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Learning AI Early: A Meta-Synthesis of Literature Reviews on AI 

Education at the Elementary Level 

 

Abstract 

In recent years, there has been a growing push for artificial intelligence (AI) education in 

response to the widespread impact of AI in society, particularly at the elementary education level 

(K-5). Many efforts focus on AI literacy, or teaching students the knowledge and critical 

awareness needed to understand technologies embedded in their everyday lives. A major goal is 

to inspire future interest in AI-related careers while supporting the development of informed and 

responsible citizens. Although K–12 learners are often treated as a homogeneous group, 

elementary students differ from older learners in developmental readiness and ability to absorb 

complex AI and machine learning ideas. Educators therefore must balance accessibility and 

conceptual rigor when designing AI learning experiences for younger audiences. Rather than 

conducting another systematic review, this paper draws on existing literature syntheses on 

elementary AI education to identify patterns, gaps, and tensions in how AI is introduced to 

elementary students. We coded these studies based on three questions: (1) How is AI literacy 

defined and operationalized in elementary education? (2) In what ways do these programs differ 

from traditional computing education initiatives?  (3) What adjustments have been made to adapt 

AI literacy content for younger audiences?  Findings from this meta-synthesis contribute to 

ongoing efforts to study AI education at the elementary level and offer guidance for researchers 

and instructors focused on AI literacy for younger learners. 

Keywords: AI education; K-12; Meta review; Literature review; Elementary education 

 

Introduction 

In recent years, there has been a push for artificial intelligence (AI) education as a response to 

the increasingly widespread impact of AI in society, particularly within the K-12 context. Efforts 

to advance AI education in K-12 settings focus on AI literacy, teaching students the knowledge 

and critical awareness needed to make sense of the technologies embedded in their everyday life.  

A major goal of these efforts is to inspire the next generation to pursue AI related careers while 

cultivating AI literacy among all students as informed and responsible citizens in an increasingly 

digitalized world. While K-12 students are considered a homogeneous group by researchers, 

there is a notable difference in learning abilities and developmental needs between elementary 

school students (grades K-5) and middle (grades 6-8) and high school students (grades 9-12). 

Younger audiences such as elementary students may struggle to understand the complexities of 

AI and machine learning (ML) concepts. When designing AI courses and programs for 

elementary students, educators and researchers must balance the accessibility of content and the 

rigor and depth of AI concepts.  

Rather than conducting another systematic review, this paper leverages existing literature 

syntheses on K–12 AI education to identify patterns, gaps, and tensions in how AI is taught to 

elementary students. More specifically, this paper adopts a child-centered lens to examine how 

AI literacy is defined and enacted within elementary-level AI education programs, and to analyze 



   
 

the efforts documented in the existing literature to make AI learning developmentally 

appropriate for young learners. The findings of this meta-synthesis contribute to ongoing efforts 

to systematically study AI education at the K-12 level and are especially relevant for instructors 

and researchers focused on AI literacy education for younger audiences such as elementary 

school students. 

The Computer Science Teachers Association (CSTA) and Artificial Intelligence for K-12 

initiative (AI4K12) provide a glossary of key terms in their AI learning priorities for K-12 

students (CSTA & AI4K12, 2025). We will be utilizing their definitions of AI, generative AI, 

and ML for this meta-analysis as they represent how AI concepts are represented in K-12 

education. AI refers to a system that uses training data to produce outputs like predictions, 

recommendations, or decisions that are considered similar to actions that reflect “intelligence” in 

humans. While AI is often used as an umbrella term, generative AI and ML are distinct 

categories of AI technologies. Generative AI refers specifically to technologies that can generate 

new text, images, video, and/or audio in response to a prompt, and ML is a subfield of AI that 

combines learning algorithms with training data to create tools that can be used to complete 

tasks. These aspects of AI education are often implemented in K-12 through activities that 

encourage students to interact with generative AI applications, classroom discussions of AI 

ethics and societal implications, and activities that involve students in the various stages of 

developing machine learning models. 

Unlike most existing reviews that treat K–12 AI education as a single group, this paper focuses 

specifically on elementary students. By bringing together findings from multiple literature 

reviews, this study clarifies what we actually know and what we still do not know about AI 

literacy for young children. This focus offers a clearer picture of how AI education should be 

designed for early learners and highlights the gaps that future research needs to address. 

 

Context 

Due to the ever-evolving nature of AI and its significant implications for economic 

competitiveness and societal well-being, countries around the world are increasingly investing in 

AI research, development, and educational initiatives to prepare a future workforce and citizenry 

capable of engaging responsibly with AI. In particular, the United States has issued presidential 

executive orders and more recently established major funding programs such as those at the 

National Science Foundation to promote K-12 AI education and research (Office of the Federal 

Register, 2025). These efforts are further complicated by the pace of AI technological 

advancement, which often surpasses the timelines of curriculum development and instructional 

design (Miao et al., 2021). Despite the burgeoning literature on K-12 AI education, there have 

been certain challenges that limit the effective translation of educational research into 

instructional practice and policy guidance (Adil, 2025). Furthermore, access to high quality AI 

learning opportunities remains unequal across schools and communities, which raises concerns 

that shape how AI literacy can be developed in K-12 contexts (Bouakaz & Khalid, 2025).  

Most notably, there has been a lack of a consistent definition or comprehensive framework for 

AI literacy, which further complicates the development of coherent learning outcomes and 

pedagogical strategies (Linde et al., 2025). It has made it even more difficult to design learning 

outcomes and pedagogies that are responsive to the unique needs and learning styles of K-12 



   
 

students at different developmental stages, considering they are not a homogeneous group. 

Lacking consistent definitions and frameworks has also led to other negative outcomes. For 

instance, most existing AI literacy frameworks and programs lack a balanced representation of 

technical, and ethical and societal skills, with technical skills often prioritized over ethical and 

societal dimensions (Yue et al., 2025). In addition, due to the absence of consistent frameworks, 

there has been limited research into effective strategies for teaching AI literacy, especially at the 

elementary level (Yue et al., 2025). Further complicating these issues, many elementary 

educators report limited confidence or preparation to teach AI-related content, which highlights 

the need for clearer instructional frameworks and sustained professional learning support 

(Philippakos & Rocconi, 2025). 

More recently, scholars have proposed the idea of “child-centered AI” places children's voices 

and rights at the heart of AI education. Technological and pedagogical designs influenced by 

such a philosophy often addresses questions such as how children perceive the impact of AI on 

their own learning futures and how these designs can expand the capabilities of children in 

expressing their own ideas (Wilson et al., 2025). In other words, a child-centered approach to AI 

literacy in the context of K-12 needs to consider adjusting the existing AI literacy frameworks 

(which may be made by adults for adults) to meet children’s needs. A child-centered approach 

therefore requires aligning AI literacy goals with children’s cognitive, social, and emotional 

development, rather than solely simplifying adult-oriented AI concepts. Such a transformation 

requires careful examinations. More specifically, this paper critically examines the three 

following research questions in the existing literature on K-12 AI education, particularly at the 

elementary level while educators and researchers are designing programs to support children’s 

AI literacy development: 

(1) How is AI literacy defined and operationalized in elementary education? 
(2) In what ways do these programs differ from traditional computing education initiatives? 
(3) What adjustments have been made to adapt AI literacy content for younger audiences?   

 

Methods 

This study conducts a meta-synthesis on review articles covering K-12 AI education. In this 

section, we describe the protocol to select relevant reviews, including the databases and search 

terms used, exclusion criteria applied, and the screening process for excluding irrelevant articles. 

To identify relevant reviews, we searched Web of Science, EBSCO, and Scopus using 

combinations of keywords related to AI literacy and AI education ("AI literacy" OR "artificial 

intelligence literacy" OR "AI education" OR "artificial intelligence education") together with 

educational level terms ("elementary" OR "K–12" OR "primary") and review type terms 

("systematic review" OR "scoping review" OR "literature review"). After identifying relevant 

reviews, we applied a consistent set of inclusion and exclusion criteria to select individual 

studies from those reviews for analysis. Included studies were peer-reviewed journal or 

conference papers, published between 2018 and December 2025, written in English, and 

available in full text. Articles were excluded if the article was not related to K-12 AI education, 

the review was not the focus of the article, the article did not address AI literacy, or the findings 

of the review were not relevant to the research question. We then coded these selected studies 

focusing specifically on the following questions: (1) how these programs differ from traditional 



   
 

computing education; (2) what conceptual depth or rigor may be lost when adapting content for 

younger audiences; and (3) how AI competency is defined and operationalized in elementary 

education. 

Initially, Google Scholar was chosen to provide a more extensive literature search; however, 

Google Scholar lacked the filter options necessary to effectively search using the exclusion 

criteria and returned far too many articles to manually filter the results of the keyword search. 

Scopus was instead used to ensure a quality literature search with relevant journal articles and 

conference papers. Web of Science and EBSCO provided additional peer-reviewed articles to 

ensure the search was inclusive. For each database, date range, language, and document type 

filters were used to apply the exclusion criteria to the search results to reduce the number of 

irrelevant articles returned. The search of the Web of Science database using the keywords by 

topic and applying the filters produced 28 results. The search of the EBSCO database using the 

keywords within all fields and applying the filters produced 14 results. Finally, the search of the 

Scopus database using the keywords within the article title, abstract, or keywords and applying 

the filters produced 43 results. Almost all of the articles from Web of Science and EBSCO were 

present in the Scopus search results, with the exception of one article from the EBSCO database. 

The article D. Lee & Kwon (2024) was available on the Scopus database but did not include 

some of the keywords in the title, abstract, or keywords, so it was not returned in the Scopus 

search results. 

A PRISMA diagram (Fig. 1) presents an overview of the search protocol. The initial search 

returned 85 articles in total. After removing duplicates, we screened 49 articles by reviewing the 

title and abstract, and 12 articles were removed for irrelevance. Next, we examined the complete 

text of the 32 articles we were able to retrieve. Of those articles, four were removed for not 

containing information relevant to the research questions, three were removed because the 

literature review was not central to the paper, and one article was removed because it did not 

address AI literacy for K-12 students. This yielded a final collection of 24 articles for meta-

synthesis.  



   
 

 

Fig 1. PRISMA diagram showing the process of selecting eligible studies. 

 

 

Findings 

How AI Literacy is Defined and Operationalized  

Few reviews clearly define AI literacy or specify the competencies students need to be 

considered AI literate, and even fewer do so with attention to elementary school learners. Despite 

the emergence of several AI literacy frameworks in recent years, most were developed for 

general K–12 audiences or older students. For example, Yim (2024) identified 17 AI literacy 

frameworks, and yet only four explicitly address K–12 contexts and none are tailored to 

elementary education. Across these frameworks, AI literacy is defined as a multidimensional 

construct that integrates conceptual understanding, practical skills, and ethical awareness. A 

particularly dominant framework shaping how these conceptual components are understood is 

the AI4K12 Initiative, which identifies five core ideas (Perception, Representation & Reasoning, 



   
 

Learning, Natural Interaction, and Societal Impact) as foundational to K–12 AI literacy (Li et al., 

2024). The Five Big Ideas have become the de facto major framework in the field of AI literacy 

for determining what young learners should know about AI. 

Across these reviews, AI literacy is conceptualized as requiring students to develop (1) 

foundational knowledge of core AI ideas (e.g., data, models, learning, and representation); and 

(2) the ability to interact with, apply, and reason about AI systems through hands-on activities, 

computational thinking practices, or model exploration tasks (Yim, 2024). In addition, nearly all 

frameworks emphasize the importance of understanding the societal and ethical implications of 

AI. Casal-Otero et al. (2023) further argue that AI literacy in K–12 spans three intertwined 

dimensions: learning about AI, learning how AI works, and learning to live ethically and 

critically with AI. Yet they also note that few studies systematically assess whether young 

learners truly understand AI concepts. 

A growing body of literature on elementary education expands this multidimensional 

understanding. Yim and Su’s (2025) review conceptualizes AI literacy for young children as a 

blend of computational thinking, critical data literacy, AI–human interaction competencies, and 

early ethical awareness. Their analysis shows that elementary AI literacy builds not only on 

conceptual knowledge but on skills to collaborate with AI agents, interpret simple data patterns, 

and reflect on AI’s social implications. Su et al.’s (2025) scoping review reinforces this 

expanded view by identifying four assessable components (AI knowledge, ethical understanding, 

affect toward AI, and AI use) and highlighting that AI literacy involves dispositions and 

practices as well as conceptual understanding. 

Recent literature also shows that elementary AI literacy is most effectively operationalized 

through developmentally appropriate, hands-on, and concrete learning activities that make 

abstract AI concepts visible and manipulable for young children (S. J. Lee & Kwon, 2024). 

These activities, often embedded within familiar school subjects such as science, literacy, social 

studies, and the arts, help young learners explore core ideas like perception, classification, 

learning, and fairness through simplified model-building, structured experimentation, embodied 

simulations, or guided ethical reflection. Reviews of K–12 AI learning tools further indicate that 

AI literacy at the elementary level is commonly implemented through intelligent agents, block-

based programming environments, and visual ML platforms such as PopBots, Machine Learning 

for Kids, Scratch-based ML extensions, and Teachable Machine (Yim & Su, 2024). These tools 

enable children to understand foundational concepts such as perception and classification 

without requiring formal programming knowledge, supporting early experimentation with 

training data, model behavior, and simple algorithmic reasoning. 

Beyond tools, several reviews also highlight specific instructional strategies that support 

elementary students’ conceptual and ethical development in AI. Algorithmic demystification 

activities that teach how AI processes input data help young children recognize where bias, error, 

or unfairness may arise (Ma et al., 2025; Tagare et al., 2025). Age-appropriate approaches 

include perspective-taking activities in which students adopt the role of an AI system to simulate 

decision-making processes (Lin et al., 2025), and analogy-based instruction that maps abstract 

AI concepts onto familiar real-world experiences (Arranz-Garcia et al., 2025). These strategies 

make algorithmic logic more accessible and reduce cognitive load for young children 

encountering complex ideas for the first time. 



   
 

Hands-on, project-based learning also plays a central role in operationalizing elementary AI 

literacy. Through simplified ML tasks such as collecting and labeling small datasets, training or 

testing models, and examining model errors students gain firsthand experience with how data 

quality and model design influence outputs (Lin et al., 2025; Ma et al., 2025; Tagare et al., 

2025). These activities help students identify how biased or unrepresentative data can lead to 

unfair or harmful outcomes. Doing so will cultivate critical data literacy and ethical reasoning 

early in the learning process. Many of these projects are interdisciplinary, reflecting how real-

world AI development requires combining knowledge from multiple domains (Zhou et al., 

2025). For elementary students specifically, AI literacy instruction is often connected to arts, 

music, storytelling, and maker-centered learning, allowing children to integrate creativity with 

foundational problem-solving skills (Álvarez Ariza et al., 2025; Bal & Öztürk, 2025). Drawing-

based ML tools such as Google Quick, Draw! and AutoDraw are often used as they cultivate 

creativity and encourage students to critically examine the limitations and underlying 

mechanisms of AI tools, contributing to their AI literacy (Lin et al., 2025). 

Ethics education is also central to elementary AI literacy. Reviews show that teachers commonly 

facilitate discussions about fairness, harm, and appropriate AI use by drawing on students’ 

everyday experiences and local community contexts (Álvarez Ariza et al., 2025; Zhou et al., 

2025). Activities such as comparing outputs from different AI systems, examining biased 

examples, or analyzing AI-mediated stories help students reflect on how AI affects their lives 

and the lives of others. Such early ethical engagement helps students build empathy and 

recognize the social and cultural dimensions of AI. Additionally, teachers can foster a deeper 

understanding of the implications of AI in society by posing challenging questions and by 

encouraging students to seek answers through experimentation and exploration of AI 

technologies. This inquiry-based approach promotes curiosity, critical thinking, and independent 

learning that helps students develop the skills necessary to navigate complex AI topics 

(Abulibdeh, 2025). 

Finally, elementary AI literacy emphasizes the importance of understanding human agency in AI 

interactions. Young learners are encouraged to see AI systems not as authoritative sources but as 

tools shaped by human choices, intentions, and values (Ma et al., 2025). Activities that promote 

play, exploration, and guided experimentation—such as interacting with conversational AI, 

giving simple prompts, or comparing system responses—support self-directed learning and 

increase students’ interest in understanding how AI works (D. Lee & Kwon, 2024). Several 

reviews also suggest that prompt-based interactions with generative AI tools can strengthen 

students’ digital literacy and early AI literacy skills when implemented in structured, age-

appropriate ways (Álvarez Ariza et al., 2025; Dimeli & Kostas, 2025). For example, activities 

where students act as co-creators with generative AI tools, such as students using image 

generation tools to reimagine their hand-drawn sketches. This allows students to explore AI tools 

through interactive play and creative exploration (Lin & Tan, 2025). 

While elementary AI literacy is typically implemented in formal classroom settings, reviews 

highlight that informal learning environments—such as after-school programs, robotics clubs, 

family learning activities, and community events—play a significant role in shaping young 

children’s early AI understandings (Kim & Kwon, 2025; D. Lee & Kwon, 2024; Ma et al., 

2025). These environments are particularly influential because participation is voluntary and 

interest-driven, enabling children to engage with AI tools in personally meaningful ways. 



   
 

Overall, across all these reviews, AI literacy in elementary education emerges as a 

multidimensional and developmentally grounded competence that combines foundational AI 

concepts, hands-on engagement with intelligent tools, critical and ethical reasoning, and 

opportunities for creative expression. It is operationalized through playful, project-based, and 

culturally responsive learning activities that help young children understand, interrogate, and 

responsibly use AI systems in ways appropriate for their developmental stage. 

How AI Programs Differ from Traditional Computing Education Initiatives 

A reoccurring AI literacy learning outcome for K-12 students is developing their fundamental 

coding skills to better understand AI systems. Similar to introductory computing education, 

block-based programming tools, cell-based programming environments, and educational 

programming languages are often used to provide younger learners with an accessible entry point 

to build interactive AI systems (D. Lee & Kwon, 2024; Lin et al., 2025). ML and AI tools 

tailored for beginners such as visual model training platforms and simplified dataset interfaces 

are also used to provide an accessible method to explore AI through hands-on development, 

training, and evaluation of AI models (Lin et al., 2025). For example, Google Teachable 

Machine (GTM) is a popular choice for enhancing interactive learning as it allows students to 

create machine learning models without coding (Yim & Su, 2025; Zhou et al., 2025). Students 

can use GTM to develop personalized models based on their interests, which can foster 

engagement and motivation among younger audiences (Lin et al., 2025). Multiple reviews have 

found that the development of students’ computational thinking and programming skills in AI 

education is crucial for developing student AI literacy, digital skills, and self-efficacy (Arranz-

Garcia et al., 2025; D. Lee & Kwon, 2024; Lin et al., 2025).  

However, these reviews also emphasize that AI education cannot be treated as the same as 

traditional computing education, and it is insufficient to solely rely on coding. AI education at 

the K-12 level cannot solely focus on coding as it is difficult for general teachers with little 

computer science knowledge to teach in-depth coding concepts (D. Lee & Kwon, 2024). 

Furthermore, several reviews note that coding-intensive AI learning activities often assume 

programming prerequisites that younger learners do not yet possess and draw on constructionist 

approaches for which young learners may lack the intellectual ability to benefit (Ng et al., 2023; 

Yim, 2024). As a result, these reviews recommend designing AI learning experiences that 

provide flexible and accessible entry points and increase accessibility for students without a 

technical background, therefore reducing the technical demands associated with computing-

oriented approaches (Song et al., 2024; Yim & Su, 2025).  

While traditional computing education focuses more on teaching rule-based programming (e.g., 

writing explicit instructions for a machine to follow), recent AI education efforts increasingly 

encourage a shift toward data-driven approaches (Yim & Su, 2024). AI education requires 

helping students better understand how models learn from examples, how training data shape 

system behavior, and how algorithms function under uncertainty. AI learning activities often 

involve data-driven learning designs, including activities such as data labeling, model evaluation, 

exploration of misclassifications, and the analysis of sources of bias which are practices rarely 

found in introductory programming courses (Casal-Otero et al., 2023; Ng et al., 2023). A 

reoccurring example in reviews was AI for Oceans, an interactive web-based activity designed to 

teach kindergarteners the fundamentals of machine learning concepts, such as the importance of 

quality training data and the impact of training data on algorithm bias, by enabling students to 



   
 

train an AI model to identify images of fish and garbage (S. J. Lee & Kwon, 2024; Lin et al., 

2025). 

Additionally, computing activities require comprehensive programming skills (D. Lee & Kwon, 

2024). They are also about learning other factors such as “AI dispositions” (Yue et al., 2022), 

computational thinking (Bilstrup et al., 2022), and stakeholders affected by AI. To truly 

understand ML systems, students must not only engage with the technical components of ML 

models, but also with how they are designed and the context related to their development and 

deployment. AI education programs also emphasize understanding and evaluating the ethical and 

social implications of AI (Kong et al., 2024; Su et al., 2025; Yim & Su, 2024). Teachers may 

achieve this by leading discussions on the ethical and legal implications of AI in real-life 

scenarios, such as how AI may affect students’ parents and their jobs, or by assigning individual 

writing assignments that encourage students to reflect critically about AI and how it relates to 

issues such as fake news (Tagare et al., 2025). 

Adjustments to Adapt AI Literacy Content for Younger Audiences 

To better facilitate AI literacy amongst children, educators find it useful to simplify AI concepts 

to make it easier for children to understand them. However, it is not always possible to 

effectively translate these complex ideas, and conceptual depth or “rigor” may be lost when 

adapting content for younger audiences.  

A common approach to making AI algorithm functionality easier for younger audiences to 

understand is to allow students to interact with a simplified AI tool, such as an AI-driven robot, 

to “open the black box” of AI systems. While this allows students to explore a system with AI 

components and provides AI concepts with a level of transparency, this approach often lacks the 

mathematically rigorous content related to ML algorithms (Rizvi et al., 2023). Instead of 

algorithmic depth, learning activities at the elementary level emphasize behavioral exploration 

such as observing how a model changes when data are added or removed or examining simple 

misclassifications to develop intuitive understandings of model limitations.  

AI literacy and AI ethics education is more frequently employed and studied in AI education for 

high school students compared to other K-12 levels as younger students, especially elementary 

schoolers, struggle to grasp the complex underlying principles and mechanisms of AI systems 

(Bal & Öztürk, 2025; Kim & Kwon, 2025; Lin et al., 2025). Additionally, younger audiences 

find it difficult to fully grasp the ethical and societal implications of AI. Therefore, AI literacy 

education at that level often lacks in-depth discussion about these concepts (Lin et al., 2025; 

Rizvi et al., 2023).  

To make AI instruction more accessible to younger learners, it is also crucial to provide well-

designed scaffolding, individualized facilitation, and guidance that helps children connect new 

ideas with their previous experiences (Song et al., 2024). Young learners can benefit when 

teachers guide their information processing, support planning and monitoring, and provide 

learning structures that align with their developing reasoning skills (Song et al., 2024; Su et al., 

2025). As children often struggle with underlying assumptions and algorithms, teachers rely on 

pedagogical approaches that emphasize conceptual exploration, hands-on demonstrations, and 

guided activities that build understanding gradually (Yim & Su, 2025; Li et al., 2024). 



   
 

In addition to simplifying AI concepts, AI education for young children incorporates age-

appropriate pedagogical approaches to support their cognitive and developmental needs. AI 

education for younger learners often integrates methods such as storytelling, role-playing, 

embodied learning, unplugged activities, robotics-supported narratives, and interactive 

visualizations to introduce foundational ideas such as perception, classification, pattern 

recognition, and model behavior (Li et al., 2024; Yim & Su, 2025). These activities are designed 

to be developmentally appropriate and emphasize helping children observe and reason about how 

AI systems behave, instead of expecting young learners to design and program full AI systems 

on their own (Yim & Su, 2025). In addition, it is also critical to leverage concepts and principles 

from Human–Computer Interaction (HCI) and Universal Design for Learning (UDL) to promote 

accessibility, diverse means of representation, and culturally responsive design in AI education 

(Song et al., 2024). 

 

Discussion 

As indicated in these reviews, elementary AI literacy is understood as a multidimensional 

competence that integrates foundational AI concepts, hands-on interaction with intelligent tools, 

and early (or age appropriate) ethical reasoning. In addition to clarifying which aspects of AI are 

developmentally appropriate for elementary learners, the literature frequently points to teacher 

preparation as a critical condition for effective AI education. Across these reviews, limited 

teacher confidence and preparation emerge as barriers to effective elementary AI education. 

Rather than expecting elementary educators to become experts on advanced technical content, 

the literature emphasizes professional learning models that highlights conceptual understanding, 

pedagogical scaffolding, ethical reflection, and the use of low-threshold AI tools integrated into 

existing curricula. Although many AI literacy frameworks exist, few are designed for young 

children, and elementary-focused studies emphasize developmentally appropriate, concrete 

learning experiences (e.g., simplified model-building, embodied simulations, and creative, 

interdisciplinary projects) that help students understand how AI works, recognize its limitations, 

and reflect on its social implications. 

Having basic computing knowledge is fundamental for understanding how AI systems are 

developed.  Therefore, it is important to assess how AI education differs from traditional 

computing education. K-12 AI literacy education and introductory computing education have 

some overlap in key ideas and teaching approaches. Introductory programming tools tailored for 

beginners allow younger audiences to engage with coding concepts that are fundamental to 

understanding AI systems, without the potentially overwhelming complexities of traditional 

programming languages and environments. Younger audiences lack technical background 

knowledge and intellectual development to understand AI system development, so it is important 

for educators to utilize age-appropriate tools and activities to develop their students’ 

computational thinking skills and problem-solving skills. However, unlike traditional computing 

education, AI literacy education is more than just learning to code. For instance, AI literacy 

education requires students to be mindful of training data and to understand the potential impact 

it can have on AI system behavior.   

To better facilitate AI literacy amongst children, educators find it useful to adapt AI content to 

make it easier for younger audiences to understand it. However, it is not always possible to 

effectively translate these complex ideas, and conceptual depth or “rigor” may be lost. Younger 



   
 

students struggle to understand in-depth computing or ethical AI concepts; therefore, AI literacy 

education for elementary students instead focuses on the broader social and ethical implications 

of AI to make AI literacy education more aligned with their intellectual and moral development 

levels. Younger audience friendliness and making AI concepts more accessible is also greatly 

emphasized in K-5 AI literacy education (e.g. introductory programming tools tailored for 

beginners, demystification exercises, etc.). Furthermore, early K-12 AI literacy education 

appears to focus more on laying foundation for future AI literacy education by introducing basic 

concepts, developing students’ interest in AI-related topics, and developing students’ critical 

thinking skills to engage with AI more responsibly. 

However, there are still several important questions that have not yet been addressed. We still 

know little about how young children actually think about AI, how their understanding develops 

over time, and which pedagogical strategies work best for different ages. There is also limited 

research on how teachers can be prepared to teach AI confidently, especially those without 

computing backgrounds. Finally, very few studies examine how cultural, linguistic, or 

socioeconomic differences shape children’s early experiences with AI. These gaps highlight the 

need for more empirical research on early AI learning. 

Conducting this meta-synthesis highlighted a clear lack of literature focusing specifically on 

elementary AI literacy education. Despite using “elementary” and “primary” as search terms, it 

was necessary to broaden the search to include K–12 articles as many reviews lump all grade 

levels together, making it difficult to isolate findings about young children. This meta-synthesis 

also has certain limitations. As it summarizes findings from existing reviews rather than primary 

empirical studies, it depends on how those reviews selected and interpreted the literature. It is 

possible that some newer or less visible studies were not included in the reviews we analyzed. 

These limitations call for more firsthand and systematic research with young children to better 

understand how they develop AI literacy over time.  

 

Conclusion 

This meta-synthesis demonstrates that elementary AI literacy represents a distinct and 

underexamined area within K–12 AI education. It is a field that requires developmentally 

grounded learning goals, pedagogies, and frameworks rather than adaptations of frameworks 

designed for adults. Within existing literature, AI literacy for young children is often 

characterized as a multidimensional competence integrating foundational AI concepts, hands-on 

and playful engagement with intelligent tools, early ethical awareness, and opportunities for 

creative expression. Yet the literature also indicates critical gaps: few frameworks are tailored to 

elementary learners, conceptual rigor can be sacrificed for accessibility, and research frequently 

conflates K–12 despite meaningful developmental differences. Addressing these gaps will 

require designing child-centered AI literacy frameworks, strengthening teacher preparation, and 

expanding empirical studies that examine how young learners actually develop AI literacy over 

time. By emphasizing the unique needs of elementary students, this paper highlights the 

importance of building AI education that is cognitively appropriate, ethically informed, and 

capable of supporting children’s long-term growth as critical and responsible citizens in an AI-

enabled world. 
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