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Abstract

As global demand for a quantum-ready workforce accelerates, there is an
urgent need to introduce students to quantum information science (QIS)
well before post-secondary education. However, most K-12 learning envi-
ronments lack accessible, standards-aligned tools to make this possible.
This article presents a case study of SparkAlpha Explore, a cross-curricular,
project-based education program developed by Spark Photonics Foundation
to address gaps in emerging technology awareness, particularly in the pho-
tonics and semiconductor industries, among students at both pre-college
and college levels. The program integrates QIS with related fields such as
photonics, semiconductors, and advanced manufacturing while supporting
educators with professional development, classroom-ready materials, and a
digital community of practice. A key focus of the article is Quantum Impact, a
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recent extension to the SparkAlpha Explore program that introduces founda-
tional QIS concepts like quantum sensing to middle and high school students.
This article also discusses the program’s adaptability for international use,
its train-the-teacher implementation model, and the broader importance of
collaborative partnerships in scaling quantum education globally.

Keywords: Quantum information science (QIS), K-12 STEM education,
workforce development, project-based learning, teacher professional devel-
opment, photonics, semiconductors, education-to-workforce pipeline.

1 Introduction

Quantum technologies are rapidly transforming fields ranging from com-
munications and computing to healthcare and national security. As global
investment in quantum information science (QILS) accelerates, so does the
need for a skilled and diverse workforce that can support continued innova-
tion and deployment. However, the current education-to-workforce pipeline
is not equipped to meet this demand. Most students encounter quantum topics
only at the postsecondary level, if they encounter them at all, which limits
both awareness and access.

Developing a globally competitive quantum workforce requires early
engagement [1]. Students must be introduced to foundational QIS concepts
well before they enter college or the workforce. At the same time, educa-
tors need high-quality resources and professional learning opportunities that
make this content accessible and relevant within existing curricula. This dual
imperative, consisting of early exposure for students and support for teachers,
forms the foundation for Spark Photonics Foundation’s approach to quantum
education.

This article presents a case study of Spark Photonics Foundation’s
SparkAlpha Explore program and its recent Quantum Impact extension. From
this point forward, SparkAlpha Explore will be referred to as “Explore.”
Designed to integrate emerging technology content into K—14 classrooms
through project-based learning, Explore addresses key gaps in quantum liter-
acy and workforce readiness. The program emphasizes accessibility, teacher
empowerment, and industry alignment, offering a scalable model for integrat-
ing QIS concepts into all educational settings. Through this lens, the article
explores broader themes of global adaptability, collaborative implementation,
and the role of nonprofit-industry-academic partnerships in shaping the future
of quantum education.
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2 The Importance of Pre-college Engagement

Most students are introduced to quantum topics only at the university level,
if at all [2]. This late exposure limits student awareness and contributes to a
shortage of talent in the growing quantum workforce. Early engagement with
all student populations is essential to build interest and lay the foundation for
continued study in emerging technologies.

These challenges are recognized globally. Countries such as the United
Kingdom, Canada, and Australia are piloting K—12 outreach efforts in quan-
tum education [3-5]. However, many of these programs are small-scale or
tied to specific research institutions.

Introducing QIS at the pre-college level supports long-term workforce
development and helps students understand how quantum technologies
impact society. Spark Photonics Foundation’s Quantum Impact initiative
responds to this need by offering scalable, accessible, and teacher-ready
resources that integrate quantum content into existing middle and high
school learning environments. These tools help students see the relevance
of quantum science and its connection to future opportunities.

3 Explore: A Cross-curricular Model for Quantum and
Emerging Tech Education

Explore is a scalable, project-based education program developed by the
Spark Photonics Foundation to address critical gaps in workforce readiness
across quantum information science (QIS), integrated photonics, semicon-
ductors, and advanced manufacturing. By empowering educators with acces-
sible resources and professional development, Explore introduces students
to advanced technologies through engaging, standards-aligned classroom
instruction. The program’s flexible, cross-curricular design allows educators
to integrate emerging STEM topics into a variety of learning environments,
including science, engineering, entrepreneurship, career exploration, and
afterschool settings, thus lowering the entry barrier for both students and
teachers.

3.1 Program Origins and Goals

Explore was born out of the urgent need to address looming workforce
shortages in technical fields, including optics, photonics, and semiconductor
manufacturing. Projections indicate that the US photonics industry alone
will face a shortfall of 85,000 workers by 2030 [6]. Recognizing that these
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Figure 1 Emerging tech workforce development pipeline.

challenges cannot be met solely through postsecondary interventions, Spark
Photonics Foundation launched SparkAlpha as a direct-to-student outreach
program in 2021 and transitioned to a scalable, train-the-teacher model called
SparkAlpha Explore by 2023.

The Foundation’s mission is to democratize access to STEM career
pathways and strengthen the education-to-workforce pipeline, as depicted in
Figure 1. Explore reflects this mission by combining workforce relevance
with pedagogical best practices that meet educators where they are.

3.2 Integrating Quantum, Photonics, and Semiconductors
Across Disciplines

Explore embeds advanced technologies within the context of real-world prob-
lem solving, engaging students through hands-on exploration and interdisci-
plinary connections. Educators deliver the program through four structured
project phases, during which students learn about photonics, sensing, and
chip-based technologies, and conceptualize their own sensing devices to
address a real-world problem. The recent Quantum Impact extension allows
these projects to incorporate core QIS concepts such as quantum sensing into
student learning.
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The content is intentionally cross-curricular; lessons support science,
technology, engineering, and career and technical education (CTE) stan-
dards, while also cultivating entrepreneurship, design thinking, and systems
thinking skills. Students not only learn about how light behaves or how chips
are made, but they are also asked to think like innovators, identifying potential
users, designing practical devices, and presenting their ideas. These activities
promote relevance and reinforce why these emerging technologies matter in
daily life and the global economy.

3.3 Emphasis on Career Awareness and Industry Connections

Students cannot aspire to careers they have never seen or heard of [7].
Explore introduces students to a wide range of education and career pathways
in photonics, semiconductors, quantum, and advanced manufacturing. The
program makes these fields visible and relevant by showing students how
their interests and skills can align with real opportunities.

When available, students visit colleges and technical programs that offer
degrees and certificates tied to in-demand STEM careers, attend career fairs
and roundtables coordinated by educators, and visit companies in manu-
facturing and emerging technology. To overcome geographic and logistical
barriers, Spark Photonics Foundation has developed a library of digital
resources that educators can easily bring into their classrooms. These include
virtual college tours, industry talks, career research activities, and engaging
multimedia content. By demystifying education pathways and linking class-
room learning to future careers, Explore motivates students to see themselves
as part of the next generation of STEM professionals.

3.4 Accessibility and Flexible Implementation for Educators

One of Explore’s key strengths is its ability to adapt to varied school settings,
class schedules, and educator backgrounds. The curriculum is aligned to state
and national standards and includes multiple entry points, allowing teachers
to select science, engineering, or career-based pathways through the program.

Importantly, the program is designed to be implemented by teachers who
may not have prior experience with photonics or QIS. This approach is
especially important given the time constraints teachers face and the demand
for plug-and-play resources aligned with existing goals. Explore’s lessons can
be integrated into core classes, elective offerings, or afterschool enrichment,
giving educators the flexibility they need to serve their students.
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Figure 2 Overview of the SparkAlpha Explore program structure, educator resources, and
community of practice support.

3.5 Educator Training and Community of Practice

To scale, Explore relies on a train-the-teacher model that includes asyn-
chronous and synchronous professional development, pre-built materials, and
direct support. Educators begin with a structured onboarding process and
continue to receive short, phase-based trainings as they move through the
program. This makes professional learning digestible and directly tied to what
teachers are about to deliver.

Explore’s accompanying Community of Practice (CoP) ensures educa-
tors are supported through the implementation process. Hosted on a digital
platform, the CoP offers discussion threads, technical support, live Q&A
sessions, and a growing repository of differentiated classroom resources.
It also fosters collaboration across geographies and disciplines, allowing
teachers to learn from peers and share ideas. For a visual representation of the
Explore project phases, the resources provided to educators, and the digital
Community of Practice support, see Figure 2 [8].

4 Case Study: The “Quantum Impact” Extension of
Explore

The Quantum Impact extension serves as a case study for how Explore can
be adapted to address a specific emerging technology, in this case, quantum
information science. This addition reflects both the rising importance of
quantum literacy and the program’s potential to evolve with workforce and
educational priorities.
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4.1 Launching Quantum Impact: Bringing QIS into the
Classroom

The Quantum Impact extension was developed to introduce foundational
concepts in quantum information science to middle and high school students
through the Explore platform. Spark Photonics Foundation recognized that
early exposure to quantum topics is critical for workforce awareness and
equitable access, especially as quantum technologies gain momentum across
global industries.

Quantum Impact includes a series of freely available resources such as
student readings, classroom activities, and application-based challenges that
support deeper engagement with quantum sensing, computing, and commu-
nications. While designed to be used independently, these resources also
serve as a natural extension of Explore, offering additional context and career
relevance for schools that have implemented the full program.

4.2 Scalability to Different Education Systems

Though Quantum Impact is currently launching in the United States, its
design makes it adaptable for use in global education systems. The resources
are not tied to any one curriculum or set of standards, making them suitable
for classrooms with different instructional models and national benchmarks.
Educators can easily incorporate these materials into science, engineering,
and career exploration courses.

Language, culture, and regional context are critical considerations for
future adaptation. The modular structure of Quantum Impact allows for the
development of translated content and localized examples, expanding access
across geographies and student populations.

The train-the-teacher model at the core of Explore is also scalable across
borders. As Spark Photonics Foundation builds professional learning path-
ways that help educators deliver QIS content effectively, the goal is to support
a broad network of teachers prepared to engage students with quantum
concepts in meaningful and sustainable ways.

5 Conclusion: A Vision for Global QIS Education and
Collaboration

Preparing a quantum-ready generation will require shared investment,
inclusive design, and sustained collaboration across sectors and borders.
SparkAlpha Explore and its Quantum Impact extension represent a model for
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how complex STEM content can be translated into accessible, high-impact
educational experiences.

The success of these initiatives relies on content delivery and the part-
nerships that power them. Collaboration between nonprofits, government,
industry, higher education, and educators is essential to building scalable
solutions that serve all learners.

Spark Photonics Foundation remains committed to staying at the fore-
front of emerging technologies and providing educators with timely, relevant
resources. As part of this mission, the Foundation actively engages with
current and prospective partners to support the development of new materials
and the continued expansion of impactful programming.

A global quantum future is already in motion. With intentional design
and collective effort, we can ensure that students have the opportunity to
understand, engage with, and shape the technologies that will define their
futures.
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