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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,
yet 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 memonyt Iis time we
YFRS dzLJ F2NJ 0 KA&a I O}

D.A. Norman. 1980. Cognitive engineering and education. Iiwnaand
F.Reif(Eds.)Problem solving and education: Issues in teaching and
research. Erlbaum, pp. 907.



Learning Requires

deliberate

distributed
practice

Brown, P.C., Henry Roedigetll, H.L., & Mark A. McDaniel, M.A. (20Make It Stick: The
Science of Successful Learnidglknap Press: An Imprint of Harvard University Press



Key Implications

Deliberate

Attention must be paid

Attention and processing power = cognitive load

(bandwidth) o i

ALIMITERY SSR (2 0S OF NBTdz K2g 2
bandwidth

A Link to Curricular Priorities
AContinuous partial attention

/Reflection is needed
ANeed for feedback

A Link to assessment



Key Implications
Distributed

Repetitionover time
Spaced vs. massed practice*

Spiral curriculum

Multiple modes of input
Visual

Audio

Kinesthetic
Selfexplanation
Explaining to others

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



Key Implications

Practicewhat you want to learn
Active¢ doing something

Constructive; adding to your prior
knowledge

Interactivec working with others to add to
your prior knowledge

Chi, M.T.H. 2009. Activ@onstructivelnteractive: A Conceptual

Framework for Differentiating Learning Activitidspics in Cognitive
Science 173105.



Cognitive apprenticeship (1 of 3)

1. Authentic tasks/situations

7. Narrated modeling

Challenges of this approach

Expert not used to explaining thinking

9ELISNI F2NBHSGa ¢KIFG Aa Ad tA1S 02
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Subconscious or intuitive knowledgé Y& 8 G SNEB 2 F S E LIS NI




Cognitive apprenticeship (2 of 3)

3. Scaffoldedand coached practice
ScaffoldF N2 Y f SI NJYySNXa LINA 2 NJ |
CoactOl'y RAl3Iy2aS GLINRoOf SYa.
Immediate feedback important for motivation

Informational feedback




Cognitive apprenticeship (3 of 3)

3. Articulation of the steps by the learner
Selfexplanation

/.. 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.D&guid P. (1989). Situated cognition and the culture of
learning. Educational Researcher, 18422
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Teamworkc High Performing Teams & Teamwork Skills
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Practice
Examples
Applications



Overall Goals

C Build your knowledge of Cooperative Learning and
your implementation repertoire

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




Cooperative Learning Objectives

Participants will be able to list and describe essential
FSIFEGdzNBa 2F GKS Ay adNHzO0 3
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
Own courses

_______________________________________________________________________________________________________]




Reflection and Dialogue

Individually reflect oryour experiences an
undergraduate studenwith Interactive (cooperative)
learning Write for about 1 minute.

First time you heard the term in a class settordghe 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
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First Teaching Experiencd hird-year
course In metallurgical reactios
thermodynamics and kinetics




Process Metallurgy

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

Metal-oxide reduction roasting 1 gas-solid
Interface




Dissolution Kinetics

Theory i Governing
Equation for Mass

(Bcv) = Db’c

Transport

° ) . dc __ d°
Research i1 rotating v, —=D—
disk dy dy

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



Lila M. Smith




Y | Nfiafdty

Practicec Thirdyear course in metallurgic~!
reactionsc thermodynamics and kinetics

Theoryg ?

Researclt ?

Theory

AN

Research Practice
Evidence




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

A Statistics, Measurement, Research Methodology
AAssessment and Evaluation

ALearning and Cognitive Psychology

AKnowledge Acquisition, Artificial Intelligence, Expert Systems
ADevelopment Theories

AMotivation Theories

ASocial psychology of learniggtudentc student interaction

_______________________________________________________________________________________________________]




Lila M. Smith




Cooperative Learning

Theoryc Social InterdependencelLewing
Deutsche Johnson & Johnson

Research EvidenggRandomized Design Field
Experiments

PracticecC2 NI f ¢SI Yakt N2 ¥

Theory

AN

Research  practice
Evidence




Cooperative Learning: An Evideng&ased
Practice for Interactive Learning

Cooperative learnings instruction that involves people
working in teams to accomplish a common goal, under
conditions that involve botlpositive interdependence

(all members must cooperate to complete the task) and
iIndividual and group accountabilifgach member is
accountable for the complete final outcome).

20




S E AR T Key Concepts:

Positive Interdependence Individual Accountability POS|t|Ve

Goal Interdependence (essential) Ways to ensure no slackers:

. All members show mastery = Keep group size small (2-41 Inte rdependence

1

5 :

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

weounsi * Randomly ask one member of the group to I n d iVi d u al an 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 ntabi I ity

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

2, ligsaw materials * Observe & record individual contributions F F
3. Separate contributions aceto = ace
Task Interdependence Ways to ensure that all members learn:

1. Factory-line * Practice tests P rO m Ot|Ve

2. Chain Reeil =  Edit each other’s work and sign agreement
Outside Challenge Interdependence

1. Intergroup competition IR check one paper from each group I nte raCti O n

2, Other class competition * Giveindividual tests

ety nerdependence B ot g Teamwork Skills

Mutual identity (name, motto, etc.)
* Simultaneous explaining: each student explains

Envi tal Interdepend 1
T Desgrand sk e lesning 0.3 v e Group Processing

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.”) : £
feward /Calshatin * Time for groups o meet
R i * Group members close together

1. Celehrate joint success 2 &mall A h
2. Bonus points (use with care) s oo
3. Single group grade (when fair to all) * Frequent oral rehearsal

* Strong positive interdependence

_ * Commitment to each mh:-:riluarning .
Kl A, St * Positive social skill use http://personal.cege.umn.edu/~smit

University of Minnesota/Purdue University * Celebrations for encouragement, effort, help,

kemnith@umn.edu and success! h/d OCS/S m Ith’
Qi i CL%20Handout%2008.pdf



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.MBiedenbach
(Eds.)Proceedings Eleventh
Annual Frontiers in Education
ConferenceRapid City, SD,
Washington: |IEEE/ASEE;

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 shart-
age of engineers, and,

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

shortage of college teachers of engi-
neering. Unless corrective measures
are taken, it may be mare difficult in
the coming years to achieve the
goals of enginecring education and
to 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 problems. Engineers
must now, more than ever, work with
other engineers 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 i between society and
technology.

Needs of Engineering Graduates

Many studies have been con-
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-
ments:

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

3) Engineers must be made deci-
sion 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

the complex inter ies be-
tween technology and society, of the
influence of technology on individual
and collective behavior and on the
natural environment. Esseatially, so-
cial-technical competence invalves

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

persg 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 1981 © 231

hitp://personal.cege.umn.edu/~smith/docs/SmiBRedagoqgies of Engagement.

pd



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

Undergraduate Teaching Faculty: The 2Q2814 HERI Faculty Surve

Figure 2. Changes in Faculty Teaching Practices, 1989 to 2014
(% Marking “All” or“Most” Courses)

100
80
=4=Student evaluations of
each other’'s work
=== Cooperative learning
(small groups)
. 60 == Group projects
35 === Student-selected topics
E for course content
G % Extensive lecturing
8 40 - =@== Class discussions
20 -~
0 T

1989 1992 1995 1998 2001 2004 2007 2010 2014

23 http://heri.ucla.edu/monographs/HERFAC2014nonograph.pdf



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

Undergraduate Teaching Faculty, 2011*

Cooperative learning
Group projects
Grading on a curve
Student inquiry

Extensive lecturing

60%
36%
17%
43%
50%

41%
2 1%
31%
33%
70%

12%
38%
10%
54%
29%

53%
29%
16%
47%
44%

*Undergraduate Teaching Faculty. National Norms for the 2811l HERI Faculty

Survey;


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

Effectiveness of Interactive Learning

AMeta-analyses in th@roceedings of the
National Academy of Sciences (PNAS)
summarize the importance of interactive
learning for

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

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

_______________________________________________________________________________________________________]



https://www.pnas.org/content/111/23/8410
https://www.pnas.org/content/117/12/6476

Observational study of over 2000
classeg most common behaviors:
A Faculty

0)
0)
0)

0)
0)
0)

Lecturing

Writing in real time
Posinghonrhetorical
guestions

Followingup on questions
Answering student questions
Clicker guestions

A Students

0)
0)

0)

http://science.sciencemaq.org/content/sci/359
/16383/1468.full.pdf

Listening to instructor
Answering instructor
guestions

Asking questions




