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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 teach 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
mŀŘŜ 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.
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Session Layout

Welcome & Overview

Rationale for Evidence-Based Practices

Course Design Foundations

How Learning Works

How People Learn

Understanding by Design

Cooperative Learning
Rationale

Key Elements

Applications of Cooperative Learning

3

Overall Goals

Ç Build your knowledge of Evidence-Based Practices for 
engaging students and your implementation 
repertoire

4
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Workshop Objectives

Participants will be able to:
Describe key features of evidence-based instruction and effective, 
interactive strategies for facilitating learning

Summarize key elements of Course Design Foundations
How Learning Works and How People Learn (HPL)

Understanding by Design (UbD) process ςContent (outcomes) ςAssessment ς
Pedagogy

9ȄǇƭŀƛƴ ƪŜȅ ŦŜŀǘǳǊŜǎ ƻŦ ŀƴŘ ƛƴǎǘǊǳŎǘƻǊΩǎ ǊƻƭŜ ŦƻǊ tŜŘŀƎƻƎƛŜǎ ƻŦ 
Engagement ςCooperative Learning and Problem-Based learning

Identify connections between cooperative learning and desired 
outcomes of courses and programs

Participants will begin applying key elements to the design 
on a course, class session or learning module

5

Reflection and Dialogue

Individually reflect on your favorite rationale for 
engaging students. Write for about 1 minute.

Context/Audience? E.g., First Year course

Why student engagement is important?

What evidence do you have to support your rationale?

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

6
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YŀǊƭΩǎ wŀǘƛƻƴŀƭŜ

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

7

Lila M. Smith

108
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Somethings Missing

Practice ςThird-year course in metallurgical 
reactions ςthermodynamics and kinetics

Theory ς?

Research ς? 

Theory

Research
Evidence

Practice

9

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

10
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Lila M. Smith
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Cooperative Learning

Theory ςSocial Interdependence ςLewin ς
Deutsch ςJohnson & Johnson

Research ςRandomized Design Field 
Experiments

Practice ςCƻǊƳŀƭ ¢ŜŀƳǎκtǊƻŦŜǎǎƻǊΩǎ wƻƭŜ
Theory

Research
Evidence

Practice

12
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Cooperative Learningis 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).

Key Concepts

ωtƻǎƛǘƛǾŜ LƴǘŜǊŘŜǇŜƴŘŜƴŎŜ
ωLƴŘƛǾƛŘǳŀƭ ŀƴŘ DǊƻǳǇ !ŎŎƻǳƴǘŀōƛƭƛǘȅ
ωCŀŎŜ-to-Face PromotiveInteraction
ω¢ŜŀƳǿƻǊƪ {ƪƛƭƭǎ
ωDǊƻǳǇ tǊƻŎŜǎǎƛƴƎ

http://personal.cege.umn.edu/~smith/links.html 1513

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.pdf 14
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http://heri.ucla.edu/monographs/HERI-FAC2014-monograph.pdf

Undergraduate Teaching Faculty: The 2013ς2014 HERI Faculty Survey

15

The American College Teacher: 
National Norms for 2007-2008

Methods Used 

in ñAllò or ñMostò

All ï

2005

All ï

2008

Assistant -

2008

Cooperative 

Learning

48 59 66

Group Projects 33 36 61

Grading on a 

curve

19 17 14

Term/research 

papers

35 44 47

http://www.heri.ucla.edu/index.php



6/4/2017

9

Undergraduate Teaching Faculty, 2011*

Methods Used in ñAllò or 

ñMostò

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

Cooperative Learning Research Support 
Johnson, D.W., Johnson, R.T., & Smith, K.A.  1998.  Cooperative learning returns to college: 

What evidence is there that it works?  Change, 30 (4), 26-35.

ω hǾŜǊ олл 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ
ω CƛǊǎǘ ǎǘǳŘȅ ŎƻƴŘǳŎǘŜŘ ƛƴ мфнп
ω IƛƎƘ DŜƴŜǊŀƭƛȊŀōƛƭƛǘȅ
ω aǳƭǘƛǇƭŜ hǳǘŎƻƳŜǎ

Outcomes

1. Achievement and retention
2. Critical thinking and higher-level

reasoning
3. Differentiated views of others
4. Accurate understanding of others' 

perspectives
5. Liking for classmates and teacher
6. Liking for subject areas
7. Teamwork skills January 2005

March 2007

Johnson, D. W., Johnson, R. 
T., & Smith, K. A. (2014). 
Cooperative learning: 
Improving university 
instruction by basing practice 
on validated theory. Journal 
on Excellence in College 
Teaching, 25(3&4)

18
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Pedagogies of Engagement

19

άLǘ ŎƻǳƭŘ ǿŜƭƭ ōŜ ǘƘŀǘ ŦŀŎǳƭǘȅ ƳŜƳōŜǊǎ ƻŦ 

the twenty-first century college or 

university will find it necessary to set aside 

their roles as teachers and instead become 

designersof learning experiences, 

ǇǊƻŎŜǎǎŜǎΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘǎΦέ 

James Duderstadt, 1999 
Nuclear Engineering Professor;  Former 

Dean, Provost and President of the 

University of Michigan

2020
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Course Design Foundations

No Yes

Yes
Good Theory/ 

Poor Practice

Good Theory & Good 
Practice

No
Good Practice/ Poor 

Theory

Bransford, Brown & Cocking. 1999. How People Learn. National Academy Press.
Wiggins & McTighe, 2005. Understanding by Design, 2ed. ASCD.

Science of Instruction ( UbD)

Science of 
Learning 

(HPL)

21

1. Students prior knowledge can help or hinder learning
2. How students organize knowledge influences how 

they learn and apply what they know
3. {ǘǳŘŜƴǘǎΩ ƳƻǘƛǾŀǘƛƻƴ ŘŜǘŜǊƳƛƴŜǎΣ ŘƛǊŜŎǘǎΣ ŀƴŘ 

sustains what they do to learn
4. To develop mastery, students must acquire 

component skills, practice integrating them, and 
know when to apply what they have learned 

5. Goal-directed practice coupled with targeted 
ŦŜŜŘōŀŎƪ ŜƴƘŀƴŎŜǎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎ

6. {ǘǳŘŜƴǘǎΩ ŎǳǊǊŜƴǘ ƭŜǾŜƭ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ  ƛƴǘŜǊŀŎǘǎ 
with the social, emotional, and intellectual climate of 
the course to impact learning

7. To become self-directed learners, students must 
learn to monitor and adjust their approach to 
learning

22

http://www.brookings.edu/press/Books/1997/pasteur.aspx
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How People Learn

HPLFramework Expertise implies (Ch. 2):
a set of cognitive and 
metacognitiveskills

an organized body of 
knowledge that is deep 
and contextualized

an ability to notice 
patterns of information in 
a new situation

flexibility in retrieving and 
applying that knowledge 
to a new problem

Bransford, Brown & Cocking. 1999. How people learn. National Academy Press. 23

Understanding by Design Process

Identify the 
Desired 
Results

Determine 
Acceptable 
Evidence

Plan 
Learning 

Experience

Learning 
Activities 
Aligned

What should learners know, 
understand and be able to do?

How will we know if the learners have 
achieved the desired results?
What will be accepted as evidence of 
learnersΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǇǊƻŦƛŎƛŜƴŎȅΚ

What activities will equip learners with the 
needed knowledge and skills?
What materials and resources will be 
useful?

-Understanding by Design,  Wiggins and McTighe (1998)



6/4/2017

13

Understanding by Design Process
and Engineering Design Process

Understanding 
by Design

Identify the desired 
results

Determine 
acceptable 
evidence

Plan learning 
experiences

Engineering 
Design

Determine 
requirements 
specifications

Develop or use  
established metrics 
to measure against 

outcomes

Plan and develop 
process, system, 

etc. to implement

Streveler, R.A, Smith, K.A., & Pilotte, M. 2012. 
Aligning course content, assessment, and delivery:  
Creating a context for outcomes-based education. 
In KhairiyahMohd Yusof, ShahrinMohammad, 
NazihaAhmad Azli, Mohamed Noor Hassan, Azlina
Kosnin& SharifahKamilahSyed Yusof(Eds.). 
Outcome-based science, technology, engineering 
and mathematics: Innovative Practices. (pp. 1 ς
26). Hersey, PA: IGI Global.

Concept: Curricular Priorities 

26

GOOD TO BE 
FAMILIAR 

WITH

IMPORTANT
TOKNOW

ENDURING
OUTCOMES

Understanding by Design,  Wiggins and McTighe (1998)

Things to Consider:

ÅAre the topics enduring and 
transferable big ideas having value 
beyond the classroom?

ÅAre the topics big ideas and core 
processes at the heart of the discipline?

ÅAre the topics abstract, 
counterintuitive, often misunderstood, 
or easily misunderstood ideas requiring 
uncoverage?

ÅAre the topics big ideas embedded in 
facts, skills and activities?
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Identifying Big Ideas - Exercise

Individually identify 2-3 big ideas in a course you are 
designing or re-designing. Write them down. ~2 min

Break into pairs to discuss ~3 min

27

Active Learning: Cooperation in the College 
Classroom

Informal Cooperative 
Learning Groups

FormalCooperative 
Learning Groups

Cooperative BaseGroups

Notes: Cooperative Learning 
Handout (CL-College-814.doc)
[CL-College-814.doc]

28

http://personal.cege.umn.edu/~smith/docs/CL-College-814.doc
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Smith, K.A. 2000. Going deeper: Formal small-group learning in large classes. Energizing large classes: 
From small groups to learning communities. New Directions for Teaching and Learning, 2000, 81, 25-
46. [NDTL81Ch3GoingDeeper.pdf]  

Book Ends on a Class Session

29

Book Ends on a Class Session

1. Advance Organizer

2. Formulate-Share-Listen-Create (Turn-to-your-
neighbor) -- repeated every 10-12 minutes

3. Session Summary (Minute Paper)
I. What was the most useful or meaningful thing you 

learned during this session?
II. What question(s) remain uppermost in your mind as we 

end this session?
III. ²Ƙŀǘ ǿŀǎ ǘƘŜ άƳǳŘŘƛŜǎǘέ Ǉƻƛƴǘ ƛƴ ǘƘƛǎ ǎŜǎǎƛƻƴΚ

30
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Formulate-Share-Listen-Create

Informal Cooperative Learning Group
Introductory Pair Discussion of a

FOCUS QUESTION
1. Formulate your response to the question 

individually
2. Share your answer with a partner
3. Listen carefully to your partner's answer
4. Work together to Create a new answer through 

discussion

31

Informal CL (Book Ends on a Class 
Session) with Concept Tests

Physics
Eric Mazur - Harvard ςhttp://galileo.harvard.edu

Peer Instruction ςhttp://mazur.harvard.edu/research/detailspage.php?rowid=8

Richard Hake ςhttp://www.physics.indiana.edu/~hake/

Chemistry
Chemistry ConcepTests- UW Madison - http://chemcollective.org/tests

Video: Making Lectures Interactive with ConcepTests

http://www.wcer.wisc.edu/archive/cl1/flag/cat/contests/contests7.htm

ModularChemConsortium ςhttp://chemconnections.org/

STEMTEC- http://k12s.phast.umass.edu/stemtec/

±ƛŘŜƻΥ Iƻǿ /ƘŀƴƎŜ IŀǇǇŜƴǎΥ .ǊŜŀƪƛƴƎ ǘƘŜ ά¢ŜŀŎƘ ŀǎ ¸ƻǳ ²ŜǊŜ ¢ŀǳƎƘǘέ /ȅŎƭŜ ςFilms for the Humanities & 

Sciences ςwww.films.com

Harvard ςDerek Bok Center 
Thinking Together & From Questions to Concepts: Interactive Teaching in Physics ς

http://bokcenter.harvard.edu/

32

http://galileo.harvard.edu/
http://mazur.harvard.edu/research/detailspage.php?rowid=8
http://www.physics.indiana.edu/~hake/
http://chemcollective.org/tests
http://www.wcer.wisc.edu/archive/cl1/flag/cat/contests/contests7.htm
http://chemconnections.org/
http://k12s.phast.umass.edu/stemtec/
http://www.films.com/
http://bokcenter.harvard.edu/
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Informal Cooperative Learning Groups

Can be used at any time

Can be short term and ad hoc

May be used to break up a long lecture

Provides an opportunity for students to process 
material  they have been listening to (Cognitive 
Rehearsal)

Are especially effective in large lectures

Include "book ends" procedure

Are not as effective as Formal Cooperative Learning or 
Cooperative Base Groups

38

Strategies for 

Energizing Large 

Classes: From Small 

Groups to

Learning Communities:

Jean MacGregor,

James Cooper,

Karl Smith,

Pamela Robinson

New Directions for 

Teaching and Learning, 

No. 81, 2000.

Jossey- Bass
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http://personal.cege.umn.edu/~smith/ 40

Session Summary (Minute Paper)

Reflect on the session

1. Most interesting, valuable, useful thing you learned.

2. Things that helped you learn.

3. Question, comments, suggestions.

4. Pace: Too slow 1 2 3 4 5 Too fast

5. Relevance: Little 1 2 3 4 5 Lots

6. Instructional Format: Ugh 1 2 3 4 5 Ah

41
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Q4 ïPace: Too slow 1 . . . . 5 Too fast (3.0)

Q5 ïRelevance: Little 1 . . . 5 Lots (4.2)

Q6 ïFormat: Ugh 1 . . . 5 Ah (4.0)
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MOT 8221 ïSpring 2017 ïSession 1 (1/13/17)

Active Learning: Cooperation in the 
College Classroom

Ç Informal Cooperative 
Learning Groups

Ç FormalCooperative 
Learning Groups

Ç Cooperative Base
Groups

Notes: Cooperative Learning 
Handout (CL-College-814.doc)
[CL-College-814.doc]


