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"The illiterate of the twenty-first 
century will not be those who cannot 
read and write, but those who 
cannot learn, unlearn and relearn.” 

 -Alvin Toffler

What is SoTL?
• “…an approach to college and university teaching 

that views classrooms (and other learning spaces) 
as sites for inquiry, innovation, and knowledge-
building. In SoTL, you, the educator, look closely 
and critically at your students’ learning to improve 
your own courses and programs.You also go public 
with insights, experiences and results that 
colleagues can evaluate and build on.” (Huber, 
2013)

How do we know that 
students are learning?

How do students know that 
they are learning?



“Assessment should seem natural to scientists 
because it parallels parts of scientific research. In 
science, data collection is central to discovery; in 
scientific teaching, instructors collect data to 
evaluate teaching and learning. The information 
generated by assessment is crucial because it 
informs change, making assessment the fulcrum of 
scientific teaching.” 

~Jo Handelsman in Scientific Teaching

1. You can use assessment to monitor learning, assess 
learning, and promote learning. 

2. You can assess what the students are capable of, and the 
level at which they can do it (i.e., caliber). 

3. You can use assessment to measure BOTH progress and 
outcomes. 

4. Be sure to align the assessment and specific assessment 
questions with your course (or intervention) learning 
outcomes. 

“The important thing to remember is that assessment is more 
than grading; it offers ongoing feedback to students and 
teachers alike.” ~Jo Handelsman in Scientific Teaching

RISE Group: Research and 
Innovation in Science Education

http://guides.library.utoronto.ca/SOTL_journals_databases





Felton et. al. (2013). Teaching & Learning Inquiry
Source: Healey, M., Flint, A. and Harrington, K. (2014) Engagement through partnership: students as partners in learning and teaching in higher education. 
York: Higher Education Academy p.25. © The Higher Education Academy. All rights reserved.

How can we increase student 
engagement with SoTL in a 

large enrolment class?

>>Considering this question has led to 
a transformation in how we conduct 
some pedagogical research studies

Learning Outcomes

• Students judge/reflect course LOs at the end. 

• Students rewrite LOs  



Learning	outcomes	are	statements	that	
describe	what	students	will	know,	value	
or	be	able	to	do	by	the	end	of	the	
course.	

LOs	are	assessable.

Creating	Course	Learning	Outcomes

(Potter	&	Kustra,	2012)

The	Sinister	Sixteen:	Verbs	that	are	Passive,	Internal	
and/or	Otherwise	Unobservable	

The	most	common	verbs	and	phrases	we	see	in	
learning	outcomes	are	all	unacceptable:	
·	Understand	 	 	 ·	Have	a	knowledge	of	
·	Appreciate	 	 	 ·	Be	aware	of	
·	Comprehend		 	 ·	Be	conscious	of	
·	Grasp		 	 	 							·	Perceive	
·	Know		 	 	 	 ·	Value	
·	See	 	 	 	 	 ·	Get	
·	Accept	 	 	 	 ·	Apprehend	
·	Learn		 	 	 	 ·	Be	familiar	with

There	can	be	some	issues	with	
Learning	outcomes…

(Potter	&	Kustra,	2012)

Learning	outcomes	should	be	SMART	(TT):	
SPEAK	TO	THE	LEARNER:	learning	outcomes	should	address	what	the	learner	
will	know	or	be	able	to	do	at	the	completion	of	the	course	
MEASURABLE:	learning	outcomes	must	indicate	how	learning	will	be	assessed	
APPLICABLE:	learning	outcomes	should	emphasize	ways	in	which	the	learner	is	
likely	to	use	the	knowledge	or	skills	gained	
REALISTIC:	all	learners	who	complete	the	activity	or	course	satisfactorily	
should	be	able	to	demonstrate	the	knowledge	or	skills	addressed	in	the	
outcome	
TIME-BOUND:	the	learning	outcome	should	set	a	deadline	by	which	the	
knowledge	or	skills	should	be	acquired;	
TRANSPARENT:	should	be	easily	understood	by	the	learner;	and	
TRANSFERABLE:	should	address	knowledge	and	skills	that	will	be	used	by	the	
learner	in	a	wide	variety	of	contexts	

CTSI	Resource.	(The	SMART(TT)	method	of	goal	setting	is	adapted	from		Blanchard,	K.,	&	Johnson,	S.	(1981).	The	one	
minute	manager.	New	York:	Harper	Collin)

When	writing		your	LOs,	keep	in	mind…

(Potter	&	Kustra,	2012)



(Potter	&	Kustra,	2012)

Fostering a culture of 
formative feedback

• Classroom as a community of practice 

• Focus is on a partnership 

• Emphasize that learning is as process rather than 
the end goal 

• Model transparency - outcomes/exams shouldn’t 
be a mystery

Formative Feedback - Making 
Feedback a Two-Way Street

• Ticket out the door           Stop, Start, Keep 

• 3,2,1                                  I’m ok / less ok

2nd year genetics class

1. Course redesign - 
collaborative learning & 
two stage testing 

2. Innovative assignment - 
addressing antibiotic 
resistant bacteria 
misconceptions



Science is Collaborative 

uScience has always been 
about sharing knowledge 
to answer meaningful 
research questions  

uTranslating this concept 
to classrooms

Collaborative Learning 
u Learning that occurs together  

u Comprehensive research has indicated that 
cooperative learning structures lead to 
increased student gains compared to 
individualistic examinations and study. 
(Johnson et al., 1998, 2000, 2007; Johnson 
and Johnson, 1998; Roseth et al., 2008; 
Slavin, 1996; Springer et al., 1999; 
Herrman , 2013).  

u Peer instruction is shown to improve 
performance on quizzes. For both recall and 
critical thinking questions after discussion 
with a peer number of correct answers 
increased significantly.

Collaborative Learning 
Redesign

1. In lecture: Peer Instruction 

2. In tutorials: Two-stage tutorials 

3. In tests: Two-stage tests

Gilley & Clarkston (2014) Journal of College Science Teaching 43(3): 83-91



Compressed course (hence 
short time frame)

Controlled for “test 
effect” (Karpicke & Roediger, 

2008)  

Adapted from Gilley & Clarkston, 2014

Two-stage exams 
• Individual tasks followed by the same/slightly more 

difficult tasks as a group 

• Marks allocated to the individual and the group 
• 85% individual; 15% group (or some variation 

of this)

Research Question

u What is the impact of incorporating peer-
instruction, two-stage tutorials, and two-
stage testing in an introductory genetics 
class on: 

1. Student engagement 

2. Student approaches to studying 

3. Student learning gains

A profile of Fiza Javed's research

Modelling the process of  
peer instruction



A snail is at the bottom of a well 30 feet 
deep. It crawls up 3 feet each day, but at 
night, it slips down 2 feet. How long does it 
take for the snail to crawl out the well?

Try this question on your own

Two trains*, 200 km apart, are each moving toward 
each other at the speed of 50 km/hr. A fly takes off 
from one train flying straight toward the other at the 
speed of 75 km/hr. Having reached the other train, the 
fly bounces off it and flies back to the first train. The fly 
repeats the trip until the trains collide and the bug is 
squashed**. What distance has the fly traveled until its 
death? 

Try this question on your own

Two-Stage Tutorials

N=242

Percentage of students responding in each category

Two-Stage Tests

N=242

Percentage of students responding in each category



Focus Group: Identifying 
Themes

1. Knowledge checkpoints; know what to expect 

2. Appreciation of different perspectives 

3. Immediate Feedback; Relieves stress 

4. Teaching Others 

5. Retention 

6. Better preparation for test/final

Development & Implementation of an 
Intervention in a Genetics Classroom to 
Overcome Antibiotic Misconceptions 

A profile of Andrea D’Souza & Fathiya 
Mohamed’s research

4.Review on Antimicrobial Resistance,. Deaths attributable to AMR every year by 2050. (2014). at <http://amr-review.org/sites/default/files/AMR
%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf>

4.Review on Antimicrobial Resistance,. Deaths attributable to AMR every year by 2050. (2014). at <http://amr-review.org/sites/default/files/AMR
%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf>



6.World Health Organization,. Antibiotic Resistance: Multi-Country Public Awareness Survey. (2015). at <http://apps.who.int/iris/bitstream/
10665/194460/1/9789241509817_eng.pdf ?ua=1>

Research Goals
❑ Develop and assess an assignment to 

confront and eliminate student 
misconceptions 

❑ Help students self-identify their ABR 
misconceptions 

❑ Incorporate experiential-based learning  
❑ Incorporate more creativity into the BIO207 

classroom 

Results
Misconception: Antibiotics can be used to 
treat the common cold 

ALWAYS SOMETIMES NEVER

PRE 3 17 80

POST 1 5 93

N	=	294

Percent	of	students	responding:

Results
Misconception: Antibiotics can be used to treat 
the flu 

ALWAYS SOMETIMES NEVER

PRE 5 28 66

POST 4 11 83

N	=	294

Percent	of	students	responding:



Results

Misconception: Antibiotics can be used to kill 
viruses 

ALWAYS SOMETIMES NEVER

PRE 8 9 83

POST 5 4 89

N	=	294

Percent	of	students	responding:

Results
Misconception: You can stop taking antibiotics 
once you feel better. 

ALWAYS SOMETIMES NEVER

PRE 1 6 91

POST 1 1 98

N	=	294

Percent	of	students	responding:

Likert Data Results

N	=	234

Students say:

“Doing this assignment made me appreciate how 
talented and creative my classmates are. Plus it was 
fun - I feel like I learned a lot about antibiotic resistant 
bacteria without actually studying. But it was also 
scary, because before I didn’t know what a serious 
issue this is.”



Jade Atallah 
Fatiha Mohamed 
Andrea D’Souza 

Fiza Javed 
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Dan Riskin


