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How People Learn:  Key Findings

Metacognition as �the ability to monitor one�s current level of 
understanding and decide when it is not adequate . . . extremely 
important for learners at all ages.�!

�Metacognition can help students develop personally relevant 
pedagogical content knowledge . . . In short, students need to develop the 
ability to teach themselves.�!

�Expert teachers know the kinds of difficulties that students are 
likely to face, and they know how to tap into their students� 

existing knowledge� (Pedagogical content knowledge) !



Arons:  Guide to Introductory Physics Teaching

“Developing self-consciousness concerning one’s own 
thinking is perhaps the highest reasoning skill.  It involves 
standing back and recognizing the processes one is 
using, providing the basis for conscious transfer of 
reasoning methods from familiar to unfamiliar contexts.  
Given such awareness, one can begin to penetrate new 
situations by asking oneself probing questions and 
constructing answers.” 



How People Learn:  Implications for Instruction

“The teaching of metacognitive skills should 
be integrated into the curriculum . . .

. . . instruction in metacognition must take 
place within discipline-specific content . . . ”

5



Metacognition is extremely 
important.



Lippman Kung and Lindner, 2007

“Whether a statement is simply cognition or 
metacognition is not straightforward to determine.”

“Research on students natural-in-
context metacognitive activity is rare.”



Metacognition is largely private.

Metacognition is extremely 
important.



Can metacognition be fostered within the 
constraints of a traditional physics course?

How can we determine the extent to 
which it was learned?



Outline

• Background and motivation 

• An instructional approach for promoting 
reflection 

• Analyzing students’ reflective writing:  
Metacognitive Elements Rubric

• Preliminary findings



Metacognition:  Foundations

• Schoenfeld, 1987

• Veenman, 2012 “One of the reappearing problems with 
metacognition research is the ‘fuzziness’ 
of the concept... 



Metacognition is largely private.

Metacognition is “fuzzy.”

Metacognition is extremely 
important.



Redish:  Teaching Physics

Metacognition as executive function – a thinking process that is used 
to manage and control other thinking processes.!

Students may waste time and effort following unproductive 
approaches through a lack of metacognitive activity.!

�The key element in the mental model I want my students 
to use in learning physics [is] reflection – thinking about 
their own thinking.  This includes a variety of activities, 
including evaluating their ideas, thinking about consistency, 
considering what other ideas might be possible . . .�!



“Flavors” of metacognition

• Forward	
  looking

• In-­‐the-­‐moment

• Backward	
  looking	
  

✦ Reflec%ve	
  Thinking



Components of Reflective Thinking:
Retracing the learning pathway

• Identify problematic and productive aspects of my 
initial reasoning.

• Diagnose the conceptions (i.e, mental models) 
underlying that reasoning.

• Describe specific differences in my thinking then 
compared to now.

• Retrace my learning pathway:  
      How did I come to know what I know?



Recent PER work on Reflective Thinking

• Yerushalmi et al (2012)

• Huang and Calman (2012)

• Mason and Singh (2009)

• May and Etkina (2002), Etkina (1999)



Defining a concept:  What is mass?

The amount of matter an object contains...

or . . . 

The number of hex nuts needed to 
balance an object.



Defining a concept:  What is mass?

The amount of matter an object contains...

or . . . 

The number of hex nuts needed to 
balance an object.

Can metacognition be operationalized?



Context:
Intro calc-based physics at WWU

• required 3-hr lab section (N ~ 25 each)
taught by undergraduate TA

• 2-4 lecture sections (N ~ 60 each) 
with students mixing in labs



• Lab 1:  Concepts of Motion

• Lab 2:  Acceleration in One Dimension

• Lab 3:  Motion in Two Dimensions

• Lab 4:  Forces

• Lab 5:  Newton’s 2nd Law and Static Friction

• Lab 6:  Tension and Newton’s 3rd Law

• Lab 7:  Momentum

Labs in Introductory Mechanics



Scaffolded activity 
in which students reflect 
on own learning pathways

Elicit

Confront

Refine 
and Resolve

Reflect {



• Prelab: Eliciting initial ideas

• Lab: Research-based instructional sequence

• Lab: Revisiting initial ideas 
(small group discussion)

• Lab HW: Post-lab question

• Lab HW: Written Learning Commentary

Reflective Thinking:  Instructional Sequence



Kinematics Prelab (for Lab 2):

A	
   bouncy	
   ball	
   is	
   released	
   from	
   rest	
   above	
   the	
   ground.	
   The	
   ball	
   moves	
  
downward	
   with	
   increasing	
   speed,	
   hits	
   the	
   ground,	
   bounces,	
   and	
   moves	
  
upward	
  with	
  decreasing	
  speed.	
  
• Sketch	
  posiBon	
  and	
  velocity	
  graphs.
• During	
  the	
  bounce,	
   is	
   the	
  acceleraBon	
  of	
   the	
  ball	
  upward,	
  downward,	
  
or	
  zero?	
  	
  Explain.

Imagine	
  that	
  you	
  are	
  an	
  actor	
  in	
  the	
  movie	
  Jurassic	
  Park.	
  	
  In	
  one	
  scene,	
  you	
  are	
  walking	
  down	
  
a	
  hallway	
  toward	
  a	
  door	
  that	
  is	
  slightly	
  ajar.	
  	
  When	
  you	
  are	
  10	
  feet	
  away,	
  you	
  realize	
  there	
  is	
  a	
  
Velociraptor	
  on	
  the	
  other	
  side.	
   	
  You	
  have	
  one	
  chance	
  to	
  close	
  the	
  door	
  –	
  by	
  throwing	
  a	
  large	
  
ball	
  at	
  it.	
  	
  (You	
  happen	
  to	
  have	
  a	
  large	
  ball	
  in	
  your	
  hand	
  .	
  .	
  .	
  )
Would	
  you	
  rather	
  have	
  a	
  super-­‐bouncy	
  ball	
  or	
  a	
  sBcky	
  lump	
  of	
  clay	
  (assuming	
  equal	
  mass	
  
and	
  size)?	
  	
  Explain.

Dynamics Prelab (for Lab 7):









~30% of students

~40% of students

~25% of students



Lab:  Acceleration in One Dimension



Inside the WWU Introductory Mechanics Lab:



Lab:  Research-based instructional sequence



Lab:  Research-based instructional sequence



Lab:  Research-based instructional sequence



Lab:  Research-based instructional sequence



Lab:  Research-based instructional sequence



Lab:  Revisiting Initial Ideas



Video Clip 1:   “So that’s something we all misunderstood”

Discussion of acceleration during the bounce



Video Clip 1:   “So that’s something we all misunderstood”

Discussion of acceleration during the bounce



Discussion of bouncy ball vs sticky ball

Video Clip 2:   “Why did we think that?”



Video Clip 2:   “Why did we think that?”

Discussion of bouncy ball vs sticky ball



Lab:  Revisiting Initial Ideas

Focus on current answers and reasoning



Lab:  Revisiting Initial Ideas

Focus on initial ideas



Lab HW:  Postlab question

A	
  child’s	
   toy	
  consists	
  of	
  an	
  elasBc	
  band	
  that	
  connects	
   a	
  wooden	
  paddle	
  and	
  a	
  small	
  
rubber	
  ball.	
  	
  The	
  paddle	
  is	
  used	
  to	
  give	
  the	
  ball	
  a	
  quick	
  downward	
  whack,	
  aSer	
  which	
  
the	
  ball	
  moves	
   downward	
  with	
  decreasing	
   speed,	
   comes	
   to	
   rest	
   for	
   an	
   instant,	
   and	
  
then	
  moves	
  upward	
  with	
  increasing	
  speed.

During	
  the	
  different	
  parts	
  of	
  the	
  moBon	
  (not	
  including	
  the	
  whack),	
  is	
  the	
  acceleraBon	
  
of	
   the	
  ball	
  upward,	
  downward,	
   or	
   zero?	
   	
  Explain	
  your	
   reasoning,	
   and	
  make	
   sure	
   to	
  
discuss	
  the	
  turnaround	
  point.



Culminating lab activity:  Synthesis Challenge

A	
  roller	
  coaster	
  carries	
  terrified	
  patrons	
  down	
  a	
  steep	
  incline.	
   	
  On	
  the	
  way	
  
down,	
   they	
   go	
   through	
   an	
   ar8ficial	
   “thunderstorm”	
   that	
   involves	
  
sprinklers.	
  	
  You’re	
  the	
  technical	
  consultant,	
  and	
  your	
  boss	
  gives	
  you	
  certain	
  
parameters	
  the	
  ride	
  must	
  fit	
  into.	
  	
  She	
  wants	
  customers	
  to	
  be	
  subjected	
  to	
  
the	
   “rain”	
   for	
   only	
   0.2	
   second;	
   furthermore,	
   the	
   length	
   of	
   the	
   water	
  
spraying	
   device	
   is	
   fixed,	
   providing	
   a	
   set	
   distance	
   along	
   the	
   track	
   during	
  
which	
  the	
  spray	
  comes	
  down.	
  

How	
  far	
  above	
  the	
  water	
  sprayer	
  should	
  the	
  roller	
  coaster	
  car	
  start?	
  
(Your	
  lab	
  group	
  will	
  model	
  this	
  scenario	
  with	
  a	
  ball	
  bearing	
  rolling	
  down	
  an	
  
inclined	
  track.)



Lab HW:  Narrative Reflection

A written “learning commentary” 
in which students discuss how their understanding of 

specific physics concepts has changed.  



Lab HW:  Narrative Reflection
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Lab HW:  Narrative Reflection

An early version:



Lab HW:  Narrative Reflection

increasing levels of scaffolding
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Lab HW:  Narrative Reflection

Current Version:



Sample student narrative:  Glimpsing the realm of forces



Questions for research

To	
  what	
  extent	
  are	
  the	
  quality	
  and	
  depth	
  of	
  student	
  
reflecBon	
  associated	
  with	
  conceptual	
  learning?

Do	
  the	
  quality	
  and	
  depth	
  of	
  student	
  reflecBon	
  improve	
  
over	
  Bme	
  with	
  pracBce?

Can	
  the	
  quality	
  and	
  depth	
  of	
  student	
  reflec%on	
  be	
  
reliably	
  measured?!



Metacognitive Elements Rubric (MER)

A	
  reliable	
  measure	
  of	
  the	
  
amount,	
  depth	
  and	
  quality	
  of	
  
student	
  reflecBon.

Response:	
   IteraBve	
  development	
  of	
  a	
  scheme	
  
for	
  coding	
  student	
  wriBng.

Need:



Start “top down” with components of 
reflective thinking. Modifications based on 

analysis of student writing.

• Identify problematic/productive aspects of initial reasoning.
• Diagnose underlying learning difficulty.
• Describe differences in thinking then compared to now.
• Retrace my learning pathway: 

How did I come to know what I know?

Metacognitive Elements Rubric (MER)



13 codes in 4 code groups:

Cognition (Codes 1-4):  
State initial and current answers and explanation.

Reflection on initial ideas (Codes 5-7):
Identify and describe problematic aspects of underlying ideas. 

Reflection on current ideas (Codes 8-10):
Identify and describe newly understood ideas.

Metacognition (Codes 11-13):
Highlight changes in thinking and discuss “trigger events”.

Metacognitive Elements Rubric (MER)



“I learned a lot . . .”

“I don’t have any questions . . .”

“There isn’t anything I’m confused about . . .”

“My answer to question 2.b was wrong . . .”

“The lab didn’t help me . . .”

“I got all of the prelab questions right . . .”

Non-Codes  



Applying the MER to students’ 
reflective writing



Sample Narrative:  Glimpsing the realm of forces

Text

State answer/reasoning

Reflect on initial ideas

Reflect on current ideas

Analyze change in thinking

{

C
od

e 
gr

ou
ps



Sample Narrative:  Glimpsing the realm of forces

1,2

Text

1: Statement of initial answer

2: Statement of initial reasoning

State answer/reasoning

Reflect on initial ideas

Reflect on current ideas

Analyze change in thinking

{

C
od

e 
gr

ou
ps



Sample Narrative:  Glimpsing the realm of forces

1,2
12

5

12: Identifies action or thought as a cause of 
or impetus for change in understanding

5: Identifies an idea as problematic

State answer/reasoning

Reflect on initial ideas

Reflect on current ideas

Analyze change in thinking

{

C
od

e 
gr

ou
ps



Sample Narrative:  Glimpsing the realm of forces

1,2

5
12

12
12

12: Identifies action or thought as a cause of 
or impetus for change in understanding

State answer/reasoning

Reflect on initial ideas

Reflect on current ideas

Analyze change in thinking

{

C
od

e 
gr

ou
ps



Sample Narrative:  Glimpsing the realm of forces

1,2

5
12

12 3,4
12

3: Statement of current answer

4: Statement of current reasoning

State answer/reasoning

Reflect on initial ideas

Reflect on current ideas

Analyze change in thinking

{

C
od

e 
gr

ou
ps



Sample Narrative:  Glimpsing the realm of forces

1,2

5
12

10
12 3,4

12

State answer/reasoning

Reflect on initial ideas

Reflect on current ideas

Analyze change in thinking

{

C
od

e 
gr

ou
ps

10: Illustrates or applies a new concept or idea



Sample Narrative:  Glimpsing the realm of forces

1,2

5
12

10
12 3,4

12

11

State answer/reasoning

Reflect on initial ideas

Reflect on current ideas

Analyze change in thinking

{

C
od

e 
gr

ou
ps

11: Compares, contrasts, or relates ideas from 
before and after learning episode



Preliminary Findings (N = 17)

• Introductory calc-based mechanics, Fall 2012

• Single lecture section

• Criteria for inclusion:
✦ student completed narrative reflection assignment for all 7 labs

✦ student completed FCI both pre- and post-course



•Avg: 9 codes per student per lab; low 5, high 16.

•Labs 2, 3, and 4 have fewer total codes than the 
average of all 6 labs, while labs 5, 6, and 7 have more

Study 1:  Tracking student reflection over time
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Study 1:  Tracking student reflection over time
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More 5’s, fewer 6’s:

More common for students to identify a response as 
problematic than to analyze specific flaws in their reasoning.

Study 1:  Tracking student reflection over time



0"

0.02"

0.04"

0.06"

0.08"

0.1"

0.12"

0.14"

0.16"

Code"8"

Code"9"

O
cc

ur
re

nc
e 

Ra
te

Lab 3 Lab 4 Lab 5 Lab 6 Lab 7Lab 2

More 8’s, fewer 9’s and 10’s:

More common for students to identify an idea they are 
now more comfortable with than to describe or illustrate 
their understanding of that idea.

Study 1:  Tracking student reflection over time
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FCI gain independent of overall amount of reflection

Study 2:  Correlating reflection and conceptual learning



Association between FCI gain and proportion of narrative 
devoted to reflection on current ideas 

Study 2:  Correlating reflection and conceptual learning
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CONCLUSIONS

• We have developed a weekly, scaffolded writing assignment 
in which students reflect on how they came to understand 
a specific physics topic or idea. 

• We have designed and tested a rubric for categorizing the 
types of reflective statements made by students in response 
to the assignment. 

• Preliminary findings suggest that students do reflect in 
specific desirable ways on their own learning. 

• Research is ongoing.



Thank you

For more, please visit Alistair’s PERC poster:

McInerny, Boudreaux & Kryjevskaia;
Wednesday 7pm 



Sample Narrative:  Should not override common sense


