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Engineering Education

Practice ςThird-year course in metallurgical 
reactions ςthermodynamics and kinetics

Theory ς?

Research ς? 

Theory

Research
Evidence

Practice
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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

7

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 158
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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 9

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

Undergraduate Teaching Faculty: The 2013ς2014 HERI Faculty Survey

10
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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)

12

http://www.heri.ucla.edu/index.php
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Building Models to Solve Engineering Problems

UMn and beyond ~ 1977 ïpresent

ÅDeveloping 
Modeling Thinking
ïProblem 

Identification

ïProblem Formulation

ïProblem 
Representation 

ïProblem Solving

ÅLearning to Think 
Like an Engineer

Problem-Based Cooperative Learning

DBER PhD Programs (xER)
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Building Engineering Education 

Research Capabilities:
ÅNSF Initiated Engineering Education Scholars Program 

(EESP)

ÅNSF ïCenters for Learning and Teaching (CLT)
ïCenter for the Advancement of Engineering Education (CAEE)

ïCenter for the Integration of Research, Teaching, and Learning 
(CIRTL)

ïNational Center for Engineering and Technology Education (NCETE)

ÅNAE: Center for the Advancement of Scholarship on 
Engineering Education (CASEE)
ïAREE: Annals of Research on Engineering Education

ÅNSF CCLI ND: Rigorous Research in Engineering Education 
(RREE)

ÅNSF CCLI Phase III project, Collaborative research: 
Expanding and sustaining research capacity in engineering 
and technology education: Building on successful programs 
for faculty and graduate students 

ÅEngineering Education Research Colloquies (EERC)

Conducting Rigorous Research in 
Engineering Education: Creating a 
Community of Practice (RREE)

NSF-CCLI-ND
American Society for Engineering Education

Karl Smith & Ruth Streveler
University of Minnesota/Purdue University & 
Colorado School of Mines/Purdue University


