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It is strange that we expect students to learn, 
yet seldom teach them anything about  
learning. We expect students to solve 
problems, yet seldom teaching them anything 
about problem solving. And, similarly, we 
sometimes require students to remember A 
considerable body of material, yet seldom 
teach them the art of memory. It is time we 
ƳŀŘŜ ǳǇ ŦƻǊ ǘƘƛǎ ƭŀŎƪΧ

D.A. Norman. 1980. Cognitive engineering and education. In D.T. Tumaand 
F. Reif(Eds.), Problem solving and education: Issues in teaching and 
research. Erlbaum, pp. 97-107.



Learning Requires
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deliberate

distributed

practice

Brown, P.C., Henry L. RoedigerIII, H.L., & Mark A. McDaniel, M.A. (2014). Make It Stick: The 
Science of Successful Learning. Belknap Press: An Imprint of Harvard University Press



Key Implications

Deliberate
Attention must be paid

Attention and processing power = cognitive load 
(bandwidth)
ÅLIMITED ςƴŜŜŘ ǘƻ ōŜ ŎŀǊŜŦǳƭ Ƙƻǿ ƻƴŜ ǳǎŜǎ ǘƘŜ ƭŜŀǊƴŜǊΩǎ 

bandwidth
ÅLink to Curricular Priorities

ÅContinuous partial attention

ÅReflection is needed
ÅNeed for feedback 
ÅLink to assessment
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Key Implications

Distributed
Repetition over time

Spaced vs. massed practice*
Spiral curriculum

Multiple modes of input
Visual
Audio
Kinesthetic
Self-explanation
Explaining to others

*Kandel, E.B. 2007. In Search of Memory: The Emergence of a New Science of 
Mind. New York: Norton.
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Key Implications

Practicewhat you want to learn

Active ςdoing something

Constructive ςadding to your prior 
knowledge

Interactive ςworking with others to add to 
your prior knowledge

8

Chi, M.T.H. 2009. Active-Constructive-Interactive: A Conceptual 
Framework for Differentiating Learning Activities. Topics in Cognitive 
Science 1, 73ς105.



Cognitive apprenticeship (1 of 3)

1. Authentic tasks/situations

2. Narrated modeling
Challenges of this approach

Expert not used to explaining thinking

9ȄǇŜǊǘ ŦƻǊƎŜǘǎ ǿƘŀǘ ƛǎ ƛǘ ƭƛƪŜ ǘƻ ōŜ ƭŜŀǊƴƛƴƎ ǘƘŜ ƳŀǘŜǊƛŀƭΣ άŜȄǇŜǊǘ ōƭƛƴŘ 
ǎǇƻǘέ

Subconscious or intuitive knowledge -άƳȅǎǘŜǊȅ ƻŦ ŜȄǇŜǊǘ ƧǳŘƎƳŜƴǘέ
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Cognitive apprenticeship (2 of 3)

3. Scaffoldedand coached practice
ScaffoldŦǊƻƳ ƭŜŀǊƴŜǊΩǎ ǇǊƛƻǊ ƪƴƻǿƭŜŘƎŜ ǘƻ ƴŜǿ ƛƴŦƻ

CoachŎŀƴ ŘƛŀƎƴƻǎŜ άǇǊƻōƭŜƳǎέ ŀƴŘ ŎƻǊǊŜŎǘ

Immediate feedback ςimportant for motivation

Informational feedback 
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Cognitive apprenticeship (3 of 3)

3. Articulation of the steps by the learner
Self-explanation

4. Reflection on the process by the learner
Consolidates the skill, improves retention
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Collins, A., Brown, J. S., & Newman, S. E. (1987). Cognitive apprenticeship: 
Teaching the craft of reading, writing and mathematics (Technical Report No. 
403). BBN Laboratories, Cambridge, MA. 

Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of 
learning. Educational Researcher, 18, 32-42.



Session Layout

Welcome & Overview

Cooperative Learning
Description & Rationale

Cooperative Learning
Key Concepts

Types of Cooperative Learning

Teamwork ςHigh Performing Teams & Teamwork Skills

Implementing Cooperative Learning
Practice

Examples

Applications
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Overall Goals

Ç Build your knowledge of Cooperative Learning and 
your implementation repertoire

Ç Implement practices to improve student learning, 
especially their problem solving skills
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Cooperative Learning Objectives

Participants will be able to list and describe essential 
ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ƛƴǎǘǊǳŎǘƻǊΩǎ ǊƻƭŜ ƛƴ ƛƳǇƭŜƳŜƴǘƛƴƎ 
cooperative learning

Participants will be able to elaborate on multiple ways 
Positive Interdependence and Individual Accountability 
were structured

Participants will identify features to implement in their 
own courses
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Reflection and Dialogue

Individually reflect on your experience as an 
undergraduate student with Interactive (cooperative) 
learning. Write for about 1 minute.

First time you heard the term in a class setting or the first time 
you were asked to work with others in a class setting

What did the instructor ask you to do?

What rationale did the instructor provide?

Discuss with your neighbor for about 2 minutes
Select/create a response to present to the whole group if you 
are randomly selected
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YŀǊƭΩǎ 9ȄǇŜǊƛŜƴŎŜ

First Teaching Experience ςThird-year 
course in metallurgical reactions ς
thermodynamics and kinetics
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Process Metallurgy

Dissolution Kinetics ïliquid-solid interface

Iron Ore Desliming ïsolid-solid interface

Metal-oxide reduction roasting ïgas-solid 
interface



Dissolution Kinetics

Theory ïGoverning 
Equation for Mass 
Transport 

Research ïrotating 
disk 

Practice ïleaching of 
silver bearing metallic 
copper and printed 
circuit board waste
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YŀǊƭΩǎ Quandry

Practice ςThird-year course in metallurgical 
reactions ςthermodynamics and kinetics

Theory ς?

Research ς? 

Theory

Research
Evidence

Practice
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University of Minnesota College of Education
Social, Psychological and Philosophical 
Foundations of Education

ÁStatistics, Measurement, Research Methodology

ÁAssessment and Evaluation

ÁLearning and Cognitive Psychology

ÁKnowledge Acquisition, Artificial Intelligence, Expert Systems

ÁDevelopment Theories

ÁMotivation Theories

ÁSocial psychology of learning ςstudent ςstudent interaction

21



Lila M. Smith
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Cooperative Learning

Theory ςSocial Interdependence ςLewin ς
Deutsch ςJohnson & Johnson

Research Evidence ςRandomized Design Field 
Experiments

Practice ςCƻǊƳŀƭ ¢ŜŀƳǎκtǊƻŦŜǎǎƻǊΩǎ wƻƭŜ
Theory

Research
Evidence

Practice
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Cooperative learning is instruction that involves people 
working in teams to accomplish a common goal, under 
conditions that involve both positive interdependence
(all members must cooperate to complete the task) and 
individual and group accountability(each member is 
accountable for the complete final outcome).

24

Cooperative Learning: An Evidence-Based 
Practice for Interactive Learning
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http://personal.cege.umn.edu/~smit
h/docs/Smith-
CL%20Handout%2008.pdf

Key Concepts:

Á Positive 
Interdependence

Á Individual and 
Group 
Accountability

Á Face-to-Face 
Promotive
Interaction

Á Teamwork Skills
Á Group Processing

http://personal.cege.umn.edu/~smith/docs/Smith-CL Handout 08.pdf


Cooperative Learning Introduced 
to Engineering ς1981
Smith, K.A., Johnson, D.W. and 
Johnson, R.T., 1981. The use of 
cooperative learning groups in 
engineering education.  In L.P. 
Grayson and J.M. Biedenbach
(Eds.), Proceedings Eleventh 
Annual Frontiers in Education 
Conference, Rapid City, SD, 
Washington:  IEEE/ASEE, 26-32.

JEE December 1981
http://personal.cege.umn.edu/~smith/docs/Smith-Pedagogies_of_Engagement.pdf22

http://personal.cege.umn.edu/~smith/docs/Smith-Pedagogies_of_Engagement.pdf


Undergraduate Teaching Faculty: The 2013ς2014 HERI Faculty Survey

27
http://heri.ucla.edu/monographs/HERI-FAC2014-monograph.pdf23

http://heri.ucla.edu/monographs/HERI-FAC2014-monograph.pdf


Undergraduate Teaching Faculty, 2011*

aŜǘƘƻŘǎ ¦ǎŜŘ ƛƴ ά!ƭƭέ ƻǊ άaƻǎǘέ
STEM 

women
STEM
men

All other 
women

All other 
men

Cooperative learning 60% 41% 72% 53%

Group projects 36% 27% 38% 29%

Grading on a curve 17% 31% 10% 16%

Student inquiry 43% 33% 54% 47%

Extensive lecturing 50% 70% 29% 44%

*Undergraduate Teaching Faculty. National Norms for the 2010-2011 HERI Faculty 
Survey, www.heri.ucla.edu/index.php. 
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http://www.heri.ucla.edu/index.php


Effectiveness of Interactive Learning

ÁMeta-analyses in the Proceedings of the 
National Academy of Sciences (PNAS) 
summarize the importance of interactive 
learning for 
Áreducing the failure rate (Freeman, et.al. 2014) 

https:// www.pnas.org/content/111/23/8410

Ánarrowing the achievement gap for 
underrepresented students (Theobald, et.al. 2019) 
https:// www.pnas.org/content/117/12/6476
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http://science.sciencemag.org/content/sci/359
/6383/1468.full.pdf

Observational study of over 2000 
classes ςmost common behaviors:
ÅFaculty

o Lecturing
o Writing in real time
o Posing nonrhetorical

questions
o Following-up on questions
o Answering student questions
o Clicker questions

ÅStudents
o Listening to instructor
o Answering instructor 

questions
o Asking questions


