TA Orientation 2004

Activity 4.  Rationale for UMN Model

TA Orientation 2004
Activity 4 (continued)
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Nota popular course to teach or take!





[image: image2.png]wn
T f—
Instructional

Design
(Engineering)





[image: image3.png]ST ol Cacuus-based Course (89% engneerng maors) 1933
5 s prnciles betindll s

45 G e policn solég s What Do Other
8 Coned et poblem ool Facylty Want?

2 Moty physs oiscvee 10 et
2 s ithconiece

Goals: lgebra-tased Course (24 iferentmajrs) 1087
47 s pricipe e ol i ., eaton's Lous]
42 G ulalve prbln slng sl
A2 Ouecomeaiscmceplons ol psical unrtd.

A1 G i el sl sils
40 Wply physics s covred 1 et

Goals: Biogy Mjos Course 2003
48 bsicpinclsbeliodll s

43 Generd qualalve poten suin il

42 U gl examples o sl icles
41 Geerd quantlloe poben o s

40 Ouecome misconcepdons aboulphcluetd

40 s tpics o o el oo
40 Howwrangeof plicaityofpysispincils





[image: image4.png]Goals Not Chosen

> Be familiar with a wide range of physics topics.
> Formulate and carry out experiments.

Use modem measurement tools for physical
‘measurements (e.g, oscilloscopes, etc).

Analyze data from physical measurements.

> Program computers to solve physics problems.
> Understand and appreciate “modern physics”

(e, solid state, quantum mechanics, nucli, etc)

Understand and appreciate the historical development
and intellectual organization of physics.
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[image: image7.png]" Wnat Is Problem Solving?

“Process of Moving Toward a Goal When Path is Uncertain."
+ If youknow how to doft, its not a problem. #

Problems are solved using tools. -
o General-Purpose Heuristics
* ot aigortime
“Problem Solving Involves Error and Uncertainty” .

A problem for your students is not a problem for you.

Exercise vs Problem &

M. Wartinez, P Dota Kagpan, Apr, 1998
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Means - Ends Analysis

identifying goals and subgoals @;}

Working Backwards
step by step planning from desired result

Successive Approximations
range of applicability and evaluation

External Representations
pictures, diagrams, mathematics

General Principles of Physics “
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Solving Problems Requires

Conceptual Knowledg
From Situations o Decisions

« Visualize situation
« Determine problem-solving goal(s)
*Choose applicable principles
«Choose relevant information

B >K

«Evaluate the solution





[image: image10.png]Solving Problems Requires

Metacognative Skills:
« Managing time and direction
= Determining next step
* Monitoring understanding
- fisking skeptical questions
= Reflecting on own learing process
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experience
tell us about
the “initial
state” of
students’
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solving in
introductory
Physics?
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[image: image13.png]"Students have difculty’
Solving problems because.
they have poor
mathematicalskils!

Do you agree
with this
professor?
Why or
why not?
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Modified Atwood Machine Problem
On Final Exam for calculus-based course, 1993

In the diagram shown above, block 1 of mass 1.5 kg and
block 2 of mass 4 kg are connected by a light taut rope.
that passes over a frictionless pulley. Block 2 is just
over the edge of the ramp inclined at an angel of 30°, and
the blocks have a coefficient of sliding fiction of 0.21
With the surface. At time 1=0, the system Is given an
initial speed of 11 mis that starts block 2 down the ramp.
Find the tension in the rope.
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Incorrect Physics Approaches 52
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[image: image17.png]Initial State of the Learner

‘Students have Misconceptions about
The Field of Physics
Learning Physics.
Nature
Problem-solving

All combine to make it difficult for students
tosolve problems.

Not the same as “getting a problem right”.





[image: image18.png]B Some References in Problem Solving

1916 - A Binet & T. Simon, Development of Intelligence in
Children, trans. E. S. Kite, Baltimore, Wiliams, and Witkins
1933.-J. Dewey, How We Think: A Restatement of the Relation
of Reflective Thinking to the Educative Process

1957 -G. Polya, How!o solve t: A new aspect of mathematical
method, Princeton, NJ: Princeion University Press.

1972 A. Newoll and H. Simon, Human Problem Soiving, NJ:
Prentice Hall

1980 - M. Chi, P. Feltovich, R. Glaser, Categorization and
Representation of Physics Problems by Experts and Novices,
Cognitive Science, 5, 121-452.

1980 - J. Larkin, J. McDermat, D. Simon, H. Simon, Expert and
novice performance in solving physics problems, Science,
208, 1335-1342.

1980 - K. Simon, Problem Solving and Education, in D. Tuma
andF. Relf (Eds), Problem Soiving and Education: Issues in
Teaching and Research
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4979 -J. Larkin, & F. Relf, Understanding and teaching problem
Salving in physics, European Journal of Science Education, 1(2):
191203
1985 - A_ Schoenfeld, Mathematical problem solving. Orlando, FL:
Academic Press.
1989 - D. Woods, Problem Solving in Practice, in D. Gabel ed,
‘What Research Says to the Science Teacher, Vol. : Problom
Solving
1992 P. Heller, R. Keith, S. Andarson, Teaching Problem Solving
‘Through Cooperative Grouping, Part 1: Groups versus individual
problem solving. American Joumal of Physics 60(7), 627-636.
1993 -J. Mestre, R. Dufresne, W. Gerace, P. Hardiman, & J.
‘Touger, Promating skilled problem-solving behavior among
beginning physics students. Journal of Research in Science.
Teaching, 30(3), 303-317.
1994 - D. Maloney, Research on problem solving: Physics, in D.
‘Gabel (Ed), Handbook of Research on Science Teaching and
Leaming (pp. 327-356). New York: Macmillan.





[image: image20.png]Misconceptions About
Learning Physics

Professor explains what is required for that topic
Clear explanations which follow the textbook.

"I understand the concepts,
1just can't do the problems"

‘The test is exactly what the professor clearly explained.

Test problems follow
exactly worked examples.

"I can do the homework
but your test problems e
are too different ==





[image: image21.png]- Students’ Misconceptions
About Problem Solving
You need to know the right formula to solve a problem:
Memorize formulas;

Bring in " crib" sheets.
Manipulate the equations as quickly

as possible. @
Novice “Plug-and-chug” Strategy

It'sall in the sequence of mathematics:
Memorize example solutions.
Numbers are easier to deal with;

Plug in numbers as soon as possible. E
Novice *Patter Matching” Strategy
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 Misconceptions about
physics, learning
physics, and problem
soluing.

* Lack of metacognitive:
slls

1o problem-solving
heristics

Typical Student Test
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[image: image25.png]From Novice to Expert Problem Solver

Novice - context-bound facts, features, rules
Euery case IS UIgue (hug-and-chgh

Advanced Beginner - adds situational
elements to rules
Patterns hased on context paternmechioa

Competent - context-free rules applied to
unique situations
Patters based on ules

Proficient - context.free rules applied to
patterns of situations
Patlerns based on situations

Expert - contextiree rules modified by
situation pattern





[image: image26.png]"N We can NOT expect students to become
expert problem solvers in one year!

GOAL: Help student move along the continuum from
novice or advanced beginners towards Competent
Pproblem solvers (patterns based on rules).

‘Students can learn a “competent” problem-solving
framework that directs thelr efforts toward making
connections both among physics concepts and between
those concepts and the rest of their knowledge.

‘The framework should be a logical and organized guide
to arrive ata problem solution. It gets students started,
guides them to what to consider next, organizes their
mathematics, and helps them determine if their answer is
correct,





[image: image27.png]Experiment 1: Initial State
Show (model) how to
use “competent”
problem solving
framework in lecture

Final State

Change!

Why do you think this experiment failed?





[image: image28.png]- Practice Makes Perfect
BUT 2

@ Can often be solved by manlpulating equations
@ Little visualization necessary

@ Few decisions necessary

® Disconnected from student's reality

@ Can often be solved without knowing physics

What s being practiced? o





[image: image29.png]This Textbook Problem Does
NOT Reinforce Problem Solving

Ablock starts from rest and aceclerates for 3.0 seconds.
It then goes 30 M. in 5.0 scconds at a constant velocity.

P a Whatvas the il vlocy ot the
et

b, What was the acceleration of the
block?

Why? O





[image: image30.png]m Appropriate Problems for
Problem Solving

The problems must be challenging enough so there s a
real advantage to using some problem soluing heuristics.

[t N
1. The problem mast be complex f_":;; ) oy
‘enough so the best student inthe = ofthe
class is not certain how to solveil. - C!\

f

The problem must be simple
‘enough so that the slution, once
arived al,can be understood and
appreciated.





[image: image31.png]C] Context-Rich Problem

Youhave  summer ob with an insurance company and are helping
tolnvestgate a ragic "accident” Atthe scene, you see aroad
running siraight down a il hatis at 10"t the horizontal. Atthe
bottom of the hil, the road widens nto a small, leve parking lot
overlooking a if. The ciffhas a vertcaldrop of 400 feet to the.
horizontal ground below where a car is wrecked 30 feet from the
base of the cif. A witness claime that the car was parked on the hill
and began coasting down the road,taking about3 seconds o get
down the hill Your boss drops a stone from the edge of the cliff.
and, from the sound of it hitting the ground below, determines tha it
takes 50 seconds to fll 1o the bottom. You are old to calculate the
car's average acceleration coming down the hill based on the-
statement o the winess and the other facts in the case. Obvious
Vour boss suspects foul play.
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Show (model)
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problem solving
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and use context-rich
problems.

Initial State

Final State

Change!

Why do you think ths experiment falef?
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start with simple problems to ﬁ
learn competent framework. o
Success using novice strategies.
Why change?

Start with complex problems @!
50 novice strategies fail

Difficutty using new framework. %

i 6\33??
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[image: image35.png]" Cooperative Problem Solving “Full Model”
Emphasis: Fundamental Physics Principles & Problem Solving|

Problem Design and Problem-solving Framework
based on expert-novice rescarch
Coaching based on collaborative learning rescarch
Constraints: Lecture, Recitation and Laboratory

« Lectures: MODEL concept construction in problem
context and competent problem solving
* Recitation and Laboratory: COACH problem solving
Scaffolding

= Contexterich problems that require physics de
« Explicit problem-solving framework
= Structured cooperative groups

* Remove scaffolding: FADE support





[image: image36.png]= Recitation Sections
Traditional Recitation Sections Do Not Work
B + Instructor chooses problems to solve for students
 Students choose problems for instructor to solve
+ Instructor gives review of professor's lecture
) Less efficiert lectures

Use Recttation Section for Coaching
‘Students work on an appropriate task
* In small groups (peer coaching)

« Intervention by instructor (expert coaching)
Need

+ Appropriate task =) Cooperative Group
+ Group structure Problem Solving
- Intervention tactics M
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