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Key Takeaways 

● The Quantum Computing Summer School program enrolled a diverse population 

of high school and undergraduate students with 48% of participants identifying at 

female or non-binary, 20% of students identifying as Hispanic, 17% identifying as 

Black, and 38% identifying as Asian. 

● The program substantially increased participants’ knowledge about quantum 

computing, as exhibited by large gains on a technical assessment that was 

administered at the beginning and end of the program. 

● There was no relationship between race/ethnicity and performance on the end-

of-program technical assessment. 

● On a survey of student motivation, students in the program showed a statistically 

significant increase in their expectancy of being successful in quantum 

computing and valuing quantum computing. 

● From the beginning of the program to the end of the program, there was a 

statistically significant increase in students’ reported sense of belonging in 

quantum. 

● Participation in the program increased students’ interest in pursuing additional 

coursework and careers in STEM generally and in quantum specifically. 

 

Introduction 

Qubit by Qubit's Quantum Computing Summer School is a four-week summer course 

for high school and university students in their first or second year of studies. The aim of 

the summer school is to introduce the field of Quantum Information Sciences and 

Engineering (QISE), specifically quantum computing. Through the course, students 

learn about quantum mechanics, quantum computation and information (quantum 

gates, circuits, and algorithms and protocols, including Grover's Algorithm and Quantum 

Key Distribution), applications of quantum computing, and quantum hardware. Students 

also learn how to program in Qiskit and basic mathematics for quantum, including 

matrices and vectors. To ensure the summer school would be accessible and available 
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to as many students as possible, high school geometry was the only prerequisite. The 

course consists of a daily lecture and lab, as well as guest speakers from industry and 

academia to help students learn about further studies and career paths in QISE. The 

goals of the summer school are to expose students to this emerging field, help them 

develop introductory skills in quantum computing, and excite them about the potential of 

quantum computing. 

  

Evaluation 

The Learning Partnership collaborated with Qubit by Qubit program leaders to evaluate 

the quantum computing summer school program in the summer of 2021. The team 

developed a survey that was administered at the start of the course and again (slightly 

modified) at the conclusion of the course. The survey included items about students’ 

interest in coursework and careers in STEM and quantum, their sense of belonging in 

these disciplines, and an adaptation of the expectancy-cost-value scale for quantum. 

Additionally, a technical assessment based on the program’s key learning objectives 

was included in the pre- and post-survey (developed by the Qubit by Qubit team) to 

document the learning progress of students in the summer school. Excluded from the 

survey analysis were any students who lived outside the United States. Out of 154 

students in the dataset, 117 participated in both surveys. In the section that follows, we 

highlight findings from the survey results, including findings related to the technical 

assessment.  

 

Survey Findings 

Participants in the summer school program were evenly divided by gender with 52% 

male and 48% female. Students who identified as Asian made up 38% of the cohort; 

27% of students identified as White, and 17% identified as Black. A substantial 

percentage of students identified as Hispanic (20%; ethnicity was included as a 

separate item on the survey from race). 

 

Table 1. Race/Ethnicity of Participating Students 

Race n % Hispanic (n) 

Asian 55 38% 3 

Black 25 17% 4 

White 39 27% 11 

Multiple selections 12 8% 1 

Other 7 5% 6 

Prefer not to answer 8 5% 4 
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Students in the program came from a range of grade levels. The majority of participants 

were high school students (54%) but there were also a substantial number of 

participants who were college students (39%) as well as a small number of 

postgraduate students (5%; Table 2). Similarly, participants covered a wide range of 

ages, with most being under 18 (56%) or between 18 and 24 years old (31%). A smaller 

percentage of participants were between the ages of 25 and 34 years old (13%). 

 

Table 2. Grade Level of Participating Students 

Grade n % 

9 7   5% 

10 17 12% 

11 24 16% 

12 32 22% 

13 9   6% 

14 24 16% 

15 16 11% 

16 8   5% 

Graduate School 8   5% 

Other 2   1% 

 

Motivation to Learn Quantum Computing 

Students were asked to select their top three reasons for wanting to learn quantum 

computing during the summer and were given nine options. The most frequently 

selected were “I think quantum computing will be important in the future” (selected by 

75% of students), “Quantum computing sounds interesting” (65%), and “I’m excited by 

the challenge and complexity of quantum computing” (51%). 

 

Performance on Technical Assessment 

The technical assessment administered at the start (pre-test) and conclusion (post-test) 

of the quantum course included 19 questions. Students in the course showed large 

gains on the post-test when compared to the pre-test. On the pre-test, 70% of students 

scored 4 or below (Figure 1), suggesting that they had very little knowledge of quantum 

prior to the program. On the post-test, 68% of students scored a 16 or above out of 19 

(Figure 2). All students who took both the pre-test and the post-test made positive gains 

in scores and most had a score difference of +12 or more (Figure 3). 
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               Figure 1. Pre-test scores       Figure 2. Post-test scores 

 
 

     Figure 3. Pre- to post-test score differences 

 
 

 

To test the efficacy of the course at increasing student understanding of quantum 

concepts, a dependent samples t-test was conducted using the pre- and post-course 

technical assessments. On average, students gained 12.5 points on the technical 

assessment from the beginning to the end of the course. Pre- and post-test scores were 

significantly different at the 0.001 level (t(116) = 33.17, p < .001; d = 3.02). 

 

To explore a possible relationship between the post-test and pre-test scores and 

participants’ race/ethnicity, a regression model was run using the post-test as the 

outcome and pre-test and participant race/ethnicity as predictors. The model shows a 
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significant relationship between the post-test score and the pre-test score but no 

significant relationship between the post-test score and race/ethnicity. 

 

Table 3. Post-Test Model  

 Coeff. SE 

(Intercept) 14.74*** (0.89) 

Pre-Test  0.23* (0.10) 

Asian -0.15 (0.96) 

Black  0.65 (1.09) 

White  1.09 (0.99) 

Hispanic  0.14 (0.87) 

Significance: *** = p<.001; ** = p<.01; * = p<.05 

 

Confidence in STEM and Quantum Computing 

On both the pre-survey and post-survey, students were asked about their level of 

confidence in their STEM and quantum computing skills. These items were rated using 

a 6-point scale from 1 (Strongly Disagree) to 6 (Strongly Agree). From the beginning to 

the end of the program, there was a statistically significant increase in students’ 

reported confidence levels on these three items (Table 4). 

 

Table 4. Survey Items on Confidence 

Item Pre-test (M) Post-test (M) Diff 

Confidence in Skills in STEM 4.77 5.11 0.34** 

Confidence in Skills in Quantum Computing 3.32 5.15 1.83*** 

Confidence in Ability to Study Advanced STEM Courses 4.86 5.18 0.32** 

Significance: *** = p<.001; ** = p<.01; * = p<.05 

 

Expectancy-Value-Cost Scale 

The pre- and post-surveys also included the Expectancy-Value-Cost scale (EVC), 

adapted for quantum. The EVC scale measures these three components of student 

motivation and prior research indicates that the scale can be used as a proxy for future 

interest in STEM. From the 10 items on the scale, an average score was computed for 

each component (there are three items for Expectancy and Value and four for Cost). All 

10 items are rated using a six-point Likert scale, ranging from 1 (Strongly Disagree) to 6 

(Strongly Agree). 

 



THE LEARNING PARTNERSHIP | Quantum Summer School Evaluation  6 

Table 5.  Expectancy-Value-Cost Scale 

Component Pre-test (M) Post-test (M) Diff 

Expectancy 5.13 5.44 0.31*** 

Value 5.26 5.56 0.30*** 

Cost 2.44 2.50 0.06 

Significance: *** = p<.001; ** = p<.01; * = p<.05 

 

There was a statistically significant increase in students’ reported expectancy of being 

successful in quantum (t(123) = 4.23, p < .001) and their value for engaging in quantum 

(t(123) = 4.11, p < .001) after participating in the summer school. Students also reported 

relatively low levels of cost associated with engaging in quantum on both the pre-test (M 

= 2.44) and post-test (M = 2.50) and this change was not significant. 

 

Sense of Belonging in Quantum and STEM 

Sense of belonging is an important factor that contributes to student retention and 

progression through educational pathways. The pre- and post-survey included the 

following item: “I feel like I belong in the field of quantum computing,” which was rated 

using a Likert scale ranging from 1 (Strongly Disagree) to 6 (Strongly Agree). There was 

a statistically significant increase in students’ reported sense of belonging in quantum 

(t(122) = 3.26, p < .01). There was a slight increase in students’ sense of belonging in 

STEM but it was not a statistically significant change. 

 

Sense of Belonging and Overall Enjoyment 

The evaluation also explored the possible relationship between overall enjoyment of the 

program and sense of belonging in quantum at the conclusion of the program. 

Descriptive statistics for these variables by race are provided in Table 6. Overall 

enjoyment is a combination of all eleven enjoyment-related items on the post-survey 

(out of a possible score of 50). Overall enjoyment was a significant predictor for sense 

of belonging in quantum (Table 7). Additionally, students who identified as Black 

reported, on average, a statistically significant lower sense of belonging in the field of 

quantum computing. 

 

Table 6. Belonging in Quantum and Overall Enjoyment of Quantum by Race/Ethnicity 

Race Belonging in Quantum (M) Overall Enjoyment (M) 

Asian 4.62 42.02 

Black 4.05 42.43 

White 4.85 43.16 

Hispanic 4.66 42.29 
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Table 7. Factors Influencing Sense of Belonging in Quantum 

 Coeff. SE 

(Intercept) -0.35 (0.57) 

Overall Enjoyment  0.12*** (0.01) 

Asian  0.06  (0.19) 

Black -0.61**  (0.23) 

White  0.21  (0.20) 

Hispanic -0.13 (0.18) 

Significance: *** = p<.001; ** = p<.01; * = p<.05 

 

Interest in Additional Coursework and Careers in STEM and Quantum 

Students also were asked on both surveys about their interest in taking additional 

coursework in STEM and quantum computing as well as their interest in pursuing 

careers in STEM and quantum. For both STEM generally and quantum specifically, 

student interest increased by the end of the summer school (Table 8). 

 

Table 8. Interest in Quantum/STEM Coursework and Careers 

 Pre-Test Post-Test 

  
N 

Interest 
Decreased 

Interest the 
Same 

Interest 
Increased 

Interest in pursuing a career in 
quantum computing 

Not Interested 44 0% 0% 100% 

Interested 83 3% 11% 86% 

      

Interest in pursuing a career in 
science, technology, engineering 
or math (STEM) 

Not Interested 2 0% 0% 100% 

Interested 126 26% 20% 53% 

      

Interest in taking additional 
courses on quantum computing 

Not Interested 39 0% 8% 92% 

Interested 89 9% 17% 74% 

      

Interest in taking STEM classes in 
the future 

Not Interested 3 0% 0% 100% 

Interested 125 22% 22% 56% 

 

About Qubit by Qubit 

Qubit by Qubit (QxQ) is a first-of-its-kind, nonprofit initiative dedicated to expanding 

access to quantum education. Through novel and inclusive program design, and in 

partnership with industry and academic leaders, QxQ is expanding pathways into the 

growing field of Quantum Information Science. QxQ is an initiative of The Coding 

School, a 501(c)(3) tech education nonprofit focused on preparing students for the 

future of work. Learn more at qubitbyqubit.org. 

https://www.qubitbyqubit.org/

