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Teaching with Technology 
Current technologies allow physics educators the ability to integrate 
instruction with computer-based modeling.  This talk describes technologies 
that encourage interactive-engagement and limit the amount of 
programming when designing, implementing, distributing, and using 
computer models.  It is based on: 

 

 Tracker  video analysis and modeling tool analyzes video clips. 
Students can both analyze the motion of objects and overlay simple 
dynamical models on the video and see how well the model matches the 
real-world.  (See poster.) 

 

 Easy Java Simulations (EJS) creates interactive simulations in Java 
without extensive prior programming knowledge.  
 

 OSP ComPADRE Digital Library archives and distributes curriculum 
resources that engage students in physics, computation, and computer 
modeling.  
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http://www.um.es/fem/Ejs/
http://www.um.es/fem/Ejs/
http://www.um.es/fem/Ejs/
http://www.compadre.org/


Technological, Pedagogical and 

Content Knowledge 
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The relations between content, 

pedagogy and technology are complex 

and nuanced. Technologies often come 

with their own imperatives that 

constrain the content that has to be 

covered and the nature of possible 

representations. So it may be 

inappropriate to see knowledge of 

technology as being isolated from 

knowledge of pedagogy and content.  

 

(Mishra and Koehler 2006) 

 



Grade School Teaching 
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North Carolina 4th Grade Standard Course of Study 

Astronomy appears in the curriculum sooner than we think -- but grade school science teachers are 

not trained in physics or astronomy.  



Grade School Teaching 
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North Carolina 5th Grade Standard Course of Study 



Middle School Teaching 
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North Carolina 6th Grade Standard Course of Study 



High School Teaching 
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Common Core State and NC Essential  Standards: Earth and Environmental 



Teaching Effectiveness 
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Teacher Modifiable Models 
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[Solar Eclipse]          [Kepler System]          [Earth Orbit] 

 Phases of Moon Model 

 Teacher Model 

 Lesson Plan 

 Modified jar 

See Timberlake filing cabinet and Belloni filing cabinet. 

http://www.compadre.org/osp/items/detail.cfm?ID=9640
http://www.compadre.org/osp/items/detail.cfm?ID=9757
http://www.compadre.org/osp/items/detail.cfm?ID=9390
http://www.compadre.org/osp/items/detail.cfm?ID=9308
moon_phases_ms.pdf
ejs_astro_teacher_MoonPhases.jar
moon_phases_ms.pdf
moon_phases_ms.pdf
ejs_MoonPhasesStudent.jar
ejs_MoonPhasesStudent.jar
http://www.compadre.org/osp/filingcabinet/share.cfm?UID=12250&FID=17802
http://www.compadre.org/osp/filingcabinet/share.cfm?FID=17533
http://www.compadre.org/OSP/items/detail.cfm?ID=9308


College-Level Computational Physics 
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 Differential equations and ODE 

numerical algorithms: Newtonian orbits 

to orbits about black holes. 

 PDEs and boundary value problems: 

Laplace and Poisson equations. 

 Stochastic models and Monte Carlo 

algorithms: Random walks to the Ising 

model. 

 Chaos theory:  Logistic map to nonlinear 

problems. 

 Final project of the student’s choice. 

College-level curricula should reflect current research and professional 

practice and astronomy/astrophysics provide many excellent topics. Every 

undergraduate physics major should know about computational physics, 

including essential algorithms, minimal level of programming experience, and 

computational ways of thinking. 

[Colliding Galaxy]  [3D] [Solar Photon] [Hyperion] 

http://www.compadre.org/osp/items/detail.cfm?ID=8985
http://www.compadre.org/osp/items/detail.cfm?ID=11246
http://www.compadre.org/osp/items/detail.cfm?ID=11349
http://www.compadre.org/osp/items/detail.cfm?ID=8245


OSP Contributors 
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 Newton Cannon 
(Timberlake) 

 Rotation with 
Dark Matter 
(Pisani ) 

 Supernovae 
Data Fitting 
(Moldenhauer et al.) 

 Keplerian Orbits 
(Aguirregabiria) 

 Diffraction 
(Gallis) 

 Radiation 
(Hwang) 

http://www.compadre.org/osp/items/detail.cfm?ID=9391
http://www.compadre.org/osp/items/detail.cfm?ID=11512
http://www.compadre.org/osp/items/detail.cfm?ID=11587
http://www.compadre.org/osp/items/detail.cfm?ID=7850
http://www.compadre.org/osp/items/detail.cfm?ID=8888
http://www.compadre.org/osp/items/detail.cfm?ID=9387


 The goal of modeling is to teach in a student-centered environment 
where students do not solve problems in a formula-centered way.  

 Modeling Instruction attempts to enhance student achievement through 
a process called the Modeling Cycle, (following Robert Karplus’ 
Learning Cycle).  

 Throughout the Modeling Cycle we rely on student engagement and 
explanation as the dynamic of learning.  

 The start of the modeling cycle is the development phase: 

 Qualitative description 

 Identification of variables 

 Planning an experiment 

 Performing the experiment 

 Analysis of experiment 

 Presentation of results 

 Generalization 

 

Modeling Cycle 

Although the Modeling Cycle can be used without 

computers, it is well suited for computer modeling 

if we replace the word “experiment” with 

“simulation” in the development phase.  

 

After the development phase, the model is 

deployed in a variety of new physical situations in 

a variety of different ways.   
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http://en.wikipedia.org/wiki/Robert_Karplus


Need for Digital Libraries 
A Google search for “orbit” returns 20,300,000 pages; while “Earth 

orbit simulation” returns 23,700 pages (The search for Earth orbit 

simulation without the quotes returns 1,080,000 pages). 

 

 Most of the simulations (or animations that “fake” the physics) are 

inappropriate for teaching. 

 There is often no instructional material, no support materials for 

teachers, and no information about how these materials are 

correlated to state or national science standards. 

 Most of these simulations also support a passive (viewing) 

pedagogy versus an active (interacting) pedagogy. 

 

In order to be effective for instruction, simulations need to be easy to 

find, simple, adoptable, adaptable, and coupled with support content for 

students and teachers. 
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ComPADRE 
We are out of the business of web hosting and let 

the experts do it. 
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Standard and Custom 

Library and Web 

Services 

 

Connections to Users 

and NSDL 

 

>500 OSP Items 

 

>10,000+ visitors/month 

 

>5,000 simulation 

downloads/month 
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Library Information 
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http://www.compadre.org/osp/items/detail.cfm?ID=9308
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Personalization 

Content … 

• Find 

• Collect 

• Sort 

• Relate 

• Annotate 

• Share 
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http://www.compadre.org/osp/filingcabinet/share.cfm?FID=17533


OSP Collection Team 
 OSP Managing Editor:  

 Wolfgang Christian - Davidson College 
 OSP and EJS Curriculum Authors:  

 Mario Belloni - Davidson College 

 Anne Cox - Eckerd College 

 Fu-Kwun Hwang – National Taiwan Normal University 

 Harvey Gould - Clark University 

 Jan Tobochnik - Kalamazoo College 
 Tracker and OSP Tools Developer:  

 Doug Brown - Cabrillo College 
 Easy Java Simulations Developer:  

 Francisco Esquembre - Universidad de Murcia 
 OSP Java Library Editor:  

 Wolfgang Christian - Davidson College 
 ComPADRE :  

 Bruce Mason – University of Oklahoma 

 Lyle Barbato- AAPT 

 Matt Riggsbee- AAPT 

 Caroline Hall- AAPT 
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The OSP-ComPADRE platform removes many of the complicated 

tasks involved in integrating computation into the classroom allowing 

teachers to focus on the science. 

 OSP provides the computational structure, including a 

computational physics textbook, for our project.  

 OSP allows learners to engage in computational physics 

modeling. 

 OSP encourages the sharing of curricular materials by allowing 

instructors to adapt existing EJS models to their particular needs.  

 ComPADRE supports distribution and collaboration by providing 

an internet portal and a web service of models that are directly 

downloadable into the EJS and Tracker modeling tools. 

 

The OSP Collection in ComPADRE is a repository where programs, 

models, and curricular materials can be organized and shared by 

developers and instructors around the world.  

Summary 



Open Source Physics 

 

 

www.compadre.org/osp 
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In 2011, the OSP Collection had over 500,000 page views and 10,000 visitors who 

visited the site six or more times. More importantly, usage has grown 42% in the past 

year.  There were 50,000 simulations downloaded using Web browsers and an 

additional 5,000 downloads from within EJS into users’ workspaces. The OSP 

Collection is also recognized by over 22% of United States physics faculty as a 

research-based instructional strategy they are familiar with or have used. 

http://www.compadre.org/osp/


Learn more at: Tracker Video Analysis Poster 

Sidereal Day Measurements Sunspot Measurements 

Spectral Line Measurements 

See Poster #1 for video 

analysis details. 


