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nlt could wel | be t
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. 0O

James Duderstadt, 1999

Nuclear Engineering Professor; Former Dean,
Provost and President of the University of
Michigan
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DisciplineBased Education
Research (DBER)

Understanding and Improving
Learning in Undergraduate Science
and Engineering

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




Study Charge

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

A Examine the extent to which this research currently
Influences undergraduate science instruction.

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

ATIONAL RESEARCH COUNCIL
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DisciplineBased Education

Research (DBER) Report Update
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Follow the

Evidence

Discipline-hased education research dispels myths about learning
and yields results - if only educators would use it.

Lm year, the National Research Coun-
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Guest Editorial

Discipline-Based Education Research:
Understanding and Improving Learning in
Undergraduate Science and Engineering

Susan Singer” ond Karl A_Smith®
“Carleton College, tPurdue University and University of Minnesofa

Engineering education research (EER) has been on the fast track since 2004 with an expo-
nential rise in the number of PhD.s awarded and the establishment of new programs, even
entire EER departments. The Nationdl Research Council's Discipline-Based Education
Research (DEER) report (National Research Councll, 2012) captures the state-of-the-art
advances in our understanding of engineering and sdence student leaming and highlights
commonalities with other science-based education research programs. The DEER report is
the consensus analysis of experts in undergeaduate education research in physics, chemistry,
biology, geosciences, astronomy, and engineering. The study committee, chaired by Susan
Singer, also included higher education researchers, learning scientists, and cognitive psychol-
ogists. A central aspect of the DRER report is the focus on and application of research in
the education, learring, and social-behavioral sciences to science and engineering curricula

design and teaching methods
Froyd, Wankat, and Smith (2012) identified five major shifts in engineering education

in the pust 100 years

1. A shift from hands-on and practical emphasis to cngincering scieace and analytcal
emphasis

2. A shift 1o outomes-based education and accreditation

3. A shift to empluasizing engineering design

4. A shift to spplying education, learning, and social-behavioral sciences research
5
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A shift 1o integrating b .

in education
They also argue that the first two shifts ase completed and the last threc arc in progress.
The DBER study is particularly ©cused on Shift 4, applying education, learning, and
social-behavioral sciences research. The DBER report supplements and complements a flurry
of activities in engincering educaion research, such as the emergence of PhD. granting
departments in colleges of engineering (Purdue, Virginia Tech, and many others in the
United States and abroad; Benson et al, 2010) as well as the establishment of centers
for engincering education research (University of Washington, Michigan State University,
University of Pittsburgh, and many others; sce Engineering Education Research and

Teaching Centers, 2013, for a detailed list), and in faculty professional development

Jourral of Engincering Education
October 2013, Vol. 102, No. 4, pp. 468-471

© 2013 ASEE. htp:/ Awileyonlinclibrary.com/journalfjec
DOI 10.1003/jec.20030

ASEE Prism Summer 2013

National Research Council
Summer 2012, http://www.nap.edu/
catalog.php?record 13362

Journal of Engineering Education
Editorial T October, 2013

Practitioner Guide - In Preparation



Reflection and Dialogue

A Individually reflect on Designing Courses for
High-Quality Learning. Think/Write for about 1
minute

I Promising Approaches & Innovations
I ldeas for encouraging adoption by colleagues

A Discuss with your neighbor for about 2 minutes
I How to propagate and scale education innovations



Understanding Misunderstanding

A Private Universe I www.learner.org

Also see Minds of Our Own (Annenberg/CPB
Math and Science Collection 1
www.learner.org)

1. Can we believe our eyes?

2. Lessons from thin air

3. Under construction


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

Seminar Layout

A Welcome & Overview

A Engineering Method

A How People Learn and Course Design
~oundations

A Pedagogies of Engagement (PoE)
I Cooperative Learning
A Design and Implementation (Tuesday Workshop)

10



Seminar/Workshop Objectives

A Participants will be able to :

I Articulate an engineering approach to course design
I Summarize research on How People Learn (HPL)

I Describe key features of the Understanding by Design

(UbD) process 1 Content (outcomes) i Assessment |
Pedagogy

I Explain key features of and rationale for Pedagogies of
Engagement 1 Cooperative Learning

I ldentify connections between cooperative learning and
desired outcomes of courses and programs

A Participants will begin applying key elements to

the design on a course, class session or learning
module

11



Design Foundations

[ Espore 20 Eion
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e « Science of Instruction (  UbD)
. No Yes
\ Yes Good Theory/ Good Theory &
Poor Practice Good Practice
Science of
Learning
(HPL) N Good Practice/
0
Poor Theory

Sources: Bransford, Brown & Cocking. 1999. How people learn. National Academy Press.
Wiggins, G. & McTighe, J. 2005. Understanding by design, 2ed. ASCD.


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

Engineering

The engineering method is design under
constraints T Wm. 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 1 Billy Koen, Mechanical Engineering
Professor, UT-Austin, author Discussion of the
Method, 2003, 2011

14



Understanding by DesighJbD Process

Understanding Engineering
by Design Design
i i Determine - g
— ldeml%;ﬁig esIree —|  requirements ¢ KAY1l | 02dzu
. ) specifications Why is it important to
understand the parallels
: Determine : Develop or use between these two
- acceptable __ established metrics processes?
evidre):nce to measure against
outcomes
\ J
( )
: Plan and develop
N F;fgeﬁ:;gg? process, system,
etc. to implement
\. J




Engineering Education: Advancing the Practice

Karl Smith
Research Innovation T Cooperative
Morocess Metallurgy 1969  Learning
1992 MNeed identified ~1974
A earning ~1974 Antroduced ~1976
Mesign ~1995 ACIE conference 1981
AEngineering Education AIEE paper 1981
Research & Innovation ~ MResearch book 1991
2000 Mractice handbook 1 9 9 1 é 2

JSTEM Education ~ 2010  AChange paper 1998

ASTEM Innovation i NSF Ateamwork and project
I-Corps-L ~ 2013 management2 000e 2014

AIEE paper 2005
/Ed Psy Review paper 2007

National Academy of Engineering - Frontiers of Engineering Education Symposium -
December 13-16, 2010 - Slides PDF [ ]


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

Process Metallurgy

A Dissolution Kinetics i liquid-solid
Interface

A Iron Ore Desliming i solid-solid
interface

A Metal-oxide reduction roasting i gas-
solid interface



Dissolution Kinetics

A Theory i Governing

— O2
Equation for Mass (Bcv) =Db“c
Transport

A Research T rotating dc _d°c
disk ' dy a2 ¥

A Practice i leaching
of silver bearing
metallic copper &
printed circuit-board
waste



First Teaching Experience

A Practice i Third-year course in
metallurgical reactions i
thermodynamics and kinetics



Lila M. Smith



Engineering Education

A Practice i Third-year course in
metallurgical reactions i
thermodynamics and kinetics @

A Researchi ?
ATheoryi ?

Theory

Research Practice
Evidence



Pedago-pathologies
Amnesia

Fantasia

Inertia

Lee Shulman i MSU Med School T PBL Approach (late 60s
I early 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.



What do we do about these
pathologies?
A Activity 1 Engage learners in
meaningful and purposeful activities
A Reflection i Provide opportunities
A Collaboration 1 Design interaction

A Passion i Connect with things learners
care about

Shulman, Lee S. 1999. Taking learning seriously.
Change, 31 (4), 11-17.
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University of Minnesota College of Education
Social, Psychological and Philosophical
Foundations of Education

A Statistics, Measurement, Research Methodology
A Assessment and Evaluation
A Learning and Cognitive Psychology

A Knowledge Acquisition, Artificial Intelligence,
Expert Systems

A Development Theories
A Motivation Theories

A Social psychology of learning i student i
student interaction
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