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What do you 

conclude? 

Figure from: Carl E. Wieman PNAS 2014;111:8319-8320 

 

Data from: Freeman, S, Eddy, SL, McDonough, M, Smith, MK, Okoroafor, N, Jordt, H, and Wenderoth, MP (2014) PNAS 111:841-8415. 

  

Meta analysis of 225 research studies on active learning in 
science, technology, engineering and math 

“Active learning engages 
students in the process 
of learning through 
activities and/or 
discussion in class, as 
opposed to passively 
listening to an expert. It 
emphasizes higher-order 
thinking and often 
involves group work.” 



What is the most common top teaching challenge of  
pre-workshop questionnaire respondents? 
 
A) How to include active learning 
B) Student engagement 
C) Disconnected students 
D) Large classes 
E) How to foster higher-order thinking  

Others? 



Learning 
outcomes 
content & 

skills 

Assessment 

Course 
content 

and 
delivery 

Tip: Think about learning outcomes first 
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Tip: Incorporate principles from the science of learning 

Learning  
builds on prior knowledge 
is active  
requires sustained motivation 
is best when authentic 

Barbara Oakley 
Engineering, 
Oakland 
University 



Part 2: Discuss your responses to part 1 in 

a group of 4 and write ideas on one 

sheet 

Part 1: How have you fostered student 

engagement or motivated students to learn? 



Kimberly Tanner 
Professor and Director of Sepal (The Science 
Education Partnership and Assessment 
Laboratory) 

Enthusiasm and variety 



Core concepts of biology 
300 students 
Instructor +  2 helpers (junior faculty and post doc) 
 
-develops  a community – bag tags + speaks with students 
-index cards for reflection and assignments  
-clicker questions 
-document camera 
-asks for answers from 3 students (names) 
-engaging stories 
-30% of mark in class work  
  and homework questions 
 



Lisa McDonnell  
Assistant Teaching Professor  
Division of Biological Sciences 

Second-year genetics  
200 students in class 
 
Guided reading and videos for pre-class work 
Clicker questions 
In-class worksheets  
Uses tablet for writing things out 
 
*Change up activities 
 

Clicker expert 



Uses of clicker questions 

 
Image from: Barker, M and McDonnell, L, http://ls-cwsei.biology.ubc.ca 



  Clickers                        Class response software 

Technology 



Group discussion 

1) Which class response technologies have you used? 
 
2) Pros and cons of using these technologies? 
 
3) Pros and cons of clickers vs class response software?  



Ask don’t tell 

Mary Pat Wenderoth  
Principal Lecturer  
Department of Biology  



Foundations in 
Physiology (BIO350) 
120 students 
(3x50min lectures/wk) 
Weekly quiz 50 min 
Tutorials (30 students) 
Weekly assignments 

Whiteboard only 
 
What do you know about . . .? 
 
Talk to your neighbour 
 
Random call for answers  

https://www.flickr.com/photos/52503205@N07/24507518660
/in/photostream/ 



https://www.flickr.com/photos/52503205@N07/24709571191/ 

Foundations in Physiology (BIO350): Tutorials 

Groups of 4 
 
Coloured markers 
 
Do not consult 
notes/phone 
 
Draw . . . 
 
Present 
 
Photo at end 



Grant Booker 
Associate Professor 
School of Biological Sciences 
University of Adelaide 

Some lectures become workshops 

650 students, intro chemistry course 
 
 

Workshops (80 students each): 
5 to 8 problems per session 
Word cloud, draw graphs, multiple choice etc 
Some new material, other parts review 
Reduced drop rates  



Tip: Physiology – Guided inquiry resource 

Julia Choate 
Senior Lecturer  
Department of Physiology 
Monash University, 
Melbourne 

Students get real data and then 
answer guided questions to 
discover key physiological 
concepts 

Challenge: “Teaching complex physiological processes” 
COESP Day participant 



Animations – blood loss, pH, ANS, female reproduction 
 

contact michelle.french@utoronto.ca 



Faculty of Engineering, Architecture and Information Technology 

First-year course: Engineering Modelling and Problem Solving 
1200 students in course 
-short online videos Khan Academy style 
-in-class group work  
-600/class  
-tables of 9 working in teams of 3 

Large-scale flipping 

Carl Reidsema  
Associate Professor 

Lydia Kavanagh 
Associate Professor 

http://researchers.uq.edu.au/researcher/2420
http://researchers.uq.edu.au/researcher/579


Attendance now 95% up from 30% 
TAs 1:120 students in neon vests 
Paper assignments picked up at start of class 



Brett Gilley 
Instructor  
Vantage College and Department of Earth, 
Ocean and Atmospheric Sciences  

 
The Catastrophic Earth: Natural Disasters (2 X 700 students) 
 
Two-stage tests: 
30 MCQ individual then in groups 20 min 
(5min to get set up)  
 
85% for individual and 15% for group 

Tests incorporate group learning 



Journal of College Science Teaching (2014) 43:83 

Take home message: students who engaged in 
group exam did better in follow-up learning test 
3 days later 





What are the barriers that would prevent you 
from using these strategies? 
Provide possible solutions 



Takes up time from class 
 
Lack of student motivation to participate 
 
Only a few students answer the questions 
 
Groups going at different speeds 
 
Cannot hear students’ responses 
 
Not sure if doing it right 

Potential barriers 



Tip: Prepare the students before class 

-Readings: case studies, textbook, paper, popular press  

-Videos (YouTube, textbook, homemade) 

-Make it relevant and interesting: tell a story 

-Pre-class quiz (or quiz at start of the class) 

 

 

Remember: 
Learning 

outcomes 
content & 

skills 



Tip: Explain your rationale 

What do you 

conclude? 

Figure from: Carl E. Wieman PNAS 2014;111:8319-8320 

Data from: Freeman, S, Eddy, SL, McDonough, M, Smith, MK, Okoroafor, N, Jordt, H, and Wenderoth, MP (2014) PNAS 111:841-8415. 

  

Meta analysis of 225 research studies on active learning in science, 
technology, engineering and math 

“Active learning engages 
students in the process 
of learning through 
activities and/or 
discussion in class, as 
opposed to passively 
listening to an expert. It 
emphasizes higher-order 
thinking and often 
involves group work.” 



Tip: Explain the strength of weak ties 

Slide from John Bradford, https://www.slideshare.net/jbradfo4/topic-4-social-networks 



Tip: Start with a story 



Tip: Make questions challenging and relevant 
 

e.g. Individual quiz immediately 
follows peer discussion 

 
 
 
 
 
 
 

(Online vs in-class marks) 

Barbara Oakley 
Engineering 
Oakland University 

Challenge: “online assessments and  
academic misconduct” 
COESP Day participant 



Tip: Pay attention to how you deliver the question 

Seidel SB et al. (2015) CBE—Life Sciences Education 14:1–14, 2015 

Kimberly Tanner 
San Francisco  
State University 

“Some of the most important people in 
this room to you [for you] to be successful 
in [this course] are sitting around you, 
okay, they’re not up on the stage.” 



Newbury, P, (2015) Getting the most out of peer instruction, http://www.peternewbury.org/2016/01/getting-the-most-out-of-peer-instruction/ 
 

Director 
Center for 
Teaching and 
Learning at 
UBC Okanagan 

Tip: best practices for clicker use 



Clickers in classes up to 700 
 
Random call 
Students work in a group first 
Thank the student for answer 
Wrong answer: Say “that this is a common misconception” 
Come back to the student later and say "yes you got it right" 

Scott Freeman 
Principal Lecturer 
Department of Biology 
University of Washington 

Tip: Use random call 



Barbara Oakley 
Professor, Engineering 
Oakland University 

Tip: Ambassadors and emissaries 



Tip: Catch box 



Ask your students – during the term 

1) What is helping you learn the most? 

2) Suggestions for improvement 

 

 

Work with faculty or TAs –visit each other’s 
classes 

 

 

Tip : Seek advice and get feedback 



Team teaching 

Carl Wieman Science Education Initiative 
  at the University of British Columbia 

Frank Laska 
Life Sciences Core - 
Curriculum & Teaching 
Initiative 

Two professors in the classroom – 
second one with microphone 
circulates – talks to students and 
lecturer 
 
 
Classroom Observation Protocol for 
Undergraduate STEM (COPUS) 
 
 
Teaching practices inventory 
 



 You have to believe activity is worthwhile 

 Play to your strengths 

 Start small 

 Scientifically assess your intervention 

Additional tips 



Plug ocube 

ocubeorg@gmail.com 



Best wishes for success with your teaching! 
 
 

michelle.french@utoronto.ca 


