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Background

Possible Advantages Theory

- Provides individualized guidance and feedback while
they practice solving problems outside class at their
convenience

- Aim: Effectiveness through good design and pedagogy,
vs.complex programming or artificial intelligence

- Customizable by individual instructors
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Design

Reciprocal teaching °

Learning from well-studied examples ¢
d

Context-rich (CR) problems

Experimental plans

Section One: Focus the Problem

Section One: Focus the Problem

Section One: Enter the Answer

Focus the Problem
Ficture
Important Objects

Kinematic
Quantites

Position
Velocity
Acceleration
Time
Dynamic Quantites
Forces
Cther Quantities
Questions
Approach
# Physics Principle |

System
Relevant Times
Relevant Info

Describe the Physics
Plan the Solution
Execute the Plan
Evaluate the Solution

Summary

Interaction mode 1 - Implementation

Kinematics

* Dynamics

Physics Principle

Conservation of Energy

Which approach would you like to use? (You will be able to
add another approach later if you want.)
Choose the approach from the list below.
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LW\

Question

[HCIW far up the ramp does the puck travel? J

Approach

r [
Dynamics

C decides, S implements, C assesses

Current status

Continwe

ocus The Problem

# Draw a Ficture

Draw a Picture

I've added more information to the picture below. Are these

forces correct?
Choose the answer from the list below.
(J Yes
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L
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Problem

(Your company is designing an apparatus for
an ice skating show. An ice skater will start
from rest and slide down an ice-covered
ramp. At the bottom of the ramp, the skater
will glide around an ice-covered loop which
is the inside of a vertical circle before
emerging out onto the skating rink floor. For
a spectacular effect, the circular loop will
have a diameter of 30 feet. Your task is to
determine the minimum height from the rink
floor to the top of the ramp for the skater to
make it around the loop. When barely
making it around, the skater briefly loses
contact with the ice at the top of the loop
and at that point the skater is in free fall.

Enter & Evaluate the
ARswer

Interaction mode 2 — Coaching

S decides, C implements, S assesses

- Test effectiveness of currently finished computer tutors on
introductory physics students (Fall 2010)
- Examine net gain of student performance on quizzes, final
exam vs.control group
- using scoring rubric developed for problem solving ©
(see below)
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NA(Problem)

NA(Solver)

USEFUL
DESCRIPTION

The description
i%s useful,
appropriate,
and complete.

The deseription
is useful but
contains minor
omissions or
Errors.

Parts of the
description are
not useful,
missing, and/or
contain errors.

Most of the
description is
not useful,
missing, and/or

contains errors.

The entire
description is
not useful

Errors.

and/or contains

The solution
does not include
a description
and it is
necessary for
this problem
/solver.

A deseription is
not necessary
for this
problem.

(i.e., it is given
in the problem
statement)

A deseription is
not NeCesSary
for this solver.

PHYSICS
APPROACH

The physics
approach is
appropriate
and complete.

The physics
approach
contains minor
omissions or
Errors.

Some concepts
and principles
of the physies
approach are
missing and/or
inappropriate,

Most of the
physics
approach is
missing and/or
inappropriate.

All of the

and principles
are
inappropriate.

chosen concepts

The solution
does not
indicate an
approach, and
it is necessary
for this
problem/ solver.

An explicit
physics
approach is not
necessary for
this problem.
(i.e., it is given
in the problem)

An explicit
physics
approach is not
necessary for
this solver.

SPECIFIC
APPLICATION
OF PHYSICS

The specific

application of
physics is
appropriate
and complete.

The specific
application of
physics contains
minor
omissions or
Errors.

Parts of the
specific
application of
physiecs are
missing and/or
contain errors.

Most of the
specific
application of
physics is
missing and/or

contains errors.

The entire
specifie
application is
inappropriate

Errors.

and/or contains

The solution
does not
indicate an
application of
physics and it is
NECessary.

Specific
application of
physics is not
necessary for
this problem.

Specific
application of
physics is not
necessary for
this solver.

MATHE-
MATICAL
PROCEDURES

The
mathematical
procedures are
appropriate
and complete.

Appropriate
mathematical
procedures are
used with minor
omissions or
Errors.

Parts of the
mathematical
procedures are
missing and/or
contain errors.

Most of the
mathematiecal
procedures are
missing and/or
contain errors.

All
mathematical

inappropriate
and/or contain
Errors.

procedures are

There is no
evidence of
mathematical
procedures, and
they are
nEcessary.

Mathematical
procedures are
not necessary
for this problem
Or Are very
simple.

Mathematical
procedures are
not NECessary
for this solver.

LOGICAL
PROGRESSIO
N

The entire
problem
solution is clear,
focused, and
logically
connected.

The solution is
clear and
focused with
minor
inconsistencies

Parts of the
solution are
unclear,
unfocused,
and/or
inconsistent.

Most of the
solution parts
are unclear,
unfocused,
and/or
inconsistent.

The entire
solution is
unclear,
unfocused,
and/or
inconsistent.

There is no
evidence of
logical
progression,
and it is
MEcessary.

Logical
progression is
not necessary
for this

problem.
(i.e., one-step)

Logical
progression is
not NECESSary
for this solver.

Useful Description: 5
Physics Approach: NA(S)
Specific Application: 5
Math Procedures: NA(S)
Logical Progression: 5
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Sample students -
scoring with rubric”®
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Approach: general

equations
unnecessary for
this solver (NA)
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Math: numerical calculations are
not shown but the answer is
correct (unnecessary step for this
solver)

Description:
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Useful Description:
Physics Approach:
Specific Application:

Enter & Evaluate the Answer

Which part of the framework would you like to get help or Problem

have me check your work?

(Because of your knowledge of physics, you
have a summer job working for a company
that arranges bungee jumps. The cords
used in the jump are sorted by their
unstretched length and their spring constant
{when the cords stretch, they exert a force
that has the same properties as the force
exerted by a spring). Your first task is to
develop equations for the company
employees to use when picking out a cord
for a jump. Given the mass of the jumper
and the height of the jump, your equations
should allow an employee to calculate the
correct unstretched length and spring
constant for the bungee cord to be used and
you decide to first develop an equation for
the correct unstretched length. For the most
exciting jump, the person should stop just
short of the ground. In order to keep the
jumper safe, the company doctor
Lrecnmmends that the maximum acceleration _/]

Choose the gnswer frorm the list helow.
‘! Focus the Froblem: Picture and gquestion
'/ Focus the Frobhlem: Choose approachies)
Focus the Problem: Elabarate the approachies)
Describe the Physics: Draw a diagram and choose a target guantity
Describhe the Physics: Find guantitative relations
Flan the Solution

Execute the Flan

Answer

=y

Interaction mode 3 - Independent practice

Scaffolding gradually withdrawn

Goal for setup

- Limited number of tutors finished,
more by fall semester.
- Baseline set of student exams
collected
- same introductory class

Math Procedures:

Description: di i - i
L aglcal Proprasson: iption: direction of E-field incorrect and

“y” unclear; incorrectly assumes there is an
external magnetic field present

(spring 2010)
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- two raters (established inter-
rater reliability) score
baseline for future

Approach: parts of the approach are missing
(connection between forces approach and
kinematics / accelerated motion)

Specific Application: incorrect force term in
Newton’s second law (B-field), assumes no
acceleration, and missing molar mass conversion

Math: math procedures are
missing (unfinished), and
some are unused
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Logical Progression: Solution unfocused and
contains some unit inconsistencies; doesn’t

progress to an answer for E-field,

comparison

- Goal: 40 tutors (8 for each of 5
topics), larger-scale
study (~spring 2011)



