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INTRODUCTION 
 

Visualizations are a powerful tool to help students develop 
productive mental models [1–3], particularly in the case of 
quantum phenomena that have no classical analogue.  We 
describe efforts to refine the visual representation of a single-
photon superposition state in the QuVis interactive simulations 
[4]. The simulations show each photon taking both paths of the 
interferometer after encountering a beamsplitter, regardless of 
whether a second beamsplitter is present in the apparatus. This is 
meant to be consistent with both the mathematical representation 

of the superposition state 1/√2 ( |top path> + |bottom path> ), 
and with delayed-choice experiments where the second 
beamsplitter is inserted or removed while the photon is already in 
the apparatus. 
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question What hap-
pens when a single 
photon encounters a 
beam-splitter?  com-
pleted at the end of 
the session. The 
results suggest that 
the revised visual-
ization leads to better 
understanding of the 
superposition state 
than the original 
depiction. 

OUTCOMES 
 

METHODOLOGY 
 

 2013 in-class trials of the Interferometer Experiments simulation 
at St Andrews and a US institution: The original visualization 
(see Figure 1) led some students to develop incorrect ideas 
about quantum superposition. Some students interpreted the 
effect of the beamsplitter as being analogous to splitting a 
classical object into two.  

Many students felt 
that Visualizations I 
and II were showing 
two distinct photons. 
Several students felt 
that Visualization II 
made the photon 
seem too much like 
just a classical wave. 
All students found that 
the dashed line joining 
the two components 
in Visualizations III and 
IV suggested some 
kind of relationship or 
connection was being 
maintained between 
them. Many thought 
that Visualization IV 
showed two over-
lapping photons that 
then separate into two 
half-energy photons. 
The use of different 
colors in the two 
components seemed 
to suggest to them 
that they each have 
distinct properties.   
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 In consultation with 
quantum optics research-
ers, we developed anima-
ted sequences using four 
revised visualizations of 
photon superposition (see 
Figure 2).  

 Student interviews (N=9): 
students described what 
the visualizations suggest-
ed to them and chose 
from a list of statements 
(see Table 1). These 
include incorrect ideas 
collected during the 2013  
 

1 Photon takes both paths. 

2 Photon has split into two photons. 

3 Photon intensity is split in half. 

4 Photon splits into two half-energy photons. 

5 Two photons on top of one another have separated. 

6 There are two photons that are entangled after the beamsplitter. 

7 Phase relationship between the two paths is maintained. 

8 Photon is in a superposition state. 

9 Photon is a wave packet. 

10 Photon is a particle. 

11 Photon is a wave packet and a particle at the same time. 

12 Photon wave packet amplitude has decreased to conserve probability. 

13 The two wave packets represent a single photon. 

Figure 1. The original depiction of the single 
photon superposition state.   

Table 1. Statements used in the student interview sessions, in the same order as they 
were given.  

in-class trials (in particular, statements 2 & 4); incorrect ideas 
that we thought the new visualizations might suggest to 
students (statements 5 & 10); and ideas we considered 
productive for making sense of single-photon interference and 
delayed choice experiments (statements 1, 7, 8, 12 & 13). 
 

Figure 3 compiles results for two of 
the statements from Table 1. It was 
found that, in general, Visualization 
III most often suggested productive 
ideas about superposition states 
while minimizing incorrect ideas.  
In-class trials of the Interferometer 
Experiments simulation were 
carried out in 2013 and 2014 during 
50-minute computer workshop 
sessions; the original photon 
depiction was used in 2013, and 
Visualization III in 2014. Figure 4 
shows the coded responses to the  
 

Figure 2. The four revised single photon depictions used in the interviews. For each depiction, 
two screenshots are shown, one of the incident photon and one of the superposition state.   

Figure 3. Outcomes for statements 7 and  
4 of Table 1 for the different visualizations. 

Figure 4. Results from the in-class trials of the 
Interferometer Experiments simulation in 2013 and 2014.  
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