
Poll Everywhere

How would a student describe their favorite STEM class?
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Overview
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4. Convergent Thinking vs. 

Divergent Thinking
5. Supporting Research
6. Types of Assessment
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8. Dare to Teach Differently
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What is the Deconstruct Pedagogy?

● Student-centered

● Intuitive

● DIY (do it yourself): “calculus--you’re doing it”

● Collaborative: “calculus is better with friends”

Intuitive Student-centered

DIY Collaborative
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The Deconstruct Series
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The Deconstruct Series
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The Deconstruct Series

series consists of 6 books that replace or 
supplement a calculus textbook
● activities
● exposition
● math morals
● challenge problems
● tech tools
● graphic novellas
● design
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Activity 1

Intuitive Student-centered

DIY Collaborative
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Activity 2

Intuitive Student-centered

DIY Collaborative
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Activity 3

Intuitive Student-centered

DIY Collaborative
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Activity 4

Intuitive Student-centered

DIY Collaborative
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Tech Tools

enables the solution 
of real world 
applications
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Tech Tools: Art 

let students play in 
their own artful way

15



Poll Everywhere

How would you describe your teaching style?
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Real World Analogies 
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Intuition before Jargon 
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Reflection Activity

Think of a “jargon heavy” topic that you teach. 

Brainstorm for 2 minutes how you can step back and 
have the students start with a concrete, real world 
analogy and work their way up to the precise definition.
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Math Morals - 
What does it mean to be a mathematician?
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Reflection Activity

If one of your goals as a teacher is to show your students 
what it means to be a 
(chemist/biologist/statistician/etc), spend the next two 
minutes writing down as many “morals” as you can think 
of to share about that field.
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The Power of Choice

Some deconstruct students voluntarily do more 
calculation problems than assigned.
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Convergent vs. Divergent 

convergent thinking divergent thinking

Find as many f(x) such 
that 

Find as many b, f(x) 
pairs such that 
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Divergent Activity

1. Pick a topic that you teach often. 

 (e.g., derivative) 

2. Think of a typical traditional convergent question for 
that topic.

(e.g., Find f’(x) for f(x) = cos(x) - 3x + 4)

3. Now create a divergent thinking version.
(e.g., Find as many functions as possible 

such that f’(1)=3.)
27



Challenge Problems & MiniProjects 

● open-ended, divergent thinking
● low floor, high ceiling
● many approaches and many solutions
● problem-based learning (PBL) on a small scale

Intuitive Student-centered

DIY Collaborative
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MiniProjects

Beautiful Example
Study Tools

Concept Maps
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Reflection 

How do you feel about computer-based calculating? 

How do you think your students feel about it? 

What role does computer-based math calculations have 
in your class?

Did this role change due to the pandemic?
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Supporting Research

Small Teaching 
by James M. Lang

● Short activities with high 
impact

“Brief (5-10 minute) classroom or online 
learning activities... We have excellent 
evidence of the learning power of small 
teaching activities--in study after study, 
small teaching activities have been proven 
to raise student performance on learning 
tasks by the equivalent of a full letter grade 
or higher... Small teaching activities 
leveraged into the first and final minutes of a 
class session can provide a powerful boost 
to student mastery of knowledge.”
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Supporting Research

Small Teaching 
by James M. Lang

● Short activities with high 
impact

● Repeated retrieval practice

“If you want to retrieve knowledge from your 
memory, you have to practice retrieving 
knowledge from your memory… But of 
course testing can happen in a thousand 
different ways… A brief (and ungraded) 
multiple-choice quiz at the beginning and 
end of class and one additional quiz before 
the exam raised the grades of the students 
by a full letter grade… The more students 
practice retrieval, the better they learn. 
Frequency matters.”
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Supporting Research

Small Teaching 
by James M. Lang

● Short activities with high 
impact

● Repeated retrieval practice

● Interleaved lecture and 
practice

“[Interleaving involves] two related activities 
that promote high levels of long-term 
retention: (a) spacing out learning sessions 
over time; and (b) mixing up your practice 
of skills you are seeking to develop… A 
substantial body of research has 
demonstrated the power of spaced learning. 
Benedict Carey wrote in How We Learn that 
`nothing in learning science comes close in 
terms of immediate, significant, and reliable 
improvements to learning’.”
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Supporting Research

How Learning Works 
by S. Ambrose et. al.

● Examples and analogies 
from everyday life

“Examples or analogies that draw on 
students’ everyday lives and the wider 
world make new material more 
understandable and create more robust 
knowledge representations in students’ 
minds… An instructor could use students’ 
experiences with the physical world to 
introduce concepts such as force and 
acceleration.”
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Supporting Research

How Learning Works 
by S. Ambrose et. al.

● Examples and analogies 
from everyday life

● Mathematical morals

“Explicitly highlight deep features. In 
order to help students develop more 
meaningful and less superficial 
knowledge organizations, highlight the 
deep features of problems, designs, 
theories, and examples… The use of such 
comparisons can help students become 
more adept at identifying underlying 
features and principles and thus teach 
them to organize their knowledge more 
meaningfully.”

37



Research Supported

How Learning Works 
by S. Ambrose et. al.

● Examples and analogies 
from everyday life

● Mathematical morals

● DIY design counters 
expectations of failure

“Motivation refers to the personal investment 
that an individual has in reaching a desired state 
or outcome… If [students] do not expect to 
successfully achieve a desired goal or outcome, 
they will not be motivated to engage in the 
behaviors necessary to achieve it… Efficacy 
expectancies represent the belief that one is 
capable of identifying, organizing, initiating, and 
executing a course of action that will bring 
about a desired outcome... If she has 
experienced failure in the past, she is more likely 
to expect failure in the future.”
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Supporting Research

How Learning Works 
by S. Ambrose et. al.

● Examples and analogies 
from everyday life

● Mathematical morals
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David Tall’s Three Worlds of 
Mathematics

● Mathematics must first be 
embodied to be truly 
understood
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DC’s Embodiment of Math

41



Overview
1. What is the deconstruct 

pedagogy?
2. Applications: Calculus & 

Optimization 
3. The Power of Choice
4. Convergent Thinking vs. 

Divergent Thinking
5. Supporting Research
6. Types of Assessment
7. Creating Institutional Change
8. Dare to Teach Differently

42



Anderson’s Revised Bloom’s 
Taxonomy
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Anderson’s Revised Bloom’s 
Taxonomy

44



Anderson’s Revised Bloom’s Taxonomy
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Reflections

Where would your current assignments fall on Anderson’s model?

How can you create assessments that encourage higher level 
thinking?
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Less Calc = more time for Multiple 
Understandings
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Thurston on Math Education
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Thurston’s 7 Meanings of the Derivative
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Research on Underrepresented Populations

● Emphasis on calculations at the expense of concepts is 
particularly detrimental to female students and 
underrepresented minorities.

● Educational researchers link rote teaching to the early 
exit of girls from mathematics. 

● Women are nearly twice as likely as men to leave STEM 
after taking Calculus 1.
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2015 MAA National Study of College Calculus

● rote teaching by lecture is 
least effective, yet most 
common method

● “ambitious teaching”

● it is very rare to find 
assessments accessing 
upper levels of learning.
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Borrego & Henderson’s Model for Change
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We each face restrictions on our teaching 
(e.g., common textbook, common exams, format).
For 90 seconds, make the longest list you can of barriers 
you have to ambitious teaching methods. 
Then, for 90 seconds, make the longest list you can of 
the freedoms and flexibilities you have in your teaching. 
In other words: 

What can you do? 
What can you get away with?

Control what you can
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What are three things you are 
going to dare to try differently 

next semester?
https://padlet.com/perinita/fljcd9llz3hxx379 

Padlet
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Top: 
Creative
Engaging
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Top: 
Interactive



Questions?
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Contact info: 
tyler.perini@rice.edu 
langvillea@cofc.edu 
kepeding@cofc.edu 

Website: 
www.deconstructcalc.com 

mailto:tyler.perini@rice.edu
mailto:langvillea@cofc.edu
mailto:kepeding@cofc.edu
http://www.deconstructcalc.com


What are three things you 
are going to dare to try 

differently next semester?
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