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Introduction 
The Quantum Education interest group of the IEEE Quantum Initiative held an open discussion on 

February 10th, 2021. The group is managed through a mailing list which anyone can join by 

emailing the administrators. The Quantum Education interest group’s regular activities are 

monthly virtual meetings, currently WebEx consisting of talks for which abstracts are approved 

by a program committee, on best practices for quantum education, including teaching methods, 

educational tools, experience, etc., targeting educational levels ranging from K-12 to post 

graduate and degree programs through night school. 

               

This document serves as a summary of the points brought up at the two hour Webex call, 

“Discussion on how to support high school teachers interested in teaching and mentoring 

students in quantum science”. 52 participants shared their perspectives as education 

researchers, high school teachers, high school to graduate students, teacher trainers, 

university instructors, outreach and community organizers, and education nonprofit leaders. 

 

The discussion focused on four topic areas, with 5-minute plenary teasers by each 

moderator.  Both Subgroups A and C focused on how high school teachers can support their 

students.  5-minute outbriefs of each subgroup’s discussions were presented upon return 

from the WebEx breakout rooms, viewable at the IEEE Quantum Education site. This report 

consists of extended summaries of Subgroups A, B, & D’s discussions, and a transcription of 

Subgroup C’s outbrief.

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
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Subgroup A: 
Online opportunities for high school students 
Moderator: Rachel Zuckerman, Program Director at Qubit by Qubit 

Scribe: Lia Yeh, PhD student, University of Oxford Quantum Group 

               

Summary of Subgroup A’s discussion 
 

The discussion began with the consensus that in learning Quantum Information 

Science (QIS), online materials and opportunities have become a critical resource for filling in 

skills gaps. This can be attributed to the present lack of opportunities for students to learn 

QIS in person, and to limited training available to educators for teaching QIS today. 

Awareness, community, and support are integral to the success of bringing these resources, 

especially to underserved communities. With the interdisciplinary nature of quantum 

computing, it isn’t always clear how to get started learning. This should be a collaborative 

initiative to help students and teachers understand 1) key learning objectives and outcomes, 

2) the sequence of how to proceed through that learning cycle, and 3) how to make 

resources available to help students through that learning pathway. 

 

The role of teachers was a central topic of discussion. Do teachers need to take on 

more of an expert (ex. run quantum related in-class activities) or a facilitator role (ex. 

connecting students to age-appropriate online resources)? There was consensus that the 

teacher’s role varies by student, teacher, and resources available. Consider Student A who 

does not know about the topic at all, would become aware of the topic only if it is covered in 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
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their high school class, and subsequently doesn’t care much about it. On the other hand, 

Student B is interested in learning quantum, and benefits more than Student A from being 

connected to online resources, courses, and events. It was pointed out that to become 

interested in a topic, a student must be exposed to it first. Yet if a student is given too much 

information they may turn away from it. The question was then asked: Should quantum 

education initiatives be focused on supporting students like Student A?  According to Qubit by 

Qubit’s findings, presented at the IEEE Quantum Education November 2019 meeting, the 

answer is yes: "Quantum education at the high school level should be accessible to all 

students, not just those that appear to have the aptitude or prerequisites. We offered spots 

to around 100 students who did not appear from their application to be stand-out candidates 

(e.g. they had limited math, coding, or physics knowledge ro their statement of interest was 

vague or not compelling). We found these students, on average, retained similar levels of 

understanding and were just as likely to consider pursuing quantum in their future academic 

and career endeavors."  In addition, their findings concluded that students with only Algebra 1 

thoroughly enjoyed the course, and that scholarships are critical to increasing 

underrepresentation in the field of quantum computing. Qubit by Qubit is an example of how 

free online courses can also benefit students like Student A through partnerships with K-12 

schools and teachers. 

 

A related question was: How much expertise should have a teacher have to help their 

students learn QIS? On one hand, if the district / school board / etc. mandates and 

standardizes the curriculum for a topic, the teacher may just need to be one homework 

ahead of the students. The challenge is that there is currently a need for more defined desired 

learning outcomes or ways to help the teacher choose how to integrate QIS concepts into 

their teaching (ex. Heisenberg uncertainty principle can be broken down and tied into 

momentum); one initiative working on this is Q2Work, which is expanding on the nine Key 

Concepts for Future QIS Learners they identified for secondary school students and the 

broader public. A student expressed that in their experience, if topics are not in the syllabus, 

usually teachers won’t teach it. They found online courses to be helpful for students 

motivated to learn, and also helpful for international reach of educational content. Teachers 

don’t have to be full content experts to point to credible online resources. However, this can 

be intimidating for teachers to do because they would then get questions about all the 

variety of materials available. Even QIS researchers can get nervous about these kinds of 

questions while teaching, as an expert in one QIS topic is likely a beginner in many other QIS 

topics. There is a lack of channels for educators to contact those with expertise in quantum 

computing, in workforce, professional, and academic capacities for support. 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
https://ed.quantum.ieee.org/qxq-rachel-zuckerman/
https://qis-learners.research.illinois.edu/
https://qis-learners.research.illinois.edu/
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It takes a lot of time and learning for teachers to design materials that can be 

implemented in-class directly. Rather than leave it to the teacher to try to take all these 

resources and put them together, quantum education initiatives can focus on providing a 

module for a teacher to sequence through; such modules can be formatted in a way 

acceptable in terms of Next Generation Science Standards and state/national science 

standards. An example of quantum education modules is learning cycles developed by the 

Quantum For All NSF grant in partnership with the University of Waterloo’s Institute for 

Quantum Computing and the Perimeter Institute of Theoretical Physics. Teachers can apply 

via the Quantum For All website to be leaders and workshop attendees of their online 1-1.5 hr 

modules of what teachers can take and integrate into their classrooms, and be mailed 

minimal kits of materials whenever that’s needed for the session. The project will support 

professional development for STEM high school teachers to learn about quantum information 

science and provide curricular connections that can be easily implemented in the classroom. A 

combination of teacher workshops and student camps will provide opportunities that extend 

the quantum information science pipeline to the HS environment. 

 

A challenge with creating educational content is that everyone, from those with PhDs 

to kindergarteners, are each coming from a different place and have different views of where 

they might want to go (ex. computing, physics, engineering, algorithms, chemistry, etc.). 

Examples of desirable properties of online learning materials were given. Materials should be 

visible --- easy to find, and from accessible sources such as open-access and open-source 

repositories. Materials should be inclusive --- easy to find for people from diverse 

backgrounds, in terms of diversity, equity, and inclusivity; and in terms of diverse expertises 

and topic coverage. And materials should always mention what background you need to start 

on the material. While many feel it is necessary to have a foundational understanding in many 

disciplines to learn QIS, it is important from both educators’ and students’ perspectives that 

learning be sequential.  

 

A potential risk of over-indexing on online resources is that it can be incredibly 

fragmented, especially as most resources are not created to fit together. There’s no way a 

student would know that after learning about qubits, you then should learn about quantum 

gates, then quantum algorithms. Although there are many online programs and academic 

content both free and at cost, it requires a lot of groundwork to scour the internet, find those 

resources, curate them, and vet them to make sure they’re high quality. Many efforts have 

been made to curate such lists e.g. solely by medium, difficulty, or topic area. It would be 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
https://ed.quantum.ieee.org/qi-iqc/
https://ed.quantum.ieee.org/qi-iqc/
https://resources.perimeterinstitute.ca/
https://quantumforall.org/quantum-opportunities/
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immensely valuable to curate resources by multiple tags in an aggregated repository. Efforts 

to organize more comprehensively are ongoing, such as via Q2Work’s QIS education materials 

and course listings submission forms. Such efforts can help identify where there are gaps in 

the resources available. 

  

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
https://q12education.org/get-involved/education-materials
https://q12education.org/get-involved/course-listings


 

 

8 
Supporting high school teachers interested in teaching and mentoring students 
https://ed.quantum.ieee.org/teaching-high-school-discussion-report/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subgroup B: 
Diversity, Equity, and Inclusion 
Moderator: Chandralekha Singh, Physics Professor at the University of Pittsburgh and 

Founding Director of the Discipline-Based Science Education Research Center 

Scribe: Praveen J, Undergraduate at the Indian Institute of Science, Bangalore 

               

Subgroup B’s breakout room began with Professor Chandralekha Singh presenting 

conclusions from STEM, physics, and QIS diversity and inclusion research. Her slides, How to 

Enhance Quantum by Making it Inclusive, are uploaded to the site for reference. Below are a 

few of the main takeaways from her presentation, leading into the discussion summary. 
 

Summary of Professor Chandralekha Singh’s presentation 
 

QIS, a new and interdisciplinary field, poses many diversity, equity, and inclusion 

challenges as historical underrepresentation in the field has persisted to the present. Inclusion 

and diversity issues are important to keep at the forefront for giving a sense of belonging to 

those from underrepresented groups, helping to overcome thoughts about whether they 

belong in the discipline and are meant to be pursuing their course of study. In addition to 

inclusive teaching, inclusive mentoring requires creating a bias-free and stereotype-free 

supportive environment where everyone is respected, has a great sense of belonging, and 

has self-efficacy to embrace struggles and use them as the stepping stones to learning and 

excelling. In particular, acknowledging struggling as a part of learning can go a long way in 

developing this field into a diverse, and inclusive field of study. In turn, diversity of people 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
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would lead to a vast variety of opinions and intuition, thus opening the floodgates to new 

ideas that might not have been possible earlier. 

 

Many issues can be solved and better seen when the teacher or instructor puts 

themself in the shoes of the student and tries to treat and teach them accordingly. 

Instructors and advisors play a crucial role in increasing a student’s sense of belonging; 

building the student’s identity in QIS, that they belong and can contribute; and appraising 

their achievements and goals, and the struggle towards them. For students regardless of 

their background, improved academic performance resulted from giving specific emphasis to 

appreciating and accepting struggling as part of the process of learning and achieving. These 

gains were more significant for underrepresented students, who are more likely to attribute 

their struggle to them not being capable due to stereotype threat, and experience added 

anxiety about belonging in the community. Reducing anxiety, such as social and academic 

anxiety, leads to reduced procrastination and improved study and research. 

 

The intervention method used was as follows: On the first day of recitation class, ask 

students to write down what their concerns about the class are. Then, show them what 

students in the previous cohort had written during their first class before continuing on to 

excel in the course. This method reaffirms that everyone has similar concerns and difficulties 

yet can do well in spite of this, thus boosting their morale and confidence. Then students 

discuss in small groups questions such as why students don’t realize that most people 

struggle but struggling is actually good and it is the stepping stone to learning new things. 

Such a cohort has scientifically shown better performance than a control cohort without this 

intervention method. 
 

Summary of Subgroup B’s discussion 
 

The discussion began with suggestions and observations on the topic of the student-

instructor dynamic. One recommendation was to utilize low stake assessments like quizzes 

and assignments, which underrepresented groups and women have been shown to have 

better performance on. A possible reason for this result is that in contrast, on all or nothing 

exams, anxieties as described above take up mind space, making it hard to process thoughts 

and perform well. The point was stressed that instructors need to root for all students, not 

just the few who they think a priori are going to do well. 

 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
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One instructor’s comment was that when available resources are limited, it is usually 

hard to reach out to all students of their cohort. A proposed solution was to hire 

undergraduate TAs who have gone through the process earlier and would be able to guide 

the current cohort well, as well as bond better with students. This works especially well as it 

allows formation of smaller groups leading to more individual attention. Such methods could 

greatly benefit school students, as the learning path into quantum is not linear and especially 

difficult at the high school level, thus the experience from immediate seniors would be of 

great help. One important point to note is that it would greatly help if the hired TAs 

themselves are from underrepresented groups, as that would be a great motivating point for 

students from such groups to see representation in those who have succeeded. 

 

Apart from representation and concern for belonging, access is a big issue, made 

much more apparent during the Covid-19 pandemic. This was observed from Microsoft’s 

initiatives towards educating and providing access for indigenous Canadians.  Distributing to 

underrepresented groups educational kits and worksheets in addition to grassroots level 

education are a way to mitigate such inequalities. 

 

To play devil’s advocate, the question was raised of whether quantum needs to be 

widespread. In response, the comments were that diversity, equity, and inclusion help 

democratize the field and make those in the field who are underrepresented feel more 

involved. Additionally, irrespective of if they wish to understand or learn QIS, everyone should 

be given the opportunity. More minds from diverse backgrounds would lead to better ideas 

and better direction for developing technologies. 

 

Further resources and comments 
 

Erik DeBenedictis points out weeks later that the following applies to diversity of thought and 

career choice (which may not be what this group is about): Since no quantum computers today are 

useful for anything other than R&D on quantum computers, the main need is for physicists and 

engineers that will create the first generally useful quantum computers. Useful quantum computers 

are nonetheless expected within the career timeframe of current STEM/High School students. Once 

useful quantum computers are available, there will be a need for quantum computer sales people, 

repair people, and people in other fields that understand the range of applicability for quantum 

computers and how to interpret their results. There will also be a need for voters to understand 

enough about quantum computers to make informed political decisions on their support, regulation, 

and so forth. While these considerations apply to the long timeframe, they suggest attention to 

diversity of thought and career paths. 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
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Further resources and comments compiled by Praveen J are below. 

♦ Is diversity in quantum or in science a real issue, and how to mitigate it: 

https://www.scientificamerican.com/article/the-quantum-computer-revolution-must-include-

women/ 

♦ Some points from https://www.aps.org/publications/apsnews/202102/backpage.cfm: 

 “The study found that STEM instructors who had a fixed mindset about students’ 

ability, in that they believed that students in their courses came with fixed abilities, had 

larger achievement and motivation gaps. In particular, compared to instructors with 

growth mindsets, classes taught by instructors with fixed mindsets had achievement 

gaps between the racial and ethnic minority students and white students that were 

twice as large, and underrepresented students had worse motivational beliefs.” 

 “Due to the stereotypes associated with physics, without assurance from the mentor, 

those students are more likely to attribute struggling to a lack of ability as opposed to 

a normal part of developing expertise [7].” 

 “Lack of positive recognition is known to have negatively impacted the entry and 

retention of underrepresented students, such as women and racial and ethnic minority 

students, in physics related disciplines for decades [3-7].” 

  

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
https://www.scientificamerican.com/article/the-quantum-computer-revolution-must-include-women/
https://www.scientificamerican.com/article/the-quantum-computer-revolution-must-include-women/
https://www.aps.org/publications/apsnews/202102/backpage.cfm
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Subgroup C: 
Beyond science fairs and how to contact schools 
Moderator: Erik DeBenedictis, IEEE Quantum Initiative Co-lead 

Scribe: Yolanda Lozano, Computer Science Alliance/ COO 

               

The following is a transcript of the Subgroup C outbrief, with minimal modifications for 

readability. 

 

Outbrief of Subgroup C’s discussion 
 

I’m Yolanda Lozano and I have been appointed for Subgroup C. In our group, we 
started out discussing and looking at this topic from a higher and broader level and trying to 
determine the constituency that we would be looking to serve and how we would be 
supporting them. We started out talking about science fairs and clubs as a starting point to 
approach students and teachers. 

 
After a short discussion, we realized that we probably weren’t ready to approach the 

science fair population from a content and understanding perspective. Neither teachers nor 
students are ready to go straight into doing science fair projects. We needed to build the 
foundation first. In order for students to gain access to the basic knowledge they need, math 
and physics predominantly, they need to be able to access it through their teachers. As a 
result, we need to figure out how to give access and support to the teachers. 

 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
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This led to a discussion around what “tools” they (teachers) needed to be successful. 
One of the main ones was the creation of lesson plans, and we discussed at a high level 
putting some specific plans together --- maybe pre-packaged access to a certain number of 
plans, making sure that the delivery mechanism was equitable. We went down the rabbit hole 
of Learning Management Systems (LMS) --- is that equitable, will they have access to it. We 
came full circle and decided that perhaps a web-based delivery mechanism would be best. 

 
Then we brought up teacher training and workshops for the teachers. That would 

allow them to have enough information and understanding to deliver student facing lessons. 
 

Then we debated what those lessons are made up of: math content, physics content, 
and then we also discussed other tools such as labs. We discussed lessons and labs  as two 
separate types of teacher and student facing tools. But I think in the end we decided that it 
should be a compilation, distilling all that information into a comprehensive set of lessons that 
could be phased in over a certain amount of time. Maybe they cover certain age groups 
initially, and then other age groups later, or a certain level of difficulty initially and then 
increasing difficulties. They could aim towards certain lessons for math teachers, business 
teachers, computer science teachers, etc. that eventually allow students to understand 
enough to begin understanding concepts. 

 
This brought us to the beginning of the discussion, whereby we would have this 

foundation of lessons and labs that lead students down a science fair path. There was a lot of 
interest around online tools, simulations, and labs to inspire students and give them a more 
tangible and accessible way to understand necessary topics. 

 
Finally, we discussed delivery to the teachers, and how to gain access to the teachers. 

The option on the table was to approach national organizations of teachers around science, 
computer science, and math; at their annual conferences we could deliver workshops and 
then also provide some web-based tools that are easily accessible by all. 
  

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/


 

 

14 
Supporting high school teachers interested in teaching and mentoring students 
https://ed.quantum.ieee.org/teaching-high-school-discussion-report/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subgroup D: 
Software: open source, cloud-based quantum computers, 
hackathons 
Moderators: Bradley Holt and Brian Ingmanson, IBM Quantum 

Scribes: Kevin Joven, Electronic Engineer Undergraduate at Universidad del Valle and 

Alberto Maldonado Romo, PhD at Centro de Investigación en Computación 

              
 

Summary of Subgroup D’s discussion 
 

Throughout the meeting, the members of Subgroup D presented themselves, where 
most of them mentioned having teaching experience in the areas of physics, programming, 
and quantum computing. Other members are interested in giving workshops and courses in 
computer programming. Several remarks were made as to what resources were necessary to 
run courses across different educational levels, including online platforms and tools such as 
cloud-based quantum computing, open-source knowledge and learning resources, and free 
online courses such as Qiskit Global Summer School and Qubit by Qubit. It was brought up 
that some students are using cell phones to participate in these courses, so when developing 
presentations for these courses, all students’ learning needs should be considered. 
 

The initial discussion included students’ activities, opinions, and experiences for 
understanding introductory topics of quantum computing. Some details were mentioned on 
how to present oneself in front of a camera when teaching online classes, and how to 
generate interest in applications by programming quantum circuits, such as quantum 
entanglement and quantum teleportation, on the different platforms. For teaching using 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/
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cloud-based quantum programming, what works is that there's a range of tools, like IBM 
Quantum Experience which is very user friendly, and lots of open source documentation. 
What doesn’t work yet is there's a very steep learning curve to jump in, and not a lot of 
resources to help move up that curve. 
 

One of the questions that arose in the initial discussion was how to start an 
introductory workshop for quantum computing in a university for someone who has no 
teaching experience. Some general comments were to 1) understand physics, computing, and 
above all compare and contrast quantum computing with classical computing; 2) develop 
different examples and activities; and 3) give examples of many applications in research or 
industry; 5) know different points of view of experts in quantum science, computing, and 
education. There are many different programming environments and quantum computing 
paradigms which are overwhelming to cover from a teaching perspective. However, teachers 
can be assured that they can teach quantum programming however they are most 
comfortable with, as regardless of which language or paradigm the teacher chooses, 
students will pick up key concepts. 
 

The central topic discussed was how to keep interested people active in quantum 
computing. Participation in different events, workshops, and courses help reaffirm some 
previously obtained knowledge, increase interest in an area, and gain experience in 
programming. A second recommended activity is to gain hands-on experience exploring the 
open-source projects and games. Open-source software projects can help with this by 
marking bugs and other issues on their Github repo as a good first issue, giving a chance to 
beginners to contribute, which can lead to them working with mentors who have experience 
in a specific topic. For this reason, teaching awareness of open-source and Github is important 
for young students to learn quantum programming. Finally, the activity that many highlighted 
was the creation of hackathons that develop the participation of many people in the area. By 
the experience of those present, hackathons have offered better results according to 
feedback among people who want to work in quantum computing. 

https://ed.quantum.ieee.org/teaching-high-school-discussion-report/

