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Pedagogical Principle 

Physics Principle 

Software Principle 

  Cognitive Apprenticeship 
(3 types of coaching) 

  Problem-solving Framework 
(Expert v.s. Novices) 

 Minimize cognitive load 

 Evaluation method (PS rubric)        

  Appropriate problems 

  Important Physics approaches 

 Useful techniques 

  Simulates office hour coaching 
  Allow maximum decision-making (multi-step problems) 
--- Branching 
o  PER input– knowledge on students’ problem solving difficulties 
o  Pragmatic considerations 
o  minimize students’ annoyance 
  Naturalistic Visualization (looks similar to written solutions) 
  Internet Accessibility 
  Reviews available  

Design 



Implementation 

3 Prototypes – flash module Duplicate 

  Action Script source code 

  FLA file (contains all the movie 
clips and pictures) 

  XML files (text information 
about questions & responses) 

  Choose problems & write Scripts 

  create/modify all the movie clips 
and pictures in FLA file 

  modify text information about 
questions & responses in XML files 

  Going back and forth within prototype setup!

  Going back and forth within duplicating!

  Going back and forth between prototype & duplicating!



WHAT WE 
HAD 

  8 COE problems in 
Authorware  

  3 COE prototypes built 
in Flash 

   several other COE 
modules duplicated  

   scripts for dynamics and 
COM 

WHERE WE 
ARE 

WHAT WE 
WANT 

 Physics Principles 
planned (~ 8 tutors each): 
  Kinematics 
  Dynamics 
  Conservation of Energy 
  Conservation of Momentum 
  Rotational motion 
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CONTEXT-RICH PROBLEMS 
  Your friend has just been in a traffic accident and is trying to negotiate with 

the insurance company of the other driver to pay for fixing her car. She 
believes that the other car was speeding and therefore the accident was the 
other driver's fault. She knows that you have a knowledge of physics and 
hopes that you can prove her conjecture. She takes you out to the scene of the 
crash and describes what happened. She was traveling North when she 
entered the fateful intersection. There was no stop sign, so she looked in both 
directions and did not see another car approaching. It was a bright, sunny, 
clear day. When she reached the center of the intersection, her car was struck 
by the other car which was traveling East. The two cars remained joined 
together after the collision and skidded to a stop. The speed limit on both 
roads entering the intersection is 50 mph. From the skid marks still visible on 
the street, you determine that after the collision the cars skidded 56 feet at an 
angle of 30o north of east before stopping. She has a copy of the police report 
which gives the make and year of each car. At the library you determine that 
the weight of her car was 2600 lbs and that of the other car was 2200 lbs, 
where you included the driver's weight in each case. The coefficient of kinetic 
friction for a rubber tire skidding on dry pavement is 0.80. It is not enough to 
prove that the other driver was speeding to convince the insurance company. 
She must also show that she was under the speed limit.  



 Minor superficial changes 

    Your friend has just been in a traffic accident and hopes that you can 
show the accident was the other driver’s fault. Your friend’s car was 
traveling North when it entered the intersection. When it reached the 
center of the intersection, the car was struck by the other driver’s car 
which was traveling East. The two cars remained joined together after 
the collision and skidded to a stop. The speed limit on both roads is 50 
mph. From the skid marks still visible on the street, you determine 
that after the collision the cars skidded 56 feet at an angle of 30° North 
of East before stopping. The police report gives the make and year of 
each car. The weight of your friend’s car is 2600 lbs and that of the 
other car is 2200 lbs, including the driver's weight in each case. The 
coefficient of kinetic friction for a rubber tire skidding on dry pavement 
is 0.80. You decide to see if the other driver was speeding and if your 
friend was under the speed limit. 



PLAN FOR PILOT STUDY 

Purpose: get to know the procedure of doing 
the real study; think about all the possible 
problems one can meet during the real 
study 

Procedure: same procedure as the real 
study, smaller number of students, no 
random assignment to control and 
treatment group. 



PLAN FOR FULL STUDY 

 Number of students needed (30~50 for 
each group) 

 Random assignment 
•  Pair match 
•  Random assignment within groups 

 Treatment and Control 
•  Treatment—PhysicsTutor, 2 or 3 problems per week 
•  Control– normal class setting 

 Data collection 
•  Written solutions on quizzes & final exam  
•  2×4+5=13 for each student 



EVALUATING PROBLEM-SOLVING 
(DOCKTOR 2009) 

 Objective procedure developed to evaluate 
student problem solutions 
  Validity measured in several different forms 
  Reliability rating found to be good with a minimal level 

of training 
  Will use on student solutions during semester of tutor 

use by students 

 Five rubric categories 
  Useful Description  
  Physics Approach  
  Specific Application of Physics  
  Mathematical Procedures  
  Logical Progression 





EVALUATION & FUTURE DIRECTIONS 

 Will students use them? 
 Do they improve students’ problem solving 

skills? 

 Are they easily adaptable to be used in 
teaching other physics courses? 

 Can this software be easily modified by 
faculty to fit their teaching style? 
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THANK YOU!  

 Special thanks:  
  Erik Hoover (main Flash programmer) 
  all other programmers 

Sponsored by NSF DUE 0715615 


