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Outline

• What is metacognition & why is it important?

• How can we build metacognition into our courses?

• An example: learning strategies in calculus

• Reflecting & adapting to proof-based courses



Learning to Learn

“Metacognition is awareness and control of thinking for learning.”

(Cross, Paris ‘88)

Wisdom is not a product of schooling 

but of the life-long attempt to acquire it.

  -- Albert Einstein



Knowing yourself as a learner and which cognitive procedures are best suited for learning

e.g. knowing that learning is boosted by practice as opposed to simply rereading course content

Stanton, Sebesta, Dunlosky. Evidence Based Teaching Guide: Student Metacognition. 2021



Knowing how to perform a cognitive-based procedure 

e.g. Knowing that practicing solving problems before viewing solutions boosts performance



Knowing when and why to use a cognitive-based procedure 

e.g. knowing that multiple short practice sessions as opposed to one long practice session boosts performance 



e.g. Developing a study plan before an exam with concrete goals and timeline



e.g. Regularly checking in on your progress while working through your study plan



e.g. Reflecting on the success of your study plan after the exam



Think – Pair – Share: 

When studying for an exam…

What do students do?

• Use passive strategies in which they reread or 
memorize class materials¹

• Procrastinate and cram studying into one 
large session

• Focus on how to respond to question format 
and wording

• Proceed without a plan²

• Avoid asking for support and advice

What should students do?

• Actively practice, self-test, and obtain feedback 
on understanding

• Space out studying over multiple short sessions

• Focus on concepts and problem solving

• Plan how to manage time, what strategies to 
use, and what to focus on

• Seek support from trusted mentors and adapt 
study strategies

1. Stanton, Sebesta, Dunlosky. Evidence Based Teaching Guide: Student Metacognition. 2021

2. Halmo, Yamini, Stanton. Metacognition and Self-Efficacy in Action: How First-Year Students… 2024



Why metacognition?

• Meta-analyses of Hattie (2009) and Donker et al., (2014) find teaching approaches that emphasize 

student metacognitive skills are among the most effective teaching approaches.

• Strong metacognitive skills are linked with increased academic performance (Ohtani & Hisasaka ’18, De 

Boer et al. ‘18, Guo ‘22) problem solving skills, and math performance (Hacker et al. ‘98, Mevarech & 

Amrany, ’08, Jacobse & Harskamp, ’12, Desoete & De Craene, ‘19, Muncer et al. ’22).

• “Controlling teaching” results in avoidance of studying (Hein et al. ‘15) whereas support for student 

autonomy and metacognitive self-regulation increased student commitment (Yu et al. ‘16).

• Strong metacognitive skills are linked with improved sense of self-efficacy and academic achievement 

(Ambrose, et al. ‘10, Pintrich & De Groot, ‘90, Pajares, ‘96, Pajares, ‘02; Huang et al., ‘22).



What can we do to incorporate 
metacognition in our courses? 

• Encourage explicit planning, monitoring, and evaluating when they study¹

• Encourage students to use self-testing, spacing, and interleaving when they study

•  active practice, multiple short sessions, mixing topics

• Provide materials to support self-testing and access to feedback

• Develop clear learning goals 

• Incorporate opportunities to reflect on learning

• e.g. muddiest point, assessment wrappers

• Incorporate social metacognition into groupwork through reciprocal scaffolding and collective strategizing

• Repeat, elaborate, and question one another’s ideas & collaborate to develop, assess, and modify approach

1. Stanton, Sebesta, Dunlosky. Evidence Based Teaching Guide: Student Metacognition. 2021



Example: Learning Strategies in Calculus



Week 1 Build a Network

Week 2 Actively Engage

Week 3-4 Plan & Prepare

Week 5 Exam 1

Week 6 Make Adjustments

Week 7 Review & Practice

Week 8

Week 9-10 Plan & Prepare

Week 11 Exam 2

Week 12 Make Adjustments

Week 13

Week 14 Reflect & Grow

The Weekly Schedule
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“Interacting with a [group] eases my anxiety about asking questions. [Often], we share the same questions which gives us 

an opportunity to brainstorm and learn from each other. Sometimes when someone elaborates on their thinking it aligns 

with mine so much that it allows me to understand how to move forward.”

“Practicing verbally explaining concepts and solutions to others was surprisingly useful for my learning because it 

required me to first consolidate what I knew.”

“I learned that [working in a group] is most effective when I try to look over the problem sets beforehand, so I know what I 

struggle with.”
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“Participating actively in class has been really helpful to me because I am able to get immediate feedback on my 

understanding. One way to improve my learning would be to participate in class even if I don't feel confident that I have 

the right answer.”

“The biggest change I need to make [is to improve] my willingness to be wrong. Previously, if I raised my hand in class, it 

meant I absolutely knew the answer. However, answering incorrectly [seems] to help me learn more effectively, since now 

both the teacher and I know where my thinking leads.”

“I [tried to] answer some questions in class this week and made an effort to talk to those around me about the problems 

we were doing in class, but I [need to work on] responding to questions no matter whether I am wrong or right [because] 

being scared of getting the answer wrong holds me back from learning.”
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I plan to space out my studying into [short daily] review sessions [consisting] of a mini lesson and then practice questions 

for that lesson. I hope to finish reviewing all the content 2-3 days before the test so that I can spend the last few days 

[doing] practice questions.
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“I feel like I have not been able to manage my time effectively, so I am going to try [to designate] daily goals to complete. 

This way, I review a little bit at a time instead of cramming all of the material within a few days.”

“My studying is going great so far. I am trying to take 30 [minutes] or so to study everyday before the test.”

“I think my studying is going pretty well as I have spent some time reviewing concepts from earlier in the course. However, 

I think I should dedicate more time to practical applications of what I am studying by doing some practice problems and 

hopefully starting the practice exams in the next few days.”
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“Making a short study guide for each section [was] helpful for me.   Next time [I plan] to complete the concept checks 

after each class (rather than completing them all at the end) so that I am regularly refreshing my understanding.”

“I knew all the basic concepts but [lacked] the ability to apply those concepts to more difficult problems. Next time I'd like 

[to dedicate] more time to practicing and applying my math instead of just going over the concepts.”

“Making a study plan worked very well for me as it helped me divide my studying into manageable portions and focus on 

my trouble areas without getting distracted or overwhelmed. I don't think there is much I would change for next time.”

“Next time, I will [start studying] well in advance so I am not rushing through my studying, and instead, [developing] a 

deeper understanding of the mathematical concepts.”
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“As I am working through the exam, I [realize] that I have a conceptual understanding of certain topics, but I need to do 

more practice problems rather than [just reviewing] the textbook and my notes.  Enough exposure to different types of 

problems would have forced me to apply [what I know] in unfamiliar situations.”

“I learned that I really need to [practice my] algebra skills. I often don't feel comfortable rearranging equations and I could 

easily improve my calculus ability by improving my algebra skills.”

I [learned that I had] misunderstood how to apply some of the concepts. I found it helpful to redo the questions I had 

gotten wrong because I was able to slowly break down what the problem was asking [and approach] it in steps as 

opposed to feeling intimidated by it and not knowing where to start.
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“Thinking about a test two weeks in advance was extremely helpful, even if I wasn't actively studying the entire time, it 

helped me a lot with time management.” 

“Reflecting on my studying habits [motivated me to] build a routine that would help me in the long run.” 

“I really struggled to build strong habits in this course. When a class builds on itself, it is hard to catch up once you fall 

behind, so I need to build effective routines earlier.”

“Going back through the notes and doing the exercises [after] each lesson really helped me learn the material better.” 

“Actively [engaging] in class and making a consistent effort to learn the material little by little”.

Doing lots of practice problems, instead of memorizing formulas or looking at answers [is key].

[Collaboration] increased my confidence and performance. [It also] improved my attitude towards math.



Think – Pair – Share:

What are the biggest challenges of teaching metacognition?

• Mixed buy-in

• Wide range of experiences

• Balancing guidance/scaffolding vs. student autonomy

• Time is limited



Adapting to Proof-Based Courses

• Early semester reflection and feedback

• Use “Think-aloud” during proofs

• Instructor models how they first encounter a new problem: speaking aloud their initial impressions, the 
preliminary questions they ask themselves to get started, where/when they get stuck and how to persist

• Have students practice “Think-aloud” in pairs or small groups

• Before beginning a proof, after completing a proof, or at a sticking point in a proof

• In response to a pre-class reading

• Post assessment reflections (e.g. exam wrappers)

What other ideas do you have?
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Thank you for participating!
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