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Bringing Artificial Intelligence (AI) and Machine Learning 
(ML) into Elementary Classrooms 

Introduction 

The integration of Artificial Intelligence (AI) and Machine Learning (ML) into educational 
environments is revolutionizing the way we engage students and enhance their learning 
experiences. However, for AI and ML to truly transform teaching and learning, educators must 
receive comprehensive, hands-on training that empowers them to teach these advanced concepts 
effectively. In response to this need, we have developed a virtual professional development 
program for STEM educators across elementary and secondary school levels to immerse teachers 
in cutting-edge research and applications in these rapidly changing fields.  Through a 6-week 
virtual summer research experience, teachers gain deep computer science knowledge about how 
machine learning is being used to develop cost-effective health devices, with particular attention 
to diabetes and breast cancer research. Teacher participants collaborate with graduate student 
mentors, engage in discussions with faculty members engaged in digital health research, explore 
real datasets, and create grade-appropriate lesson plans. This paper focuses on the overall 
program design and the experiences of an elementary STEM teacher who participated in the 
program and implemented the lesson with her students. 

Literature Review 

Artificial Intelligence (AI) and Machine Learning (ML) in Elementary Curriculum 
The integration of AI and ML into elementary education is an emerging area of interest 

that has the potential to equip young learners with foundational skills critical for the future [1]. 
As technology continues to evolve, it is becoming increasingly important to expose students to 
these concepts early on. While AI and ML are traditionally seen as complex and advanced 
topics, various studies suggest that they can be taught at an elementary level through age-
appropriate methods and interactive tools [2-8]. Early exposure to age-appropriate concepts and 
simplification of the foundational principles of AI—such as pattern recognition, decision-
making, and predictions—students can begin to understand how machines "learn" and interact 
with data. As Lin et al. [9] suggest, understanding this process is key for children to develop 
effective mental models for engaging with AI and the smart devices they interact with daily. 
Additionally, research indicates that hands-on AI learning experiences that are relatable to the 
students and are not abstract can provide a tangible understanding of ML for elementary students 
[10,11]. Examples include: utilizing data related to Disney Princesses, the concept of selfies, 
toys, current events, fake news, etc. [11]. As such, these simple interactive activities not only 
allow children to engage with and train machine learning models without requiring deep 
technical knowledge but also introduce the fundamentals of machine learning, potentially 
inspiring the next generation of AI researchers and software developers [10-11]. Although there 
are risks and challenges associated with AI and ML, embedding these activities within subjects 



like math, science, and even art, allows educators to show students how these technologies 
connect to real-world problems, while also enhancing their knowledge and skills, learning 
attitudes, and interests in technology [12].   
 
Teacher Professional Development (PD) for ML 

The success of integrating Machine Learning (ML) into the elementary curriculum is 
heavily dependent on the preparedness of educators. Traditional teacher professional 
development (PD) programs often focus on subject-specific content or pedagogical strategies, 
but with the growing importance of AI and ML, there is a clear need for professional 
development that specifically targets these areas. Research highlights that teachers require 
foundational training in both the technical and ethical aspects of AI and ML to feel confident in 
teaching these topics [1, 13]. Thus, effective PD for teaching ML should emphasize curriculum 
integration, providing teachers with concrete examples of how to incorporate AI and ML into 
existing lesson plans [13,14]. Teachers often express concerns about the time and resources 
needed to redesign their curriculum to accommodate new topics [13], so PD should offer clear 
guidelines and ready-made materials that align with educational standards. Additionally, teacher 
PD must focus not only on the technical aspects of ML but also on the ethical and societal 
impacts of AI [1, 10, 13]. This is important because understanding the real-world implications of 
these technologies is critical for fostering critical thinking in students. As AI and ML continue to 
evolve, continuous PD is essential to keep educators up to date with the latest developments and 
pedagogical practices, ensuring that they are equipped to teach these subjects effectively [13]. 

Research by Lindner et al. [15] and Sanusi et al. [16] underscores that many teachers lack 
the necessary knowledge and experience to effectively introduce AI and ML concepts to 
students.  Given this gap in teacher preparation, addressing it has become a significant challenge 
[17-20], and thus we have developed a 6-week virtual program, entitled “Summer Web-based 
Institute for Technologies in CompSci and Healthcare” (SWITCH) for teachers to enhance their 
teaching self-efficacy in machine learning. 

 
Summer Web-Based Institute for Technologies in CompSci and Healthcare (SWITCH) 

The SWITCH RET (Research Experience for Teachers) program is a 6-week, paid 
virtual summer internship designed to immerse computer science, technology, and programming 
teachers in discovery-based STEM research. Funded by the NSF Engineering Research Center 
entitled Precise Advanced Technologies and Health Systems for Underserved Populations 
(PATHS-UP; EEC-1648451) and NSF Expeditions in Computing grant entitled Seeing Under 
the Skin (NSF #: CCF-1730574), the SWITCH RET program offers teachers the opportunity to 
gain hands-on experience in computer science, engineering, and health technologies. The 
program aims to enhance teachers’ understanding of STEM fields, provide them with research 
experience, and help them develop classroom-ready lessons to inspire students to pursue STEM 
careers. Participants engage in virtual research through Rice University, develop lesson plans 
based on their research projects, and create a research poster. Teachers also receive mentorship 



from graduate students, attend weekly meetings with faculty, and collaborate on lesson 
development with the program’s curriculum staff. Teachers are required to submit weekly blog 
posts, create lesson plans for publication, and implement the lessons in their classrooms during 
the following academic year. The program offers a stipend, networking opportunities, and access 
to a community of educators and researchers, making it a valuable professional development 
experience for STEM teachers wanting to learn more about machine learning. It is designed to 
cater to individuals at any level and ensures participants learn something new regardless of their 
background.  

Methodology 

Retrospective analysis of weekly reflective blog posts and a thirty-minute interview with 
the elementary teacher after the program served as our primary data sources to help us 
understand the teacher’s experience in the program and how the teacher integrated machine-
learning concepts into 3rd to 5th-grade classrooms. The weekly blog posts provided valuable 
insights into the teacher’s thoughts, challenges, and growth throughout the program, and offered 
a detailed, ongoing account of how she engaged with the material and the ways in which she 
processed her learning.  

For data analysis, the researcher read through the transcripts of the interview and the 
teacher's weekly reflective blog posts, taking an inductive approach to summarizing the findings. 
Given that this was a single case study, the analysis did not involve formal coding or the creation 
of specific themes. Instead, the researcher focused on providing an overall summary of what was 
learned from the data. The inductive approach allowed for a more holistic understanding of the 
teacher’s experience, with the researcher drawing insights directly from the content of the blog 
posts and interview transcripts without pre-existing categories or frameworks. By closely 
reviewing the data, the researcher was able to identify key observations and takeaways related to 
the teacher’s integration of machine-learning concepts into her 3rd to 5th-grade classroom. This 
approach emphasized a narrative-driven synthesis and highlighted the teacher's reflections, 
challenges, and successes in implementing new content, rather than focusing on granular coding 
or theme development. The resulting summary provided a clear, accessible overview of the 
teacher's learning journey in the program. 

In terms of the teacher’s background, she was a computer science major but did not have 
prior knowledge of machine learning. Her decision to pursue this program was driven by a 
personal interest in learning about ML, and she saw it as an opportunity to expand her 
understanding of new features and techniques in the field. She implemented her lesson at a 
charter school in a suburban area, where she served as the STEM teacher for 3rd-5th graders. 
The school enrolls a predominantly economically disadvantaged student body, with 85% of 
students coming from economically disadvantaged households. Additionally, 98.4% of the 



student population is from minority backgrounds, including 45% Hispanic and 42% Black or 
African American. 

Findings and Discussion 

The teacher's blog posts provided valuable insights into how she was learning and 
processing the material during the program. She frequently made connections between the 
faculty lectures and the hands-on work she was doing with various datasets, reflecting on how 
these experiences complemented each other.  

“These results made me think about something that Dr. Sabharwal said about the 
limitations of machine learning…[and how] computers cannot reason and that their 
conclusions can be hard to understand or explain.” 

Throughout the program, she consistently thought about her upcoming project and how 
she could design lesson plans that offered students both choice and creative freedom.  

“After experimenting with the process, [we] discussed ideas for our own project. We 
want to create a project where students can have some creativity and choice and help 
their community with machine learning.” 

The blog posts revealed that she was excited by the new concepts she was learning 
related to machine learning and data, often expressing a desire to explore certain topics in greater 
depth. She posed numerous questions in her posts, linking her background knowledge to the 
faculty presentations and the datasets she was working with.  

“I think this is really interesting and something I definitely want to learn more about 
[referring to mitigating biases]. I know the fetal health dataset I used this week relied on 
manual data labeling, and I wonder if there is any bias in the dataset.” 

Additionally, she discussed the challenges she faced when working with datasets, 
highlighting the need to relearn or redo portions of her work to ensure accuracy.  

“Looking at the confusion matrices taught me that just looking at the accuracy is not 
enough! There can be cases where your machine learning model performs really badly, 
but it does not show up in your final accuracy score…after realizing SMOTE would not 
work for my text dataset, I read some more articles and saw that there were a few 
strategies…but most were still in the research or theoretical phase. There was no 
function in scikit learn that could help me!” She then attempted some strategies she read 
about. 

These reflections provided a detailed view of what the learning process looked like 
during the six-week research experience and some of the struggles and questions she had.  This 



research experience was followed by applying the knowledge gained through the experience in 
their classroom by engaging students in a hands-on machine learning project. This particular 
teacher presented her lesson to over 300 3rd to 5th-grade students that spanned four class 
periods. She explained that the lesson planning tools provided by the SWITCH program made it 
easier to integrate machine learning and its concepts into the classroom.  

She began her lesson planning by considering how to make complex concepts like AI and 
machine learning accessible to her students. She reflected on how she could relate these topics to 
the way students themselves learn. 

 "How can I relate it [ML and AI] to how they [students] learn and how computers 
learn? How is it similar?"  

This approach helped her frame the lesson in a way that was both understandable and 
engaging for young learners. The lesson itself started by explaining the fundamental difference 
between coding and AI. The teacher emphasized that coding involves giving the computer 
explicit instructions on what to do, whereas AI allows the computer to learn independently. She 
clarified this distinction by stating,  

“When you do coding, you give computer directions of exactly what you want it to do, AI 
is different because the computer is like learning on its own.”  

This explanation set the stage for students to understand the concept of machine learning 
in a more intuitive way and understand how computer learns.  

For this particular lesson, students were tasked to train their AI model to distinguish 
between trash and fish and then use the trained model to clean up the ocean using the Machine 
Learning for Kids platform [20]. The teacher guided the students through the process of training 
the program with various examples.  As students fed more training data into the model, they 
observed how the AI's ability to correctly identify objects improved, and thus offered a hands-on 
demonstration of machine learning in action. 

This process also served as a natural entry point for discussing bias in AI. The teacher 
introduced the concept by showing a series of fish images, followed by a crab that was 
incorrectly labeled as trash. This misclassification sparked a discussion among the students about 
why the AI might have made that error. The conversation was then expanded to include other 
everyday examples of bias, encouraging students to think critically about the fairness and 
accuracy of AI systems. 

The teacher observed that her fifth-grade students were particularly adept at discussing 
the impact and bias of AI. They were able to think more critically about the material compared to 
the younger students. The class was also highly engaged when discussing how technologies like 



Alexa and Netflix use AI to make recommendations. Students expressed a strong interest in 
learning about things that they use regularly and learning how these systems work.  

In sum, our findings indicate that introducing machine learning at younger educational 
levels is both feasible and engaging for the students. The virtual research experience provided 
educators with the essential knowledge and skills to incorporate these concepts into their 
classroom lessons. The program's collaborative environment, usage of real-time data, and the 
opportunity for teachers to create lessons based on their individual interests proved effective in 
making AI and ML concepts accessible and relevant for students.  
 
Limitations 

We acknowledge that this study is based on the case of a single teacher, which limits the 
generalizability of the findings. Future research should include a broader sample of teachers to 
explore how different educators implement lessons in their classrooms. Additionally, 
observational studies focusing on classroom engagement could provide valuable insights that 
teachers may not be able to fully observe themselves.  

Conclusion 

Professional development programs like the one explored in this study are crucial for 
equipping teachers with the knowledge and skills to bring emerging technologies like AI into the 
classroom. As we live in an increasingly tech-rich era where AI is shaping nearly every aspect of 
our lives, it is essential that students are introduced to these concepts early on. As such, teachers 
play a pivotal role in breaking down complex topics like machine learning and helping students 
understand how these technologies work and how they impact our world. While it is entirely 
possible to bring AI and ML into elementary classrooms, the real challenge lies in preparing 
teachers to effectively teach these concepts. Programs like SWITCH are key in this process, as 
they provide teachers with real-world connections, research-backed strategies, and a network of 
like-minded teachers. With this support, teachers can collaborate with curriculum staff to adapt 
cutting-edge ideas to a level that is engaging and accessible for young students. By participating 
in such professional development programs, educators can build their own understanding and, in 
turn, pass on this valuable knowledge to their students, and prepare them to navigate and engage 
with the AI-driven world of tomorrow 
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