Student Conceptions of
Quantization and the
Photon

Physics Education Research
Group

he Ohio State University

David B. May

Gordon J. Aubrecht Il

Thomas J. Kassebaum

James H. Stith, American Institute of Physics

Supported by NSF GER 9553460
and NSF DUE 9653145



%éebj ectives

x To identify the conceptions about
guantization that students bring to
Introductory physics courses.

X To determine the extent to which these
conceptions exist within the student
population.

X To determine the extent to which these
conceptions affect a student’s ability to
understand other modern physics concepts.



%@Assumptions

X Students have notions that influence how
they think about physics which grow with
age and experience.

* Quantization is a fundamental concept of
modern physics.

X We can use the students' ability to talk
about the photon to gain insight into their
grasp of quantization.



NéWhat we are doin
7& 9

X Interviewed high school students,
undergraduates, graduates, teachers,
physics professors.

X Developed interview protocol.

X Plan to develop paper/pencil survey
(questionnaire).

% Plan to use survey with large number of
students and others.



%nterview Protocol

x [Demonstration: showcase bulb on a
dimmer switch] How dim can the bulb get?
Explain what you see when you look at it
through this diffraction grating.

X Have you ever heard of the term “photon?’
If so, where?

- If yes, proceed. If no, use “light”
guestionnaire.

X When you hear the term “photon” used,
what mental image comes to mind?

X Describe a photon to me. Tell mewhat it
does.



7& rotocol (continued)

X If you can, please draw a photon the way
you think it looks.

x Doesthe word “quantization” have any
meaning for you?

% How would you know that a photon exists?

Follow-up questions:
% Does a photon have mass?
* Does a photon have size?
% Can you distinguish between photons?
* Does a photon have speed? (How fast?)
% Can a photon exert aforce?
% Does a photon have energy?
* How is aphoton produced?



%éProtocol (continued)

x Explain why you think of a photon as
“real” or why not.

X If you were to try to explain what a photon
Isto a 9-year-old, what would you say?

X [Demonstration: excited mercury vapor]
What do you see? Explain what you see
when you look at it through this diffraction
grating. How is it the same or different
from the showcase bulb?



%éProtocol (continued)

X What is ashadow and how isit formed?
How could photons be related to shadows?

X Are photons related to any of the following
items? How?
% fluorescent lamps
x CAT scans
* TV remote controls
* X-ray machines



%ﬂitial Observations
7V§ mental image question

1. “A little ball of light or packet of light,
traveling in a continuous wave motion.”

2. “Small particles (rod shape) that are part of
light.”

3. “The atom’s nucleus - severd little circles
or balls.”

4. “A particle smaller than an atom - or the
parts of an atom.”

6. “Thecarrier of energy.”



%ﬂitial Observations

7V§ (continued)

7. “A particle of light coming from the sun
and traveling through space.”

8. “Very small, extremely impossible to see.”

9. “Likeasqguiggly arrow, like alittle sine
wave with an arrow at one end.”

10. “Little high energy bullets flying out of a
collision.”



%éPrelimi nary Guesses

X Many students of introductory physics
have heard the word “photon,” but few
have a clear mental image of it.

* Those images they do have are diverse.

X Graduate students and physicists also
struggle with mental images, but the
Images they have are generally more
elaborate than those of high school
students and undergraduates.



%éeommon mental Images

x Ball or packet of light.

X Wave, or something that moves in awave-
like pattern.

X “Photon” confused with “proton” or with
atom'’ s nucleus.

X “Photon” confused with the rod-shaped
cellsin eyes.



Mhe next step:

devel oping the survey

X ldentify student conceptions of photon
properties and of quantization.

* Create multiple-choice questions that
Identify mental images, conceptions of
photon properties, and understanding of
guanti zation.

* Administer the survey and perform
member checks by interviewing survey
respondents.

X Revisethe survey and iterate.



