Design and Implementation of
Cooperative Learning
In Introductory Physics

Karl A. Smith

Civil, Environmental & Geo- Engineering—
University of Minnesota &
Engineering Education — Purdue University
ksmith@umn.edu
https://karlsmithmn.org/

Physics Teaching Assistants Workshop September 1, 2020


https://karlsmithmn.org/

Empl ‘ Private Gov’t High
mploymen Sector Labs Schools

Problem Solving
Interpersonal Skills
Technical Writing
Management Skills
Adv. Computer Skills

Spec. Equip. & Proc.

Business Principles

Statistical Concepts

Knowledge of Physics

Advanced Mathematics

0 50 0 50 0 50
) Percent Reporting Frequent Use
Survey of Physics Bachelors, 1994-AIP




Problem Solving a /a Martinez

“Process of Moving Toward a Goal When Path is Uncertain.”
- If you know how to do it, it’s not a problem.

(Exercise vs Problem) .¢H‘
-

“Problem Solving Involves Error and Uncertainty”
A problem for your students is not a problem for you.

M. Martinez, Phi Delta Kappan, April, 1998




It is strange that we expect students to learn,
vet seldom teach them anything about
learning. We expect students to solve
problems, yet seldom teaching 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
made up for this lack...

D.A. Norman. 1980. Cognitive engineering and education. In D.T. Tuma and
F. Reif (Eds.), Problem solving and education: Issues in teaching and
research. Erlbaum, pp. 97-107.



Learning Requires

deliberate

distributed
practice

Brown, P.C., Henry L. Roediger lll, H.L., & Mark A. McDaniel, M.A. (2014). Make It Stick: The
Science of Successful Learning. Belknap Press: An Imprint of Harvard University Press



Key Implications

Deliberate

Attention must be paid

Attention and processing power = cognitive load
(bandwidth)

* LIMITED — need to be careful how one uses the learner’s
bandwidth

* Link to Curricular Priorities
* Continuous partial attention

*Reflection is needed
* Need for feedback

* Link to assessment



Key Implications
Distributed

Repetition over time
Spaced vs. massed practice*

o Spiral curriculum

o

Multiple modes of input
° Visual

°  Audio

> Kinesthetic

o Self-explanation

> Explaining to others

*Kandel, E.B. 2007. In Search of Memory: The Emergence of a New Science of
Mind. New York: Norton.



Key Implications

Practice what you want to learn
Active — doing something

Constructive — adding to your prior
knowledge

Interactive — working with others to add to
your prior knowledge

Chi, M.T.H. 2009. Active-Constructive-Interactive: A Conceptual

Framework for Differentiating Learning Activities. Topics in Cognitive
Science 1, 73—-105.



Cognitive apprenticeship (1 of 3)

1. Authentic tasks/situations

2. Narrated modeling
> Challenges of this approach

> Expert not used to explaining thinking

> Expert forgets what is it like to be learning the material, “expert blind
spot”

> Subconscious or intuitive knowledge - “mystery of expert judgment”




Cognitive apprenticeship (2 of 3)

3. Scaffolded and coached practice
> Scaffold from learner’s prior knowledge to new info
> Coach can diagnose “problems” and correct
> |Immediate feedback — important for motivation
> Informational feedback




Cognitive apprenticeship (3 of 3)

3. Articulation of the steps by the learner
> Self-explanation

4. Reflection on the process by the learner
> Consolidates the skill, improves retention

Collins, A., Brown, J. S., & Newman, S. E. (1987). Cognitive apprenticeship:
Teaching the craft of reading, writing and mathematics (Technical Report No.
403). BBN Laboratories, Cambridge, MA.

Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of
learning. Educational Researcher, 18, 32-42.



Session Layout

Welcome & Overview

Cooperative Learning

> Description & Rationale

> Cooperative Learning

> Key Concepts
° Types of Cooperative Learning

Teamwork — High Performing Teams & Teamwork Skills

Implementing Cooperative Learning
° Practice

° Examples

> Applications



Overall Goals

! Build your knowledge of Cooperative Learning and
your implementation repertoire

! Implement practices to improve student learning,
especially their problem solving skills




Cooperative Learning Objectives

Participants will be able to list and describe essential
features of the instructor’s role in implementing
cooperative learning

Participants will be able to elaborate on multiple ways
Positive Interdependence and Individual Accountability
were structured

Participants will identify features to implement in their
owh courses

_______________________________________________________________________________________________________]




Reflection and Dialogue

Individually reflect on your experience as an
undergraduate student with Interactive (cooperative)
learning. Write for about 1 minute.

> First time you heard the term in a class setting or the first time
you were asked to work with others in a class setting

> What did the instructor ask you to do?
> What rationale did the instructor provide?

Discuss with your neighbor for about 2 minutes

> Select/create a response to present to the whole group if you
are randomly selected



Karl’s Experience

First Teaching Experience — Third-year
course in metallurgical reactions —
thermodynamics and kinetics




Process Metallurgy

Dissolution Kinetics — liquid-solid interface
Iron Ore Desliming — solid-solid interface

Metal-oxide reduction roasting — gas-solid
interface




Dissolution Kinetics

Theory — Governing
Equation for Mass

(Vcev)=DV-c

Transport

P _ dc d*c
Research — rotating v, —=D—
disk dy dy

Practice — leaching of
silver bearing metallic
copper and printed
circuit board waste



Lila M. Smith




Karl’s Quandry

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

Theory —7?

Research — 7

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

_______________________________________________________________________________________________________]




Lila M. Smith




Cooperative Learning

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

Research Evidence — Randomized Design Field
Experiments

Practice — Formal Teams/Professor’s Role
Theory

AN

Research Practice
Evidence




Cooperative Learning: An Evidence-Based
Practice for Interactive Learning

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).

20




Cooperative Learning [ AL LS

Positive Interdependence Individual Accountability Positive

Goal Interdependence (essential) Ways to ensure no slackers:

1. All members show mastery * Keep group size small (2-4) Inte rdependence

5 :
2 All members improve « Assign roles
3. Add group member scores to get an overall

iU S * Randomly ask one member of the group to I n d iVi d u a I a n d

4. One product from group that all helped with jptain the leoming )
and can explain * Have students do work before group meets

Role (Duty) Interdependence & Have students use their group learming to do an G ro u p
Astign each member a role and rotate them individual task afterward

Resource Interdependence = Everyone signs: *| participated, | agree, and | Acco u nta bi I ity

1. Limit resources (one set of materials) can explain

2, ligsaw materials * Observe & record individual contributions
3. Separate cantributions Fa Ce_tO-Fa Ce
Task Interdependence Ways to ensure that all members learn:

1. Factory-line

2. Chain Reaction R e P ro m Ot ive

Outside Challa e | 0N =  Edit each other’s work and sign agreement
si allenge Interdependence . ; H
1. Intergroup competition IR check one paper from each group I nte ra Ct I O n

2, Other class competition * Giveindividual tests

Identity Interdependence *  Assignthe rulg af checker who has each group Te a m WO r k S ki I I S
Mutual identity (name, motto, etc.) member explain out loud

Environmental Interdependence * Simultaneous explaining; each student explains

1. Designated classroom space R ening 10.2 new partrer G rO U p P rO C e S S i n g

2. Group has special mesting place

Fantasy Interdependence .
Hypothetical interdependence in situation Face-to-Face Interaction
("You are a scientific/literary prize team, lost on et

the moon, ete.”) : £
Remard Celebention TR +  Time for groups o meet
R i * Group members close together

1. Celebrate joint success B il £ 5 h
2. Bonus points (use with care) QIR QIO Or Three
3. Single group grade iwhen fair to all) * Frequent oral rehearsal

* Strong positive interdependence

_ * Commitment to each nfhgilamning )
Karl A. Smith * Positive social skill use http://personal.cege.umn.edu/~smit

University of MinnesataPurdue University * Celebrations for encouragement, effort, help,

kemith@umn.edu and success! h/dOCS/S m |th'
hitp/fawaw.ce.umn,edw'=smith
I Skype: kasmithtc CL%ZOHandOUt%ZOOSDdf



http://personal.cege.umn.edu/~smith/docs/Smith-CL Handout 08.pdf

Cooperative Learning Introduced

to Engineering — 1981

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.

Structuring Learning Goals
To Meet the Goals of

Engineering Education

Karl A. Smith,
David W. Johnson, and Roger T. Johnson
University of Minnesota

The growing concern about engi-
neering education in the United
States has been the subject of many
recent editorials and articles.* They
point to the deteriorating quality of
engineering and science education,
the lack of adequate preparation in
mathematics and science on the part
of high school graduates, the short-

the development of implementation
skills for converting knowledge ino
action.

Interpersonal competence requires
the development of the cognitive, af-
fective and behavioral prerequisites
for working with others (o perform a
task.' Among the skills required are
communication, constructive con-
flict interpersonal

age of engineers, and,
shortage of college teachers of engi-
neering. Unless corrective measures
are taken, it may be more difficult in
the coming years 1o achieve the
goals of enginecring education and
1o meet the needs of engineering stu-
dents.

Goals of Engineering Education

The three major goals of engineer-
ing education are io promote techno-
logical, interpersomal, and social-
technical competencies in engineer-
ing students. The achievement of
technological competence requires
the mastery and retention of science
and engincering facts, principles,
theories and analytical skills; the de-
velopment of synthesis, design, mod-
eling and problem solving skills; and

prablem solving, joint decision mak-
ing and perspective-taking skills. In-
terpersonal competence is becoming
increasingly important for engineers
due to the tremendous technical
complexity and the societal con-
straints of most prablems. Engineers
must aow, mare than ever, work with
other engincers and scientists, econo-
mists, educalors, consumer groups,
and government regulatory agencics
1o reach satisfactory and mutually
acceptable designs for future tech-
nology.

Social-technical competence re-
quires gaining an understanding of
the complex inter ies bee

the i between society and
technology.

Needs of Engineering Graduates

Many studies have been cone
ducted on engineering education
since it began at West Point in 1792,
and these have been well summa-
rized.’ The earliest study (by Mann
in 1918) called for a return to the
basics: each of the subsequent ones
emphasized diversity and a broad
education,” and their general find-
ings have been summarized by
Cheit® in the following three state-
mesn

1) There is renewed concern that,
despite many efforts, engineering
education is not yet incorporating
what is called the “humanistic-so-
cial,” “liberal,” or “general” pans of
the students’ education.

2) Engineering education must be
more broadly applied, that is, engi-
neers must build bridges between
scieace and the needs of socicty.

3) Engincers must be made deci-
sicn makers, since, despit grow-
ing importance of engineering to
American hife, engineers have not
taken a correspondingly important
part in the decision-making process.

The recommendations of these
studies are similar and recurrent, but
the need for change in engincering
education remains. Currently, there
appears 1o be a move away from the
image of applied science in engineer-
ing education.® The basis of this ap-
parent change is the growing realiza-
tion that technaological and economic
feasibility are not the sole or even
the main determinants of what engi-
neers do. Ecological, social, cultural,
psychological and political influ-
ences are equally important.

The results of the major studics of
ing education tie in closely

tween technology and society, of the
influence of technology on individual
and collective behavior and on the
natural environment. Esseatially, so-
cial-technical competence involves

*See, for example. recent issues of
Engineering Education (e.g., April
1981) and Seience {e.g. “Trouble in
Scicnee & Engineering Education,” by
J. Walkh, vol. 200, nc. 4470, 1980.)

persp king on a large scale
that encompasses historical, social,
psychological, and philesophical
viewpoints, as well as an understand-
ing of the basic premises underlying

with the need for developing social-
technical competence and interper-
sonal competence in engincering
graduates. Supporting this need, a
major study at the University of
California, Los Angeles, concluded
that every engincering graduate
must be capable of communicating
with and working with people of
other professions to solve the inter-

ENGINEERING EDUCATION: Decamber 1681 © 221

http://personal.cege.umn.edu/~smith/docs/Smith-Pedagogies of Engagement.pdf



http://personal.cege.umn.edu/~smith/docs/Smith-Pedagogies_of_Engagement.pdf

Undergraduate Teaching Faculty: The 2013-2014 HERI Faculty Survey
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Figure 2. Changes in Faculty Teaching Practices, 1989 to 2014
(% Marking “All” or“Most” Courses)

=f== Student evaluations of
each other's work

=== Cooperative learning
(small groups)

=== Group projects

=== Student-selected topics
for course content

X Extensive lecturing
== Class discussions

1989

1992

1995

1998

|
2001 2004 2007 2010 2014

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



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

Undergraduate Teaching Faculty, 2011*

. All other | All other
Methods Used in “All” or “Most”
women men

Cooperative learning 60% 72% 53%
38% 29%
10% 16%
54% 47%
29% 44%

Group projects 36%
Grading on a curve 17%
Student inquiry 43%

Extensive lecturing 50%

*Undergraduate Teaching Faculty. National Norms for the 2010-2011 HERI Faculty
Survey, www.heri.ucla.edu/index.php.



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

Effectiveness of Interactive Learning

" Meta-analyses in the Proceedings of the
National Academy of Sciences (PNAS)
summarize the importance of interactive
learning for

" reducing the failure rate (Freeman, et.al. 2014)
https://www.pnas.org/content/111/23/8410

" narrowing the achievement gap for
underrepresented students (Theobald, et.al. 2019)
https://www.pnas.org/content/117/12/6476

_______________________________________________________________________________________________________]
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INSIGHTS

OLICY FORUM

SCIENCE EDUCATION

Anatomy of STEM teaching in
North American universities

Lecture is prominent, but practices vary

By M. Stains, J. Harshman, M. K. Barker,
S. V. Chasteen, K. Cole, S. E. DeChenne-
Peters, M. K. Eagan Jr., J. M. Esson, J. K.
Enight, F. A, Laski, M. Levis-Fitzgerald,
C.J.Lee, 5. M. Lo, L. M. McDommell, T. A.
McKay, N. Michelotti, A. Musgrove, M. 5.
Palmer, K. M. Plank, T. M. Kodela, E. R.
Sanders, N. G. Schimpf, P. M. Schulte, M.
K. Smith, M. Stetzer, B. Van gh,

and governmental bodies have called for
and supported adoption of these student-
centered  strategies throughout the un-
dergraduate STEM curriculum. But to the
extent that we have pictures of the STEM
undergraduate  instructional  landsepe,
it has mostly been provided through self-
report surveys of faculty members, within
& particular STEM diseipline [eg., (3-6)].

E Vinson, L K. Weir, . J. Wendel, L. B.
Wheeler, A. M. Young

large body of evidence demonstrates
that strategies that promote student
interactions and cognitively engage
students with content (1) lead to

Such surveys are prone to reliability threats
and can underestimate the complexity of
classroom environments, and few are im-
plemented nationally to provide valid and
reliable data (7). Reflecting the limited state
of these data, a report from the U.S. Na-
tional Academies of Sdences, Engineering,

gains in learning and
outeomes for students in science,
technology, engineering, and mathematics
(STEM) courses (I, 2). Many educational

1468 20 MARCH 2015 + VOL 355 [55UE 6383

and Medicine called for imp data col-
lection to understand the use of evidence-
based instructional practices (§). We report
here a major step toward a charscteriza-

Published by AAAS

Despite numerous calls to improve student
tod by a large body ofevi

STEMel o el

tion of STEM teaching practices in North
American universities based on dassroom
observations from over 2000 classes taught
by more than 500 STEM faculty members
across 25 institutions.

Our study used the Classroom Observation
Protocol for Undergraduate STEM {COPUS)
(4), which can provide consistent assessment
of ins al practices and d im-
pacts of educational initiatives. COPUS re-
quires documenting the co-occurrence of 13
student behaviors (e, listening, answering
quistions) and 12 instructor behaviors (eg.,
lecturing, posing questions) during each
Z.min interval of a class. Our large-scale
COPUS data alow generalizations beyond
institution-level descriptions and suggest an
apportunity to resolve inonsistent findings
from recent disciplinebased education re-
search (DBER) studies. For example, STEM
faculty report that i is mare difficult to use
student-centered techniques in large dass-
rooms or less amenable physieal layouts (10),

The It of suttor afiiaions & providedin the supplementiry
rateriak, Emait e binecNBunl. ey

sciencemagorg SCIENCE

Observational study of over 2000
classes — most common behaviors:
* Faculty

O
©)

O
©)

Lecturing

Writing in real time

Posing nonrhetorical
guestions

Following-up on questions
Answering student questions
Clicker questions

e Students

©)
©)

O

http://science.sciencemag.org/content/sci/359

/6383/1468.full.pdf

30

Listening to instructor
Answering instructor
guestions

Asking questions



http://science.sciencemag.org/content/sci/359/6383/1468.full.pdf

Structuring Teamwork in the
Classroom

Formal Cooperative Learning Task Groups
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Teamwork

_ High-performing
"'>J Cooperative Group
-
LLJ
@)
Z :
<§E Cooperative
o Group
@)
L
o
LU
o

Individual

Members

Traditional
Group

~.
P

Pseudo_group TYPE OF GROUP




Reflection and Dialogue

Individually reflect on the Characteristics of High
Performing Teams. Think/Write for about 1 minute

> Base on your experience on high performing teams,

> Or your facilitation of high performing teams in your classes,
> Or your imagination

Discuss with your team for about 2 minutes and record
a list



Characteristics of High Performing
Teams

I I




Characteristics of High Performing
Teams — Physics TAs - 2019

Respect for one another

Good leadership

Diversity of ideas and diversity of skills

Common work ethic

Health conflict

Sense of comraderies, actual cooperative group, good participation
Common goal

Motivation

Systematic organization

No ego

External check

O oo o000 o0p00D0o0o

To agree/not be afraid of being wrong




Characteristics of High Performing
Teams — Physics TAs - 2018

Diversity of experience

People had one another’s backs

Feel safe presenting ideas — cooperative not competitive

Group members pushing one another to do well

Holding one another accountable

Respecting one another’s idea

Levity — sense of humor

People aren’t afraid to ask question

Help shy people to talk, e.g., ask shy folks what they think

Responsibility and flexibility —responsible for own work. Flexible in tacking issues

Come to a conclusion as a group — make sure everyone understands

O oo o000 o0p00D0o0o

Similar motivations




A team 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




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

Individual and Group Accountability
Face-to-Face Promotive Interaction
Teamwork Skills

Group Processing

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

Cooperative Learning

Positive Interdependence Individual Accountability

‘Goal Interdependence (essential) ‘Ways to ensure no slackers:
1. All members show mastery *  Keep group size small (2-4)

2. All members improve

4 sign roles
3. Add b to get an overall
g;uﬂ‘i}i:‘e Srecom e Randomly ask one member of th
4. One product from group that all helped with plain the learning
and can explain * Have students do work before group meets
Role (Duty) Interdependence * Have students use their group leaming to do an

individual task afterward

* Everyone signs: “I participated, | agree, and |
can explain”

* Observe & record individual contributions

Assign each member a role and rotate them

Ways to ensure that all members learn:
* Practice tests
» Edit each other’s work and sign agreement

. Factory-line
2. Chain Reaction
Outside Challenge Interdependence

* Randomly check one paper from each group
= * Give individual tests
Identity Interdependence * Assign the role of checker who has each group
’ 5 member explain out loud
ndenc * Simultaneous explaining: each student explains
ed classroom space their learning to a new partner
has special meeting place

! lence in situati Face-to-Face Interaction
1Ze te; 05t on

Enviro

o
int
= o
* Time for groups to
Reward/Celebration Interdependence o . m:mbe -
Celebrate joint succe . HP 08¢
2. Bonus points (use with care) mall group size ree
3. Single group grade iwhen fair to all) * Frequent oral rehearsal
* Strong positive interdependence
I Commitment to each other'’s learning
Karl A. Smith * Positive social skill use
iy of Minnesata/Purdue Uni Celebrations for encoura gement, effort, help,
nd success!


http://personal.cege.umn.edu/~smith/docs/Smith-CL Handout 08.pdf

Six Basic Principles of Team Discipline

Keep membership small

Ensure that members have complimentary skills
Develop a common purpose

Set common goals

Establish a commonly agreed upon working approach

Integrate mutual and individual accountability

Katzenbach & Smith (2001) The Discipline of Teams



Cooperation in the College Classroom

! Informal Cooperative

Learning Groups —
. ACTIVE LEARNING:
==) ! Formal Cooperative e S

Learning Groups

.| Cooperative Base
Groups

Notes: Cooperative Learning
Handout



http://personal.cege.umn.edu/~smith/docs/Smith-CL-College-Notes-817.pdf
http://personal.cege.umn.edu/~smith/docs/Smith-CL-College-Notes-817.pdf

Instructor’s Role in Formal
Cooperative Learning

Specifying Objectives (Academic and
Interpersonal/Teamwork)

Making Decisions

Explaining Task, Positive Interdependence, and
Individual Accountability

Monitoring and Intervening to Teach Skills

Evaluating Students' Achievement and Group
Effectiveness




Cooperative Problem-Based 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:
Whenever it is helpful, check
procedures, answers, and strategies
with another group.



Building Models to Solve Engineering
Problems — UMN - Institute of
Technology course (~1978 — 2000)

1 Thinking Like an
Engineer

1 Problem Identification
] Problem Formulation

1 Problem
Representation

1 Problem Solving




Team Member Roles

) Task Recorder
-1 Skeptic/Prober
1 Process Recorder/facilitator




Technical Estimation Problem

TASK:

INDIVIDUAL: Quick Estimate (10
seconds). Note strategy.
Note strategy.

COOPERATIVE: Improved Estimate
(~5 minutes). One set of answers from
the group, strive for agreement, make
sure everyone is able to explain the
strategies used to arrive at the
improved estimate.

EXPECTED CRITERIA FOR SUCCESS:
Everyone must be able to explain the
strategies used to arrive at your
improved estimate.

EVALUATION: Best answer within
available resources or constraints.

INDIVIDUAL ACCOUNTABILITY: One
member from your group may be
randomly chosen to explain (a) your
estimate and (b) how you arrived at it.

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

INTERGROUP COOPERATION:
Whenever it is helpful, check
procedures, answers, and strategies
with another group.



Group Reports

Estimate
> Group 1
> Group 2

(o)
L L] L]

Strategy used to arrive at estimate —assumptions,
model, method, etc.



Number of Ping Pong Balls

Grl- Gr6 -
Gr2 - Gr7 -
Gr3- Gr 8-
Gr4 - Gr9 -

Gr5-—




Model 1 (lower bound)

let L be the length of the room,

let W be its width,

let H be its height,

and let D be the diameter of a ping pong ball.

Then the volume of the room is
V = L*W*H,

room

and the volume of a ball (treating it as a cube) is
Vi = D3,

so number of balls = (V,,,.,) / (Vi) = (L* W * H) /(D3).



Model 2 (upper bound)

let L be the length of the room,

let W be its width,

let H be its height,

and let D be the diameter of a ping pong ball.

Then the volume of the room is
V = L*W *H,

room

and the volume of a ball (treating it as a sphere) is

so number of balls = (V,,,.,) / (Vo) = (L*W * H) /(4/3 ©r3).



Model 1 (V D3, .,) = Lower Bound

room /

Model 2 (V.. / (4/3 =r3,,,)) = Upper Bound

room

Upper Bound/Lower Bound = 6/t = 2
How does this ratio compare with

1.The estimation of the diameter of the ball?
2.The estimation of the dimensions of the room?




©))

Real World

Model World




Modeling

Modeling in its broadest sense is the cost-effective use of
something in place of something else for some cognitive purpose
(Rothenberg, 1989). A model represents reality for the given
purpose; the model is an abstraction of reality in the sense that it
cannot represent all aspects of reality.

Any model is characterized by three essential attributes: (1)
Reference: It is of something (its "referent"); (2) Purpose: It has
an intended cognitive purpose with respect to its referent; (3)
Cost-effectiveness: It is more cost-effective to use the model for

this purpose than to use the referent itself.

Rothenberg, J. 1989. The nature of modeling. In L.E. Widman, K.A. Laparo & N.R. Nielson,
Eds., Artificial intelligence, simulation and modeling. New York: Wiley



10.

Modeling Heuristics
Ravindran, Phillips, and Solberg (1987):

Do not build a complicated model when a simple one will
suffice.

Beware of molding the problem to fit the technique.

The deduction phase of modeling must be conducted
rigorously.

Models should be validated prior to implementation.

A model should never be taken too literally.

A model should neither be pressed to do, nor criticized for
failing to do, that for which it was never intended.

Beware of overselling a model.

Some of the primary benefits of modeling are associated with
the process of developing the model.

A model cannot be any better than the information that goes
into it.

Models cannot replace decision makers.



Group Processing
Plus/Delta Format

Plus (+) Delta (A)

Things That Group Did Well Things Group Could Improve




Model World
of

Real World

Model

Vr/Vb

Calc

*Based on First Year Engineering course
— Problem-based cooperative learning
How to Model It published in 1990.




Problem-Based Learning Subject-Based Learning

g START

Told what we

Given problem to
illustrate how to use it

need to know
slem posed &
Learn it

Normative Professional Curriculum:

START

Pro

Learn i 1. Teach the relevant basic science,

Identify what we
o know 2. Teach the relevant applied science,

and

3. Allow for a practicum to connect the
science to actual practice.




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

Individual and Group Accountability
Face-to-Face Promotive Interaction
Teamwork Skills

Group Processing

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

Cooperative Learning

Positive Interdependence Individual Accountability

‘Goal Interdependence (essential) ‘Ways to ensure no slackers:
1. All members show mastery *  Keep group size small (2-4)

2. All members improve

4 sign roles
3. Add b to get an overall
g;uﬂ‘i}i:‘e Srecom e Randomly ask one member of th
4. One product from group that all helped with plain the learning
and can explain * Have students do work before group meets
Role (Duty) Interdependence * Have students use their group leaming to do an

individual task afterward

* Everyone signs: “I participated, | agree, and |
can explain”

* Observe & record individual contributions

Assign each member a role and rotate them

Ways to ensure that all members learn:
* Practice tests
» Edit each other’s work and sign agreement

. Factory-line
2. Chain Reaction
Outside Challenge Interdependence

* Randomly check one paper from each group
= * Give individual tests
Identity Interdependence * Assign the role of checker who has each group
’ 5 member explain out loud
ndenc * Simultaneous explaining: each student explains
ed classroom space their learning to a new partner
has special meeting place

! lence in situati Face-to-Face Interaction
1Ze te; 05t on

Enviro

o
int
= o
* Time for groups to
Reward/Celebration Interdependence o . m:mbe -
Celebrate joint succe . HP 08¢
2. Bonus points (use with care) mall group size ree
3. Single group grade iwhen fair to all) * Frequent oral rehearsal
* Strong positive interdependence
I Commitment to each other'’s learning
Karl A. Smith * Positive social skill use
iy of Minnesata/Purdue Uni Celebrations for encoura gement, effort, help,
nd success!


http://personal.cege.umn.edu/~smith/docs/Smith-CL Handout 08.pdf

Instructor’s Role in Formal
Cooperative Learning

Specifying Objectives (Academic and
Social/Teamwork)

Making Decisions

Explaining Task, Positive Interdependence, and
Individual Accountability

Monitoring and Intervening to Teach Skills

Evaluating Students' Achievement and Group
Effectiveness




Decisions, Decisions...

! Group size?

! Group selection?

! Group member roles?

! How long to leave groups together?

! Arranging the room?

! Providing materials?

! Time allocation?



Optimal Group Size?

A. 2
5. 3
C. 4
D. 5
S




Formal Cooperative Learning Task Groups

TEAMWORK and

. PROJECT MANAGEMENT

Perkins, David. 2003. King Arthur's Round
Table: How collaborative conversations create
smart organizations. NY: Wiley.




Group Selection?

m O O © >

Self selection
Random selection

Stratified random

. Instructor assign

Other




Assigning Roles

=g Chapter 8: Group Roles and
DESIGNING Responsibilities

p > Facilitator
> Checker
> Set-Up

> Materials Manager
> Safety Officer
> Reporter

° Dividing the labor




Teamwork Skills

.. Communication
“ Listening and Persuading

! Decision Making
! Conflict Management
_! Leadership

_!Trust and Loyalty

5

TEAMWORK and

PROJECT MANAGEMENT

o KARL A.SMITH

Chapters3,4,5 &6

Cooperative Teamwork Skills Teaching Cooperative Skills

Forming Skills
Initial Management Skills

Move Into Groups Quietly
Stay With the Group
Use Quiet Voices
Take Turns
Use Names, Look at Speaker
No “Put-Downs”

Functioning Skills

Croup Management Skills

Share Ideas and Opinions
Ask for Facts and Reasoning
Give Direction to the Group's Work (state
assignment purpose, provide time limits, offer
procedures)
Encourage Everyone to Participate
Ask for Help or Clarification
Express Support and Acceptance
Offer to Explain or Clarify
Paraphrase Other's Contributions
Energize the Group
Describe Feelings When Appropriate

Formulating Skills

Formal Methads for Processing Materials

Summarize Out Loud Completely
Seek Accuracy by Correcting/Adding to Summaries
Help the Group Find Clever Ways to Remember
Check Understanding by Demanding Vocalization
Ask Others to Plan for Telling/Teaching Out Loud

Fermenting Skills

Stimulate Cognitive Conflict and Reasoning

Criticize Ideas Without Criticizing People
Differentiate Ideas and Reasoning of Members
Integrate Ideas into Single Positions
Ask for Justification on Conclusions
Extend Answers
Prabe by Asking In-depth Questions
Generate Further Answers
Test Reality by Checking the Group’s Work

1. Help students see the need to learn the skill.
2. Help them know how to do it (T-chart).

3. Encourage them to practice the skill daily.
4. Help them reflect on, process, & refine use.
5. Help them persevere until skill is automatic

Monitoring, Observing,
Intervening, and Processing
Monitor to promote academic & cooperative success
Ohbserve for appropriate teamwork skills: praise their
use and remind students to use them if necessary

Intervene if necessary to help groups solve
academic or teamwork problems.

Process so students continuously analyze how well
they learned and cooperated in order to continue
successful strategies and improve when needed

Ways of Processing

Positive Feedback:

1. Have volunteer students tell the class something
their partner(s) did which helped them learn
today.

2. Have all students tell their partner(s) something
the partner(s) did which helped them learn today.

3. Tell the class helpful behaviors you saw today.

Group Analysis:

1. Name 3 things your group did today which
helped you learn and work well together.

2. Name 1 thing you could do even better next time.

Cooperative Skill Analysis:

1. Rate your use of the target cooperative skill:
Creat! - Pretty Good - Needs work

2. Decide how you will encourage each other to
practice the target skill next time.

Start: “Tell your partners you're glad they're here.”

End: “Tell your partners you're glad they were here

today. Thank them for helping.”

Interaction Book Company
5028 Halifax Ave S, Edina, MN 55424
(952)831-9500 Fax (952)831-9332
www.Co-nperation.org

KA. Smith, 5.0, Sheppard, D.W. Johnson, R.T. Johnson.
2005 Fedagogies of engagement: Classroom-based practices.
Journal of Engineering Education, 94 (1), 87-102.

D.W. Johnson, R.T. Johnson, & K.A. Smith, 2006.
ActiveLearning: Cooperation in the Callege Classroom, 3ed
Ed. Edina, MN; Interaction Book Company.




TEAMWORK

Teaching Cooperative Skills

1. Help students see the need to learn the skill.
2. Help them know how to do it (T-chart).

3. Encourage them to practice the skill daily.
4. Help them reflect on, process, & refine use.
5. Help them persevere until skill is automatic

Monitoring, Observing,
Intervening, and Processing

Monitor to promote academic & cooperative success
Observe for appropriate teamwork skills: praise their
use and remind students to use them if necessary

Intervene if necessary to help groups solve
academic or teamwork problems.

Process so students continuously analyze how well
they learned and cooperated in order to continue
successful strategies and improve when needed



Team Charter

Team name, membership, and
roles

Team mission

. PROJECT MANAGEMENT

Anticipated results (goal)
Specific tactical objectives

Ground rules/ Guiding principles
for team participation

Shared expectations/aspirations i ke

op. 60-61, 204-205



Group Ground Rules Contract Form
(Adapted from a form developed by Dr. Deborah Allen, University of Delaware)

Project groups are an effective aid to learning, but to work best they require that all
groups members clearly understand their responsibilities to one another. These project
group ground rules describe the general responsibilities of every member to the group.
You can adopt additional ground rules if your group believes they are needed. Your
signature on this contract form signifies your commitment to adhere to these rules and
expectations.

All group members agree to:
1. Come to class and team meetings on time.
2. Come to class and team meetings with assignments and other necessary
preparations done.

Additional ground rules:
1.

If a member of the project team repeatedly fails to meet these ground rules, other
members of the group are expected to take the following actions:

Step 1: (fill in this step with your group)

If not resolved:

Step 2: Bring the issue to the attention of the teaching team.
If not resolved:

Step 3: Meet as a group with the teaching team.

The teaching team reserves the right to make the final decisions to resolve difficulties that
arise within the groups. Before this becomes necessary, the team should try to find a fair

and equitable solution to the problem.

Member’s Signatures: Group Number:




Reflection and Dialogue

Individually reflect on rationale for Interactive
(Cooperative) Learning and Teamwork. Write for about
1 minute.

> Context/Audience — Introductory Physics course
> Why cooperative learning and teamwork are important?
> What support do you have for 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



Why Emphasize Cooperative Learning
and Teamwork?

I Student learning
_| Essential transferrable skill development

_I Key to innovation

_I High priority for Employers




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. (1987). https://files.eric.ed.gov/fulltext/ED282491.pdf




Discipline-Based Education Research
(DBER) Report
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http://www.nap.edu/catalog.php?record_id=13362
http://www.nap.edu/catalog/18687/reaching-students-what-research-says-about-effective-instruction-in-undergraduate

Cooperative Learning Research Support

Johnson, D.W.,, Johnson, RT,, & Smith, K.A. 1998. Cooperative learning returns to college:
What evidence is there that it works? Change, 30 (4), 26-35.*

e Over 300 Experimental Studies o R
e First study conducted in 1924 ﬂﬂ‘“ﬂ‘@ﬂmﬂ%%
e High Generalizability - -P// \ ;
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perspectives
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6. Liking for subject areas
7. Teamwork skills

Review

. January 2005 -
[CLReturnstoCollege.pdf] March 2007 25 (384) 2014



http://personal.cege.umn.edu/~smith/docs/CLReturnstoCollege.pdf

Engaged Pedagogies = Reduced Failure Rates

Evidence-based research on learning indicates that when students are
actively involved in their education they are more successful and less likely to
fail. A new PNAS report by Freeman et al., shows a significant decrease of
failure rate in active learning classroom compared to traditional lecture

A T N B
Increased | Decreased
Failure Failur§

-
o
1

0.02 —

i
ity

Densi

0.01 =

Number of Studies
(4]
1

0.00 —
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Type:
Lecture
/|Active

T ! 1 I T 1 T I
20 10 0 10 20 30 40 50

Percent Change in Failure Rate
with Active Learning

10 20 30 40 50 60 70
% Students Who Fail Class

Freeman, Scott; Eddy, Sarah L.; McDonough, Miles; Smith, Michelle K.; Okoroafor, Nnadozie; Jordt, Hannah;

Wenderoth, Mary Pat; Active learning increases student performance in science, engineering, and

mathematics, 2014, Proc. Natl. Acad. Sci.



Expertise Implies:

low Peapl Lgar

Brain,

Mind,

Experience,

and

School

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




Acquisition of Expertise

Fitts P, & Posner MI. Human Performance. Belmont, CA: Brooks/Cole, 1967.

Cognition: Learn from instruction or observation what
knowledge and actions are appropriate

Associative: Practice (with feedback) allowing smooth
and accurate performance

Automaticity: “Compilation” or performance and
associative sequences so that they can be done without
large amounts of cognitive resources

“The secret of expertise is that there is no secret. It takes
at least 10 years of concentrated effort to develop
expertise.” Herbert Simon



Learning Requires

deliberate

distributed
practice

Brown, P.C., Henry L. Roediger lll, H.L., & Mark A. McDaniel, M.A. (2014). Make It Stick: The
Science of Successful Learning. Belknap Press: An Imprint of Harvard University Press



Key Implications

Deliberate

Attention must be paid

Attention and processing power = cognitive load
(bandwidth)

* LIMITED — need to be careful how one uses the learner’s
bandwidth

* Link to Curricular Priorities
* Continuous partial attention

*Reflection is needed
* Need for feedback

* Link to assessment



Key Implications
Distributed

Repetition over time
Spaced vs. massed practice*

o Spiral curriculum

o

Multiple modes of input
° Visual

°  Audio

> Kinesthetic

o Self-explanation

> Explaining to others

*Kandel, E.B. 2007. In Search of Memory: The Emergence of a New Science of
Mind. New York: Norton.



Key Implications

Practice what you want to learn
Active — doing something

Constructive — adding to your prior
knowledge

Interactive — working with others to add to
your prior knowledge

Chi, M.T.H. 2009. Active-Constructive-Interactive: A Conceptual

Framework for Differentiating Learning Activities. Topics in Cognitive
Science 1, 73—-105.



Cognitive apprenticeship (1 of 3)

1. Authentic tasks/situations

2. Narrated modeling
> Challenges of this approach

> Expert not used to explaining thinking

> Expert forgets what is it like to be learning the material, “expert blind
spot”

> Subconscious or intuitive knowledge - “mystery of expert judgment”




Cognitive apprenticeship (2 of 3)

3. Scaffolded and coached practice
> Scaffold from learner’s prior knowledge to new info
> Coach can diagnose “problems” and correct
> |Immediate feedback — important for motivation
> Informational feedback




Cognitive apprenticeship (3 of 3)

3. Articulation of the steps by the learner
> Self-explanation

4. Reflection on the process by the learner
> Consolidates the skill, improves retention

Collins, A., Brown, J. S., & Newman, S. E. (1987). Cognitive apprenticeship:
Teaching the craft of reading, writing and mathematics (Technical Report No.
403). BBN Laboratories, Cambridge, MA.

Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of
learning. Educational Researcher, 18, 32-42.



Education for Life and Work

EDUCATION
FOR LIFE

AND WORK

Developing Transferable
Knowledge and Skills in

the 21% Century

NATIONAL RESEARCH COUNCIL

Introduction 15

A Preliminary Classification of
Skills and Abilities 21

Importance of DeeEer Learning
and 21st Century Skills 37

ggrspectives on Deeper Learning

Deeper Learning of English
Language Arts, Mathematics,
and Science 101

Teaching and Assessing for
Transfer 143

Systems to Support Deeper
Learning 185




ENHANCING THE EFFECTIVENESS OF

TEAM SCIENCE

MNATIONAL RESEARCH COUNCIL

OF THE MATIONAL ACADEVIES

Conclusion. A strong body of research
conducted over several decades has
demonstrated that team processes
(e.g., shared understanding of team
goals and member roles, conflict) are
related to team effectiveness. Actions
and interventions that foster positive
team processes offer the most
promising route to enhance team
effectiveness; they target three aspects
of a team: team composition
(assembling the right individuals),
team professional development, and
team leadership. (p. 7)

http://www.nap.edu/catalog/19007/enhancing-the-effectiveness-of-team-science



This is the story of these pioneers,
hackers, inventors, and
entrepreneurs —who they were,
how their minds worked, and what
made them so creative. It’s also a
narrative of how they collaborated
and why their ability to work as
teams made them even more
creative. The tale of their teamwork
is important because we don’t often
focus on how central that skill is to
Innovation.




The College Degrees And Skills Employers Most Want
In 2015 (National Association of Colleges and Employers
(NACE))

The NACE survey also asked employers to rate the skills they most value in new hires.
Companies want candidates who can think critically, solve problems, work in a team, maintain a
professional demeanor and demonstrate a strong work ethic. Here is the ranking in order of

importance:

Competency Essential Need Rating*

Critical Thinking/Problem Solving 4.7

Teamwork 4.6

Professionalism/Work Ethic 4.5

Oral /Written Communications 4.4

Information Technology Application 39

Leadership 3.9

Career Management 3.6

*Weighted average. Based on a 5-point scale where 1=Not essential, 2=Not very essential; 3=Somewhat essential;
4=Essential; 5=Absolutely essential




"The Future of Jobs Employment, Skills and Workforce Strategy for the Fourth Industrial Revolution.”
‘World Economic Forum, January 2016, http://www3.weforum.org/docs/WEF_Future_of_Jobs.pdf

In January of 2016, The World Economic Forum asked chief human resources and strategy officers from
leading global employers which skills will be required to thrive in 2020 and beyond. As the other studies
suggest, creativity will become among the three most important skills tomorrow’s workers will need.

Here are the top 10:

COMPLEX PROBLEM EMOTIONAL
SOLVING INTELLIGENCE

l | JUDGEMENT AND

DECISION MAKING

CRITICAL THINKING

SERVICE

CREATIVITY ORIENTATION

PEOPLE -, k .

MANAGEMENT NEGOTIATION

COORDINATING COGNITIVE
WITH OTHERS FLEXIBILITY

105



US Department of Education

“Reimagining the Role of Technology in Education: 2017 National Education Technology Plan Update.”
US Department of Education, January 2017, https://tech.ed.gov/files/2017/01/NETP17.pdf

According to this study, schools that hope to develop globally competitive students should “weave 21st
century competencies and expertise throughout the learning experience” The skills they recommend
incorporating into traditional academic subjects—all of which require creativity—include:

CRITICAL THINKING COLLABORATION

MULTIMEDIA . COMPLEX PROBLEM
COMMUNICATION CO=d [4 SOLVING

AGENCY / SELF DEVELOPMENT




Top Three Main Engineering Work Activities

Engineering Total Civil/Architectural
Design — 36% Management — 45%
Computer applications — 31% Design —39%
Management — 29% Computer

applications — 20%
TEAMWORK and

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

. KARL A.SMITH




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




The Instructor's Role in Cooperative Learning

Make Pre-Instructional Decisions

Specify Academic and Teamworl: Skill: Objective:: Every laszon has both (2)
acatsmic and (b) interpersonal sand small srowp (teamwodk) skills objactives.

Decide on Group Size: Lazming zroups should beamall{zmoups of tro of thiss

mambers, four at the most).

Drecide on Group Composition (Azsizn Stodants to Crowps) Assizn studants to 2rowps:
zmdomly of salact proups voursalf Tizwally vou will wizh to mainyzs the
hatarozansity in 2ach zroup.

Aszzign Roles: Stroctors studant-studsnt insraction by assiznine rolas such as Feadser
Fezcopdsr, Encovrazar of Participation and Chacker for Understanding.

Arvange the Room: Crowp members shovld be "kmas to kmas and ses to 2ve” bot
arrangad 20 they &l can 222 the instructor at the font of the room.

Flan Materials: Arranzs matanizls to zivea"sink of swim togathar” mazsaze. Gvs
only on= papsr to the sroup of give 2ach member part of the material to b lesmead.

Explain Task And Cooperative Structure

Explain the Academic Tazle Explzin the tazk the objectives of the laszon, the conozpts
and principla: stedants nead to krow to complats the hezirpment and the procadure:
thay ara o follow.

Explain the Criteria for Success: Stedant wodk shouldbe svaleatsd on 3 oriteniz-
rafspenoad baiz hlals claar vour oriteeis for svalesting studants’ work.

*Strucmire Positive Interdependence: Stodents musthalizvs they "sink or swim
togather” Always sstsblizh mutes] goals (students are rssponzibls for their own
lzaming and the lssming of all othsr srowp membees). Supplsment, soal
interdepandanca with calsbration/reward, resource, rola, and idantity intsrdepandamos.

*Structure Individual Accountability: Each stedent must f22] rszponzible for dodng bz
of har share of the wodk and halping the other srouwp membars, Wars to snsws
apcountability ar= fraguent orsl gquizzes of proup mambers picked at random,
individeal tests, and assigninz s member the solz of Chader for Undarstanding.

*Specify Expected Eehaviors: Tha mosz specific vou a2 bout the behavion vow want
to sa2in the prowps, the mors likely students will dothem. Social skills may ba
clazzifizd 2= forming (staving with the zroup, wsing quist vodozs), Munctioning
(contributing, snopuraming othars to participats), fermulating{emmarizing,

zlabogating), and fermenting (criticizing id=a: a:king for justification). Fezulsly

taach the intsrpersonal snd small group skills vou wish to 222 wead in the lssming

EIOUDE.

Monitor and Intervene

“Arvangze Face-to-Face Promotive Interaction: Condect thalazzon inwseys that snzees
that studants promote each other's swooess facs-to-face.

Aonitor Student:’ Behavior: Thiz iz the fin pant! Whils stodants a2 working, vou
cigculats to 222 whather they understand the sszignment and the material give
immadists feadback: and reinforcement, and praizs good wss of zrowp skills. Collact
obsaryation data on 2ach sroup and studant.

Intervene to Improve Tazkwork and Teamworl:: Frovide tasloworl: azsitance
(clarify, reteach) ifsrodants do not undarstand the assignmant. Provide teammotl
asziztance if studsnt: ars having difficelties in working together productivaly.

Evaluate and Process

Evaluate Student Learmine: Azzsss and valeas the quality and guantity of stedant
lzaming. Imvolve studsnts in the asssssment procass.

*Procesz Group Functioning: Ensees sech stedant r2osives fradback, anslvzas thedats
on zroup functionding, sst: an improvemeant goal, and paticipates inatsam
celsbration. Have groups routinsly lizt thees things they did wall in working togsther
apdons thing they will do batter tomorrow,  Summanize a2 awhelaclass, Havs

oups calebrata their suoosss and herd work.




Maonitaring And Intervening

Cooperative Lesson Planning Form 1. Obzervation Procedurs: Formsl Informal

Zubject Area: Date: 2, ObzervationBy: _ Teacher Student= Wizitors
Lezzon: F. Inververins For Tazk Azziztance:

Objectives

Arsdemie: 4, Intervenins For Teamwork Aszziztance:

Zorial Blalls:

2. Dther:

Preinstructional Decisions

Group Size: Method Of Azzizning Students: Evaluating And Processing

FRole:: 1. Aszzezsmernt Ofhlzmbers’ Indiaduzl Learnine:

Foom Arranzement:

2. Aszezzment Of Group Productivity:

klatenals:
One Copy Per Group v One Copy Per Perzon
Jigzaw ¢ Touwmament 3. 3mall Group Procezzing:
Other:

4. Whele Clazz Procezzing:

Explain Task And Cooperative Goal Structure
1. Tazk:

3. Chartz And Graphs Uzed:

2. Cntens For Succesz:

§. Positive Feedback TI:- Ezch Student:

3. Pozitive Interdependence:

7. Goal Zetting For Improvement:

4. Individusl Ascountsbility:

B. Celebration:

2. Intersroup Cooperation:

8. Expected Behaviors:




Active Learning: Cooperation in the College
Classroom

=) Informal Cooperative
Learning Groups Thira Eatn

ACTIVE LEARNING:

Formal Cooperative B

David W. Johnson

Learning Groups R
Cooperative Base Groups KM}

on Book Company
J‘l'.ll'-l'_ elin Dirive
Edina, Minnesata I.'lilﬁ
= B 'i'n 'I*“.Kl: )4
VW Hrig

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



http://personal.cege.umn.edu/~smith/docs/CL-College-814.doc

Book Ends on a Class Session

10-12 10-12 10-12
hMinule Minute Minute
Lecture Lecture Leciure
| 3-4 3-4
. ulisd min.
Turh Ttrn
‘ to to
eRcd Partner Partner
‘8]
: —
28 |
o= :
%01 Vol 1 Vol. 2 Vol. 3

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]




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




Informal Cooperative Learning Planning Form

DESCRIFTION OF THE LECTURE

1. Lecture Topic:

| B

. Objectives (Major Understandings StudentzNeed ToHave At The End
Of The Lecture):

b.

4. Time Nesded:

4, Method For Assigning Students To Pairs Or Triads:

2. Method Of Changing Partners Quickly:

&. Materials (zuch 2z tranzparenciez hzting the gueztons to be dizeuzzed
and dezeribins the formulate, share, listen, create procedurs):

ADVANCED ORGANIZER QUESTIOM(S)

Queztionz zhould be aimed at promoting advance organizing ofwhat the
studentz know about the topicto be prezented and establiching
expectations 2z towhat the lecturs will cover.

1.

COGHITIVE REHEARSAL GUESTIOMNS

Lizt the zpeafic questions to be azkedevery 10 or 15 minutes toenzurs that

partipants understand and procesz the nformation beins prezented.
Inztruct studentz to uzs the formulate, share, listen, and create

procedurs.

1.

o
&

3.

1.

Momitor by aystematically chzervinseach parr. Intervene whenitis
necezzary. Collect dats forwhele clazz procezzme. Students explanstionzto
each other provide & window into thewr mindz that allows you to zee what
they do and do not understand. Momtonng alao provides an opportumniy for
vou to get to know your students better.

SUMMARY QUESTHOMI(S)

Give an ending dizeuzzion tazk and requirs students to come to consenzus,
wnte down the pairortnad'z answeriz), zisn the paper, andhand it m.
Signatures mdicate that students azree with the answer, canexplanit, and
suzrantes that thewr partnerizicanexplamnit. The quesnonz could (a) azk i
a summary, elaboration or extenzion of the matenal prezented or (b) precus
the next clazz zezz10m.

1.

a
&

http://personal.cege.umn.edu/~smith/



SCALE-OP

Student-Centered Active Learning Environment with Upside-down Pedagogies

How would you like to teach
(or learn) in a classroom
like this one at MIT?

The purpose of this website is to share
designs for state-of-the-art learning
studios, teaching methods, and
instructional materials that are based
on more than a decade of
discipline-based education research.

For a quick introduction, visit our
Frequently-Asked-Questions page, or
take a look at this 5 minute video or
view a some of these short video clips
created by adopters:

Minnesota, McGill, lowa, Virginia Tech,
Old Dominion, Northern Michigan,
Oklahoma, Windward High School

As a visitor to the site, you can view
classroom designs and find contact
information for scores of colleges and a
growing number of high schools that
are offering highly interactive,
collaborative, guided-inquiry-based
instruction.

Registered site members have access
to many more details and classroom
materials being developed and tested
by faculty from around the world.

Visitors may click here to go to pages describing the work of many of the institutions adopting SCALE-UP.

Registered site members, click here to log in. (There is additional detailed information available only to those who have registered.)




Phiygaica Educalian Ressserch Greup
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About the SCALE-UIP
FProject...

Thiz research was supparted, in parct, by the 1,5
Depariment o Edusalion x Fumd for the
Teaprovemend sf Pol-Secondsry Fdu alisn
FIDSEY, the Maliona Science Foundalios,
Hevdett-Packard, Apple Computor, and Pasos
Sciemtific. Opinions eupressed are these of the
alhors and mot necassarily those of our sponsors.

The primary qoal of the Student-Centered Activities for Large Enrolinent Undergraduate Programs
{SCALE-UP) Project is to establish a highly collaborative, hands-on, computer-rich, interactive learming
environment lor large-enrollment courses,
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Cooperative Problem-Based Learning

AL MIT., Large Lechures Are Going the Wayv of the
Elackboard

1= Mz sachusetts Inslorz of |echrodogy bas chiangeol e veay 1 odters some irfroouchory classes. Frol . Gabnels Soodis
A kel an glctacly and madnatsm

+ SAFA RMER

SJaaliFnsd: daraary 12, S

B conwEd TS o
CAMBRIDGE, Magss, — Far as lons as anvene can ramember, B EMalL
intecductory physics at the Massachnzetts Instinute of Technology was 5 FRIET

taught in a vast windowless amphitheatar known by its numbar, B SINGLE Pasi

January 13, 2009—New York Times — http://www.nytimes.com/2009/01/13/us/13physics.html?em
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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
Van Allen TILE Classroom

View More Articles

Upcoming Events

Highlights
10/11/2013 - 1:00pm
350 Van Allen Hall
SEP Meet Dr. Bryant McAllister e T
04 v Several years ago, the Biology Department initiated a plan to revamp the Iowa City, IA 52242
[~ ' introductory biology courses taken by undergraduate students in the life United States

2013 __ TILE Labs: Essentials

sciences.
10/18/2013 - 12:30pm
1022 Main Library
125 West Washington St
lowa City, 1A 52242
United States

SEP w Trowbridge 134 Gets a New View TILE Labs: Accelerator
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Home > Mews Releases > U of M dedicates new Science Teaching and Student Services building

News Release

U of M dedicates new Science
Teaching and Student
Services building

Building to sere as new hub for
student life, including technology-rich
"classrooms of the future” and One
Stop Student Sevices

Contacts: Daniel Waolter, University
Mews Service, wolter@umn.edu,
= + (612) 625-8510 &

MINNEAPOLIS / 5T PAUL (0824 The ribben cutting for the new STSS Building
72010) —University of Minnessta Featured, from Ieft to right: student veteran Chris

Holbroak, U of M President Robert Bruininks, Regent
leadership and students today Linds Cohen, building architsct and U alum Bill
dedicated the new Science Teaching  pegersen, College of Biclogical Scisnces associste
and Student Serices (STSS) building,  dean Robin Wright, Provost Tom Sullivan and

located at the gateway to the Minnesota Student Association president Sarah
university's East Bank campus in Shook,
Minneapolis

The 115,000-square-foot STSS, which replaces the demolished Science Classroom Building,
will be home not only to new, state-of-the art "active learning” clagsrooms but also to
numerous student services ofiices, including One Stop Student Sewvices, veterans senvices
and career services.

"This really is the futurs of education at our Twin Cities campus,” said university President
Rabert Bruininks. "We're grateful to the people of Minnesota far making this investment in
their University."

The building, which was funded in large part by state bonding funds, has five stories and offers
a wide view of the West Bank and downtown Minneapolis over the Mississippi River. it has 10
active learning classrooms, which provide for technology-driven and collat

amang students and faculty. There are also five multipurpose classrooms and two larger
lecture halls

"Active leaming classrooms are the classrooms of the future and have proven results in
improving educational achievernent for students,” said university Provost Thomas Sullivan
"Thers is a critical need for more degrees in science, technology, engineering and
mathematics fields to meet expected job growth. This new facility supports our efforts to
educate the scientists and engineers who make the discoveries of tomorrow.”

In addition, the STSS is designed to meet or exceed the requirements of Minnesota's
stringent B3 sustainable design code and seeks LEED Gold certification. Sustainable

http://wwwl.umn.edu/news/news-
releases/2010/UR_CONTENT _248261.html

3 SHARE

Multime dia

STES overview: See all the great
features of this new building

Goinside an Active Learning
Classroom

innesota Miles checks in on
student serices in STSE

Related Links

Map to STSS location

Further infarrnation about STSS
(FDF)

You're watching:

Inside Active Learning Cla

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

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


http://youtu.be/lfT_hoiuY8w

Inside an Active Learning
Classroom

STSS at the University of Minnesota

http://vimeo.com/andyub/activeclassroom

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



http://vimeo.com/andyub/activeclassroom
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PBI-@I-JD Institute for Transforming Undergraduate Education
Problern-Based Learning at University of Delaware

Why PEL? Our Workshops RESOUrCES Leaders & Fellows Partners In the News

What we offer

] PBI Cleeringbouse J

Find great problems for your

The Motivation to Learn
Begins with a Problem

In a problemn-based learning (PBL) rodel,
students engage cormplex, challenging
problems and collaboratively worl toward
their resolution. PBL is about students
cannecting disciplinary knowledge ta
real-world problerns—the motivation to solve &

In this peer-reviewed online
resource, educators have the
opportunity to submit and publish
their own problems and articles on

problerm becornes the motivation to learn. problem-based learning.

PEL@UD

Far mare than ten years, the Leaders and Fellows of the Institute for Transfarming

Undergraduate Education (ITUE) have encouraged the adoption of student-centered and active PBL Trainingat a lower cost:
classroom pedagogies—and in particular—the use of PBL in the undergraduate classroom, on- Attend our January 4-6 Workshop
and off-carmpus workshops are held for faculty and students to enhance their understanding of for an Intreduction to PBL!

PBL.

This workshop will demonstrate
Recipient of a Hesburgh Certificate of Excellence problem-based learning (PBL) and mods|
ways that PEL can be used effectively in all

The Theodore M. Hesburgh Award was created to acknowledge and reward disciplines. We will begin with a problem,

successful, innovative faculty developrnent programs that enhance undergraduate and p:ar‘ticipa.nts will worl: in tfaa.ms to )
teaching. ITUE is a recipient of the Hesburgh Certificate of Excellence for its work jn SFPEMENEE f|r§t hand w.hat this instructional
implementing problem-based learning in the classroom, approach entails. We will then move to the

main focus of this program: writing effective
problem-based materials, Participants will
leave the session with new or revised
problems for use in their courses,

http://www.udel.edu/inst/

PELEUD » infog@phludel edy RSITY oF

EIAWARE.



