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Reflection and Dialogue

* Individually reflect on Advancing Innovations in
Higher Education. Think/Write for about 1 minute
— Promising Innovations
— Ideas for encouraging adoption by colleagues
 Discuss with your neighbor for about 2 minutes
— How to propagate and scale education innovations

Teacher Mental Images About Teaching - Axelrod (1973)

Mental Image Motto Characteristics | Disciplines

Content | teach what | Pour itin, Science, Math
know Lecture

Instructor | teach what | am | Modeling, Many

Demonstration

Student — | train minds Active Learning, | English,

Cognitive Discussion Humanities

Development

Student — | work with Motivation, Self- | Basic Skills

Development of | students as esteem Teachers

Whole Person people

Axelrod, J. The University Teacher as Artist. San Francisco: Jossey-Bass, 1973.
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Engineering Education: Advancing the Practice
Karl Smith

Research

*Process Metallurgy 1970
-1992

sLearning ~1974

*Design ~1995
*Engineering Education
Research & Innovation ~
2000

*STEM Education ~ 2010

Innovation — Cooperative
Learning

*Need identified ~1974
Introduced ~1976

*FIE conference 1981
*JEE paper 1981
*Research book 1991
*Practice handbook 1991
*Change paper 1998
*Teamwork and project
management 2000

*JEE paper 2005

National Academy of Engineering - Frontiers of Engineering Education Symposium -

December 13-16, 2010 - Slides PDF [

]

THE INNOVATOR’S WAY

Innovation is the adoption of a
new practice in a community -
Denning & Dunham (2010)

Engines of
Innovation

THE
ENTREPRENEURIAL
UNIVERSITY

IN THE
TWENTY-FIRST

CENTURY /‘

% »
Holden Thorp& e
Buck Goldstein

STEVEN

JOHNSON

WHERE GOOD IDEAS
COME FROM

THE NATURAL

HISTORY OF
INNOVATION
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WHERE GOOD IDEAS

COME FROM

T H E N AT U R A I. NON-MARKETANOWVIOUAL  NON-MARKET/WETWORKED
H I STU R Y 0 F - —as MARKET/INDIVIDUAL  MARKET,

WORKED

INNOVATION NON-MARKET/INDIVIDUAL  NON-MARKET/NETWORKED

...............................

WON-MARKET/INDIVIDUAL  WON-MARKET/NETWORK

1800-present

The American College Teacher:
National Norms for 2007-2008
Methods Used |All - All — Assistant -
in “All” or “Most” | 2005 2008 2008
Cooperative 48 59 66
Learning
Group Projects |33 36 61
Grading on a 19 17 14
curve
Term/research |35 44 47
papers
http://www.heri.ucld.edu/index.php
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Undergraduate Teaching Faculty, 2011*

Methods Used in “All” or STEM STEM All other | All other
“Most” Welnl=l! men women 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,

Seven Principles for Good Practice in
Undergraduate Education

« Good practice in undergraduate education:
— Encourages student-faculty contact
— Encourages cooperation among students
— Encourages active learning
— Gives prompt feedback
— Emphasizes time on task
— Communicates high expectations
— Respects diverse talents and ways of learning

Chickering & Gamson, June, 1987
http://Iearningcommons.evergreen.l%du/pdf/falll987.pdf
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Process Metallurgy

 Dissolution Kinetics — liquid-solid
interface

* Iron Ore Desliming — solid-solid
interface

» Metal-oxide reduction roasting — gas-
solid interface

Dissolution Kinetics

» Theory — Governing

2
Equation for Mass (Vcev)=DV-c
Transport
- Research - rotating dc _,d °c
disk Wy Cave
y y

» Practice — leaching
of silver bearing
metallic copper &
printed circuit-board
waste
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First Teaching Experience

» Practice — Third-year course in
metallurgical reactions —
thermodynamics and kinetics

Lila M. Smith




Engineering Education

» Practice — Third-year course in
metallurgical reactions —
thermodynamics and kinetics

 Research —?
* Theory — ?

Theory

AN

Research  Practice
Evidence

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

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

Knowledge Acquisition, Artificial Intelligence,
Expert Systems

Development Theories
Motivation Theories

Social psychology of learning — student —
student interaction

10/4/2013
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Lila M. Smith

Cooperative Learning

* Theory — Social Interdependence —
Lewin — Deutsch — Johnson & Johnson

* Research — Randomized Design Field
Experiments

* Practice — Formal Teams/Professor’s

Role Theory

VAN

Research  practice
Evidence

10



Cooperative Learning Introduced
to Engineering — 1981

ey

e Smith, K.A., Johnson, D.W. e T
and Johnson, R.T., 1981. The B
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.

21 JEE December 1981

STRATEGIES FOR
ACTIVE TEACHING AND LEARNING
IN UNIVERSITY CLASSROOMS

10/4/2013
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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.

» Over 300 Experimental Studies
* First study conducted in 1924

* High Generalizability £
* Multiple Outcomes 5

Outcomes

=

. Achievement and retention N~ Ao,

2. Critical thinking and higher-level
reasoning

. Differentiated views of others N

. Accurate understanding of others' &0 Educational
perspectives Licaion Psychology

. Liking for classmates and teacher B= , Review

. Liking for subject areas

7. Teamwork skills

o Ol H W

R R
TRl 1 8

January 2005 March 2007

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).

Key Concepts
*Positive Interdependence

Cooperative Learning
Individual and Group Accountability “——
Face-to-Face Promotive Interaction — E
*Teamwork Skills = §~__-'~k-~---
*Group Processing — ==

http://www.ce.umn.edu/~smith/docs/Smith-CL%20Handout%2008.pdf

10/4/2013

12



“Throughout the whole enterprise,
T the core issue, in my view, is the
Classroom-Based Practices mode of teaching and learning that
is practiced. Learning ‘about’ things
does not enable students to acquire
the abilities and understanding they
will need for the twenty-first century.
We need new pedagogies of
engagement that will turn out the
kinds of resourceful, engaged
workers and citizens that America
now requires.”

Russ Edgerton (reflecting on
higher education projects funded by
the Pew Memorial Trust)

25
http://www.asee.org/publications/jee/issueList.cfm?year=2005#January2005

Pedagogies of Engagement

10/4/2013

13



10/4/2013

Student Engagement Research Evidence

* Perhaps the strongest conclusion that can be
made is the least surprising. Simply put, the
greater the student’s involvement or engagement
In academic work or in the academic experience
of college, the greater his or her level of
knowledge acquisition and general cognitive
development ...(Pascarella and Terenzini, 2005).

 Active and collaborative instruction coupled with
various means to encourage student engagement
invariably lead to better student learning
outcomes irrespective of academic discipline
(Kuh et al., 2005, 2007).

See Smith, et.al, 2005 and Fairweather, 2008, Linking Evidence and Promising
Practices in Science, Technology, Englneerlng and Mathematics (STEM)
Undergraduate Education - htp:/mww7. natlonalacademles org/bose/Fairweather_CommissionedPaper.pdf

Fundamentals of Engineering
Education Research

Rigorous Research in Engineering Education Initiative
(NSF DUE 0817461)
CLEERhub.org

Faculty Development Workshop (2013) — January 9, 2013 — Jeju Island, South Korea

14
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Discipline-Based Education Research:
Findings and Implications

King Fahd University of Petroleum and Minerals — August 19, 2013 — Saudi Arabia

* Level 0 Teacher
— Teach as taught

* Level 1 Effective Teacher

— Teach using accepted teaching theories and practices
* Level 2 Scholarly Teacher

— Assesses performance and makes improvements
» Level 3 Scholar of Teaching and Learning

— Engages in educational experimentation, shares results

» Level 4 Engineering Education Researcher
— Conducts educational research, publishes archival papers

Source: Streveler, R., Borrego, M. and Smith, K.A. 2007. Moving from the “Scholarship of Teaching and
Learning” to “Educational Research:” An Example from Engineering. Improve the Academy, Vol. 25, 139-149.

15



10/4/2013

SCIENCE BMMESATION e obons

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

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

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

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

16



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

* SUSAN SINGER (Chair), Carleton *  MICHAEL MARTINEZ, University of
College California, Irvine

* ROBERT BEICHNER, North Carolina * DAVID MOGK, Montana State
State University University

* STACEY LOWERY BRETZ, Miami * LAURA R. NOVICK, Vanderbilt
University University

*  MELANIE COOPER, Clemson * MARCY OSGOOD, University of
University New Mexico

* SEAN DECATUR, Oberlin College *  TIMOTHY F. SLATER, University of

+ JAMES FAIRWEATHER, Michigan Wyoming
State University * KARL A. SMITH, University of

«  KENNETH HELLER, University of Minnesota and Purdue University
Minnesota *  WILLIAM B. WOOD, University of

« KIM KASTENS, Columbia University Colorado

“It 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.”

James Duderstadt, 1999

Nuclear Engineering Professor; Former Dean,
Provost and President of the University of
Michigan

10/4/2013
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Course Design Foundations

— ) .
Science of Instruction (UbD)
""""" No Yes
Y Good Theory/ Good Theory & Good
es . :
. Poor Practice Practice
Science of
Learning
(HPL) No Good Practice/ Poor
Theory

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

How People Learn (HPL)

HPL - Expertise implies (Ch. 2):
Framework — a set of cognitive and
metacognitive skills

— 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.

10/4/2013
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http://www.brookings.edu/press/Books/1997/pasteur.aspx

Understanding by Design

Stage 1. Identify Desired Results

— Enduring understanding (enduring outcomes)
— Important to know and do

— Worth being familiar with

Stage 2. Determine Acceptable Evidence

Stage 3. Plan Learning Experiences and
Instruction

Overall: Are the desired results,
assessments, and learning activities
ALIGNED?

Wiggins & McTighe, 1997, 2005. Understanding by Design. Alexandria, VA: ASCD.

Idea-Based

ssssssssssssssssssss
eeeeeeeeeeeeeeeeeee

rain,
uuuuuuuuuuuuu

EDMUND J. HANSEN

ooooo

ue Knowledge
Economy ano

POSTSECONDARY
EDUCATION

10/4/2013
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Revised Bloom’s Learning Taxonomy

A statement of a learning objective contains a verb (an action) and an object (usually a noun).
« The verb generally refers to [actions associated with] the intended cognitive process.

« The object generally describes the knowledge students are expected to acquire
or construct. (Anderson and Krathwohl, 2001, pp. 4-5)

In this model, each of the colored blocks shows an example of a
learning objective that generally corresponds with each of the various
combinations of the cognitive process and knowledge dimensions.

these are learning objectiy learning activities.

It may be useful to think of preceding each objective tegrate ) |ﬁm

—
‘with something like: “Students will be able to . . " strengths :uu\ m:;:;m ‘;ﬂn:"
Differentiate Check
highand low for consistency among
e ouces
ovies e

*Anderson, LW. (Ed.), Krathwohl, DR. (EL).
Airasian, PW. Cruikshank, KA. Mayer. RE.,
Pintrich, PR, Raths, J & Wittrock, M.C. (200 1),
4 taxonomy for learning, teaching, and
assessing: A revision of Bloom's Taxonomy of
‘Edueational Objectives (Complete edition).
New York: Longman.

Model created by: Rex Heer
lows State University
Center for Excellence in Learning and Teaching
Updated January, 2012

Licensed under a Creative Commons Attribution-

\ ’ ’ ;
NonCommercial-ShareAlike 3.0 Unported License. 4 \ \L( WA slm Ll '\I\I\ RSITY
For additional resources, see: A enter for Excellence in
html Learning and Teaching
Source: http://www.celt.iastate.edu/pdfs- 39

docs/teaching/RevisedBloomsHandout. pdf

Interactive Learning Continuum

Informal Structured Problems

Make the Group Team Drive the

lecture active Activities Activities Course

Active Collaborative Formal Problem-
Learning Learning Cooperative Based

Learning Learning

Strong Evidence Base — Cooperative
Prince, M. (2010). NAE FOEE Learning & Challenge-Based Learning

20
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Farewell, Lecture?

Erie Maur

iscussicns of education ane gecenaly
predicand on the assumpion thas we
Know what education is. 1 hope to
cemvince yo: acheruise by recoznzng same
of my qum exper.ences. When | surisd ceache
g introductory physics 1o wdengraduates at
Harvard Usiversiy, [ never askad rmyself how
1 would edieate iy scudeess. | did whe: 2y
weachers a3 dons—] Jecured. | thoughz 2ot
was o cne leems. Losk arcundanywhere in
the weckd and you'll find lecture alls illed
with stadears and, 22 the froez. an insracior.
This aggroncs 33 ed:esrlan has ot eanged
since hedace the Renaissasce and tae bisth
of seierafic iaquiry. Eary i my carcer |
aroewadd the first hiots that somethiog wes
wrong with tzaching in chis marner, but 1 had
gnoned i, Samerimes s hend 1o face realiy,
Whes | started eching, | prepired ectire
0t 2ed st tasgh from them, Bosnuse
Tunes driated e he texiaook, | pro-

tarlng wesult was that oo ar

te good atierwise—s number of students
cormplaine) thad [ waslocturog staigh
(his) Jecture notes.” Wi 2s | supposed
do? Develop 2 set of lecture notes & fferent

L0 BN Mo Uiy, Cambidge MA
83, Lem: maBEhyTea barvasd e

CUek heve., Sauderss cooanualy discuss canceats
amerg themaeties and win the ‘nsyechyr darig
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Sevice, See sispertiog mlive oot e uare-
S O o "cicbee imizes,”

from the ooes | anded 0?1 decided 10
ifenace the stuers” complaints

A e years ater, 1 disconered diat e stue
dhant wrw et My lecluring wis ineTeetive,
desgite the High evalustions. Early on in the
playsics curical wnmmin week 2 of 2 i

Aphyss pecdimsar describes s ssoution rem
ecturing o dynaricalty egeging shudeshs
2ering class 3:d maroving how they .eam.

mticn, which stas diat the force of bject A
ca obect B in an izzeracticn between tov
cbjects is equal 1 magitude o the force of B
o0 A=it scmetimes is known as *action is
seaction (Inz dzy, when the couse had pro-
Fesved to more campicased material, |
ecided 10 test my saudents’ idestanding of
i3 cazoere noe by daing wadiiions! prob-
leans, but by asking them 3 ses of husic ccae
cepauat queszons {1,.2). Ons of fie questicns,
for example, raqures studens o compare B
forces that 2 ey ruck and a light car exerc
0 qune 2aother when they coll de. 1 expecd
a1 he stwdents would have no todile acks
ing such questions, but much 1o I sumpese,
10 aller 3¢ 08t hognn, 000 $11-
2xied, “How shiould | anewer Zese ques-
Soes! Accanting 1o what you Laughs me o
accunding 1o the way 1 ustally think abug,
ese tairgs?™ To any dismay, studeats bad
grees dilTien By w n
when it bezan to dawn oo me that
g Wik amiss.
adsight, Ure nesson fos my students
20t perdzcmance is smple. The traditicna!
approsch 1o waehin g reduces wdisatan Lo i
zazsfer of informazion. Before the industral
sevolution, when books wede na: yet mass

infrodustoey physics cours
Newtcnanepresected Every saudent insucha
course can reize Newtaw's chind law of

. the y
way 1 transier infoemation from oo geserae
Zas 10 tie next Howevey, sducation is 5o

2UANUARV2009 VOL323 SCIENCE wimsciencemag.arg

January 2, 2009—Science, Vol. 323 — www.sciencemag.org

Active Learning: Cooperation in the

College Classroom

== . |nformal
Cooperative
Learning Groups

» Formal Cooperative
Learning Groups

» Cooperative Base
Groups

See Cooperative Learning
Handout (CL College-912.doc) 4,

Third Edition

ACTIVE LEARNING:

COOPERATION IN THE COLLEGE CLASSROOM

David W. Johnson
Roger T. Johnson
Karl A, Smith

.‘."-'—’&

s

v,

Interaction Book Company
7208 Cornelia [

10/4/2013
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How Change Happeas

Book Ends on a Class Session

10-12 10-12 10-12
Minute Minute Minute

Lecture Lecture Leciure
34 3-4

mirt. min.
Turn Turn
to to
Partnar| Partrner

1 Vol 1 |‘ Vol. 2 Vol, 3

Smith, K.A. 2000. Going deeper: Formal small-group learning in large classes. Energizing'targe
classes: From small groups to learning communiti% New Directions for Teaching and Learning,
2000, 81, 25-46. [ 1

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)
1. What was the most useful or meaningful thing you
learned during this session?
2. What question(s) remain uppermost in your mind as we
end this session?
3. What was the “muddiest” point in this session?

10/4/2013

22


http://www.ce.umn.edu/~smith/docs/NDTL81Ch3GoingDeeper.pdf

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
45
Informal CL (Book Ends on a Class Session) with Concept Tests
Physics

Peer Instruction
Eric Mazur - Harvard - http://galileo.harvard.edu
Peer Instruction — www.prenhall.com
Richard Hake — http://www.physics.indiana.edu/~hake/

Chemistry
Chemistry ConcepTests - UW Madison

www.chem.wisc.edu/~concept

Video: Making Lectures Interactive with ConcepTests
ModularChem Consortium - http://mc2.cchem.berkeley.edu/

STEMTEC
Video: How Change Happens: Breaking the <Teach as You Were Taught~

Cycle - Films for the Humanities & Sciences — www.films.com

Harvard — Derek Bok Center

Thinking Together & From Questions to Concepts: Interactive Teaching in Physics
- www.fas.harvard.edu/~bok_cen/ 46

10/4/2013
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University of Minnesota Collaborative Model
for Large Introductory Courses

[ STUDENTS

— ~N

OFFICE
LECTURE HOURS DISCUSSION LABS

TOPICS
DEMOS
EXAMS

QUIZES
HOMEWORK

PROBLEM
SOLVING

University of MN, Physics Education Research and Development, 1996

http://groups.physics.umn.edu/physed/Research/MNModel/Model.html

Conceptual Understanding

University of Minnesota FCI Scores

3500 ~
ot UMn Full Madel \\%
n Full Mode +y
3000 4 AL e . % i
WE
2500 L %,
- UMn Cooperative GroupsX s
E 2000 L+ ~
g TUUMd) =
[=% . Active Learning
= 1500 1 -
= - Uhn Traditional Teaching Strategies
I AdTincy  ~
100 L HE -
ASU@)\.\ Traditional
HUO i i
soo L Teaching Strategies
000 t . t . t . t . t . !
20.00 3000 40.00 50.00 £0.00 70.00 &0.00

Pretest (Percent)

http://groups.physics.umn.edu/physed/Research/MNModel/FCl.html

10/4/2013
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Physics (Mechanics) Concepts:
The Force Concept Inventory (FCI)

» A 30 item multiple choice test to probe
student's understanding of basic concepts in
mechanics.

» The choice of topics is based on careful
thought about what the fundamental issues
and concepts are in Newtonian dynamics.

« Uses common speech rather than cueing
specific physics principles.

» The distractors (wrong answers) are
based on students' common inferences.

49

Workshop Biology

Traditional passive lecture vs. “Workshop
biology”

aturalselection  ewolution communities  populations
Questicns and Topics

Source: Udovic et al. 2002

10/4/2013
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Biology

Table 4. Comparison of average performance on different assess-

ments for all three courses

Assessm ent

Pretest (12 questions)’
posttest {12 questions)*
Raw learning gain
Normalized learning gain”

Problem sets
sons  Participation
Final total points

“Data based only on the 12 questions that were commen to all three

of maximum score)

F03
34
65
31
46
71
77
82

N/A
76

pretests and posttests (see Appendix A).
Avera

for each class is shown. Normalized leaming gains were

computed as described in the text and the legend to Figure 2

Source: Knight, J. and Wood, W. (2005). Teaching more by

lecturing less. Cell Biol Educ. 4(4): 298-310.

504

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

10/4/2013
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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

Informal Cooperative Learning Planning Form|

DESCRIFTION OF THE LECTURE

1. Lecture Topic:

2 Objectiv Meed ToHave At The End
OiThe

=

3. Time Needed:

4 Method For Accigning Studente To Paire Or Triade:

5. Method Of Chansing Partmers Quickls:

ADVANCED ORGAMIZER QUESTION(S)

@

ed atp

1£ advance organizing of what the
nd establishing

expectation

54

COGNITIVE REHEARSAL QUESTIONS

SUMMARY QUESTION(S)

CELEBRATE STUDENTS" HARD WORK

10/4/2013
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Active Learning: Cooperation in the
College Classroom

* Informal
Cooperative
Learning Groups ek e
= . Formal Cooperative S SN
Learning Groups
» Cooperative Base
Groups

See Cooperative Learning
Handout (CL College-912.doc) &5

Formal Cooperative Learning
Task Groups

10/4/2013
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Design team failure is usually due to

failed team dynamics
(Leifer, Koseff & Lenshow, 1995).

It's the soft stuff that’s hard, the hard

stuff is easy

(Doug Wilde, quoted in Leifer, 1997)

Professional Skills

(Shuman, L., Besterfield-Sacre, M., and McGourty, J., “The
ABET Professional Skills-Can They Be Taught? Can They Be Assessed?”
Journal of Engineering Education, Vo. 94, No. 1, 2005, pp. 41-55.)

How Should Colleges Prepare
Students To Succeed In
Today's Global Economy?

December 28, 2006

Most Important Skills Employers
Look For In New Hires

Which TWO of the following skills or abilities

are most ingportant to you? :-::;:1

Teamwork skills | J a4 ka4

“ ma]ﬁfﬁf& I J33v 3T

communeation | Jov 3%

orguaie mdormation I 1% 1

Innavstivelbinking oy 21%
aunbers/satisios CBY: %
Foreign language =D o

proficiency
* Skilkfbilities recent radustes think are the two most important to employers

http://www.aacu.org/advocacy/leap/documents/Re8097abcombined.pdf
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Top Three Main Engineering Work Activities

Engineering Total Civil/Architectural
« Design — 36% « Management — 45%
. Computer ° DeSign - 39%

Burton, L., Parker, L, & LeBold, W. 1998.
U.S. engineering career trends. ASEE
Prism, 7(9), 18-21.

applications —31% * Computer
applications — 20%
Management — > U

29%

AMWORK and
‘ PROJECT MANAGEMENT

59

KARL A. SMITH

Teamwork

High-performing

-
% Cooperative Group
4
L
)
Z .
<§( Cooperative
o Group
o]
L
o
|
o

Individual

Members

Traditional

Group

L0

Pseudo_group TYPE OF GROUP

60
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Characteristics of Effective Teams?

*?

61

Ateam is a small number of people with complementary
skills who are committed to a common purpose,
performance goals, and approach for which they hold
themselves mutually accountable
* SMALL NUMBER
« COMPLEMENTARY SKILLS
+ COMMON PURPOSE & PERFORMANCE GOALS
« COMMON APPROACH
* MUTUAL ACCOUNTABILITY

--Katzenbach & Smith (1993)
The Wisdom of Teams
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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).

Key Concepts

*Positive Interdependence - e
sIndividual and Group Accountability ~——
Face-to-Face Promotive Interaction - —
*Teamwork Skills =

«Group Processing =

http://www.ce.umn.edu/~smith/docs/Smith-CL%20Handout%2008.pdf 2— B
Teamwork Skills
Communication
* Listening and Persuading
Decision Making . e
Conflict Management - _—=
sLeadership : =

*Trust and Loyalty

10/4/2013
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Instructor's Role in
Formal Cooperative Learning

1. Specifying Objectives
2. Making Decisions

3. Explaining Task, Positive Interdependence, and
Individual Accountability

4. Monitoring and Intervening to Teach Skills

5. Evaluating Students' Achievement and Group

Effectiveness o

Decisions,Decisions

Group size?

Group selection?

Group member roles?

How long to leave groups together?
Arranging the room?

Providing materials?

Time allocation?

66
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Formal Cooperative Learning — Types of Tasks

1. Jigsaw — Learning new conceptual/procedural

material

2. Peer Composition or Editing

3. Reading Comprehension/Interpretation

4. Problem Solving, Project, or Presentation

5. Review/Correct Homework

6. Constructive Controversy

7. Group Tests

Cooperative Jigsaw

Jigsaw
Classroo

Welcome to the official web site of the
jigsaw classroom, a cooperative leaming
technique that reduces racial conflict
among school children, promotes better
learning, improves student motivation,
and increases enjoyment of the learning
experience. The jigsaw technique was first
developed in the early 1970s by Elliot
Aronson and his students at the University
of Texas and the University of California.
Since then, hundreds of schools have
used the jigsaw classroom with great

success. The jigsaw approach is

considered to be 3 Dartl:u\ar\v valuable .
tool in averting tragic events such as the (g
Columbine massacre. p

Explore the
Jigsaw Classroom:

P Overview of the Technique

P History of the Jigsaw Classroom
P Jigsaw in 10 Easy Steps.

P Tips on Implementation

P Books and Articles Related to the
Jigsaw Techniqu

b:h apter 1 of Aro:

ook
hin

Compas:

P Links on Cooperative Learning
and School Violence

P About Elliot Aronson and This
web Site

nt ® 2000-2013, Elliot
e 6 2000 2015, e \Psm\aayn

www.jigsaw.org/

e Statist

68

JIGSAW SCHEDULE

COOPERATIVE GROUPS (3-4
members)

PREPARATION PAIRS
CONSULTING/SHARING PAIRS

TEACHING/LEARNING IN
COOPERATIVE GROUPS

WHOLE CLASS REVIEW

10/4/2013
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Formal Cooperative Learning — Types of Tasks

1. Jigsaw — Learning new conceptual/procedural
material

2. Peer Composition or Editing

3. Reading Comprehension/Interpretation

4. Problem Solving, Project, or Presentation
5. Review/Correct Homework

6. Constructive Controversy

7. Group Tests

Problem Based Cooperative Learning Format

TASK: Solve the problem(s) or Complete the project.
INDIVIDUAL: Develop ideas, Initial Model, Estimate, etc. Note strategy.

COOPERATIVE: One set of answers from the group, strive for agreement,
make sure everyone is able to explain the strategies used to solve each
problem.

EXPECTED CRITERIA FOR SUCCESS: Everyone must be able to explain
the model and strategies used to solve each problem.

EVALUATION: Best answer within available resources or constraints.

INDIVIDUAL ACCOUNTABILITY: One member from your group may be
randomly chosen to explain (a) the answer and (b) how to solve each
problem.

EXPECTED BEHAVIORS: Active participating, checking, encouraging, and
elaborating by all members.

INTERGROUP COOPERATION: Wh%]ever it is helpful, check procedures,
answers, and strategies with another group.

10/4/2013
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Challenge-Based Learning
Problem-based learning
Case-based learning
Project-based learning
Learning by design
Inquiry learning
» Anchored instruction

John Bransford, Nancy Vye and Helen Bateman. Creating High-Quality
Learning Environments: Guidelines from Research on How People Learn

71

Challenge-Based Instruction
with the Legacy Cycle

The Challenges

Perspectives

Test Your{p *

Research
& Revise

https://repo.vanth.org/portal/public-content/star-legacy-cycle/star-legacy-cycle

72
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Problem-Based Learning

73

Problem-Based Cooperative Learning

At M.IT., Large Lectures Are Going the Wav of the
Blackhoard

B CovMENTS @)
CAMBRIDGE, Mass, — For as long as anvone can rerm B EMa

intreductory physics at the Massachuss

Instituta ¢

logy was 5 PRINT
taught in a vast windowless amphitheater known by its numbar, B siNoLE PacE

74
January 13, 2009—New York Times — http://www.nytimes.com/2009/01/13/us/13physics.html?em
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Publications

NC STATE UNIVERSITY

About the SCALE-UP
Project...

This research was supported, in pard, by the UsS.
Departmant of Educatios'x Fumd for the
Temprovement of Poxt-Sacandary Educalion
(FIBSE), the Nationad Scisncs Foundation,
Houlatt-Packard, Apple Computar, 3nd Pasce
Scientfic. Opiaions exprassed 3ra these of the
authars and wot necassariby thosa of our sponsors.

The primary goal of the Activities for Large Programs
(SCALE-UP) Project is a highly hands-on, computer-rich, interactive leaming
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You're watching:
Inside Active Learning Classrooms

http://mediamill.cla.umn.edu/mediamill/lembed/78755

http://www1.umn.edu/news/news-
releases/2010/UR_CONTENT_248261.html

http://www.youtube.com/watch?v=IfT_hoiuY8w

7

Inside an Active Learning
Classroom

» STSS at the University of Minnesota

N = . s <

“I love this space! It makes me feel appreciated as a
student, and | feel intellectually invigorated when |
work and learn in it.”

10/4/2013
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http://youtu.be/lfT_hoiuY8w
http://vimeo.com/andyub/activeclassroom

HOME TEACHING EVENTS PEOPLE ABOUT NEWS RESOURCES

® @ transform
interact
learn
engage

Recent News

Meet Dr Bryant McAllister

Trowbridge 134 Gets a
New View

TILE Tips

Looking Ahead Fall 2013
TILE Events

A Busy Summer for TILE

View More Articies

Upcoming Events

Highlights
SEP | Meet Dr.

SEP  ESSESSWESIN Trowbridge 134 Gets a New View

http://tile.uiowa.edu/ 79

10112013 . 1:00pm
350 Van Allen Hall

30 North Dubugque St
fowa City, IA 52242
United States

TILE Labs Essentals

10182013 . 12:30pm
1022 Main Library

125 West Washington St
lowa City, 1A 52242
United States

TILE Labs: Accelerator

@ [JNIVERSITY or [ JELAWARE

PBI-@UD Institute for Transforming Undergraduate Education
Problerm-Based Learning at University of Delaware

Why PBL? Our Workshops Resources Leaders & Fellows

The Motivation to Learn
Begins with a Problem

In & problem-based learning (PBL) model,
students engage complex, challenging
problems and collaboratively work toward
their resolution. PBL is tudent
connecting disciplinary knowledge to
real-world problems—the motivation to solve a

problem becomes the motivation to learn.

PBL@UD

For more than ten years, the Leaders and Fellows of the Institute for Transforming
Undergraduate Education (ITUE) have encouraged the adoption of student-centered and active
classroom pedagogies—and in particular—the use of PBL in the undergraduate classroom, On-
and off-campus workshops are held for faculty and students to enhance their understanding of
PBL.

Recipient of a Hesburgh Certificate of Excellence

The Theodore M. Hesburgh Award was created to acknowledge and reward
successful, innovative faculty development programs that enhance undergraduate
teaching. ITUE is a recipient of the Hesburgh Certificate of Excellence for its work in
implementing problem-based learning in the classroom.

http://mwww.udel.edu/inst/

Powered by Google Search

Partners In the News

What we offer

L PBIearinghouse

Find great problems for your
In this peer-reviewed online
resource, educators have the
opportunity to submit and publish
their awn problems and articles on

prablem-based learning

PBL Training at a lower cost:
Attend our January 4-6 Workshop
for an Introduction to PBL!

This warkshop will demonstrate
problem-based learning (PBL) and model
ways that PBL can be used effectively in all
disciplines. We will begin with a problem,
and participants will work in teams to
experience first hand what this instructional
approach entails. We will then move to the
main facus of this program: writing effective
problem-based materials. Participants wil
leave the session with new or revised
problems for use in their courses

PBL@UD - info@pbl.udel edu

NIVERSITYor

EIAWARE.

10/4/2013
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Active Learning: Cooperation in the
College Classroom

Informal
Cooperative |
Learning Groups ACTIVE LEARNING:

Formal Cooperative
Learning Groups

Cooperative Base
Groups

See Cooperative Learning
Handout (CL College-912.doc) g

Cooperative Base Groups

Are Heterogeneous

Are Long Term (at least one quarter or
semester)

Are Small (3-5 members)
Are for support

May meet at the beginning of each session or
may meet between sessions

Review for quizzes, tests, etc. together
Share resources, references, etc. for
individual projects

Provide a means for covering for absentees

82
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Does Psychological
Safety Hinder
Performance?

Psychological safety does not
operate at the expense of em-
ployee accountability; the most
effective organizations achieve
high levels of both, as this
matrix shows.

Psychological Safety

Accountability for Meeting Demanding Goals

Comfort zone

Employees really enjoy working with
one another but don’t feel particularly
challenged. Nor do they work very hard
Some family businesses and sma
consultancies fall into this quadrant

Apathy zone

Employees tend to be apathetic and
spend their time jockeying for position
Typical organizations in this quadrant are
arge, top-heavy bureaucracies, where
people fulfill their functions but the pre-
ferred modus operandi is to curry favor
rather than to share ideas

Learning zone

Here the focus is on coliaboration
and learning in the service of high-
perf The
described in this article fall into this
quadrant

Anxiety zone

Such firms are breeding grounds for
anxiety, People fear to offer tentative
deas, try new things, or ask colleagues
for help, even though they know great
work requires all three. Some invest-
ment banks and high-powered consul-
tancies fall into this quadrant

Edmonson-Competitive_Advantage_of Learning-HBR-2008.pdf

Accountability for Meeting Demanding Goals

Low

Comfort zone

Employees really enjoy working with
one another but don't feel particularly
challenged. Nor do they work very hard.

spend their time jockeying for position.
Typical organizations in this quadrant are
large, top-heavy buresaucracies, where
people fulfill their functions but the pre-
ferred modus operandi is to curry favor
rather than to share ideas.

>
p=]
...".’ Some family businesses and small
3 consultancies fall into this quadrant.
©
-
g
] Apathy zone
-E Employees tend to be apathetic and
>
7
ol =
(=]
-l

Learning zone

Here the focus is on collaboration

and learning in the service of high-
performance outcomes. The hospitals
described in this article fall into this
guadrant.

Anxiety zone

Such firms are breeding grounds for
anxiety. People fear to offer tentative
ideas, try new things, or ask colleagues
for help, even though they know great
work requires all three. Some invest-
ment banks and high-powered consul-
tancies fall into this quadrant.

Edmonson-Competitive_Advantage_of_Learning-HBR-2008.pdf
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Designing and Implementing
Cooperative Learning

Think like a designer

Ground practice in robust theoretical
framework

Start small, start early and iterate

Celebrate the successes; problem-solve
the failures

Global Calls Research-based
for Reform K-12 Engineering Transformation

L

s =" =Fngineering in

K-12 Educationw

::::::

RESEARCH UNIVERSITIES
AND THE FUTURE OF AMERICA
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National Research
Council
2012

Discipline-Based Education Research (DBER)

Discipline-based education research (DBER) is a small but
growing field of inquiry.

Conducting DBER and using DBER findings are distinct but
interdependent pursuits.

DBER is inherently interdisciplinary.

Individual fields of DBER have made notable inroads in terms
of establishing their fields but still face challenges in doing so.

Blending a scientific/engineering discipline with education
research poses unique professional challenges for DBER
scholars.

There are many pathways to becoming a discipline-based
education researcher.

Discipline-Based Education Research Timeline

Engr. Sci. Reform EC2000 EER
Curricula Reform Geoscience
Biology ER
Curricula Reform Chemistry ER
Curricula Reform Physics ER
Natworg;ﬁecﬁearch > Medical ER >
2012
1950 1960 1970 1980 1930 2000 2010

-u-ﬂ:;-:_:;l--_-;- (DBER is located in the relevant disciplinary school, e.g. medicine, physics.)
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Discipline-Based Education
Research (DBER) Report Update

LAST WORD s

KEY . CTS OF
ENGINEERING AND
E THAT CAN

SCIENC,
SEEM EASY OR 0BVIOUS
10 EXPERTS.

ASEE Prism Summer 2013
National Research Council

Summer 2012 — httpf//www.nap.edu/ Journal of Engineering Education
catalog.php?record_id=13362 Editorial — October, 2013

Workshop: I-Corps for Learning (I-Corps-L):
A Pilot Initiative to Propagate & Scale
B il feiemee Foundagion . Educational Innovations
(NSF DUE)

1. Give the I-Corps-L team an experiential
learning opportunity to help determine
the readiness of their innovation for
sustainable scalability. Sustainable
scalability involves a self-supported entity
that is sustainable and systematically
promotes the adoption of the educational
innovation and enables and facilitates its
use.

2. Enable the team to develop a clear go/no
go decision regarding sustainable
scalability of the innovation.

3. Develop a transition plan and actionable
tasks to move the innovation forward to
sustainable scalability, if the team decides
to do so.

Instructor Team: Karl Smith (Pl), Ann McKenna
& Chris Swan

10/4/2013
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Education Innovation

» Stories supported by evidence are essential for

adoption of new practices

— Good ideas and/or insightful connections

— Supported by evidence

— Spread the word

— Patience and persistence

» Cooperative learning took over 25 years to
become widely practiced in higher education

+ We can’t wait 25 years for YOUR
innovations to become widely practiced!

91

The Instructor's Role in Cooperative Learning

Make Pre-Instructional Decisions

sp Obj

Decide on Group Compozition (A

A
Plan Material:: Asr:
culy @

Explain Task And Cooperative Structure

92

Monitor and Intervene

10/4/2013
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Monitoring Apd Intervening

Cooperative Lesson Planning Form 1. Obzervation Procedurs:

Dare:

ormal Informal

Studentz

Subje

on:

Objectives

3. Other:

Preinstructional Decisions

GroupSize: Method OfAzzisninzStudemes: Evaluating And Processing

zmenr Of)]=

=* Individual Learning:

e Of Group Predurcivity:

1 Der Group v Copy Per Barzon

Zmall Group B

¢ Tournament

¢ Other

Whals Claz:

Explain Task And Cooperative Goal Structure
1. Tazk:

Chartz And Graphs T

2. Crtens For

sdback ThZach Srudent

Gea] Bettine For Tmprovement:

B Celebration:

93

Resources

*  Design Framework — How People Learn (HPL) & Understanding by Design (UdB) Process
— Ambrose, S., et.al. 2010. How learning works: 7 research based principles for smart teaching. Jossey-Bass
— Bransford, John, Vye, Nancy, and Bateman, Helen. 2002. Creating High-Quality Learning Environments:
Guidelines from Research on How People Learn. The Knowledge Economy and Postsecondary Education:
Report of a Workshop. National Research Council. Committee on the Impact of the Changing Economy of the
Education System. P.A. Graham and N.G. Stacey (Eds.). Center for Education. Washington, DC: National
Academy Press. http://www.nap.edu/openbook/0309082927/html/
— Pellegrino, J. 2006. Rethinking and redesignin$ curriculum, instruction and assessment: What contemporary
research and theory suggests. http://www.skillscommission.org/commissioned.htm
— Smith, K. A., Douglas, T. C., & Cox, M. 2009. Supportive teaching and learning strategies in STEM education. In
R. Baldwin, (Ed.). Improving the climate for undergraduate teaching in STEM fields. New Directions for
Teaching and Learning, 117, 19-32. San Francisco: Jossey-Bass.
— Streveler, R.A., Smith, K.A. and Pilotte, M. 2012. Content, Assessment and Pedagogy (CAP): An Integrated
Engineering Design Approach. In Dr. Khairiyah Mohd Yusof, Dr. Shahrin Mohammad, Dr. Naziha Ahmad Azli,
Dr. Mohamed Noor Hassan, Dr. Azlina Kosnin and Dr. Sharifah Kamilah Syed Yusof (Eds.). Outcome-Based
Education and Engineering Curriculum: Evaluation, Assessment and Accreditation, Universiti Teknologi
Malaysia, Malaysia [Streveler-Smith-Pilotte OBE Chapter-CAP-v11.pdf
— Wiggins, G. & McTighe, J. 2005. Understanding by Design: Expanded Second Edition. Prentice Hall.
* Content Resources
— Donald, Janet. 2002. Learning to think: Disciplinary perspectives. San Francisco: Jossey-Bass.
— Middendorf, Joan and Pace, David. 2004. Decoding the Disciplines: A Model for Helping Students Learn
Disciplinary Ways of Thinking. New Directions for Teaching and Learning, 98.
*  Cooperative Learning
— Cooperative Learning (Johnson, Johnson & Smith) - Smith web site — www.ce.umn.edu/~smith
— Smith (2010) Social nature of learning: From small groups to learning communities. New Directions for
Teaching and Learning, 2010, 123, 11-22 [NDTL-123-2-Smith-Social Basis of Learning-.pdf]
—  Smith, Sheppard, Johnson & Johnson (2005) Pedagogies of Engagement [Smith-
Pedagogies of Engagement.pdf]
— Johnson, Johnson & Smith. 1998. Cooperative learning returns to college: What evidence is there that it
works? Change, 1998, 30 (4), 26-35. [CLReturnstoCollege.pdf]
*  Other Resources
— University of Delaware PBL web site — www.udel.edu/pbl
— PKAL — Pedagogies of Engagement — http://www.pkal.org/activities/PedagogiesOfEngagementSummit.cfm
— Fairweather (2008) Linking Evidence and Promising Practices in Science, Technology, Engineering, and
Mathematics (STEM) Undergraduate Education - fitfp://www7.nationalacademies.org/bose/Fairweather_CommissionedPaper.pdf
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http://www3.interscience.wiley.com/journal/122268048/abstract?CRETRY=1&SRETRY=0
http://www3.interscience.wiley.com/journal/122268048/abstract?CRETRY=1&SRETRY=0
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http://www.ce.umn.edu/~smith/docs/NDTL-123-2-Smith-Social_Basis_of_Learning-.pdf
http://www.ce.umn.edu/~smith/docs/NDTL-123-2-Smith-Social_Basis_of_Learning-.pdf
http://www.ce.umn.edu/~smith/docs/NDTL-123-2-Smith-Social_Basis_of_Learning-.pdf
http://www.ce.umn.edu/~smith/docs/NDTL-123-2-Smith-Social_Basis_of_Learning-.pdf
http://www.ce.umn.edu/~smith/docs/Smith-Pedagogies_of_Engagement.pdf
http://www.ce.umn.edu/~smith/docs/Smith-Pedagogies_of_Engagement.pdf
http://www.ce.umn.edu/~smith/docs/Smith-Pedagogies_of_Engagement.pdf
http://www.ce.umn.edu/~smith/docs/CLReturnstoCollege.pdf
http://www.udel.edu/pbl
http://www.pkal.org/activities/PedagogiesOfEngagementSummit.cfm
http://www7.nationalacademies.org/bose/Fairweather_CommissionedPaper.pdf

Reflection and Dialogue

* Individually reflect on your Education Innovation.
Write for about 1 minute
— Are the student learning outcomes clearly articulated?
» Are they BIG ideas at the heart of the discipline?
— Are the assessments aligned with the outcomes?
— Is the pedagogy aligned with the outcomes &
assessment?
 Discuss with your neighbor for about 2 minutes

— Select Design Example, Comment, Insight, etc. that
you would like to present to the whole group if you are
randomly selected
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