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Executive Summary
Educating K-12 students on AI topics is an emergent and urgent issue with the rise of AI.
There is little research informing practitioners and policy makers on the progression of AI
education through the grade bands and on best practices in introducing AI topics in K-12
classrooms. Recognizing this need, the first of a series of workshops on K-12 AI education
was convened with the support of the National Science Foundation. The workshops aim
to build a community around AI K-12 education research and foster interdisciplinary
discussion and collaboration. On December 12th and 13th, 2019, 40 researchers,
teachers, school district administrators, and industry representatives gathered at the
Institute for Creative Technologies of University of Southern California in Los Angeles,
California. The researchers brought expertise in learning sciences, K-12 STEM education,
K-12 Computer Science education, AI technologies for education, and more. For two days,
the group discussed four topics: (1) Learning to be AI literate; (2)formulating a research
agenda for K-12 AI education; (3) shaping the design and development of AI Education in
K-12 based on: lessons learned from other disciplines; and (4) envisioning and building
the future of AI education through collaborative efforts. At the conclusion of the
workshop, the group acknowledged the growing needs and enthusiasm from districts,
teachers, and students for K-12 AI education, identified critical research gaps, shared
lessons from other disciplines that can inform the K-12 AI education research agenda, and
called for researchers, practitioners, and industry partners to collaborate to answer the
call to address the research needs.
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I. Introduction
Artificial intelligence (AI) continues to profoundly impact society in the US and around
the globe. It is beginning to permeate every aspect of our daily lives and is fundamentally
reshaping our workforce. Because AI will dramatically impact both the economy and
national security, it is imperative that we develop a thoughtful national response to this
phenomenally disruptive technology. This response must include a meaningful approach
to introducing K-12 students to AI, and it is therefore essential to develop an
evidence-based approach for K-12 AI education. Despite the accelerating pace of AI
technology development both in the US and abroad, and the rapidly growing interest in a
strategy for K-12 AI education (e.g., the AI4K12 initiative), there is currently no research
foundation on which such a strategy can be readily based.
The current status of the “AI education for K-12” movement is similar to that of the
“computer science education for K-12” movement that began a decade ago. At that time
there was widespread recognition that the nation faced a critical need to create an
evidence-based curriculum for introducing computer science and computational thinking
to K-12 students. K-12 computing education provides an excellent model for how
strategies for K-12 AI education can be formulated and implemented. The key to the
success of K-12 computing education initiatives has been the early and continuous
engagement of the education research community. With a focus on understanding how
students learn computer science by utilizing both quantitative and qualitative methods
from the learning sciences, cognitive science, developmental psychology, and STEM
education, education researchers’ contributions have been yielding a theoretically
grounded understanding of computer science learning processes and outcomes. These in
turn have guided development of CS standards and are guiding elementary, middle, and
high school curriculum development. Creating an effective national strategy for K-12 AI
education calls for building capacity similarly within the education research community to
address this critical need.
This report summarizes findings from a workshop that brought together experts in AI
and education research to develop a shared understanding and create a research agenda
to bring evidence-based AI education to K-12 classrooms. The workshop focused on
answering questions around what should be taught in K-12 AI education and how it should
be taught. It is the first in a series of workshops that are aimed at building an
interdisciplinary research community to address the critical challenge of creating a
national K-12 AI education strategy. The first workshop was held at the University of
Southern California in December 2019. We anticipate that the workshops will build a
community of researchers who can conduct research on best practices for AI education
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for K-12 student populations, and in the long term, effectively inform, shape, and define a
national strategy for K-12 AI education.

II. Overview of the Workshop
On December 12 and 13, 2019, the first workshop on K-12 AI education was held at the
USC Institute for Creative Technologies. We invited workshop attendees to ensure there
was broad representation of K-12 practitioners, industry representatives, and researchers
from different fields such as artificial intelligence, computer science education, the
learning sciences, educational psychology, and teacher education. A total of 40
participants attended the workshop, comprising 24 researchers (including 3 workshop
organizers), 7 teachers or school district leaders, 5 industry representatives, 3 informal
learning partners, and 1 NSF Program Officer. (Please see Appendix B for the full
participant list.) Figure 1 illustrates the diverse backgrounds of our participants.

Figure 1. Diverse backgrounds of workshop participants

During the workshop, attendees gave presentations about how their research and the
fields they represent can contribute to the K-12 AI education research agenda. We
designed the workshop agenda to support in-depth vigorous discussion. (Please see
Appendix A for the workshop agenda.) The attendees broke into six groups and engaged
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in four rounds of small-group discussions on various assigned topics throughout the
two-day workshop. Each group consisted of researchers, practitioners and industry
representatives. Participants were assigned to different groups for each round of the
discussion. The small group discussions were designed to not only solicit opinions from
each participant at the workshop, but also to introduce the workshop participants to each
other to foster future interdisciplinary collaboration on the research topic. After the
breakout group discussions, all the attendees reconvened and representatives from each
group summarized ideas and takeaways from their group discussions.

Analysis
The project team gathered a repository of discussion notes and hours of audio
recordings of discussions from all six groups of participants for all four small group
discussion sessions from the workshop. We have analyzed this data to compile key
takeaways from the workshop that can be disseminated to the broader community.
Each of the four small group discussion sessions was structured to include a few related
discussion questions, for a total of eleven questions across the four discussion sessions.
For each of the eleven questions, we analyzed written notes and audio recordings for all
six groups of participants. In the first phase of the analysis, we examined all sixty-six sets
of participant data (from six groups for eleven questions each) and documented broad
themes in the discussion for each question across the different groups. In the next phase
of the analysis, we grouped related discussion questions into four separate discussion
topics and systematically combined the emergent themes for discussion questions that
were part of the same discussion topic to come up with a list of primary takeaways for
each discussion topic.
In Sections III-VI below, we discuss the four emergent discussion topics. For each
discussion topic, we present the list of discussion questions and summarize the primary
takeaways that have emerged across groups and across the discussion questions for that
topic.
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III. Discussion Topic 1
Learning to be AI Literate

Discussion Questions:
●

What are the skills and practices K-12 students need to have as members of
the workforce of the future?

●

What is critical for K-12 students to learn about AI?

●

What type of AI learning is suitable for different K-12 grade bands (content
and level of AI knowledge, AI ethics)?

Primary Takeaways:
A. AI should not be a black box - It is important to lift the hood off of AI systems that
are typically “black boxed” so that students understand how AI systems work and
can evaluate AI models and their societal impacts. Students should be able to
understand concepts of representation and recognize the types of problems that AI
has the potential to solve as well as the limitations of AI.
B. Five big ideas of AI - It is important that researchers leverage the five “big ideas” of
AI developed by the AI4K12 initiative (NSF Award #1846073), which aims to provide
guidelines for fostering AI literacy, both in learning and teaching at different grade
bands. These "big ideas" are:
Big Idea #1: Computers perceive the world using sensors.
Big Idea #2: Agents maintain models/representations of the world and use them for
reasoning.
Big Idea #3: Computers can learn from data.
Big Idea #4: Making agents interact comfortably with humans is a substantial
challenge for AI developers.
Big Idea #5: AI applications can impact society in both positive and negative ways.

C. Transferrable AI literacy - Students should be able to transfer their knowledge of
what AI is and how AI works in order to explore and recognize how AI can be
applied in different fields to impact our society. Different types, levels, and
applications of AI skill are needed for different roles in the workforce. Students may
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grow up to use AI as a consumer, as a co-worker, or they may create AI applications
in different domains for other people to use.

D. Pedagogical practices for AI literacy - To promote AI literacy in K-12, educators
need to integrate effective pedagogical practices such as problem-based learning
following a use-modify-create learning progression. Learning needs to be
contextualized in real-life problems that are meaningful to students from diverse
communities, building on foundational knowledge that students already know.
Incorporating hands-on experiences into AI curricula is important, instead of
focusing solely on AI content instruction.

E. AI learning progression - What and how AI should be taught in K-12 needs to be
defined by grade band based on students' prior knowledge and cognitive
development. In early grades, the goal should be to spark students’ interest through
example-based learning instead of focusing on the “how” of AI. Since children are
interacting with AI through various devices at increasingly young ages, they should
be formally introduced to AI’s concepts early on as well. In middle school, the focus
can shift to unplugged activities and the use, modification, and comparative
analysis of AI algorithms. K-8 grades should focus on the fundamental AI skills that
are useful to students regardless of career choice. These skills can demonstrate
how AI can be used for problem solving globally across multiple disciplines and
contexts. Later, in high school, AI education can progress to creation and
interpretation of AI algorithms. High school AI curricula can be more specialized and
include more in-depth knowledge as to what AI might look like in a specific career
track. Across all grade bands, in addition to technical skills, it is also important for
students to develop and practice soft skills such as how to effectively and
efficiently communicate and collaborate as part of diverse AI teams.

F. Effort from multiple stakeholders - We need to be able to convince school districts
why AI and AI systems are important for young students to learn about; otherwise,
AI will not be included in curricula. However, merely counting on teachers or school
districts to promote AI is not going to work. In fact, promoting K-12 AI education
relies on efforts from multiple stakeholders, including parents, schools, school
districts, industry partners and informal education communities.
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IV. Discussion Topic 2
Research Agenda for K-12 AI Education
Discussion Questions:
●

What kind of research is needed to be carried out to create K-12 AI standards
and curricula?

●

What is the research agenda needed to develop evidence-based guidelines for
K-12 AI education, including ethics for AI?

●

How can AI ethics be integrated into AI education?

Primary Takeaways:
A. Leverage existing research from other fields - In order to develop a set of K-12 AI
education standards and identify fundamental AI concepts and skill sets for K-12
students, existing research needs to be leveraged from other fields such as STEM
education, CS education research, developmental psychology, and cognitive
science. We also need to examine teachers’ experiences in these other fields and
leverage the evidence from actual classroom practice.
The development of standards should also specify AI concepts and competencies
appropriate for each age group based on research studies and student cognitive
interviews. AI standards should also be flexible in order to keep up with a field like
AI that is dynamic and constantly evolving. When building an AI curriculum and AI
standards, it is important to recognize what it is like to not be an expert in AI. Young
students are consumers of AI and learn to create trust and build relationships with
AI systems, but there is little ‘children-AI interaction’ research done compared to
‘human-AI interaction’ research.
B. Synthesize research on effective pedagogical practices - It is crucial to
synthesize research related to teaching practices to identify effective pedagogical
approaches for teaching AI concepts and for helping students apply their AI
knowledge to real-world applications. In addition, teachers need professional
development to learn how to implement such pedagogical approaches into their
classrooms to create an engaging and culturally relevant learning environment for
their students.
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Teachers should introduce basic AI concepts in early grades, see how students
respond, and let that inform AI standards and curricula. In order to scaffold learning
for students with varying levels of prior knowledge and exposure to AI, teachers
should be able to identify and address any incorrect conceptions that students may
have. Additionally, teachers need to find problems and phenomena that will excite
students with diverse backgrounds and interests and emphasize the value of
students asking good and effective questions that naturally lead to discussions
around the importance of AI and how AI works. Further, teachers need to learn how
students trust machines so that they can be taught how to develop a healthy and
appropriate skepticism for AI systems.
C. Integrate AI into other subject areas - Providing a stand-alone AI course may not
be feasible in the current school system, especially in K-8. Finding an integrated
approach by infusing AI concepts into other subject areas can be promising. The
integration can be helpful by giving students more context and also allowing them
to build from their prior knowledge in other subject areas. This content-related
integration may also create an opportunity to crosswalk AI standards with
standards from other disciplines. However, research studies are needed to inform
the design of integrated AI curricula and assessments. It is important to recognize
the challenges that may occur with AI integration, such as the difficulty in assessing
AI knowledge and skills when AI is taught in the context of other classes.
D. Diverse project teams and workforce - We need to add heterogeneity to our AI
project teams and create a more diverse AI workforce in order to eliminate AI
biases, reduce privacy and security concerns, and incorporate notions of ethical AI
that account for cultural differences in evaluating right versus wrong. When
designing AI systems, it is important that we include diverse perspectives from
sociologists, cultural theorists, and ethicists, and are informed by the social history
of technology.
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V. Discussion Topic 3
Shaping the Design and Development of AI Education
in K-12: Lessons Learned from Other Disciplines
Discussion Questions:
●

How can the field you represent contribute to the research into these
questions?

●

What lessons can be learned from how the CS/CT/physics/math/etc. education
research communities have contributed to K-12 standards and curricula?

Primary Takeaways:
A. Lessons learned from CS education research - K-12 AI education can draw from
the K-12 CS education model based on shared similarities between the two fields –
both are newer fields compared to other STEM disciplines, share content and
practices, and are evolving rapidly. The K-12 CS education model provides
examples on how to introduce a new education research discipline and integrate it
with other existing disciplines, develop grade-appropriate standards, identify
students’ conceptual problems, and define effective curricular approaches,
assessments and other tools for addressing the conceptual problems. In particular,
K-12 AI education can draw on work done in CS education to train in-service and
pre-service teachers and provide teachers with the needed resources and support
for learning required vocabulary, core concepts, and effective pedagogical
approaches. Additionally, while K-12 AI education can learn from aspects that
worked well in the CS education model, it can also learn important lessons from
things that did not work as well and need to be improved in CS education. For
example, CS education focuses on the concepts and skills that students learn while
underemphasizing the process of how students are learning these.
B. Lessons from learning sciences research and other STEM disciplines - Effective
practices from contemporary learning sciences research and from STEM education
can inform the design of AI curricula, AI learning progressions, and teacher
education for K-12 AI. From a learning science standpoint, the design of AI curricula
should consider students’ cognitive development and conceptual understanding of
new concepts, as well as students’ cultural backgrounds and the prior knowledge
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that they bring to the classrooms. Also, taking cue from STEM education practices,
K-12 AI education needs evidence-based curricula and assessments that
incorporate hands-on unplugged activities, inquiry-based exploration, group
learning and consensus building, and iterative refinement of ideas. Students need
to engage in modeling and data-based decision making while recognizing model
limitations and inherent biases in data.
In addition, there is considerable work on teacher education in STEM fields that
K-12 AI education can draw from. Research on teacher capacity building, building
teacher peer communities, and changing teachers’ practices is of particular
importance. Identifying teacher challenges and finding ways to address them is
central to effective AI education in K-12.

C. Lessons from standards development in other disciplines - The process of
developing standards appropriate for different grade levels in disciplines like Math,
Science, and CS can guide the development of K-12 AI standards. One important
lesson from other standards (e.g., the Next Generation Science Standards) is that
laying out the framework of big ideas before creating standards is essential for
effective standards establishment. Having an AI framework provides high-level
guidance on what students should learn in different grade bands in K-12, which can
then inform the development of actionable AI standards that center on these key
ideas as AI continues to evolve. Findings from decades of science education
research also promote the fact that frameworks should encompass three
dimensions: core concepts, practices, and crosscutting concepts. Students should
have opportunities to learn content in practice.
Two questions can be used to guide the development of AI standards: 1) what
should students know at a grade level and 2) what should they be able to do at the
grade level? Standards should be low level enough to provide teachers with
actionable guidance on how to implement the standards while simultaneously not
being too constraining. Overall, the design of AI standards needs to embrace
flexibility given the fact that AI is constantly evolving, and there may need to be
constant textbook, assessment and technology changes.
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VI. Discussion Topic 4
Envisioning and Building the Future of
AI Education through Collaborative Efforts

Discussion Questions:
●

What are the next steps to building a research foundation for K-12 AI
education?

●

How can we foster cross-discipline academic and industry collaborations to
build alliances for bringing evidence-based AI education to K-12 classrooms?

●

What are the “dream” teams, partnerships, projects, research programs,
learning environments, policy support, and technological infrastructure needed
to make K-12 AI education a reality?

Primary Takeaways:
A. Strengthening the connections between industry and school settings - It is
important to help students understand the relevance of what they learn in class to
their daily lives and possible career choices. Students need to connect what they
learn about AI in school to the AI based technologies they use and encounter in
their lives. Also, the demands of workforce-based AI skills are bound to influence
the direction of K-12 AI education. Active communications between leading
technology companies and schools can show students what AI jobs and career
paths look like, in turn increasing students’ interest in and engagement with AI.
Moreover, technology companies rely on evidence-based research to guide the
next steps of AI development. Therefore, knowing how industries are using AI and
what skill sets the companies are looking for in future applicants can provide
important guidance on what to include in K-12 AI education.
There are many ways to promote collaborations between industries and schools
to show students how AI is applied in different sectors of the workforce. For
example, teachers can invite professionals to come to their classrooms or enroll in
programs like Microsoft TEALS (Technology Education and Literacy in Schools)
where teachers are connected with tech-industry volunteers to create sustainable
CS programs. Professionals, teachers, and students can exchange ideas and
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collaboratively work on authentic projects. Such collaboration enables students to
learn AI through “glass box” demonstrations instead of treating AI as a “black box”.
Making AI mechanisms and applications transparent and transferrable for students
is key to helping them establish interest and deeper understanding of AI.
However, it is also critical to understand the benefits and caveats of relying too
heavily on industry resources in K-12 classrooms. We have to ensure that such
collaborations do not merely further the agenda of technology companies and in
the process, widen the gap in K-12 AI classrooms in terms of access and learning
opportunity.
B. Convening alliances across disciplines and organizations - The development of AI
education needs ongoing, substantial, and systemic efforts from different
disciplines. Convening alliances across disciplines and organizations is necessary
for fostering a collaborative, diverse and active AI education community that
defines strategic plans to contribute to the future of K-12 AI education. We should
convene an active AI education community comprising funders and stakeholders,
including educators, policy makers and administrators, informal learning and
outreach partners, industry partners, AI experts, curriculum developers, and
Human-Computer Interaction experts. The purpose of bringing together multiple
stakeholders from different disciplines and communities is to include different
values, voices and opinions while making decisions to promote K-12 AI education.
Inviting members of different disciplines to professional venues such as
conferences and workshops to contribute to the national rhetoric on K-12 AI
education provides members a chance to share ideas, feedback, experiences,
resources, and concerns and engage in collaborative efforts to promote inclusive
K-12 AI education. Having diverse professional communities also helps generate
creative solutions to various dilemmas and challenges that may arise in K-12 AI
education.
C. Allocating funding and resources - AI education is a new field in K-12 educational
settings and it requires funding and resources for expanding its scope and impact.
In particular, funding and resources are needed for developing AI standards, AI
curricula, building teacher capacity, and executing a research agenda to make AI
accessible and approachable to all K-12 students. The development of K-12 AI
education needs to address the following issues through collaborations with
multiple stakeholders: how to design scalable and assessable AI curricula and
learning environments that are accessible for all students, how to design an AI
roadmap with feasible actions (e.g., integrate AI with other disciplines) to teach AI
in K-12, and how to support teachers with the knowledge, resources and
pedagogies to teach AI in K-12. It is important to involve multiple stakeholders in
these discussions about AI education to bring it to the general public’s attention
Building Capacity for K-12 Artificial Intelligence Education Research
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and, more importantly, to open more opportunities for allocating funding for AI
education. Currently, national funding agencies and big technology companies are
the biggest funders of K-12 AI education efforts.

VII. Conclusion and Open Questions
The workshop featured a lively two-day discussion around central questions about
launching a national K-12 AI research program. Workshop participants explored issues
about what it means to create an AI literate population and how this might be achieved,
what could inform the creation of a K-12 AI research agenda, how an AI K-12 education
research should drive a national K-12 AI curriculum, and how collaborations can be
nurtured to develop an ambitious plan for K-12 AI education. The workshop highlighted
the pressing national importance of formulating a strategy to establish a research
program around K-12 AI education. Developments since the workshop was convened have
made it clear that the grassroots demand for K-12 AI education is surging, and it seems
likely that K-12 AI education will begin to be offered in K-12 schools whether or not there
is a research foundation in place. This calls for an emboldened approach to conducting
educational research on core AI learning questions, including answering the following
questions:
●

●

●

●

What does AI literacy mean? What does the general public need to know about AI
as consumers of AI (which will be universal) and as producers of AI (which will be a
much sought-after capability in the workforce)?
How can we develop AI learning progressions? What does it mean to help students
develop grade-appropriate understandings of AI at the elementary, middle, and
high school levels? When should technical details be introduced in contrast to
high-level abstractions? Perhaps elementary grades should begin with a focus on
building interest in AI, proceeding to experimenting with applications in the middle
grades, and then to in-depth technical knowledge in high school? As a
counterexample, it should be noted that NGSS standards introduce core science
content in the elementary grades.
What are widespread misconceptions about AI that should be addressed and
corrected? How do these misconceptions develop and how can we create
interactive problem-solving scenarios that enable students to experientially
overcome these misconceptions?
How can we most effectively enable students to understand the impact of AI on
society? Because AI will affect every aspect of their lives, it will be important for
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●

●

●

students to begin to develop an appreciation for the societal impact of this
increasingly powerful technology.
Introducing students to core issues and principles of AI ethics is critically important.
How can we understand how to develop AI curricula that prominently feature AI
ethics?
With regard to creating a K-12 AI research foundation, how can we leverage the
successes of science and math education research over the past half century to
design a national research program for K-12 AI education research?
With regard to broad scale implementation, how can we leverage what we have
learned about introducing computer science education to K-12 over the past
decade to introduce AI to K-12?

Future AI K-12 education research workshops will be convened to explore these critical
questions.
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Appendix A: Workshop Schedule
Day 1

Topic

8:30 - 9:00

Breakfast

9:00 - 9:30

Workshop Objectives and Agenda
Ning Wang, James Lester

9:30 - 9:45

Introductory Remarks
Chia Shen

9:45 - 10:00

Attendee Introductions

10:00 - 10:30

Presentation Session 1
Marie Bienkowski, Cynthia D’Angelo, Chris Dede, Krista Glazewski,
Cindy Hmelo-Silver, Christina Schwarz

10:30 - 10:45

Break

10:45 - 11:15

Presentation Session 2
Vincent Aleven, Gautam Biswas, Diane Jass Ketelhut, Yasmin Kafai,
Okhee Lee, Brian Smith

11:15 - 12:00

Breakout Discussion Session 1

12:00 - 12:30

Report-Outs and Discussion

12:30 - 1:30

Lunch

1:30 - 2:05

Presentation Session 3
Yolanda Gil, Audrey Bierley, Kenney Chan, Tara Chklovski, Jennifer
Sabourin, Richard Tong

2:05 - 2:30

Panel
Anne DeMallie, Charlotte Dungan, Sophia Mendoza, Andy Rasmussen

2:30 - 2:45

Break

2:45 - 3:15

Breakout Discussion Session 2

3:15 - 3:45

Report-Outs and Discussion

3:45 - 4:30

Breakout Discussion Session 3

Building Capacity for K-12 Artificial Intelligence Education Research

14

4:30 - 5:00

Report-Outs, Discussion, and Day 1 Wrap-Up

Day 2
8:30 - 9:00

Breakfast

9:00 - 9:30

AI4K12 Initiative
David Touretzky, Christina Gardner-McCune, Fred Martin, Deborah
Seehorn

9:30 - 10:00

Presentation Session 4
Irene Lee, Eric Greenwald, Satabdi Basu, Shuchi Grover, Ari Krakowski,
Tom Yeh

10:00 - 10:30

Presentation Session 5
Kayla DesPortes, Matt Johnson, Brad Mott, Claudio Pinhanez, Steve
Ritter, Mark Weckel

10:30 - 10:45

Break

10:45 - 11:30

Breakout Discussion Session 4

11:30 - 12:00

Report-Outs and Discussion

12:00 - 1:00

Lunch

1:00 - 2:00

Discussion

2:00 - 2:30

Wrap-Up
Ning Wang, James Lester
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Vanderbilt University
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Massachusetts Institute of Technology
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Indiana University
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Matt Johnson

Wright School (Los Angeles)

Ning Wang

University of Southern California, Institute for Creative
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