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The Problem . . .



How can they 
possibly not learn from 

my perfectly logical, 
sublimely entertaining 

lectures!?



The Force and Motion Conceptual 
Evaluation (FMCE)-Research Based 

Alternative to the FCI

• A multiple choice test of student conceptual 
understandings.

• Described in the pre-workshop article and in 
much more detail in American Journal of 
Physics paper: 66, 338-352 (1998).

.



Results for General Physics students at University of 
Oregon before active learning was implemented



Results for General Physics students at University of 
Oregon before active learning was implemented

Similar FMCE (and FCI) results pre/post 
traditional instruction found everywhere.

<g> = 8%



“Underachiever . . .
and proud of it, man!”



The Proposed Solution . . .

Active Learning environments
complementing but not replacing 
more quantitative work.



“Prof. Sokoloff, may I be excused?
My brain is full!”

Most students spend the majority of their 
time in a lecture, often a large one!



Can an active learning 
environment be created in a 

large (or small) lecture?

Yes, through the use of 
Interactive Lecture 

Demonstrations (ILDs)



Example of ILDs
• You will be our introductory physics class for the next 

15 minutes or so. 
• We will show you demonstrations and ask you to make 

predictions on a Prediction Sheet. 
• Note that predictions are never graded, but you will 

receive 1 point out of the 100 points for this class for 
participating today. 

• We will next ask you to discuss your predictions with 
your nearest neighbor(s), and see if your small group 
can reach a consensus on the prediction.

• Finally, we will do the demonstrations with the results 
displayed. We will ask for volunteers to discuss what 
you observe with the whole class.











Motion sensor





Interactive Lecture Demonstrations (ILDs)
1. Describe the demonstration and do it for the class without 

results displayed.
2. Ask students to record individual predictions on the Prediction 

Sheet.
3. Have the class engage in small group discussions.
4. Elicit common student predictions from the whole class.
5. Students record final prediction on the Prediction Sheet (which 

will be collected).
6. Carry out the demonstration and display the results.
7. Ask a few students to describe the results and discuss them in 

the context of the demonstration. Students may fill out the 
Results Sheet.

8. If appropriate, discuss analogous physical situations with 
different "surface" features..  

This procedure is followed for each of the short lecture 
demonstrations in each ILD sequence.



Characteristics of Active Learning 
Environments

• The physical world is the authority for knowledge. 
Instructor’s role is as a guide.

• Incorporates a learning cycle: prediction/ 
observation/comparison. Challenges students’ 
beliefs.

• Collaboration and shared learning with peers is 
encouraged.

• Results from real experiments are observed in 
understandable ways—often in real time with 
computer-based tools.

• Laboratory work is used to learn basic concepts.



Another Mechanics ILD Example 







Do students learn concepts 
from ILDs?



Post ILDs

Oregon Post ILD FMCE Results

74% Gain

Gains up to 90% with ILDs at 
Tufts, and 40-70% by 
secondary implementers 
elsewhere with thousands of 
students.

<g> = 8%

<g> = 74%



Do Students Learn from 
Traditional Demonstrations?

Research from Mazur’s PER group at 
Harvard has shown that the majority of 
students who are not asked to make a 
prediction before a demonstration is done, 
are not able to describe the outcome of 
the demonstration correctly, let alone 
learn from it! 

NO! 



Characteristics of the Curricula 
that Make Them Effective

• Making predictions requires students to consider their beliefs 
before making observations of the physical world. The ILDs
build upon the knowledge that students bring into the course.

• With ILDs, the process of prediction, defending the prediction 
in a small group, and writing down the prediction engages 
students. They want to know the result of the demonstration. 

• The disequilibrium set up by the difference between 
prediction and observation inspires effective learning 
opportunities. 

• Student knowledge is constructed from observations of the 
physical world, thus building students’ confidence as 
scientists.



Choosing ILD Experiments
• Simple, single concept experiments that  

build on each other.
• Students must trust the apparatus and the 

results.
• Many of our most treasured lecture 

demonstrations are too complex for much 
learning to result. They could be broken 
down into smaller pieces, and presented as 
ILDs.



Modes of ILD Use

• Introduction of concepts.
• Review or clarification of concepts.
• Activities in a flipped classroom.
• In place of or in conjunction with lab 

activities.



Example of Low-Tech
ILDs on Image Formation

• Research evidence shows that students don't 
understand that an infinite number of rays emanate 
from each point on an object, and that for a perfect 
lens, all rays from a single point that are incident on 
the lens will be focused to a corresponding point on 
the image.

• In these ILDs, two small light bulbs are used as two 
discrete object point sources of light.







Image 
location





Whole 
image, 
dimmer

Block half of lens



Half of 
image not 

formed

Block half of object



Do students learn from the 
Image Formation ILDs?



Image Formation Questions from the 
Light and Optics Conceptual Evaluation

Questions 1-6 refer 
to the picture on 
the right.  A stamp 
is placed to the left 
of the lens, and its 
image is formed on 
a screen to the 
right of the lens, as 
shown.

Choose the correct 
answer for each 
question.



Image Formation Questions from the 
Light and Optics Conceptual Evaluation

Questions 1-6 refer 
to the picture on 
the right.  A stamp 
is placed to the left 
of the lens, and its 
image is formed on 
a screen to the 
right of the lens, as 
shown.

Choose the correct 
answer for each 
question.

Questions ask what will happen to the image if changes 
are made, e.g., block half the lens, block half the object, 
remove the lens . . .







51. In the picture below, the object is to the left of the 
lens, at a distance from the lens that is larger than 
the focal length.  The image is formed on a screen to 
the right of the lens as shown.  Four rays of light are 
shown leaving points on the object.  Continue those 
four rays through the lens to the screen.

focal point

object image on 
screen

lens



51. In the picture below, the object is to the left of the 
lens, at a distance from the lens that is larger than 
the focal length.  The image is formed on a screen to 
the right of the lens as shown.  Four rays of light are 
shown leaving points on the object.  Continue those 
four rays through the lens to the screen.

focal point

object image on 
screen

lens

After traditional instruction: 33% correct
After one lecture of ILD 76% correct

64% normalized gain



51. In the picture below, the object is to the left of the 
lens, at a distance from the lens that is larger than 
the focal length.  The image is formed on a screen to 
the right of the lens as shown.  Four rays of light are 
shown leaving points on the object.  Continue those 
four rays through the lens to the screen.

focal point

object image on 
screen

lens

After traditional instruction: 33% correct
After ILDs: 76% correct



Student Prediction and 
Results Sheets which can 
be copied for students
Instructor’s Guide for each 
set of ILDs
Teacher Preparation Notes
8-Step Process . . .

suitable for framing

Contains everything you 
need to do ILDs on 28 
different topics:

THE ENTIRE BOOK IS ON 
YOUR FLASH DRIVE. You 
can also get a free, paper 
copy from your Wiley rep.



Some Additional Important Notes
• Note, two people are not needed to present ILDs!
• ILDs are easily implemented, require just one set of 

equipment, are often the start to incremental changes.
• But there are some serious potential pitfalls.
• Don’t switch to lecturing after the results are displayed 

—it won’t work. Discussion must come from students!
• Don’t focus on minute details of the results or 

apparatus—the desired conceptual learning will get 
lost in these details.

• Take some time at the beginning of the course to 
explain why you are using this pedagogy. What is the 
evidence that learning will be more effective?



The focus of this presentation has been 
on strategies for lecture. 
RealTime Physics (RTP) labs promote 
active learning in the intro. laboratory with 
real observations of the physical world, 
often aided by computer-based tools. 
They use the same learning cycle as 
ILDs.

A Few Words About Active 
Learning in the Introductory Lab 



There are four RTP modules published by Wiley
Module 1:  Mechanics        Module 2: Heat and Thermodynamics
Module 3: Electricity and Magnetism Module 4: Light and Optics

For more information on RTP go to
www.wiley.com and search RealTime physics.



Engage your students 
in the learning process!



Discussion

What changes in teaching strategies are needed to 
make a lecture classroom a more active learning 
environment? 

How do ILDs accomplish this?

How could ILDs be used in a “flipped” class?

What would you need in order to implement ILDs in 
your introductory physics course?

Other questions or comments?


