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Think about a situation when you had 
to build on previous knowledge to 
solve a new problem.   

What skill(s) or attitude(s) or 
experience(s) did you draw on?
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Embrace	uncertainty
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Where will the fire spread to be at a certain time? 

Authorities used a model based on historical data, with inputs 
for weather, fuel, and topography.

Wind direction

Ignition point
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At noon, the model estimated that the fire would reach the town 
limits at 11pm. 

Is it too early to divert resources to the evacuation?
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Where will the fire spread to be at a certain time? 

Authorities used a model based on historical data, with inputs 
for weather, fuel, and topography.

Wind direction

Ignition point

At noon, the model estimated that the fire would reach the town 
limits at 11pm. 

Is it too early to divert resources to the evacuation? 
The fire reached the city limits in 6.5 hours. 
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What’s uncertain?



The post-mortem analysis:   
Add in some statistical thinking... 

The model relied on inputs they could explain: some are observable and 
some not observable. 

The statistician exploited the unexplained variation in the historical data 
to create a probability distribution of envelopes for the fire spread.

90th percentile

Wind direction
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90th percentile

Wind direction

The 90th percentile of the distribution estimated the arrival of the fire in 
town within 20 minutes of its actual arrival time. 
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Embrace	uncertainty
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A	Necessity	for	Learning
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  “It’s ok not to know 
Expressing ignorance is encouraged 

It’s not OK not to have a willingness to learn”



Embrace	uncertainty

21

Preparing	our	students	for	a	life$me	
of	not	knowing
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AN ADAPTIVE EXPERT



AN EXPERT 
Has extensive 
knowledge 
Has skills to apply 
that knowledge 
quickly and efficiently 
In settings seen 
before  
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AN ADAPTIVE EXPERT
Can transfer knowledge in novel 
or complex situations 
Can create new procedures in 
novel or complex situations 
Is flexible 
Able to innovate 
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Has better developed meta-
cognitive skills 
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DEVELOPING ADAPTIVE EXPERTISE
To help our students develop from routine to adaptive experts, 
the adaptive learning literature suggests we need to spend 
more time on the following educational approaches

Learning that 
emphasizes 

understanding 

Experience with lots 
of variations on 

problems 

Opportunities to 
explore, discover, 

and struggle 
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Not just procedural knowledge (how)  
Also conceptual knowledge (why) 
How knowledge connects
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Learning activities that promote building knowledge and formulating 
strategies 
Opportunities to struggle, confront errors and exceptions 
Need time to reflect on and articulate the process
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See concepts in multiple contexts 
Focus on differentiation 
Recognize when previously practiced procedures don’t apply



A PATH TO ADAPTIVE EXPERTISE

Efficiency

Innovation
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A PATH TO ADAPTIVE EXPERTISE
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Novice

Frustrated 
Novice

Adaptive 
Expert

Routine 
Expert

Optim
al 

path
?
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Develop	efficiency	and	
innova5on	star5ng	in	the	first	
course
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A course goal: 
By the end of the course, we 
want our students to be able to 
do something creative with data, 
while demonstrating appropriate 
statistical thinking  
and be able to talk about it. 
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THE CONTEXT

First year course   
STA130:  
Introduction to Statistical Reasoning and Data Science 

~1000 students per year 

sta130.utstat.utoronto.ca
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http://sta130.utstat.utoronto.ca


FIRST YEAR COURSE: FINAL PROJECT DATA 2018
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FIRST YEAR COURSE FINAL PROJECT 2018: HAZARDOUS DRIVING INCIDENTS

Given harsh braking, accident incidents, and an index measuring severity, 
location characteristics: 

What is hazardous driving? 
Where is there more hazardous driving? 

Opportunity to creatively explore data, develop their own questions, in a context 
that is socially significant
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WHERE WE WANT STUDENTS TO BE AT END OF FIRST YEAR 

Headline: 
“New 
Study: Be 
Alert to 
Moose 
Car 
Crash 
Risk”
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A FIRST COURSE: STRUCTURE

Practice problems 

One solution 
brought to tutorial 
for grading and 
discussion

Fridays 
Small group 
tutorials 
Random group 
assignments each 
week 
Oral or written 
communication 
exercise each 
week

Mondays 
Large lecture 
sections 

Data stories 

A new idea or 
method each 
week 

Project
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ASSESSING ADAPTIVE EXPERTISE

Why? 
What if? 
Why not? 
When does it work and when does it not? 
Given a new scenario, what questions would you 
ask? why? what do you hope to learn? how would 
knowledge affect what you would do next? 
Compare / contrast two approaches to a problem 
How confident are you?  
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Embrace	uncertainty
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What	we	don’t	know	is	as	
important	as	what	we	do	know
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1987 study: 
132 cats  
Fell from high-rise building 
Brought to a NYC emergency veterinary clinic  
90% of treated cats survived  
Only 37% needed emergency treatment to keep 
them alive 
Cats who fell less than 6 stories had more 
serious injuries than cats who fell from higher 
stories
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CATS ARE AMAZING!
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These are the cats that 
were brought to the vet
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Embrace	uncertainty
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