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Key Takeaways 

● The Middle School Quantum Camp 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. 

● 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. 

● Students experienced a significant increase in their sense of belonging in STEM 

and quantum computing following the camp. 

● The camp substantially increased students’ interest in taking additional 

coursework in STEM and quantum, as well as pursuing careers in STEM and 

quantum computing. 

      

Introduction 

Qubit by Qubit's Middle School Quantum Camp is one of the first opportunities for 

students as young as eleven to begin learning about the field of quantum computing. In 

this week-long summer camp, students learn about key concepts of quantum 

mechanics and quantum computing, including qubits, superposition, and entanglement, 

basic coding in Python, and quantum gates. By the end of the camp, students can code 

quantum circuits and run them on a real quantum computer. To ensure accessibility to 

all students, no prerequisites are required.  

 

Evaluation 

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

the middle school camp in the summer of 2021. The team developed a survey that was 

administered at the start of the camp and again (slightly modified) at the conclusion of 

the camp. 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 
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students in the camp. Excluded from the survey analysis were any students who lived 

outside the United States. A total of 81 students participated in the surveys. In the 

section that follows, we highlight findings from the survey results, including findings 

related to the technical assessment.  

 

Survey Findings 

Camp participants were primarily 7th and 8th grade students (combined 78%). The 

remaining 22% of participants were in 5th (1%), 6th (6%) or 9th grade (15%). 57% of 

participants identified as male, 43% as female. In terms of race, 41% of participants 

identified as Asian, 28% identified as White, 14% identified as Black, 5% selected 

multiple races, and 12% selected “other” or preferred not to answer (Table 1). Only 3 

students identified as Hispanic (ethnicity was included as a separate item on the survey 

from race). 

Table 1. Race of Participating Students 

Race n % 

Asian 33 41% 

Black 11 14% 

White 23 28% 

Multiple selections 4 5% 

Other 4 5% 

Prefer not to answer 6 7% 

 

Performance on Technical Assessment 

The technical assessment administered at the start of the quantum camp (pre-test) 

included 11 questions and the assessment administered at the conclusion of the camp 

(post-test) included 12 questions. Students in the camp showed large gains on the post-

test when compared to the pre-test. On the pre-test, over 80% of students scored 5 or 

below (see Figure 1). On the post-test, over 80% of students scored a 10, 11 or 12 (see 

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 +8 or more (see 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 camp at increasing student understanding of quantum 

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

technical assessments. This test was found to be statistically significant: t(64) = 23.05, p 

< .001; d = 2.85. These results indicate that students gained knowledge in quantum 

after participating in the camp and taking the post-assessment (M = 10.84, SD = 1.69) 

compared to before participating in the camp (M = 2.52, SD = 2.67). 

 

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

participants’ race, a model was run using the post-test as the outcome and pre-test and 

participant race as predictors. The model shows no significant relationship between the 

post-test score and either the pre-test score or race. 
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Table 2. Post-Test Model 

 Coeff. SE 

(Intercept) 11.32*** (0.49) 

Pre-Test  0.07 (0.07) 

Asian -0.53 (0.52) 

Black -0.92 (0.69) 

White -0.47 (0.56) 

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. This scale measures these three components of student 
motivation. 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). 
 
Table 3. Expectancy-Value-Cost Scale 

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

Expectancy 4.97 5.39 0.42*** 

Value 5.29 5.64 0.35*** 

Cost 2.05 2.09 0.04 

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

 

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

successful in quantum (t(68) = 3.98, p < .001) and their value for engaging in quantum 

(t(66) = 5.56, p < .001) after participating in the Middle School Camp. Students also 

reported relatively low levels of cost associated with engaging in quantum on both the 

pre-test (M = 2.05) and post-test (M = 2.09). 

 

Sense of Belonging in Quantum and STEM 

There was a statistically significant increase in students’ reported sense of belonging in 

quantum: t(66) = 2.16, p < .05. There was also a significant increase in their sense of 

belonging in STEM: t(66) = 3.02, p < .01. 

 

Sense of Belonging and Overall Enjoyment 

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

camp and sense of belonging in quantum at the conclusion of the camp [“I feel like I 

belong in the field of quantum computing.”]. Descriptive statistics for these variables by 

race are provided in Table 4. Overall enjoyment is a combination of all seven 

enjoyment-related items on the post-survey. Overall enjoyment was a significant 
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predictor for sense of belonging in quantum (see Table 5). No relationship was found 

between sense of belonging and race. 

Table 4. Belonging in Quantum and Enjoyment of Quantum by Race 

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

Asian 4.34 28.00 

Black 4.25 29.13 

White 4.37 29.26 

 

Table 5. Factors Influencing Sense of Belonging in Quantum 

 Coeff. SE 

(Intercept) -1.623* (0.81) 

Overall Enjoyment  0.211*** (0.03) 

Asian -0.005  (0.32) 

Black -0.278  (0.41) 

White -0.189  (0.33) 

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 substantially by the end of the camp. 

Table 6. Interest in Quantum/STEM Coursework and Careers 

  
N 

Interest 
Decreased 

Interest the 
Same 

Interest 
Increased 

Interest in pursuing a career in 
quantum computing 

Not Interested 32 9% 12% 79% 

Interested 52 5% 5% 89% 

      

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

Not Interested 9 0% 22% 78% 

Interested 76 4% 19% 77% 

      

Interest in taking additional courses 
on quantum computing 

Not Interested 43 9% 21% 70% 

Interested 43 4% 4% 91% 

      

Interest in taking STEM classes in 
high school 

Not Interested 14 0% 31% 69% 

Interested 72 0% 18% 82% 
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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/

