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Research Problem solving is a prominent feature of many physics courses. However, students often lack opportunities to receive individualized

roblem: coaching to improve their problem-solving skills. Can computer coaches situated within a cognitive apprenticeship framework help
P B students to become competent problem solvers?

Computer coaches
Theory Instructional strategies
Cognitive apprenticeship Reciprocal teaching
The teacher models a skill, making explicit the cognitive processes Student (S) and computer (C) take turns being the "coach.” This pedagogy
involved, coaches the student while the student practices, and fades can help students develop not only desired skills, but also the ability to
the instructional scaffolding as the student becomes more proficient. monitor their own performance of those skills.
(Collins, Brown & Newman, 1989) (Palincsar & Brown, 1984)
Making thinking visible Learning from well-studied examples
” Problem-solving framework | [ Needed cognitive functions ) Working attentively through a sequence of carefully structured examples
. Focus the probler can help students learn cognitive skills and be able to use them flexibly.
» Picture/Question/Approach Decide (Zhu & Simon, 1987)
ll. Describe the physics
- Diagram/Target quantity/Quant. relations Context-rich (CR) problems
IIl. Plan the solution Implement CR problems have a context and motivation that might be realistic to

. Algebraic manipulation/Check unit . . . .
gebraic manipufation/Check units students and are used as instructional scaffolding. They are challenging
IV. Execute the plan

V. Evaluate the solution enough that students must use an expert-like problem-solving framework
* Check statement, units, reasonableness and make good decisions to reach a solution. (Heller & Hollabaugh, 1992)

Assess

{* Mavy plane pushed by a spring

DESCRIBE THE PHYSICS FOCUS THE PROBLEM Independent performance {Attempt * 1)

s Diagrams & Define Quantity(ies) ictu v =7 Problem
1l FAELS Tisls FRIELER A diagram should include the information . L You have a job at a company that designs equipment for sports nter your answer for the spring constant k in Problem . .
necessary for aonluing the aooroach Lo .= y = _ I am having trouble deciding how to get exhibitions. The company has a contract to design an 1 Enter Answer . The Mawy wants a new jetplane launcher for their aircraft
2. DESCRIBE THE PHYSICS - d':l LT PR d i ‘ ; started. Wwhat should I do first? apparatus for an ice skating show. An ice skater will start '
specified.

carri
. . fram rest and glide down an ice-covered ramp. &t the bottom d stance the jet is pushed by the spring effectively a large spring that pushes the jet for the first
e Diagrams & Define Choose from menu of the ramp, the skater will then glide around an ice-covered 2. Evaluate Answer

of:
& di
ties) ; L - the total length of the runwal enginee 2upB1y 8 constant thr st orce for the entire Tangth
Quantityiies Mowe click on the quantityfies) to be added - =3. loop which iz ingide a wertical circle. &fter going around the - 1 no - Entire

T o B . ’ - d-u . == af = = vertical circle, the skater emerges at the bottom to glide out £ = U0 WBITEE) SURIDINCE T W3 JEbE CRETEE of the runway. The planes need to have a certain mini mum
& Target Quantitylies 0 the energy transfer diagram below. anto the skating rink floor to the wild applause of the - the mass of the plane velocity by the end of the runway inorder toachieve a

N . . f= f = as » Choose an approach to use audience. For a spectacular effect, the circular Toop will have ¥ - the minimum velocity needed for take-off succeasful take-off. What should be the spring constant for
Click "Diagram Complete” when finished. adiameter of 30 feet. Your task is to determine the minimum the launcher in terms of quantities such as the distance d the
s @ Decide on the question to be answered height from the rink floor to the top of the ramp so the skater jet iz pushed by the sp_rngthe tpta] 1enu;|.th L of the runway,
3. PLAN THE SOLUTION . will make it around the Toop. If the skater is going just fast the thrust force supplied by the jet's engines, the mass of
| Diagram Complete I H o [raw a physics diagram enough for thiz stunt to work, her skates just barely lose k = the jet, and the minimum velocity necessary for take-off?

® Draw a picture of the situation contact with the ice when she is upside down gt the top. &t that

Enter Answer

Tl ersand you are on the design team. The Tauncher iz
t
1
1

# [uant. Felationships

point, she iz in free fall, so her acceleration is q.

S EVALUATE THE AMSWER uestion ‘what is the speed of the fastest 4 ®Write down quantitative relationships
moving train the spring can stopy L d
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Delete last | Delete all | | Enter |

Press Enter when equation is completed.

(I got stuck and couldn't get an answer.

g Mo. Before you can write down any equations, you need to decide
B'J which approachies) are appropriate for solving the problem. Drawing
ST a picture first can help you decide which approaches are appropriate.

Implementation mode (modeling/coaching) Coaching mode (modeling/coaching) Performance mode (fading)
C decides, S implements, C assesses S decides, C implements, S assesses Scaffolding gradually withdrawn
Pilot study Differences from other systems
45 students worked through 8 coached Conservation of Energy problems.  These coaches:
Their performance on a subsequent class test was compared to that of a 1.are based on a cognitive apprenticeship model of learning
matched sample of students who did not use the web coaches. 2. provide students with detailed and intrusive individualized help that is

anchored to an expert-like problem-solving framework

3.aim to achieve their effectiveness through good pedagogical design,
rather than complex programming or artificial intelligence.

4.are customizable by individual instructors.

Although no significant differences were found in the performance of the
two groups, the students’ feedback, as well as logs of their use of the
coaches, will be used to improve the next version of the programs.

Acknowledgment: These computer coaches are based on an original concept by Fred Reif. (Reif & Scott, 1999)



