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Figure 1:  An image from the d’Arbeloff Studio Classroom spring 2004.  Professor Eric Hudson 
assists students with an experiment measuring the magnetic field of a coil of wire.  A virtual 3D 

model of the experiment, with magnetic field lines added, is displayed on the screen in the 
background. 

  

                                                 
1 Additional funds from the Classes of 1951, 1955, and 1960, and the Helena Foundation. 
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I. History and Philosophy 
 
 The Technology Enabled Active Learning Project (TEAL) is a five-year plan to 
reformat the teaching of freshman physics at MIT.  In fall 2000, we began this project 
with a small prototype course taught to 150 students.  In fall 2005, all freshman at MIT 
(about 1000 students) will be taught introductory physics in this format, with the 
exception of two small courses which are very mathematical.   
 

The approach is a merger of lecture, recitations, and hands-on laboratory 
experience into a technologically and collaboratively rich experience for incoming 
freshmen.  TEAL has received national publicity as an innovative approach to physics 
education, for example, see the New York Times Education Life of Jan 20052  and the 
Chronicle of Higher Education Review of April 22, 20053.  It is hard to imagine what a 
TEAL class is like without observing one.   For that reason, we have put up a streaming 
video of a TEAL class in mechanics on the Web at  
 

http://web.mit.edu/8.02t/www/TEALmovie/
 

We teach in two classrooms especially designed for this purpose.  Students are 
gathering in groups of nine, with twelve or so such groups, for five hours per week. The 
students are exposed to a mixture of instruction, laboratory work with desktop 
experiments, and collaborative work in smaller groups of three, in a computer rich 
environment (one networked laptop per three students, with data acquisition links 
between laptop and experiments). The desktop experiments and computer-aided analysis 
of experimental data give the students direct experience with the basic phenomena. The 
students are helped to conceptualize this experience by formal and informal instruction, 
aided by media-rich interactive software for simulation and visualization.   

 
MIT is not the first to try this format.  “Studio Physics” loosely denotes a format 

instituted in 1994 at Rennesaeler Polytechnic Institute by Jack Wilson.  This pedagogy 
has been modified and elaborated on at a number of other universities, notably in 
NCSU’s  Scale-Up program under Robert Beichner.  We have expanded on the work of 
others by adding a large component centered on active and passive visualizations of 
electromagnetic phenomena. 

 
What motivated this transition to such a different mode for teaching introductory 

physics?  First, the traditional lecture/recitation format for teaching freshman physics at 
MIT has had a 40-50% attendance rate, even with spectacularly good lecturers, and a 
10% or higher failure rate.  Second, there have been a range of educational innovations in 
teaching freshman physics at universities other than MIT over the last few decades that 
demonstrate that any pedagogy using “interactive engagement” methods results in higher 
learning gains as compared to the traditional lecture format, usually accompanied by 
lower failure rates.   Finally, the mainline introductory physics courses at MIT have not 

                                                 
2 http://web.mit.edu/jbelcher/www/TEALref/NYT_1_16_2005.pdf  
3 http://web.mit.edu/jbelcher/www/Chronicle/  

http://web.mit.edu/8.02t/www/TEALmovie/
http://web.mit.edu/jbelcher/www/TEALref/NYT_1_16_2005.pdf
http://web.mit.edu/jbelcher/www/Chronicle/
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had a laboratory component for over thirty years.  The motivations for moving to the 
TEAL format were therefore to increase student engagement with the course by using 
teaching methods that have been successful at other institutions, and to reintroduce a 
laboratory component into the mainline physics courses after a 30 year absence.  

 
 

II. Desktop Experiments and Visualizations 
 
 To give an idea of the use that we make of technology in the TEAL classroom, 
consider the Faraday’s Law experiment.  In this experiment, students move a coil of wire 
through the magnetic field of a strong rare earth magnet and measure and plot the 
induced current in the coil using an A to D interface and plotting software (see Figure 2 
on the next page).  Before the students do this experiment they are given a formal lecture 
about Faraday’s Law which explains the basic idea in theoretical terms.  They are then 
introduced to the experiment.  Before they carry out the experiment they are asked to 
make a number of predictions about what they should see in the various phases of the 
experiment, based on the presentation that they have just heard.  They make these 
predictions by using a polling device which can display their answers anonymously in 
histogram form on a number of screens about the room.    The teacher does not proceed 
until the students have correctly predicted the outcome of the various phases of the 
experiment.   
 
 The students then do the experiment and see if the actual measurements agree 
with the predictions that they have made.  After the experiment the teacher then goes over 
the theory again in the context of what has just been measured, again asking questions 
using the polling device to ascertain if the students have taken away a grounding in the 
physical phenomena.  Throughout this process the teacher uses visualizations that display 
aspects of electromagnetic phenomena which cannot normally be seen.  In this 
experiment, we have developed a Java applet that shows the magnetic field of the magnet 
and of the induced current in the ring as the ring moves past the magnet (see Figure 3).   
 
 TEAL visualizations use Java 3D applets, Macromedia Shockwave, and 
animations produced by 3ds max, a 3D animation and rendering package.  They have 
received national and international prizes in various competitions4,5.  The “Weird Fields” 
Contest we run each year6 has received wide publicity, including a full page reproduction 
of one of the student entries in the September 2004 Wired magazine7.   

                                                 
4 Our Shockwave visualization  “Charged Particles Interacting In Three Dimensions” was 
a semi-finalist  in the 2003 NSF/Science Magazine Science and Engineering 
Visualization Challenge, an international competition, see 
http://web.mit.edu/8.02t/www/NSFViz.htm . 
5 We were one of only two finalists in the 2003 Pirelli International Awards “…for the 
best scientific or technologically inclined multimedia work that comes from an 
educational institution…”, see http://www.pirelliaward.com/news0408.html  
6 See http://web.mit.edu/newsoffice/2005/weird.html  
7 See http://web.mit.edu/jbelcher/www/wired/ . 

http://web.mit.edu/8.02t/www/NSFViz.htm
http://www.pirelliaward.com/news0408.html
http://web.mit.edu/newsoffice/2005/weird.html
http://web.mit.edu/jbelcher/www/wired/
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Figure 2:  The Faraday’s Law Desktop Experiment 

 
Figure 3:  A Java 3D Applet based on the experiment in Figure 2, with a representation of 

the magnetic field due both to the magnet and the induced current in the wire loop. 

 
 

http://web.mit.edu/8.02t/www/802TEAL3D/visualizations/faraday/fallingcoilapp/fallingcoilapp.htm
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III. Assessment 
 

The TEAL Project has had a robust assessment and evaluation effort underway 
since its inception.  This effort is led by Professor Judy Yehudit Dori, a faculty member 
in the Department of Education in Technology and Science at the Technion.  We use a 
variety of assessment techniques, including the traditional in-class exams, focus groups, 
questionnaires, and pre and post testing.   This assessment shows that the learning gains 
in TEAL are a factor of two greater than those in the traditional lecture/recitation format.   

 
To explain that statement, we concentrate here on the results of the pre and post 

testing.   Our pre and post tests consists of 20 multiple choice questions covering basic 
concepts in electromagnetism.   Figure 4 shows the results of the pre and post testing for 
spring 2003 (Dori and Belcher, 20048).   The results are given for three categories of 
student scores: High, Intermediate, and Low.  Separation into these categories allows us 
to gauge the effectiveness of instruction across the range of student backgrounds; the 
separation is made using the student’s score on the pre-test.  The difference between the 
pre and post scores is a measure of the effectiveness of instruction.     
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Figure 4:  Pre- and Post-test Results For Spring 2003 
 

 Table 1 shows these results in the standard form for assessment studies using the 
normalized gain 〈g〉  defined as 
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8 http://web.mit.edu/jbelcher/www/TEALref/TEAL_JLS_10_2004.pdf  

http://web.mit.edu/jbelcher/www/TEALref/TEAL_JLS_10_2004.pdf
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In calculating 〈g〉 we are normalizing the student’s improvement in his or her score from 
the pre to the post test to the maximum improvement possible.  We also show in Table 1 
the pre and post test results for the TEAL prototype taught in Fall 2001 and for a control 
group that consisted of 121 volunteers from the Spring 2002 course, which was taught in 
the traditional lecture/recitation format. 

 
Table 1 demonstrates that in Spring 2003 our normalized learning gains are 

broadly spread across all levels of student background.    They are better than the results 
in Fall 2001 TEAL, both absolutely and in the spread of the learning gains across student 
background.  Moreover, the learning gains in TEAL Spring 2003 by this measure are 
about twice those in the traditional lecture/recitation control group of Spring 2002.  The 
fact that interactive-engagement teaching methods produce about twice the average 
normalized learning gains when compared to traditional instruction replicates the results 
of studies obtained at other universities.   
 

Group Large-Scale TEAL 
spring 2003 

Prototype TEAL  
fall 2001 

Control Group 
Lecture/Recitation 

spring 2002 
 N Gain N Gain N Gain 

All 514 0.52 176 0.46 121 0.27 
High 40 0.46 58 0.56 19 0.13 

Intermediate 176 0.55 48 0.39 50 0.26 
Low 298 0.51 70 0.43 52 0.33 

 
Table 1:  Normalized Gains for the Pre- and Post-testing for the terms shown 

 
IV. Dissemination 

 
 The large amount of curricula material we have developed for teaching in this 
format is being made available through the MIT iCampus dissemination effort9 and 
through MIT’s OpenCourseWare site.   In particular, the visualizations that we have 
developed are online and freely available for non-profit educational use10, and we are 
planning an open source release of the underlying code as part of the iCampus 
dissemination effort.   We are proposing to the National Science Foundation for support 
to further develop these materials and to distribute them nationally11.  We have a stream 
of visitors from China, Japan, Taiwan, Denmark, Russia, Canada, and other universities 
in the US visiting MIT to examine the classroom, and there are at least two classrooms 
closely patterned after the TEAL classroom being built in Taiwan.  We expect many 
more classrooms of this type to be built in the future.  We also confidently expect that 
within a decade every physics course in electromagnetism in the US from high school to 
upper level university courses will use visualization material originally developed by or 
inspired by the TEAL effort.   

                                                 
9 See http://icampus.mit.edu/teal/  
10 See http://web.mit.edu/8.02t/www/802TEAL3D/  
11 See http://web.mit.edu/8.02t/www/NSF/NSF_Viz_FullDevelopment.pdf  

http://icampus.mit.edu/teal/
http://web.mit.edu/8.02t/www/802TEAL3D/
http://web.mit.edu/8.02t/www/NSF/NSF_Viz_FullDevelopment.pdf
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