
Using Portfolio Problems to 
Develop Metacognitive Thinking 
During Problem Solving

“I	haven't	had	to	analyze	my	own	thinking	very	much	before,	
at	least	not	in	math.	I	feel	like	I'm	saying	that	a	lot	–

this	math	class	is	different	from	all	the	others.	It's	true	though,	
because	I	haven't	had	to	think	about	the	way	I'm	thinking.	

It's	just,	I	thought	about	it,	and	it's	done.	
This	class	has	helped	me	with	analyzing	that.”

Emilie Hancock, Gulden Karakok
MAA MathFest         07/27/2017



Motivation: “Authentic” Problem Solving

Product à Process

Think Mathematically

Habits of Mind



Motivation: Rethinking Intervention

“Most efforts to directly teach metacognitive skills and other 
deliberate learning strategies have been disappointing. 

The taught skills often are not retained, are not applied 
independently by students, or take a brittle form that 
does not seem to enhance other learning, even when the new 

strategies themselves are performed to specification. 

A repeated finding is that general strategies directly taught 
to students tend not to be spontaneously used under 
conditions different from those in which they were 

initially practiced.”

(Greeno, Collins, and Resnick , 1996, p. 35)



Motivation: Rethinking Intervention

Metacognitive instruction should be
embedded in mathematics content 

and take place for an 
extended period of time.

(Lester, Garofalo, & Kroll, 1989; Veenman, Van Hout-Wolters, Afflerbach, 2006)



The Class 

• First-year, first-semester course for pre-service elementary 
education majors with mathematics emphasis

• Instructional Team: Instructor of Record (‘Dr. G’) + 
participant/researcher

• Inquiry-oriented instruction as foundation
• “Student engagement in rich mathematical tasks”
• Group-work centered with “regular opportunities for student-to-

student and student-to-instructor collaboration”
• Inquiry-Based Learning (IBL) classroom practices allowed us to:

• Provide all students opportunities to participate in 
the process of problem solving

• Negotiate common problem-solving language
(Academy of Inquiry Based Learning) 



The Portfolio Problems

Worthwhile-Problem Criteria (NCTM, 2010):

The problem has important, useful mathematics embedded in it. 

The problem requires higher-level thinking and problem solving. 

The problem can be approached in multiple ways using different solution strategies. 

The problem has various solutions or allows different decisions or positions to be taken and defended. 

The problem encourages student engagement and discourse. 

A scooter is going ¾ of a mile every 4 minutes. How far does the scooter 
go in 6 minutes? How long does it take the scooter to go 3 miles? 



In-Class Sessions

Logistically consistent with overall 
group-work centered course design

Each group member wrote in a different 
colored pen on scratch work to identify 
individual contributions 

Group scratch work emailed to group 
after class

Some instructor feedback provided 
between sessions



Written Portfolio Submissions
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Written Portfolio Submissions



Grading Portfolio Submissions

Portfolio problem submissions were worth 15% of students’ overall course grade

Each submission was graded on a 15-point scale:

Scratch Work (3 points)
Graded for completion 

3-page revised solution
“Complete Solution” (4 points)

Mathematical reasoning, justification and all related computations
Explanation of Revised Solution (4 points)

Which solution path was used and why
Why ideas from scratch work were implemented or not implemented
Other observations made about your thinking and problem solving process 

Accuracy of mathematical work (4 points)
Accuracy of arithmetic calculations, use of mathematical notation, 

use of mathematical properties, etc.
Accuracy ≠ Finding “THE ANSWER”



General Classroom Environment:

Results: Retroactive Product to Proactive Process

“It's all about the asking of questions that made this course 
successful…I've never really thought of to ask myself ‘Why 

did you do this?’ I've never really done that before.”

“Reflecting upon what you did, that was definitely emphasized in 
this course. You were supposed to reflect on even your very 

first thoughts when you see a problem.”



In-Class Portfolio Problem-Solving Sessions

Results: Retroactive Product to Proactive Process

“I remember working on the first portfolio problem and trying to 
explain, ‘This is what I'm thinking, and this is why.’ My entire 

group was just looking at me like ‘What are you talking about? I 
don't understand what you're trying to say.’ Then as the year goes 

on, I can look back and see myself getting better at talking 
about what I'm thinking.”



Scratch Work

Results: Retroactive Product to Proactive Process

“I think also writing [questions] down makes them more 
important…I feel like writing it down makes me realize like, ‘Oh I 
probably had a reason that I wanted to answer it, because it would 
get me to another step or get me to understand something else.’” 



Written Submissions

Results: Retroactive Product to Proactive Process

“I've just been able to be actively engaged in the problem, 
realizing what I'm doing. Rather than just like, ‘Well, this is the 
first step and second step,’ and then afterwards I'm like, ‘Oh, that 

was wrong, and that was wrong.’" 

“You're writing it and…it's either ‘Why does this make sense?’ or 
like ‘How is that correct?’ Because sometimes I remember 

writing it and I'm like, ‘Wait, this doesn't make sense,’…



• Student buy-in
• Clear understanding of course goals

• Student collaboration
• Students often wrote on their own paper

• Grading scratch work
• Holds students accountable
• Not currently used as formative assessment

Some Future Considerations



THANK YOU!

Make it better and let us know!

emilie.hancock@unco.edu

Visit me at my poster during the IBL mini-conference

Questions?
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