
Hamza Waseem
Compositional Intelligence Team, Quantinuum

Thirteenth Symposium on Compositional Structures (SYCO 13)
London, UK

April 24, 2025

Teaching Quantum Theory with a Compositional Lens
 Experimental Evidence Supporting the Effectiveness of Quantum Picturalism



The Team



How quantum teleportation is typically taught

A master’s student’s 
notes on quantum 
teleportation in a 
graduate course



Richard Feynman

1965 Nobel Prize in Physics for 
“contribut[ing] to creating a new 

quantum electrodynamics by 
introducing Feynman diagrams”

Physics done with diagrams



Roger Penrose

2020 Nobel Prize in Physics for 
“propos[ing] critical 

mathematical tools to describe 
black holes”

Physics done with diagrams



The “dodo book”



A textbook for all ages



What’s in the book?



Spider Fusion



Leg-chopping



Leg-chopping



Leg-chopping



CNOT Gate



<- What happens if 
we apply the CNOT 
gate twice in a row?

CNOT Gate



CNOT Gate
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CNOT Gate



Simplifying a Quantum Circuit
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Simplifying a Quantum Circuit



Two Rules



Quantum Teleportation



More in the book, approved by kids



Quantum Picturalism (QPic) for high schoolers

• Key Research Objective: demonstrate 
learnability of QPic for the age group 
16-18, keeping QPic within the zone 
of proximal development (ZPD)

• Key Performance Indicator: 
performance on Oxford post-grad 
level exam

• Training: A course comprising 8 
lectures and live tutorials based on 
the “Quantum in Pictures” book.



Student recruitment

• UK high school students aged 16 to 18
• 734 applications within 3 weeks

• 76 candidates randomly selected 
ensuring 

o Fluency in English 
o Time commitment 
o Gender balance

• 54 participants completed the course

• 1 lecture and 1 tutorial each week for 8 
weeks, then 2-3 weeks for exam



Concepts taught in the 8 weeks’ lectures



Weekly lectures and live, small-size tutorials



Quizzes





The Exam

• Exams double-marked by University of Oxford standards and criteria

• Take-home exam of two weeks 



Data

• Demographics 
• Qualitative data 

Weekly attendance  
Tutor notes 
Pre- and post-study assessments 

• Performance on the final test  





Exam Outcomes

• High retention: Over 50 students 
completed the course

• > 4 in 5 passed*
• ~1 in 2 distinction*

• >35% distinction✧
• Exceeds the fail✧ percentage

with* and without✧ filtering by a 
definition question



The participants pool

Diversity both in ethnic and educational background was observed.



An interesting observation

• Exam scores correlated poorly with max. study hours per week as well as 
school grades in Maths and Physics.

• Indicator that QPic can proceed in the absence of traditional competencies in 
science subjects.  



Prior knowledge vs. learning effort

• While almost 80% of participants had limited to 
zero knowledge of quantum, almost 2/3 of 
them did not need more study hours than those 
required. 

• All participants had other commitments during 
the course, including GCSE preparation.



Impact of the course

• Almost 90% participants agreed that the course motivated them to pursue a STEM career 
and almost 70% agreed the course strengthened their motivation and confidence. 

• The majority rated tutors’ communication and teaching style as either good (40.7%) or very 
good (29.6%). 

• Highly significant correlation between this evaluation and the item “the course motivated 
me to pursue a STEM career.”  



The age factor

• No significant age-related differences in 
comprehension.

• Presence of trend, although not statistically 
significant, indicating higher exam scores in 
16 and 17-year-olds. 

• We hypothesize the absence of 
developmental trends might reflect the 
effectiveness of teaching methods. 

• Future work: lower the age barrier, with 
the hypothesis that trends may become 
evident below age 13.



Challenges and Limitations

• The study was completely online.

• Ethics approval and requirements – by the University of Oxford – caused many 
delays and limited interaction between the students. 

• Most students would not turn on their cameras and not actively participate in the 
tutorials. 

• The study was limited to students in the UK – since we could obtain ethics approval 
for UK students only.





Impact and Prospects



What’s happening and what’s next?

• Next experiment: comparative study of the 
effectiveness of QPic and the traditional 
approach, involving both high school and 
university students. 

• Release of all course materials. 

• Online course in Ghana (2024).

• Greek translation out. More translations in 
the works.

• Teacher training for Denver Public Schools, 
Colorado, USA.

• Pedagogical study in Sweden

• Workshops and courses planned in USA, 
Dubai, Morocco, and Pakistan. 



For more details 

• arXiv

• Medium
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Thank you for your attention.



ZX-calculus
Ingredients: Spiders!

{      ,      }

and

You can draw any 
quantum circuit using 
just these two types of 

spiders.

Quantum Picturalism



Since 2018: The ZX-calculus is finally complete!

Completeness:
These 8 rules suffice to 
prove all equalities of 

linear maps
on any number of qubits.




