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ñIt could well be that faculty members 

of the twenty-first century college or 

university will find it necessary to set 

aside their roles as teachers and 

instead become designers of learning 

experiences, processes, and 

environments.ò 

James Duderstadt, 1999 
Nuclear Engineering Professor;  Former Dean, 

Provost and President of the University of 

Michigan



Global Calls

for Reform K-12 Engineering

Research-based 

Transformation



Discipline-Based Education 
Research (DBER)

Understanding and Improving 
Learning in Undergraduate Science 

and Engineering

http://www.nap.edu/catalog.php?record_id=13362



Study Charge 

ÅSynthesize empirical research on undergraduate 
teaching and learning in physics, chemistry, 
engineering, biology, the geosciences, and 
astronomy. 

ÅExamine the extent to which this research currently 
influences undergraduate science instruction.

ÅDescribe the intellectual and material resources that 
are required to further develop DBER.



Committee on the Status, Contributions, and Future 
Directions of Discipline-Based Education Research 

Å SUSAN SINGER (Chair), Carleton 
College

Å ROBERT BEICHNER, North Carolina 
State University

Å STACEY LOWERY BRETZ, Miami 
University

Å MELANIE COOPER, Clemson 
University

Å SEAN DECATUR, Oberlin College

Å JAMES FAIRWEATHER, Michigan 
State University

Å KENNETH HELLER, University of 
Minnesota

Å KIM KASTENS, Columbia University

Å MICHAEL MARTINEZ, University of 
California, Irvine

Å DAVID MOGK, Montana State 
University

Å LAURA R. NOVICK, Vanderbilt 
University

Å MARCY OSGOOD, University of 
New Mexico

Å TIMOTHY F. SLATER, University of 
Wyoming

Å KARL A. SMITH, University of 
Minnesota and Purdue University

Å WILLIAM B. WOOD,  University of 
Colorado



Discipline-Based Education 
Research (DBER) Report Update

National Research Council
Summer 2012 ςhttp://www.nap.edu/
catalog.php?record_id=13362

ASEE Prism Summer 2013

Practitioner Guide - In Preparation

Journal of Engineering Education

Editorial ïOctober, 2013



Reflection and Dialogue

ÅIndividually reflect on Designing Courses for 

High-Quality Learning. Think/Write for about 1 

minute

ïPromising Approaches & Innovations 

ïIdeas for encouraging adoption by colleagues 

ÅDiscuss with your neighbor for about 2 minutes

ïHow to propagate and scale education innovations
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Understanding Misunderstanding

A Private Universe ïwww.learner.org

Also see Minds of Our Own (Annenberg/CPB 

Math and Science Collection ï

www.learner.org)

1. Can we believe our eyes? 

2. Lessons from thin air

3. Under construction

http://www.youtube.com/watch?v=Ng5qzH39nyg

http://www.youtube.com/watch?v=Ng5qzH39nyg
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Seminar Layout
ÅWelcome & Overview

ÅEngineering Method

ÅHow People Learn and Course Design 
Foundations

ÅPedagogies of Engagement (PoE)
ïCooperative Learning

ÅDesign and Implementation (Tuesday Workshop)
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Seminar/Workshop Objectives

ÅParticipants will be able to :
ïArticulate an engineering approach to course design

ïSummarize research on How People Learn (HPL)

ïDescribe key features of the Understanding by Design 
(UbD) process ïContent (outcomes) ïAssessment ï
Pedagogy

ïExplain key features of and rationale for Pedagogies of 

Engagement ïCooperative Learning

ïIdentify connections between cooperative learning and 

desired outcomes of courses and programs

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



No Yes

Yes
Good Theory/ 

Poor Practice

Good Theory & 
Good Practice

No
Good Practice/ 
Poor Theory

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

Wiggins, G. & McTighe, J. 2005. Understanding by design, 2ed.  ASCD.

Science of Instruction ( UbD)

Science of 
Learning          

(HPL)

Design Foundations

http://www.brookings.edu/press/Books/1997/pasteur.aspx
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Engineering

The engineering method is design under 

constraints ïWm. Wulf, Former President, National 

Academy of Engineering

The engineering method (design) is the use of 

state-of-the-art  heuristics to create the best change  

in an uncertain situation within the available 

resources ïBilly Koen, Mechanical Engineering 

Professor, UT-Austin, author Discussion of the 

Method, 2003, 2011



Understanding by Design (UbD) Process
vs. 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

¢Ƙƛƴƪ ŀōƻǳǘ ƛǘΧ

Why is it important to 
understand the parallels
between these two 
processes?



Engineering Education: Advancing the Practice 

Karl Smith

Research

ÅProcess Metallurgy 1969 

-1992

ÅLearning ~1974

ÅDesign ~1995

ÅEngineering Education 

Research & Innovation ~ 

2000

ÅSTEM Education ~ 2010

ÅSTEM Innovation ïNSF 

I-Corps-L ~ 2013

Innovation ïCooperative 

Learning

ÅNeed identified ~1974

ÅIntroduced ~1976

ÅFIE conference 1981

ÅJEE paper 1981

ÅResearch book 1991

ÅPractice handbook 1991é2006

ÅChange paper 1998

ÅTeamwork and project 

management 2000é2014

ÅJEE paper 2005

ÅEd Psy Review paper 2007

National Academy of Engineering - Frontiers of Engineering Education Symposium -

December 13-16, 2010 - Slides PDF [Smith-NAE-FOEE-HPL-UbD-12-10-v8.pdf]

http://www.ce.umn.edu/~smith/docs/Smith-NAE-FOEE-HPL-UbD-12-10-v8.pdf


Process Metallurgy

ÅDissolution Kinetics ïliquid-solid 

interface

ÅIron Ore Desliming ïsolid-solid 

interface

ÅMetal-oxide reduction roasting ïgas-

solid interface



Dissolution Kinetics

ÅTheory ïGoverning 

Equation for Mass 

Transport 

ÅResearch ïrotating 

disk 

ÅPractice ïleaching 

of silver bearing 

metallic copper & 

printed circuit-board

waste
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First Teaching Experience

ÅPractice ïThird-year course in 

metallurgical reactions ï

thermodynamics and kinetics



Lila M. Smith



Engineering Education

ÅPractice ïThird-year course in 

metallurgical reactions ï

thermodynamics and kinetics

ÅResearch ï? 

ÅTheory ï?
Theory

Research

Evidence

Practice



Pedago-pathologies

Amnesia

Fantasia

Inertia

Lee Shulman ïMSU Med School ïPBL Approach (late 60s 

ïearly 70s), President Emeritus of the Carnegie Foundation 

for the Advancement of College Teaching

Shulman, Lee S.  1999.  Taking learning seriously.  

Change, 31 (4), 11-17.
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What do we do about these 

pathologies?

ÅActivity ïEngage learners in 

meaningful and purposeful activities

ÅReflection ïProvide opportunities

ÅCollaboration ïDesign interaction

ÅPassion ïConnect with things learners 

care about

Shulman, Lee S.  1999.  Taking learning seriously.  

Change, 31 (4), 11-17.



University of Minnesota College of Education

Social, Psychological and Philosophical 

Foundations of Education

ÅStatistics, Measurement, Research Methodology

ÅAssessment and Evaluation

ÅLearning and Cognitive Psychology

ÅKnowledge Acquisition, Artificial Intelligence, 
Expert Systems

ÅDevelopment Theories

ÅMotivation Theories

ÅSocial psychology of learning ïstudent ï
student interaction



Lila M. Smith


