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Guiding Question
Does students’ understanding of 
quantum measurement differ in 
P & S contexts, as indicated by 

performance on analogous 
QMCA questions?

Introduction
The QMCA is a multiple-choice 
conceptual assessment designed to 
compare efficacy of QM instruction.1

It was designed in position-first (PF) 
instructional paradigms and may not 
fit spins-first (SF) courses as well.

In Fa16, we developed & tested spin 
(S) analogs to 9 existing position (P) 
questions.

Data are from upper-division SF 
courses at the authors’ institutions in 
the Fa17 & Sp18 terms (N = 110). 

We analyzed 9 analogous questions; 
3 of which are presented here.2

Overall Performance

Fig 1. Averages on analogous QMCA 
questions. Here, we look at Qs 3-5. 

Position Question Set
Consider a particle in a 1-D infinite square well starting in the state, 
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Q3-P. You make a position measurement, then
immediately measure its energy. What value(s)
could you measure for the energy?
A. E2 only     B. E1 only     C. Just E1 or E2
D. Any En E. Any continuous energy E

A B C D E
0% 4% 69% 22% 5%

Spin Question Set
Consider a spin-1 particle sitting in a uniform magnetic field oriented on the

+z direction, which starts in a quantum state given by	|𝜓⟩ = |1⟩.

Q3-S. You make a measurement of Sx , then
immediately measure Sz. What values(s) could
you measure for Sz?
A. Any continuous value between –ħ and +ħ     
B. 0     C. +ħ D. –ħ or +ħ     E. –ħ, 0, or +ħ

A B C D E
5% 1% 6% 5% 83%

Q4-P. Instead of immediately measuring
energy, consider waiting between position &
energy measurements. Would the probability
of measuring E2 depend on the wait time?
A. Yes B. No

Q5-P. Choose the best explanation for your 
answer to Q4-P.

A.  Over time the wave function will relax to 
the initial state.

B. The probability of measuring a particular 
energy is time-dependent.

C. The probability of measuring a particular 
energy is time-independent.

D. Although the probability of measuring a 
particular energy will vary in time, the 
expectation value is time-independent.

E.  The position measurement would not 
alter the energy of the system.

Q4-S. Instead of immediately measuring Sz ,
consider waiting between Sx & Sz measure-
ments. Would the probability of measuring +ħ
depend on the wait time?
A. Yes     B. No

Q5-S. Choose the best explanation for your 
answer to Q4-S.
A.  Over time the particle will relax to its initial 

state.
B.  Because it is precessing in a magnetic field, 

the probabilities of Sz change with time.
C.  Sz commutes with the Hamiltonian, so its 

probabilities are time-independent.
D. All possible measurements probabilities in 

QM are time-independent because you take 
the absolute square of the coefficient.

E.  Once you measure Sx the state is no longer 
in an eigenstate of the Hamiltonian.

B C E Other

Yes 28% 2% 8% 1%

No 0% 45% 13% 3%

Responses to Q3-SResponses to Q3-P

Response Pairs for Q4-S & Q5-S
Q5-S

Q4-S

Response Pairs for Q4-P & Q5-P

Comparisons Across Contexts
Q3: Comparing Measurement Values

Q3 produced the widest gap in performance (61%) of all S/P 
analogs, suggesting students approach these Qs differently. 
] Only 17% of students answered both correctly.

Low performance on Q3-P (22%) is consistent with research on 
student difficulties with sequential wave function measurements.3

] C’s high rate (69%) suggests difficulties interpreting the effect 
of the position measurement on the initial state.

High performance on Q3-S (83%) is surprising in light of Q3-P. 
This may be due to a greater emphasis on multiple measurements 
in the context of spins (e.g., Stern-Gerlach experiments).

Q4 & Q5: Comparing Time-Dependence
These Qs showed tremendous consistency within contexts, & they 
returned comparable averages in both contexts (see Fig. 1).
About 45% chose the correct pair (No/C) in each context, but only 
24% of students chose the correct pair in both contexts.
] Despite their comparable averages, there is little consistency 

between student performance on these two analogous Q sets!
This pattern is also seen in Q4 alone: both Qs averaged about 66%, 
but only 42% answered both correctly.
] Only 63% answered both consistently (i.e., A/A or B/B).

Correct Incorrect

Correct 24% 23%

Incorrect 20% 32%

Consistency between Contexts for Q4 & Q5
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Yes 27% 4% 5% 5%

No 2% 46% 6% 5%
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Fisher’s exact p-value = 3 x 10-21, which implies
these two questions are not independent.
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Abstract: Student understanding of quantum mechanics is a topic of increasing interest to physics education researchers. One 

goal is to investigate differences in performance in various popular instructional paradigms. Towards this end, we have modified an existing, 
validated, conceptual multiple-choice assessment to include questions explicitly framed in two "contexts": spin states (typically using Dirac notation) 
and position (spatial wave functions represented in position space.) We discuss the development of new questions, and present preliminary results on 
student performance on questions which contrast related conceptual ideas. Our data come from "spins-first" instructional contexts. This effort serves 
as an initial validation for the new questions, provides insights into differing responses, and forms a basis for future work to allow instructors to tune 
assessment questions to best match and inform their own instructional environment choices. 

Fisher’s exact p-value = 2 x 10-18, which implies
these two questions are not independent.

Fisher’s exact p-value = 0.24, so the distribution of correct & 
incorrect pairs across contexts is not significant.

Continued focus on differences in 
student understanding of QM concepts 
across PF & SF instructional contexts.

Future 
Work

Deeper exploration of the transfer of resources 
across these contexts, using qualitative & more 

sophisticated quantitative methods.

Moving towards a QMCA that 
provides meaningful information 
to instructors in PF & SF contexts.


