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Interactive Teaching and Learning

Prof. John Belcher TEAL Founder

TEAL
Learning
Objectives

3

10/1/15

Broad Educational Learning Objectives
§

Move away from passive lecture format to
Interactive studio learning environment

§

Develop communication skills in core sciences

§

Develop collaborative learning

§

Encourage undergraduates to teach

§

Develop new teaching/learning resources based
on scientific standards of research

Specific Learning Objectives
§

Enhance conceptual understanding of mechanics
and electromagnetism

§

Enhance problem-solving abilities

§

Incorporate hands-on experiments that develop
project-based/research lab learning skills
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Effective

Design

Learning

Space

Learning Space: Design Principles
Architectural design based on
1. How people interact and learn
2. Pedagogical model: interactive learning
3. Learning space becomes a laboratory for
experimenting with active learning techniques
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MIT
1918

1972

The lecture hall when I was an undergraduate at MIT
(still there today)
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2000

Trying to have it both ways

Transforming the Learning Space:
TEAL Classroom

Collaborative learning (Modeled after NCSU’s Scale-Up Classroom)
9 Students work together at each table of 9 students each
Form groups of 3 students that work collaboratively
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Discussion
Question:
What types of
modifications to
pre-existing
learning spaces are
feasible at your
university?

TEAL Learning Space: Active Learning
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Teaching Teams
Faculty Member: Conductor. Provides subject
expertise, motivation, measures learning outcomes
Graduate Teaching Assistant : Learn to teach
Undergraduate Teaching Assistant : Encourages
student teaching. Role model for students.
Students: Peer Instructors

(Some) Elements of Active Learning
How can you encourage student participation in class?
1. Peer Instruction and Concept Tests
2. Group Problem Solving
3. Discovery Activities
4. Discussion Questions
5. Simulations and Visualizations
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Mini-Presentations
Newton’s Second Law

Newton’s Second Law
The momentum of an object:



p = mv
Force causes the momentum of an object to
change in time thus producing accelerated motion:

 dp

F=
= ma
dt

For a short collision time, average impulse caused
momentum to change



Fave Δt = Δp
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Concept
Questions

ConcepTests / Peer Instruction
Model: Eric Mazur’s Peer Instruction based on
ConcepTests using “Clicker” Technology
Methodology:

§
§
§
§
§
§
§

Concept Test
Thinking
Individual answer
Feedback: Just in Time Teaching
Peer discussion
Revised group answer
Explanation
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Concept Question: Contact Force
Consider a person standing in an
elevator that is accelerating upward.
The magnitude of the upward contact
force on the person is
1.
2.
3.

greater than
equal to
less than

the magnitude of the downward force of gravity on the
person.

Concept Q.: Contact Force Ans.
Answer 1. The contact force, N, on the person due to the
interaction between the person’s feet and the elevator is
greater than the gravitational force, mg, on the person due to
the interaction between the Earth and the person because
the contact force must also accelerate the person, as well as
oppose the gravitational force. Thus
N – mg = ma
implies that N > mg. So the magnitude of the upward contact
force is greater than the magnitude of the downward
gravitational force.
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Problem Solving

Students work in small teams at the white boards
solving problems with instructor feedback

Problem Solving
MIT students will solve approximately 10,000
problems in four years
Students learn to become expert problem solvers
through practice
Develop confidence based on experience
Necessary for innovation and creative thinking
Problems should not ‘lead students by the nose”
but integrate synthetic and analytic understanding
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Pólya: How to Solve it!
1. Getting Started – identify assumptions and givens,
identify what information is needed and what should be
neglected
2. Plan the Approach – articulate a strategy that may
involve multiple concepts and problem solving
methodologies,
3. Carry out the plan – use multiple types of
representations, equations, graphs, visualizations
4. Reflection and Modification: Ability to modify plan in a
constructive manner.
5. Review - does the answer make sense? Reflect on the
limits of the model.

Expert
Feedback
Subject knowledge of
instructor is critical

•

Instructor selects content that challenges students to
extend their understanding and skill set.

•

Motivates students why content is relevant and instills
passion for learning
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At the start, teachers
can give some
guidance

Enabling Problem Solving

During problem solving
teachers circulate and
give guidance
At the end of the
problem solving,
teachers provide
closure

Typical Problem: Free Kick
A player kicks a football which
lies at rest on the ground, into
the air with an initial speed, v0 =
20 m/s , and makes an angle θ0
= 30o with respect to the
horizontal. How far downfield
does the ball hit the ground?
When the ball is in flight, ignore
all forces acting on the ball
except for gravitation. Let g =
9.8 m/s2.
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Group Problem: Heading
Estimate the acceleration
of the head due to the
heading of a soccer ball.
Could this cause brain
injury?
In your groups: discuss
what models and concepts
may apply. What
information is needed and
what can be neglected?

Demonstration:
Pulling a Yo-Yo
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Concept Question: Pulling a YoYo 1

Concept Q. Ans.: Pulling a YoYo 1
Answer 1. The torque about the
contact point due to the pulling force is
into the page Therefore the cylinder has
an angular acceleration pointing into
the page (in the clockwise direction)
hence the cylinder rolls to the right, in
the direction of F, winding up the string.
If we calculate the torque about the
center of mass, for forces below a fixed
maximum value, the torque due to the
force of friction is larger in magnitude
than the torque due to the pulling force
in order to produce angular
acceleration into the plane of the figure.
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Mini-Experiment: Spool Yo-Yo
1. Which way does the yo-yo
roll when you pull it
horizontal?

2. Is there some angle at which
you can pull the string in
which the yo-yo doesn’t roll
forward or back?

Group Problem: Pulling a Yo-Yo
A Yo-Yo of mass m has an axle of radius b and a spool of
radius R. It’s moment of inertia about the center of mass
can be taken to be I = (1/2)mR2 and the thickness of the
string can be neglected. The Yo-Yo is placed upright on a
table and the string is pulled with a horizontal force to the
right as shown in the figure. The coefficient of static friction
between the Yo-Yo and the table is µs. What is the
maximum magnitude of the pulling force, F, for which the
Yo-Yo will roll without slipping?
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Concept Question: Pulling a YoYo 2

Concept Q. Ans.: Pulling a YoYo 2
Answer 2. When the string is pulled up, the only
horizontal force is static friction and it points to the left
so the yo-yo accelerates to the left. Therefore
somewhere between A and B the direction of rotation
changes.
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Hands-on
Discovery
Activity

Newton’s Third Law
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Interaction Pair
We shall refer to objects that interact as an actionreaction pair.

Notation: Denote  as the force on object 2 due to
F1,2
the interaction between
objects 1 and 2. Similarly,
denote  as the force on object 1 due to the
F2,1 between objects 1 and 2.
interaction

Newton’s Third Law
To every action there is always opposed an equal
reaction: or, the mutual action of two bodies upon
each other are always equal, and directed to contrary


parts.

F2,1 = −F1,2

Action-reaction pair of forces cannot act on same
body; they act on different bodies.
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Concept Question: Interaction Pair
A large truck collides head-on with a small car. During the
collision
1. the truck exerts a greater force on the car than the car
exerts on the truck.
2. the car exerts a greater force on the truck than the truck
exerts on the car.
3. the truck exerts the same force on the car as the car
exerts on the truck.
4. the truck exerts a force on the car but the car does not
exert a force on the truck.

Con. Q. Ans.: Interaction Pair
Answer 3. The car and the truck form an interaction pair.
By Newton’s Third Law the collision forces on each object
have equal magnitude but point in opposite directions.
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Traditional Approach

Two people pull on the opposite ends of a
string. What are the action-reaction pairs of
forces? Write down your answer on your
assignment sheet of paper.

Group Activity
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Group Activity: String Theory

Divide up into pairs.
Each pair pull on the opposite ends of the
provided string.

Group Activity: String Theory

1. Draw three force diagrams on the boards, one for
person A, one for person B, and one for the rope.
2. On each diagram draw all the forces acting on the object
in your diagram.
3. Identify the action-reaction pairs of forces.
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Tug of War Force Diagrams

For the rope we have neglected the gravitational force
because we are assuming the rope is very light

Visualizations and Simulations
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Visualizations and Simulations
Discovery Activity

Changing magnetic flux induces current
http://public.mitx.mit.edu/gwt-teal/FaradaysLaw2.html

Proposing a
Hypothesis
Propose a qualitative
relationship between
magnetic flux (seen in top
graph) and current that
flows in the ring (seen in
bottom graph).
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Demo: Electromagnetic Induction

53

PhET
University of Colorado
PhETs Educational
simulations covering a
diverse topics
designed by the
University of Colorado
available in various
languages

http://phet.colorado.edu/
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Discussion
Question:
What types of
active learning
could possibly be
effective in your
classroom?

Online Learning
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Main
Challenge:
How do we
prepare
students for
class?

MITx Platform
Work led by Saif Rayyan
Online Reading Assignments and
Homework Problems
Answer multiple choice and analytic
questions using the MITX platform
Shift some content delivery to pre-class
preparation to maximize in-class learning
Future project: Develop content library of
materials, concept questions, short video
clips, problems, etc
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Survey of Student Attitudes
Regarding Online Learning

Group Learning
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Advantages of Groups
§ Three heads are better than one
§ Don’t know? Ask your teammates
§ Do know? Teaching reinforces knowledge
§ Practice for real life – science and engineering
require teamwork; learn to work with others

Downside: Group Dis-function
A Free Ride.
If you don’t contribute you don’t get credit.
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Student Reactions

In the
Beginning
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Student Reaction: Evolution
§

Reaction to first two prototype E & M courses with
180 students each was favorable

§

Reaction to first on-term E & M course in Spring
2003 was mixed to very negative—start up
problems in going from 180 to 500 students

§

Reaction gradually improved as start-up bugs were
fixed, and more faculty experience in teaching in
this format.

§

Current student evaluations are on par with
previous (lecture-based) student evaluations with
an average over all sections of 5.3-5.7 out of 7.

Assessment
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Assessment Strategy
1.

Each activity represents a subset of learning objectives. Identify which
learning objectives are attached to each activity.

2.

Measure the utility of each of the activities by recording results of
concept questions and comparing those results to determine if learning
objectives were achieved.

3.

Grade and evaluate homework.

4.

Traditional test.

5.

Interview students.

Research Instruments
Assessing
Variables
Problem Solving
Conceptual
Understanding
Attitudes

Instruments
Tests with quantitative
problems
1. Pre-tests and post-tests
2. Spatial tests
1. Mid-term & post-term
questionnaires
2. Focus discussion group
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Pre/Post Conceptual Test Scores
Relative Improvement Measure

⎛ %Correct post −test − %Correct pre−test ⎞
g =⎜
⎟
100 − %Correct pre−test
⎝
⎠

Pre/Post Conceptual Test
⎛ %Correct post −test − %Correct pre−test ⎞
g =⎜
⎟
100 − %Correct pre−test
⎝
⎠

Group

Hecke
g-factor

Trial 2001

Control 2002

Spring 2003

N

g

N

g

N

g

Entire
population

176

0.46

121

0.27

514

0.52

High

58

0.56

19

0.13

40

0.46

Intermediate

48

0.39

50

0.26

176

0.55

Low

70

0.43

52

0.33

300

0.51
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Pre-Post Concept Test Scores
N students = 176

N students = 121

83

100

100
Pre

90

64

80

Post

61

80

60

70

Pre

90

Post

56

70

60

57

60

50

50
40

50

40

56

40

40
30

30

22

20

Post

0

Pre

High

Intermediate

25

20

10

10

Post

0

High

Pre
Intermediate

Low

Experimental group - Fall 2001

Low

Control group - Spring 2002

Fail Rate (%)

E&M Lower Failure Rate
15
10
5
0

1999

2000

2001

2002

2003

2004

2005

Year
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Increases Seen Long Term

§

Source: Dori, Y.J., E. Hult, L. Breslow, & J. W. Belcher (2005). “The Retention of Concepts from a Freshmen
Electromagnetism Course by MIT Upperclass Students,” paper delivered at the NARST annual conference.
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