion of different techniques

Break for morning tea

20 mins: How to make effective videos
60 mins: Make videos!
20 mins: Show and tell



Myth-busting: Good teachers are not good 
researchers
"A review of various models of the relationship between research and 
teaching in universities is presented, and the evidence necessary to 
assess each model is outlined. A meta-analysis of 58 studies 
demonstrates that the relationship is zero. Suggestions for future 
directions are provided, and it is argued that a major goal could be to 
adopt strategies that enhance the relationship between research and 
teaching."

Hattie, J., & Marsh, H. W. (1996). The relationship between research and teaching: A meta-analysis. Review 
of educational research, 66(4), 507-542.



Good teaching valued at UNSW

To get promoted at UNSW you need to score 6 points across three 
pillars: research, teaching and SEGIL. There are three points available in 
each pillar.
To score highly in the education pillar you not only need to deliver 
lectures to a satisfactory standard, you should try and show teaching 
innovation and have a well reasoned (ie. evidence based) teaching 
philosophy aligned with your teaching methodology.



How active learning relates to good teaching



Research shows it works
Been well established for over 20 years that active learning techniques lead to 
greater learning gains in students.
“This is a really important article—the impression I get is that it’s almost unethical 
to be lecturing if you have this data,” says Eric Mazur, a physicist at Harvard 
University who has campaigned against stale lecturing techniques for 27 years and 
was not involved in the work. “It’s good to see such a cohesive picture emerge 
from their meta-analysis—an abundance of proof that lecturing is outmoded, 
outdated, and inefficient.”

Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-thousand-student 
survey of mechanics test data for introductory physics courses. American journal of Physics, 66(1), 
64-74.
Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., & Wenderoth, M. P. 
(2014). Active learning increases student performance in science, engineering, and mathematics. 
Proceedings of the National Academy of Sciences, 111(23), 8410-8415.
Waldrop, M. M. (2015). The science of teaching science: active problem-solving confers a deeper 
understanding of science than does a standard lecture. But some university lecturers are reluctant 
to change tack. Nature, 523(7560), 272-275.



Why active learning?

•[Brief definition, then evidence from Freeman et al., 2014. Conclusion: 
active learning is convincingly more effective in STEM, the question now 
is what’s best for what situation.]
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The first generation research on how to best 
teach in STEM disciplines is nearing an end. 

Conclusion: active teaching methods 
consistently lead to greater learning gains than 

traditional lectures. 

2014



Active learning: reducing failure rate

12 percentage points fewer students failed in 
courses with active learning (22% fail) than passive 

traditional learning (34% fail). 

Freeman et al. (2014)



Active learning: increasing learning gain

Average effect size of 
0.47 standard deviations. 

Freeman et al. (2014)



Active learning in physics
Force Concept
Inventory (FCI)

[Diagnostic
test of

Mechanics]
30 MCQ

Traditional lectures: passive students
Interactive Engagement: active students

N = 6542
Hake, R. (1998). Interactive-engagement versus traditional methods: A six-thousand-student survey of mechanics 
test data for introductory physics courses. American Journal of Physics, 66(1), 64-74. 

show greater
learning gain!



From traditional to active teaching

“What is wrong with 
traditional lectures?”

Active teaching has been found to 
double student engagement, increase 
attendance by 20% (Deslauriers et al., 2011), 

and double the probability that 
students completed a STEM education 

(Watkins & Mazur, 2013).

“Is a focus on conceptual understanding 
detrimental to developing problem 

solving skills?”

Conceptually focused, research-based 
teaching spends less time on problem 

solving, but results in students who are 
as good or better at solving problems 

compared to traditional teaching 
methods (Thacker et al., 1994; Jones et al., 2000)

Fraser et al. (2014)



Valued at UNSW

• First dimension in summative peer review of teaching:
“Students are actively engaged in learning.”

• Becoming a bit of a buzz word, eg. in documentation about flex week 
“13. Can class time in other weeks be increased?

In most cases, no. Any increase would need to be approved on a case by case 
basis by the DVCA, and would be in exceptional circumstances only, In terms of 
process this will be dealt with by the Flexibility Week Implementation 
Committee.
As a minimum requirement, any additional class would have to be a form of 
active learning. ”



It is important to evaluate your practice

Diagnostic instruments are good for what they are designed for. 
Physport has an excellent collection of these: 
https://www.physport.org/
Your own course evaluation.
Actively collecting feedback, there are many ways you can do this: 
surveys in/before class, talking to students or looking at assessment 
results.
We can help you with this. Talk to us!

https://www.physport.org/


More 2 hour lectures due to three terms….

Keeping students actively engaged in class is even more important as 
we move to longer lectures.

Returning frequently to material helps students move it from short 
term to long term memory, providing useful online resources for them 
to use at home will increase the likelihood of this occurring. 



How do you move towards active learning?



Think of the purpose of the class

For each class make a list of “learning outcomes”, this is a list of things you want 
students to be able to do by the end of class. Three to five points is ideal.

Eg.
By the end of this lecture students should be able to:
· Calculate the coefficient of kinetic friction for a body moving along a surface 
given information about the forces acting on the body and vice versa.
· Calculate the force of static friction in a number of scenarios, calculate the 
coefficient of static friction for the case when the static friction acting on a body is 
maximum.
· Analyse the forces of objects on inclined surfaces, stationary, accelerating or 
with constant velocity.



Switch back and forth between thinking about 
content and what students will be doing
• Plan out the content that needs to be covered.
• Aim to not talk at the class for more than 15 minutes at a time.
• Think about what you expect the students to be able to do at the end, 

if you want them to be able to solve problems get them to solve 
problems during class (or at least one or two of the steps in a 
problem).
• When you ask a question wait for students to answer, make sure you 

wait at least 10 seconds before answering it yourself, students need 
some time to think!



Some ways to get students actively engaged 
in learning
Predict-observe-explain
Works well when you have demonstrations linked to the content but 
can also be used when there is any result that could be considered 
surprising. Get students to predict (and commit to an outcome). Then 
do the demonstration. Discuss the explanation as a class.

Class discussions
A popular discussion topic is how what they are learning relates to the 
world around them. Possibly use props if you have relevant ones.



Have students solve problems in class
If you set a problem for students to solve in class then make sure you 
give them time to solve it. Walk around the class and see how they are 
going. For larger classes you can have them submit their answers 
online, for smaller classes you can just ask them what they got.

Think-pair-share/peer instruction
Have students solve a problem and commit to an answer. Students 
then discuss with the person next to them. See if they can change their 
partner’s mind. Finally discuss as a class.



Jigsaw
Assign different parts or cases of a problem to different groups then 
mix up the groups so that everyone can see the answer to each case.

One Minute Paper or Muddiest Point Paper
At the end of the lecture, ask either: “What are the two most important 
points from today’s session?” or “What was the muddiest (least clear) 
point from today’s session?” Give students 1-2 minutes to write brief 
responses to turn in anonymously as they leave the classroom. Address 
student responses either during the next class or online.



Alternative teaching spaces



A good way to improve your teaching

Learning circles: four staff members who sit in on each others lectures 
and feed back something that they have learnt and can apply to their 
own teaching.



Christine’s example



Making room for 
active learning

School of Physics retreat

• Christine Lindstrøm

• School of Physics, UNSW

11 December 2019



The active learning triad

•Flipped Classroom 
•First exposure to the course material happens outside the classroom 
before students come to class. This enables a shift from “content 
coverage” in class to focusing on what students need support learning. 
(Bergmann & Sams, 2012)

•Just-in-Time Teaching 
•Students complete some pre-work (usually an online test) prior to class 
to allow the teacher to gauge student level understanding of material and 
help design class to what students need help with. (Novak et al., 1999)

•Student active teaching methods used in class
Peer Instruction is one example of a student active teaching method. (Mazur, 1997)

Bergmann, J. and A. Sams (2012). Flip your classroom: reach every student in every class every day. Eugene, OR: International society for technology in education.
Mazur, E. (1997). Peer Instruction: A user's manual. Series in Educational Innovation. Upper Saddle River, NJ: Prentice Hall.
Novak, G., et al.,(1999). Just-in-Time Teaching: Blending active learning with web technology. New Jersey: Prentice Hall.



Context

•2007–2010: PhD in Physics Education Research at University of Sydney.

•2011–2018: Worked at Oslo Metropolitan University and Norwegian University of Science and 
Technology in Norway. 

•Developed Physics I & II for pre-service science teachers using the active learning triad with 
good results. (Lindstrøm & Schell, 2013; Lindstrøm, 2015) 

•Feb 2019: Started at UNSW in the School of Physics. 

•Scheduled to teach first half of PHYS1211 Energy and the Environment (first year general 
education course) in T2.
•This talk outlines how I used the active learning triad in PHYS1211 and the outcomes of 
this. 

Lindstrøm, C., & Schell, J. (2013). Leveraging technology to enhance evidence-based pedagogy: A case study of Peer Instruction in Norway. Symposium 
proceedings: Societies Facing the Digital Challenge, published by the Scientific Association of Communication and New Technologies ICONO14, 7–18, ISBN: 
978-84-15816-04-1.
Lindstrøm, C. (2015). Using Khan Academy to support students’ mathematical skill development in a physics course. Proceedings of the 2015 American 
Society for Engineering Education Annual Conference and Exposition, ISBN: 978-0-692-50180-1.



PHYS1211 Energy and the Environment

Course content review
• What is the overall course goal? Why are we all here? 
• What is the logical order of content to reach the course goal? 
• Does all the material support the course goal? Should some be removed or 

added given the expected prior knowledge of students?



PHYS1211 Energy and the Environment

Part 1: The need for, nature of, and consequences of fossil fuels. 
L2–L7: Thermodynamics
• How do we convert heat from burning fossil fuels into useful energy?

L8–13: Fossil fuels
• What are fossil fuels, how are they extracted, and where does the energy in fossil 

fuels come from?
L14–L18: Fossil fuel impact on energy and the environment
• What is the current contribution of fossil fuels to energy production, and what 

impact is this having on the environment?
Part 2: Beyond fossil fuels: renewable energy sources.



PHYS1211—Flipped Classroom

•All learning goals were made explicit.  

For intro physics material, there are many 
good videos out there already. Used ~3–6 
videos per class.



PHYS1211—Pre-work quiz
•Pre-work quiz 
• Opened 1 week before lecture; 

no close date.
• Did not count towards final grade.
•6 quiz questions 
• 4 relating to content, 
• 1 about what was hard, 
• 1 wonder question. 

•Purpose: force students to engage 
with material and give lecturer 
feedback to inform lecture focus.



•Lecture content designed around 
what students found difficult. Some students’ WonderQuestions were explicitly 

included in the lectures.

PHYS1211—Just-in-
Time Teaching



PHYS1211—Peer Instruction

2–5 PI questions per class using Echo360. Made 
possible by forcing students to sit close.



PHYS1211—Peer Instruction

1. Question: Students are shown a question (usually a conceptual one) and given 
1-2 min to think about it.

2. Respond: Students submit their answer.

3. Peer discussion: If ~20-80% answer correctly, students discuss their answer with 
a peer.

4. Respond: Students submit their answer again, which may have changed after 
the discussion.

5. Explanations for different responses: Students are asked to offer arguments for 
different responses.

6. Correct answer: Lecturer reveals and explains correct answer.

https://youtu.be/5xE1Hwq6YPw

https://youtu.be/5xE1Hwq6YPw


PHYS1211—Peer Instruction

A variety of questions styles used, incl. calculations and multiple choice. 

A discussion was only had if fewer than about 80% of students answered correctly. 



PHYS1211—Course schedule

•Four 1-hr lectures
• Monday 11am
• Wednesday 4pm
• Thursday 2pm
• Friday 2pm
•Enrolment: 60 students



PHYS1211—Data collection

• Pre-work engagement: pre-work quiz score
• Attendance

• Lecture count during every class
• From student engagement with Echo360

• Final exam (part 1 and part 2)

• Student evaluation in my last class. 
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• Attendance

– Lecture count during every class

– From student engagement with Echo360

• Final exam (part 1 and part 2)

• Student evaluation in my last class. 

PHYS1211—Data collection
• Pre-work engagement: pre-work quiz score

• Attendance

– Lecture count during every class

– From student engagement with Echo360

• Final exam (part 1 and part 2)

• Student evaluation in my last class. 



PHYS1211—Results: Attendance

•Slight discrepancy between lecturer count and Echo360 login.
•Attendance highly variable, but ~50% except on Fridays with ~25%. 
This mirrored previous years. 

Friday 2pm



PHYS1211—Results: Pre-work quiz

• The pre-work quiz was available 
throughout the whole semester. 

• I checked quiz results 1–4 hrs
prior to the lecture to prepare 
the lecture. 

• Many used pre-work as a study-
tool independent of lecture 
attendance (49% of pre-work 
done by students who did not 
attend the corresponding 
lecture).

Pre-work engagement (by the end of term) vs 
attendance for 14 classes and 59 students.  



PHYS1211—Results: Course evaluation

•26 of 30 students (87%) who attended the last class completed the in-class course evaluation questionnaire. 
•In response to “What was the most useful or valuable aspect of this course?”, 
15 of 26 students (56%) referred to the Flipped Classroom structure with pre-work and quiz.
•“How valuable were the following?” (average values out of 5)
• Peer Instruction: 4.54
• Mini-lectures: 4.50
• Pre-work quiz: 4.31
• Pre-work videos: 4.24
• Lecture slides: 4.24

The approach to this course was 
quite special, since we are exposed 
to the material before class. It did 

help consolidate my understandings 
of different concepts.

The pre-work quizzes and videos were 
fantastic. Actually made the course a 

lot easier to grasp. I wish more 
lecturers cared enough about 

students as you do.



PHYS1211—Results: Exam performance

•Attendance does not 
directly correlate with 
exam performance.
•Attendance does correlate 
with average prework quiz 
score.
•Average prework quiz 
score correlates with 
performance in the first 
(related) half of the exam, 
but not the second half.



PHYS1211—Conclusion

•Main take-aways
• Students liked the active learning triad and felt they got more out of lectures 

when they came prepared.
• Lecture attendance was uncorrelated with exam performance. This strongly 

indicates that many students who didn’t come to class weren’t lazy or not 
hard-working. 

• Engagement with material in pre-work correlated with exam performance.
•Improvements for next year
• Move to two 2-hr lectures per week.
• Collect more and more accurate data to understand student engagement and 

learning better. 



Julian’s example: PHYS4141

Made simple screen capture videos of lecture content. Students were 
told to watch these before coming to lectures.

Here is an example: 
https://www.youtube.com/watch?v=GhV2juhZ0yU&list=PLRXOxB3SJmi
3GZYIolnrBAMl-W5gCP5Oo&index=2&t=16s

https://www.youtube.com/watch%3Fv=GhV2juhZ0yU&list=PLRXOxB3SJmi3GZYIolnrBAMl-W5gCP5Oo&index=2&t=16s


During class time

• Students asked questions about things that they did not understand 
in the videos.
• Julian used activities such as a jigsaw method where different groups 

of students calculated wave functions/probabilities for incoming, 
reflected, transmitted waves from a barrier.
• Julian gave students time to work on problems, circulated the room 

talking to them.



Julian’s advice

• Students reported that they preferred shorter videos. Julian suggests 
around 15 minutes, making one video for a concept rather than for an 
entire lecture.
• Everyone makes mistakes, update mistakes in the written lecture notes but 

don’t worry too much about updating in the videos.
• You have a course for a few years, make changes in manageable chunks.
• Making videos does not take much longer than writing good notes. Using 

notability Julian did both at the same time. He estimates it took him 2 hrs
recording and 1 hr editing for a 1 hr video.
• Hard to stay ahead, don’t beat yourself up about it, small improvements 

appreciated: pace yourself.



Julian’s plans for next year

• In class Julian plans to just run discussions rather than deliver 
content, will make classes even more interactive.
• Julian plans on recording tutorial solutions next year. If he does not 

have time for all of them he will get students to vote which problems 
they want recorded solutions for.
• Julian will watch the videos himself before class to ensure content is 

fresh in his mind. This should make it much easier!



Activity

As a table agree on three active learning strategies that you would like 
to implement in your classes. Each person should give a specific 
example of how they will incorporate at least one of these into their 
classes next year.



What video suits what context?

• Depends on the course, for face-to-face courses students know you, 
screen capture videos are appreciates and appropriate.
• For entirely online courses videos can help convey a sense of “lecturer 

presence”, make students feel like they know you. For videos in these 
courses it is worth using a film studio so that the students can see 
you.



Components to my videos



Note: easier for students to print if black on white. I do white on black for lecture videos to tie in with the black 
background of the film studio.





School of Physics YouTube

All my videos are uploaded to the School of Physics YouTube channel. 
Let me know if you need access. If you make videos “unlisted” they are 
hard for people to find without a link.

1241 playlist: https://www.youtube.com/play
list?list=PLRXOxB3SJmi0ZuXcDKzpN3AsxnlxIDwtN

https://www.youtube.com/playlist%3Flist=PLRXOxB3SJmi0ZuXcDKzpN3AsxnlxIDwtN


You can check out PHYS9120 for yourself: 
Mechanics

This gives you access to the second course in the degree 
PHYS9120, Mechanics for teachers



Film studio



What leads to most learning from multimedia 
resources?
Signaling:
• Highlighting important information on screen

oKeywords or equations appear
oBold or different coloured text
oDrawing a box around the key point

• Helps students retain and transfer new knowledge.

Next four slides from: 
https://cft.vanderbilt.edu/guides-sub-pages/effective-educational-videos/
You can find references for all the claims there.

https://cft.vanderbilt.edu/guides-sub-pages/effective-educational-videos/


Segmenting:
• Using short videos that cover a limited number of new ideas.
• Logical structure around the new information.
• Can also be achieved with a “click-forwards” mechanism.
• Improves student engagement and learning. 

Weeding:
• Get rid of extraneous information such as “jingles” or complex 

backgrounds.
• Allows learners to focus on the important points in the video.



Matching modality:
• Making use of both audio and visual cues in videos, present 

information in the most sensible format for comprehension.
• Providing a narration of an animation uses two channels audio and 

visual while providing printed text with the animation uses only visual 
channel.
• Using both channels to convey appropriate and complementary 

information has been shown to increase students’ retention and 
ability to transfer information and to increase student engagement 
with videos.



Personalization:
• A conversational style works better than a more formal style for 

knowledge transfer.



What do students think?
https://www.youtube.com/watch?v=giLMA4_N_sI

https://www.youtube.com/watch%3Fv=giLMA4_N_sI


Lets make one!

• Make a screen recording video of the problem you brought with you.
• Use iPads to record.
• We will come around and help you do this.
• We have around an hour to make these and then we will share them 

with each other.
• Adobe RUSH is free as the uni has a subscription, it can be used to 

edit videos.
• I use screenflow (because I am used to it and adobe was not free in 

the past).


