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Introduction Associated Variations in Student Perspectives
» Physicists vary In their personal stances on interpretation in quantum mechanics. ESSAY QUESTION ON INTERPRETATION IN THE DOUBLE-SLIT EXPERIMENT

1. A blob (representing the 2. The blob passes through the 3, A single electron is detected

probability density for a single  two slits on the far screen. After many
electron) emerges electrons, an interference pattern
from an “electron gun”. develops (not shown).

* Instructors hold different views on teaching (or not teaching) interpretations of guantum
phenomena in introductory modern physics courses.

 There has been relatively little research in the physics education community on the variation in

Instructional approaches and how these choices impact student thinking. N N N
» \We compare two versions of a modern physics course taught at the University of Colorado with U
similar learning environments and curricula, but where the instructors held different views on
how to teach students about quantum processes.
Teaching Practices Vary ~——— ~—

° ° ° 1 o
Instructor Approach Three students discuss the PhET Quantum Wave Interference Simulation® (shown above):
. Student 1: The probability density is so large Student 2: The blob represents the Student 3: Quantum mechanics is only about
PHYS3A Modern Phy81CS y s : hvsical i f : because we don't know the true position of electron itself, since an electron is predicting the outcomes of measurements, so
Instructor A (fOI’ Enoine ers) Quantum (ascrlbe physical reality to wave unCtlon) the electron. Since only a single dot at a time  described by a wave packet that will we really can't know anything about what the
S appears on the detecting screen, the electron  spread out over time. The electron acts asa  electron is doing between being emitted from
PHYS3B Modern PhysiCS . o must have been a tiny particle, traveling wave and will go through both slits and the gun and being detected on the screen.
, , Copenhagen/Agnostic/Less Explicit somewhere inside that blob, so that the interfere with itself. That's why a distinct
Instructor B (for Physics Majors) electron went through one slit or the other on  interference pattern will show up on the
PHYS3A its way to the point where it was detected. screen after shooting many electrons.
CODE TOPICS FROM QUANTUM PHYSICS
2 ) P — REALIST QUANTUM AGNOSTIC
A INTRODUCTION TO QUANTUM
1 : : : 5 , : , 5
B PHOTOELECTRIC EFFECT, PHOTONS . = thch St.udents (if any) do you agree with, and why? What's wrong with the other students’ arguments? What
C ATOMIC SPECTRA. BOHR MODEL S 10 is the evidence that supports your answer?
-8 - Some students were classified as mixed
D DE BROGLIE WAVES/ATOMIC MODEL S 6
- MATTER WAVES/ INTERFERENCE 5, L g STUDENT RESPONSES AT END OF SEMESTER btectause ttheﬁ] gelt tv&:) or all three of the
2 : Statcments nad merit.
F WAVE FUNCTIONS, SCHRODINGER EQUATION ) . | | J | [ ] | m B | o | | . B REALIST B QUANTUM B AGNOSTIC B MIXED
G INFINITE/FINITE SQUARE WELL A B C D TOP|EC - GFORY G H | J 0.7 - Most students from PHYS3A preferred
1 TUNNELING, ALPHA DECAY, 5TM __ 06 the wave packet description of an electron.
I 3-D SCHRODINGER EQUATION, H-ATOM PHYS3B Lo
e MULTIELECTRON ATOMS, SOLIDS | & FHGHT MMATTER BPERSPECTIVE 09 « ~20% of PHYS3B students preferred the
Relevant to the dual wave/particle nature of light, or Q 2 5 |
LIGHT .. . . : = 10 O T
emphasizing the particle characteristics of light. O 4 x 0.3 « ~20% of PHYS3B students preferred the
L] _
MATTER Relevant to the dual wave/particle nature of matter, or % 6 o 05 T agnostic stance.
emphasizing the wave characteristics of matter a4 I j ‘ '
2 H
PERSPEC- Relevant to randomness, ind.etermina.cy or the probabilistic yi=l B | | I | | | J | | ] | 0.1 e Fewer than 10% combined of PHYS3A
TIVE nature of quantum mechanics; explicit contrast bet.ween A B C D E F G H | J students chose either the realist or agnostic
quantum results and what would be expected classically. TOPIC CATEGORY 0 - | : :
PHYS3A DHYS3R perspectives exclusively
» Key slides are highlighted that address quantum interpretations. - S

* Instructor A spent a greater proportion of lecture time at the outset of the course addressing indeterminacy _ Consistency of Student Perspectives |
in quantum physics and non-classical descriptions of light.
* Both courses spent relatively little time at later stages of the course addressing themes relevant to

QA #1: An electron in an atom has a definite but unknown position at each moment in time.

student perspectives. 01 B AGREE B NEUTRAL B DISAGREE » The two courses were similar in their treatment of the
[ e.g., The Double-Slit Ex o eriment ] 0.6 T Schroding.e.r atomic moFiel: an electron 1n an atom 1s “‘a c.louc.i
1. A plane wave is incident - g of probability surrounding the nucleus whose wavefunction is
on the double it I SR . [ With Single Quanta j 0.5 1 the solution of the Schrodinger equation.”
4/-\> v I:\d:md L‘lalg‘lwililli(l. | ” E
sessmsss ° 1 he Intensity of the beam can be tuned down to the point where TR » Agreement with this statement would be consistent with a
' h m=1 . . Y list tive.
w))))\} wessssn  Only single quanta at a time pass through the apparatus. i 03 PRI PEIRPEEHYE
) U)))i} / | — 0.2 « PHYS3A just as likely to agree with this statement as
Q- .- - - tudents from PHYS3B, despite th hasis in PHYS3A
Topview of "/ .-» * Individual quanta are detected as localized particles on the screen, 01 SHUAELES TTOM > (CSPITC ThE CPAAsis 1n
: — . . . . - toward thinking of an electron as delocalized in other contexts.
«-» yet an iterference pattern still develops over a period of time. .
e sl S m B * Both courses showed moderate (though statistically
‘{‘ﬁz*'."_*“f“’:" s s ot - - - : PRE POST PRE POST insignificant) increases in favorable responses.
Instructors vary in how to explain this result:
PHYS3A PHYS3B
[ Instructor A j [ Instructor B ]
. . ° . ° . . . 1 ‘)
e Particle 1s delocalized as 1t propagates through space...| ¢ One might say the partlcle interfered with itself. How do Students Respond to QA1 _baSEd on Perspective: * Responses to QA#1 for both courses are grouped by how
« ...passes through both slits. ..  The Copenhagen Interpretation says a particle S " Agree Bledtel B bisagree students responded to the essay question on the double-slit
. . . , . L : : experiment.
e ...Interferes with itself... doesn’t have a definite position until measured. 0.8
. . . . 07 -
e ...becomes localized when Interacting with detector. e But... % 0.6 - « ~80% of Realist students from double-slit experiment also
Q 8-2 1 take a realist stance on an electron 1n an atom.
W 0.4 -
‘6 ’ . . 14 s . ’ - 0.3 A
If yoq don’t take into account [the dls.tance be.tween] Most thSIClstS tOday Say. We don’t g0 there. I 0.2 - * ~50% of Quantum perspective students from the double-slit
both slits and the electron as a delocalized partlcle, then | don’t care as long as | can calculate what I need.” 0.1 - experiment still take a realist stance on an electron in an atom.
. : : L, 0 -
you will not come up with the I'lght observation. Realist (N=13) Quantum (N=60) Agnostic (N=13) Mixed (N=27)
RESPONSE TO ESSAY QUESTION
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