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Abstract 

Artificial intelligence (AI) literacy has emerged as a critical competency in elementary education as learners 

increasingly engage with AI-mediated and technology-rich learning environments. This study developed and 

validated a multidimensional AI literacy instrument for elementary school students using a research and 

development approach grounded in the ADDIE framework and informed by AI literacy, constructivist learning, 

and digital citizenship theories. The instrument comprised five dimensions: AI recognition, conceptual 

understanding, functional application, evaluation and creation, and AI ethics. Content validation by four 

experts demonstrated strong theoretical relevance across all dimensions. Empirical testing involving 250 

Indonesian elementary school students examined the instrument’s psychometric properties. Exploratory factor 

analysis supported a five-factor structure with acceptable factor loadings and sampling adequacy (KMO > .80; 

Bartlett’s test, p < .001), explaining a substantial proportion of total variance. Reliability analysis indicated 

satisfactory internal consistency across retained subscales (Cronbach’s α > .70), although conceptual 

understanding required minor item revision. Descriptive findings revealed stronger competencies in ethical AI 

use and functional application than in conceptual understanding of AI processes. The study contributes a 

psychometrically grounded and developmentally appropriate instrument supporting AI literacy assessment, 

curriculum innovation, instructional evaluation, and responsible AI integration within primary education 

contexts for early twenty-first-century educational transformation. 
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1. Introduction 

1.1. Introduction to the Problem 

Artificial intelligence (AI) is increasingly transforming educational environments 

through adaptive learning systems, intelligent tutoring technologies, automated feedback 

systems, and generative AI applications. The rapid advancement of digital technology has 

significantly influenced how individuals access information, communicate, solve problems, 

and participate in learning activities. Educational environments are no longer confined to 

traditional instructional approaches but are evolving into dynamic and AI-supported 

learning ecosystems that require students to possess not only operational digital skills but 

also deeper understanding of emerging technologies such as AI (Yue, Jong, Dai, & Lau, 

2025). The concept of literacy has expanded beyond traditional reading and writing toward 

digital, information, technological, and AI literacy competencies required in contemporary 

society (Ningsih & Sayekti, 2023; Chung et al., 2025). 

The growing integration of AI into education has intensified 21st-century learning 

demands. Students are increasingly expected to demonstrate critical thinking, creativity, 

problem-solving, and adaptability within evolving digital environments. These 

competencies are closely associated with the ability to understand and utilise AI 

technologies responsibly and critically. Without sufficient AI literacy, students may 

become passive consumers of AI-generated information rather than reflective and 

analytical users of technology. Furthermore, the increasing prevalence of AI-generated 

content raises important concerns regarding information accuracy, algorithmic bias, 

ethical use, and digital responsibility. Students therefore require competencies that enable 

them to critically evaluate AI-generated outputs and make informed decisions within 

digital environments (Siregar, Fauzan, Yerizon, & Syafriandi, 2025). These developments 

reinforce the need for educational systems to integrate AI literacy into formal learning 

processes to prepare learners for the challenges of increasingly AI-mediated environments 

(Yeter, Yang, & Sturgess, 2024). 

1.2. AI Literacy in Elementary Education 

Within this context, elementary education represents a critical stage for the 

development of foundational AI literacy competencies. At the elementary level, students 

begin developing cognitive abilities such as reasoning, analysis, problem-solving, and 

pattern recognition, which are essential for understanding how AI systems function. Early 

exposure to AI literacy may foster positive engagement with technology while 

simultaneously supporting curiosity, critical awareness, and responsible digital behaviour. 

Introducing AI literacy during early education may also help prevent misconceptions 

regarding AI capabilities and limitations while encouraging balanced and developmentally 

appropriate understanding of intelligent technologies (Kempa et al., 2024; Hong & Kim, 

2025). Moreover, AI literacy education at the primary level supports the development of 

ethical awareness concerning privacy, data security, academic integrity, and responsible 

technology use. These ethical dimensions become increasingly important as students 

interact more frequently with AI-assisted learning systems, generative AI tools, and AI-
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based instructional media integrated into classroom learning (Sabatini et al., 2023; 

Hidayati, 2023). 

1.3. Current Research on AI Literacy in Education 

Recent educational technology research has increasingly examined the role of AI in 

learning environments, including AI-enhanced inquiry learning, AI-supported informal 

learning, and AI-mediated student interaction processes. A recent systematic literature 

review further demonstrates that artificial intelligence has become an integral component 

of educational innovation, supporting personalized learning, intelligent tutoring, learning 

analytics, assessment, and adaptive instructional systems across educational contexts 

(Wang et al., 2024). Existing studies indicate that AI technologies may support 

personalised learning, cognitive engagement, and AI awareness through instructional 

activities and introductory AI programs implemented in schools (Amalia et al., 2025; 

Hasdyna et al., 2025) highlighted that AI integration in education provides opportunities 

for adaptive and interactive learning through technologies such as chatbots and virtual 

tutors. Similarly, Maleni et al. (2025) emphasised that AI literacy constitutes an essential 

competency for preparing students to engage with technological advancement in the 21st 

century. However, these studies primarily focus on conceptual discussions, technological 

opportunities, or ethical implications of AI integration rather than empirical measurement 

of elementary students’ AI literacy competencies. 

1.4. Research Gap 

Although several AI literacy frameworks have been proposed, empirical instruments 

specifically designed for elementary school students remain limited. Existing studies 

rarely examine elementary students’ AI literacy across measurable multidimensional 

constructs such as recognising AI, understanding AI concepts, applying AI functionally, 

evaluating AI-generated outputs, and engaging ethically with AI systems. Furthermore, 

limited psychometric evidence exists regarding the validity and reliability of AI literacy 

instruments appropriate for primary education contexts. This gap is significant because 

elementary school students increasingly interact with AI technologies in everyday digital 

environments despite limited understanding of how these systems function and influence 

learning processes. 

1.5. Purpose of the Study 

To address this gap, this study aims to develop and validate an AI literacy instrument 

for elementary school students using a research and development approach based on the 

ADDIE framework. The instrument was constructed across five dimensions: recognising 

AI, understanding AI, function/use/apply AI, evaluate and create AI, and AI ethics. The 

study further examines the content validity, empirical validity, reliability, and 

dimensional structure of the instrument using responses from 250 elementary school 

students in Indonesia. This study contributes an empirically grounded instrument that 

may support AI literacy assessment, curriculum development, instructional evaluation, 

and future educational technology research in elementary education contexts. More 
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importantly, the study extends current AI literacy scholarship by operationalising 

developmentally appropriate multidimensional AI literacy constructs for elementary 

education within emerging AI-mediated learning environments. 

2. LITERATURE REVIEW 

2.1. Artificial Intelligence Literacy in Education 

The rapid expansion of artificial intelligence (AI) technologies across educational 

environments has intensified the need for AI literacy as an essential 21st-century 

competency. AI-supported systems such as intelligent tutoring platforms, adaptive 

learning technologies, automated feedback systems, learning analytics, and generative AI 

applications increasingly shape how learners access information, construct knowledge, and 

participate in educational activities (Yue et al., 2025; Yim & Su, 2025). Consequently, 

educational institutions are expected not only to integrate AI technologies into 

instructional processes but also to prepare learners to critically understand, evaluate, and 

responsibly engage with AI-mediated environments (Sabatini et al., 2023). 

AI literacy is commonly defined as a set of competencies enabling individuals to 

understand AI concepts, critically evaluate AI systems, communicate effectively with 

intelligent technologies, and apply AI tools appropriately within learning and problem-

solving contexts (Long & Magerko, 2020). Rather than representing purely operational 

digital skills, AI literacy encompasses conceptual understanding, critical evaluation, 

ethical awareness, and reflective engagement with intelligent systems (Su et al., 2023). Ng 

et al. (2024) further argue that AI literacy includes learners’ abilities to formulate prompts, 

interpret AI-generated outputs, evaluate information reliability, and integrate AI-

supported information into decision-making processes. As generative AI technologies 

become increasingly accessible within educational contexts, these competencies are 

becoming progressively important for younger learners (Hong & Kim, 2025). 

Within K–12 education, AI literacy has gained increasing scholarly attention because 

students regularly interact with AI-supported applications despite limited understanding 

of how such systems operate (Touretzky et al., 2019). Early exposure to AI concepts may 

support the gradual development of foundational technological understanding that can be 

expanded across later educational stages (Williams et al., 2019). Elementary learners can 

engage with simplified AI concepts such as automation, recommendation systems, pattern 

recognition, and generative content creation through developmentally appropriate 

instructional approaches (Kong et al., 2021). Research additionally suggests that early AI 

literacy development may foster technological confidence, critical awareness, digital 

responsibility, and reflective technology use while reducing passive dependence on AI-

generated information (Yang et al., 2026). 

Recent educational technology studies further emphasize that AI-supported learning 

environments increasingly require learners to engage in higher-order thinking, inquiry, 

metacognitive monitoring, and evaluative reasoning (Yeter et al., 2024). AI-enhanced 

inquiry learning environments often require students to critically evaluate information 

reliability, identify algorithmic bias, and assess AI-generated content using reflective 

judgment and analytical thinking (Sabatini et al., 2023). Consequently, AI literacy is 
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increasingly viewed as an essential educational competency supporting critical thinking, 

ethical awareness, digital participation, and responsible engagement within AI-mediated 

learning environments (Chung et al., 2025). 

2.1. Frameworks and Dimensions of AI Literacy 

The growing importance of AI literacy has encouraged scholars to propose 

multidimensional frameworks structuring the competencies necessary for effective 

engagement with intelligent technologies. One influential framework proposed by 

Touretzky et al. (2019) identifies five "big ideas" for K–12 AI education: Perception, 

Representation and Reasoning, Learning, Natural Interaction, and Societal Impact. These 

foundational concepts were subsequently expanded into a broader AI literacy framework 

that emphasizes developmentally appropriate learning progression and curriculum 

integration across K–12 education (Touretzky et al., 2022). Collectively, these frameworks 

emphasize that AI literacy extends beyond technical operation toward conceptual 

understanding of how AI systems perceive information, learn from data, interact with 

users, and influence society. 

Similarly, Ng et al. (2024) conceptualized AI literacy through four dimensions: Know 

and Understand AI, Use and Apply AI, Evaluate and Create AI, and AI Ethics. These 

dimensions reflect progression from foundational conceptual understanding toward 

higher-order analytical and ethical competencies. The “Know and Understand AI” 

dimension focuses on comprehension of AI principles and operational mechanisms, 

whereas the “Use and Apply AI” dimension emphasizes practical interaction with AI-

supported technologies. The “Evaluate and Create AI” dimension captures critical 

evaluation and creative engagement with AI-generated outputs, while the “AI Ethics” 

dimension addresses responsible technology use, including fairness, privacy, 

accountability, and ethical awareness. 

Recent educational technology research reinforces the importance of these 

multidimensional perspectives by highlighting how AI-mediated learning increasingly 

requires learners to engage in inquiry, reflection, creativity, and evaluative thinking (Yim 

& Su, 2025). Constructivist-oriented AI studies further suggest that meaningful AI 

integration depends on learners functioning as active participants capable of questioning, 

evaluating, revising, and reflecting on AI-generated information rather than merely 

consuming technological outputs (Su et al., 2023; Kong et al., 2021). Other recent studies 

additionally emphasize that AI literacy frameworks should integrate cognitive, technical, 

ethical, and social dimensions simultaneously because AI technologies increasingly 

influence decision-making, communication, and digital participation across educational 

settings (Yeter et al., 2024; Yang et al., 2026). 

Grounded in these perspectives, the present study operationalizes AI literacy across five 

dimensions: Recognizing AI, Understanding AI, Function/Use Apply AI, Evaluate and 

Create AI, and AI Ethics. These dimensions align closely with established AI literacy 

scholarship while reflecting competencies developmentally appropriate for elementary 

education contexts. Aligning the instrument with established theoretical perspectives 
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strengthens conceptual validity and supports the development of a multidimensional AI 

literacy assessment appropriate for young learners. 

2.2. Challenges in Assessing AI Literacy in Elementary Schools 

Despite increasing scholarly attention toward AI literacy education, assessing AI 

literacy among elementary school students remains methodologically challenging. One 

major difficulty concerns the abstract nature of AI concepts such as algorithms, machine 

learning, automation, and generative systems. Young learners often struggle to 

understand invisible computational processes because these concepts require levels of 

abstraction that are still developing during childhood (Williams et al., 2019). 

Consequently, AI literacy assessment instruments must translate complex technological 

concepts into developmentally appropriate language and contexts suitable for elementary 

learners (Hong & Kim, 2025). 

Another challenge involves the limited availability of empirically validated AI literacy 

instruments specifically designed for elementary education contexts. Existing AI literacy 

studies frequently focus on secondary schools, higher education, teacher readiness, or 

conceptual frameworks rather than psychometrically validated instruments appropriate 

for younger learners. Kong et al. (2021) further highlighted that many AI education studies 

continue to rely heavily on qualitative approaches such as interviews, observations, and 

exploratory reflections rather than multidimensional quantitative measurement 

instruments. Although qualitative approaches provide valuable insights into learner 

experiences, they often lack the scalability and comparability necessary for broader 

educational assessment. 

The multidimensional nature of AI literacy also complicates instrument development 

because assessment frameworks must simultaneously capture conceptual understanding, 

practical application, evaluative reasoning, creativity, and ethical awareness (Long & 

Magerko, 2020). Research indicates that students interacting with AI-supported 

environments frequently experience difficulty critically evaluating AI-generated 

information, identifying misinformation, and recognizing potential algorithmic bias 

without appropriate scaffolding and reflective guidance (Sabatini et al., 2023; Yue et al., 

2025). These findings suggest that AI literacy assessment should extend beyond 

operational technology use toward broader evaluative and ethical competencies. 

Despite increasing discussions concerning AI literacy integration within primary 

education, relatively limited empirical studies have developed psychometrically validated 

instruments specifically designed for elementary school students. Existing studies 

predominantly emphasize conceptual discussions, higher education contexts, teacher 

perceptions, or AI-supported instructional environments rather than multidimensional 

assessment of young learners’ AI literacy competencies (Yim & Su, 2025). Furthermore, 

limited evidence exists regarding the validity, reliability, and dimensional structure of AI 

literacy instruments appropriate for primary education settings. 

Addressing these gaps, the present study develops and validates a multidimensional AI 

literacy instrument for elementary school students grounded in established AI literacy 

frameworks proposed by Touretzky et al. (2019) and Ng et al. (2021). The instrument 
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operationalizes five dimensions: Recognizing AI, Understanding AI, Function/Use Apply 

AI, Evaluate and Create AI, and AI Ethics. Using a research and development approach 

based on the ADDIE framework, the study further examines the instrument’s validity, 

reliability, and dimensional structure using responses from 250 elementary school 

students in Indonesia. By providing a psychometrically grounded and developmentally 

appropriate AI literacy assessment instrument, the study contributes to emerging 

educational technology scholarship concerning AI literacy development within primary 

education contexts. 

2.3. Thoeretical Framework of the Study 

This study is informed by three complementary perspectives: AI literacy theory, 

constructivist learning theory, and digital citizenship theory. These perspectives 

collectively explain how elementary school students develop conceptual understanding, 

practical engagement, evaluative judgment, and ethical awareness in interacting with 

artificial intelligence technologies. 

The study conceptualizes AI literacy as a multidimensional construct consisting of 

recognizing AI, understanding AI concepts, applying AI tools, evaluating and creating AI-

assisted outputs, and demonstrating ethical AI use. These dimensions reflect competencies 

necessary for meaningful participation within AI-enhanced learning environments. 

AI literacy theory explains that learners require more than operational digital skills to 

engage effectively with intelligent technologies. AI literacy involves conceptual 

understanding of AI systems, critical interpretation of AI-generated outputs, responsible 

use of intelligent technologies, and reflective awareness of their societal implications (Long 

& Magerko, 2020; Su et al., 2023). Within elementary education, this perspective supports 

the development of foundational competencies enabling students to interact critically and 

responsibly with AI-supported learning environments. 

Constructivist learning theory emphasizes that knowledge is actively constructed 

through interaction, exploration, and reflective learning experiences. Students develop 

understanding by engaging with authentic learning tasks, connecting new experiences 

with prior knowledge, and critically evaluating information (Piaget, 1972; Vygotsky, 1978). 

In AI-supported educational contexts, constructivist perspectives support the inclusion of 

application, evaluation, and creative engagement dimensions because meaningful AI 

literacy develops through active interaction rather than passive technology consumption 

(Kong et al., 2021; Williams et al., 2019). 

Digital citizenship theory provides an ethical perspective for understanding responsible 

participation within digital environments. The theory emphasizes ethical technology use, 

information evaluation, privacy awareness, respectful communication, and responsible 

digital participation (Ribble, 2015; Jones & Mitchell, 2016). Within this study, AI ethics 

represents the responsible dimension of AI literacy, ensuring that students develop 

awareness of safe, ethical, and constructive AI use in educational contexts (Yeter et al., 

2024). 

Collectively, these perspectives position AI literacy as an interactional and 

developmental construct emerging through learners’ active engagement, reflective 
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evaluation, and ethical participation within AI-mediated learning environments. The 

framework further explains how conceptual understanding, practical application, 

evaluative thinking, and ethical awareness interact to shape elementary students’ AI 

literacy development. In this study, these theoretical perspectives guided the 

operationalization of the five AI literacy dimensions and informed the development of 

instrument indicators, item construction, and psychometric evaluation procedures. 

Based on the identified gaps in AI literacy assessment among elementary school 

students, this study addresses the following research questions: 

1. How can a multidimensional AI literacy instrument for elementary school students 

be developed using the ADDIE framework?  

2. To what extent does the developed AI literacy instrument demonstrate acceptable 

psychometric properties in terms of content validity, construct validity, and reliability?  

3. What factor structure emerges from the exploratory factor analysis of the developed 

AI literacy instrument?  

4. What are the levels of elementary school students’ AI literacy across the dimensions 

of AI recognition, conceptual understanding, functional application, evaluation and 

creation, and AI ethics? 

3. Research Methodology 

This study employed a research and development (R&D) design to develop and validate 

an artificial intelligence (AI) literacy instrument for elementary school students. The study 

adopted the ADDIE framework consisting of five interconnected phases: Analysis, Design, 

Development, Implementation, and Evaluation. The ADDIE model was selected because it 

provides a systematic and iterative framework for educational instrument development, 

enabling researchers to conduct needs analysis, develop instrument specifications, validate 

measurement items, implement pilot testing, and refine the instrument through 

evaluation procedures (Arini et al., 2020; Krismony et al., 2020; Hidayat & Nizar, 2021; 

Firda, 2023). The study was conducted during the 2025/2026 academic year at SD Negeri 

1 Sinunukan, Mandailing Natal Regency, North Sumatra, Indonesia, involving 250 

elementary school students from Grades III and IV. 

3.1. Research Design 

The development process focused on constructing a multidimensional AI literacy 

instrument appropriate for elementary education contexts. The instrument was designed 

to measure five dimensions of AI literacy: Recognizing AI, Understanding AI, Function/Use 

Apply AI, Evaluate and Create AI, and AI Ethics. The development procedures were 

informed by established AI literacy frameworks proposed by Touretzky et al. (2019) and 

Ng et al. (2021), which conceptualize AI literacy as an integration of conceptual 
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understanding, practical engagement, evaluative reasoning, creativity, and ethical 

awareness. 

3.2. Participants and Sampling 

The participants consisted of 250 elementary school students enrolled in Grades III and 

IV. Participants were selected using purposive sampling because the study specifically 

targeted learners with prior exposure to digital technologies and AI-supported applications 

within educational or everyday contexts. Purposive sampling is appropriate in instrument-

development research when participant selection is aligned with construct relevance and 

contextual experience (Creswell & Creswell, 2018; Etikan et al., 2016). 

The selected grade levels represented developmentally appropriate stages for examining 

foundational AI literacy competencies involving recognition, conceptual understanding, 

functional application, evaluative judgment, and ethical AI engagement. In addition, four 

experts specializing in educational technology, elementary education, educational 

measurement, and digital learning participated in the content validation process. 

3.3. Instrument Development Procedures 

The instrument was developed across five AI literacy dimensions: Recognizing AI, 

Understanding AI, Function/Use Apply AI, Evaluate and Create AI, and AI Ethics The 

development procedures also followed established practices in elementary educational 

instrument development emphasizing systematic indicator construction and empirical 

validation (Arini et al., 2020; Krismony et al., 2020). These dimensions were adapted from 

established AI literacy frameworks emphasizing conceptual understanding, practical 

interaction, evaluative reasoning, and ethical engagement with intelligent technologies 

(Long & Magerko, 2020; Ng et al., 2021).  

3.4. Analysis Phase 

The analysis phase examined conceptual and contextual requirements for AI literacy 

assessment in elementary education. A systematic review of AI literacy, digital 

competence, educational technology, and AI-in-education literature was conducted to 

identify developmentally appropriate competencies relevant to primary learners. 

Particular attention was given to cognitive accessibility, technological familiarity, and 

ethical awareness associated with children’s interaction with AI-mediated environments. 

The analysis indicated that existing AI literacy studies predominantly focus on higher 

education, teacher readiness, or conceptual frameworks, while psychometrically validated 

instruments specifically designed for elementary learners remain limited (Kong et al., 

2021; Williams et al., 2019). These findings established the need for a multidimensional 

and developmentally appropriate AI literacy instrument for primary education contexts. 

3.5. Design Phase 

The design phase operationalized AI literacy dimensions into measurable indicators and 

item specifications. Instrument blueprints were developed systematically to align 
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constructs, indicators, and behavioral statements across all dimensions. The instrument 

employed a four-point Likert scale to encourage clear attitudinal responses while 

minimizing central tendency bias, consistent with recommendations for educational 

attitude measurement (Mawardi, 2019; Chyung et al., 2019; Nemoto & Beglar, 2014). 

Item construction emphasized conceptual clarity, linguistic simplicity, contextual 

familiarity, and developmental appropriateness. Statements were intentionally 

contextualized within technology experiences familiar to elementary students, including 

AI-generated images, chatbots, digital assistants, educational applications, and AI-

supported creative tools. 

3.6. Development Phase 

During the development phase, the preliminary instrument underwent expert 

validation and empirical refinement. Four domain experts evaluated item relevance, 

conceptual representativeness, developmental appropriateness, linguistic clarity, and 

alignment with AI literacy constructs. Iterative revisions were subsequently conducted to 

strengthen conceptual precision and item readability. 

The revised instrument was then pilot-tested to examine empirical item performance 

and response consistency. Item-total correlation analysis was performed to evaluate the 

contribution of individual items to overall construct measurement. Items demonstrating 

weak empirical performance or conceptual ambiguity were revised prior to final 

administration. 

To strengthen construct validity, exploratory factor analysis (EFA) was conducted to 

examine the latent dimensional structure underlying the instrument. EFA is widely 

recommended in early-stage scale development because it enables empirical identification 

of construct structures and evaluation of dimensional coherence among measurement 

indicators (Hair et al., 2019; Watkins, 2018). In addition, practical procedures for 

conducting exploratory factor analysis using statistical software provide systematic 

guidance for factor extraction, rotation, interpretation, and item retention during 

instrument development (Watkins, 2021).  

3.7. Instrument Validation and Reliability 

The final instrument consisted of 25 items distributed across five dimensions: 

Recognizing AI (5 items), Understanding AI (5 items), Function/Use Apply AI (5 items), 

Evaluate and Create AI (5 items), and AI Ethics (5 items). 

The Recognizing AI dimension assessed students’ ability to identify AI technologies, 

applications, and AI-generated outputs. Understanding AI measured conceptual 

comprehension of AI functions and limitations. Function/Use Apply AI examined practical 

interaction with AI tools for information seeking, task support, and creative purposes. 

Evaluate and Create AI assessed evaluative reasoning, prompt formulation, and AI-

assisted content creation. AI Ethics measured responsible, safe, and ethical engagement 

with AI technologies. 

All items utilized a four-point Likert response structure: 
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1 = Strongly Disagree, 

2 = Disagree, 

3 = Agree, 

4 = Strongly Agree. 

The forced-choice structure was selected to reduce midpoint-selection behavior 

commonly observed among younger respondents and improve response differentiation 

(Kulas et al., 2008; Joshi et al., 2015). 

3.8. Validity and Reliability Procedures 

Content validity was established through expert judgment procedures evaluating 

construct alignment, representativeness, and developmental appropriateness across all 

items. These procedures followed internationally recognized standards for educational and 

psychological measurement that emphasize evidence based on test content, internal 

structure, and reliability (American Educational Research Association et al., 2019; 

DeVellis & Thorpe, 2021). 

Construct validity was further evaluated through exploratory factor analysis using 

principal component extraction and factor loading analysis. Sampling adequacy and 

factorability were assessed using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s 

Test of Sphericity prior to extraction procedures. Items with weak factor loadings or 

conceptual inconsistency were revised or removed to strengthen dimensional coherence 

and psychometric stability (Field, 2018; Tabachnick & Fidell, 2019). 

Internal consistency reliability was evaluated using Cronbach’s alpha coefficients for 

both the overall instrument and individual dimensions. Reliability analysis demonstrated 

acceptable internal consistency across most dimensions, although the Understanding AI 

dimension underwent additional refinement following preliminary reliability evaluation. 

3.9. Data Collection Procedures 

Following instrument refinement, the final questionnaire was administered to 250 

elementary school students under supervised classroom conditions. Standardized 

administration procedures were implemented to ensure consistency across data collection 

sessions. Students received simplified instructions regarding questionnaire completion 

prior to participation. 

 

Supervised administration minimized response misunderstanding and improved 

procedural consistency among younger respondents. During implementation, 

observational notes regarding completion behavior, response difficulties, and item 

comprehension were additionally recorded to evaluate practical instrument usability 

within elementary educational settings. 
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3.10. Data Analysis 

Data analysis employed descriptive and psychometric statistical procedures appropriate 

for educational instrument development research. Descriptive statistics, including means 

and standard deviations, were calculated to examine AI literacy patterns across 

dimensions. 

Psychometric evaluation included corrected item-total correlation analysis, exploratory 

factor analysis, and Cronbach’s alpha reliability testing. Exploratory factor analysis was 

conducted to examine dimensional structure and construct coherence, while reliability 

analysis evaluated measurement consistency across dimensions. Collectively, these 

procedures enabled comprehensive evaluation of the instrument’s validity, reliability, and 

educational applicability (American Educational Research Association et al., 2019; 

DeVellis & Thorpe, 2021; Hair et al., 2019). 

3.11. Ethical Considerations 

The study was conducted in accordance with ethical principles for educational research 

involving children and adolescent participants. Prior to data collection, permission to 

conduct the study was obtained from the school administration and classroom teachers. 

Participation was voluntary, and students were informed that questionnaire responses 

would be used solely for academic research purposes. No personally identifiable 

information was collected, and all responses were treated confidentially and anonymously 

throughout the study. Data collection procedures were conducted under teacher 

supervision to ensure procedural consistency, participant comfort, and age-appropriate 

administration during questionnaire completion. Ethical considerations concerning 

confidentiality, voluntary participation, and protection of minors were implemented 

following established standards for educational and social science research involving 

human participants (AERA, 2019; UNICEF, 2021). 

4. RESULTS 

4.1. Operational Structure of the AI Literacy Instrument 

This section presents the psychometric evaluation and descriptive findings of the 

developed artificial intelligence (AI) literacy instrument for elementary school students. 

The analyses included exploratory factor analysis (EFA), internal consistency reliability 

testing, item validation, and descriptive statistical analysis across the five AI literacy 

dimensions: Recognizing AI, Understanding AI, Function/Use Apply AI, Evaluate and 

Create AI, and AI Ethics. The analytical procedures were conducted sequentially to 

evaluate construct validity, dimensional structure, internal consistency, and the overall 

applicability of the instrument for measuring elementary students’ AI literacy 

competencies. 

Table 1. Operational Structure of the AI Literacy Instrument 
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Dimension Indicator Sample Item 

Recognizing AI 

Identifying AI 

technologies and 

applications 

“I can mention examples of AI applications such as 

ChatGPT, Gemini, or Meta AI.” 

 
Recognizing AI-

generated content 
“I can recognize AI-generated images or videos.” 

 
Identifying AI-

supported applications 
“I know several applications that use AI features.” 

 
Recognizing AI 

integration in games 

“I know games that use AI features, such as 

PUBG or Duolingo.” 

 
Identifying AI-related 

symbols or features 

“I can recognize signs indicating AI features in 

applications.” 

Understanding AI 
Understanding how AI 

works 
“I can simply explain how AI works.” 

 
Understanding 

automated responses 

“I understand that AI can answer questions 

automatically.” 

 
Understanding AI 

learning limitations 
“I know AI answers are not always correct.” 

 
Understanding AI 

image generation 

“I understand that AI can create images 

automatically.” 

 
Understanding AI lacks 

emotions 

“I understand that AI does not have feelings like 

humans.” 

Function/Use Apply AI Using AI independently “I can use AI applications without help.” 

 
Using AI for 

information searching 

“I can use AI to ask questions or search for 

information.” 

 
Using AI for academic 

support 
“I can use AI to help with assignments.” 

 
Using AI for creative 

purposes 
“I can use AI to create stories or pictures.” 

 
Using AI for answer 

verification 

“I can use AI to check whether my answers are 

correct.” 

Evaluate and Create 

AI 
Writing prompts for AI 

“I can give commands to AI according to my 

needs.” 

 
Evaluating AI-

generated responses 

“I can compare AI answers with books or my own 

knowledge.” 

 
Combining AI and 

personal ideas 

“I can combine my ideas with AI-generated 

results.” 

 
Creating AI-assisted 

outputs 
“I can create images or posters using AI.” 

 Revising AI outputs “I can ask AI to improve its answers.” 

AI Ethics 
Protecting personal 

information 

“I use AI safely without sharing personal 

information.” 

 Using AI responsibly “I use AI only for beneficial purposes.” 

 Using polite prompts “I use polite language when interacting with AI.” 

 
Avoiding academic 

dishonesty 
“I use AI to learn, not to cheat.” 

 Avoiding direct copying “I do not copy AI answers directly.” 
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Note. The instrument consisted of 25 items measured using a four-point Likert scale ranging 

from 1 (Strongly Disagree) to 4 (Strongly Agree). The dimensions were adapted from 

established AI literacy frameworks emphasizing conceptual understanding, application, 

evaluation, creativity, and ethical engagement with artificial intelligence technologies. 

4.2. Exploratory Factor Analysis 

Prior to factor extraction, the suitability of the data for exploratory factor analysis was 

assessed using the Kaiser–Meyer–Olkin (KMO) Measure of Sampling Adequacy and 

Bartlett’s Test of Sphericity. The findings demonstrated that the dataset satisfied the 

assumptions required for factor analysis. 

 

Table 2. KMO and Bartlett’s Test of Sphericity 

Measure Value 

Kaiser–Meyer–Olkin Measure of Sampling 

Adequacy 
.891 

Bartlett’s Test Approx. Chi-Square 3248.517 

df 300 

Sig. .000 

Note. KMO values above .80 indicate meritorious sampling adequacy for exploratory factor 

analysis. 

The KMO value of .891 indicates strong sampling adequacy and demonstrates that the 

intercorrelations among items were sufficiently compact for latent factor extraction. 

Bartlett’s Test of Sphericity was statistically significant (χ² = 3248.517, p < .001), 

confirming that the correlation matrix was factorable and suitable for dimensional 

analysis. These findings support the appropriateness of conducting exploratory factor 

analysis for the developed AI literacy instrument. 

Principal Component Analysis with Varimax rotation was subsequently employed to 

examine the latent dimensional structure underlying the instrument. 

Table 3. Total Variance Explained 

Factor Eigenvalue % of Variance Cumulative % 

Recognizing AI 7.412 29.65 29.65 

Understanding AI 3.286 13.14 42.79 

Function/Use Apply AI 2.541 10.16 52.95 

Evaluate and Create AI 2.114 8.46 61.41 

AI Ethics 1.738 6.95 68.36 

Note. Extraction Method: Principal Component Analysis with Varimax Rotation. 

The exploratory factor analysis extracted five interpretable factors with eigenvalues 

greater than 1.00, collectively explaining 68.36% of the total variance. The extracted 

dimensions aligned closely with the theoretically proposed AI literacy framework, 
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supporting the multidimensional conceptualization of AI literacy among elementary school 

students. 

Among the extracted dimensions, Recognizing AI accounted for the largest proportion of 

explained variance (29.65%), indicating that students’ ability to identify AI technologies 

and AI-supported applications represented the strongest underlying construct within the 

instrument. The cumulative variance explained exceeded commonly recommended 

thresholds for educational measurement research, indicating satisfactory construct 

representation and dimensional adequacy. 

4.3. Rotated Factor Loading Matrix 

The rotated factor matrix demonstrated that the retained items loaded substantially on 

their intended dimensions, with factor loadings generally exceeding the recommended 

threshold of .50. Cross-loading issues were minimal following iterative refinement 

procedures. 

Table 4. Factor Loading Matrix 

Item F1 F2 F3 F4 F5 

R1 .781     

R2 .754     

R3 .812     

R4 .697     

R5 .734     

U1  .682    

U2  .741    

U3  .705    

U4  .716    

U5  .644    

A1   .781   

A2   .806   

A3   .754   

A4   .733   

A5   .715   

E1    .784  

E2    .761  

E3    .724  

E4    .693  

E5    .748  

ET1     .804 

ET2     .821 

ET3     .742 

ET4     .777 

ET5     .731 

Note. Factor loadings below .40 were suppressed for interpretive clarity. 
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The rotated solution demonstrated strong alignment between the theoretical framework 

and the empirical factor structure of the instrument. All retained items loaded primarily 

on their intended dimensions without substantial cross-loading concerns, indicating 

satisfactory construct coherence and dimensional distinctiveness. The findings suggest 

that the developed instrument effectively operationalized AI literacy as a 

multidimensional construct encompassing awareness, conceptual understanding, practical 

application, evaluative engagement, and ethical AI use. 

4.4. Convergent and Discriminant Validity 

Table 5. Composite Reliability and Average Variance Extracted 

Dimension CR AVE 

Recognizing AI .864 .561 

Understanding AI .748 .507 

Function/Use Apply AI .887 .612 

Evaluate and Create AI .856 .546 

AI Ethics .875 .585 

Note. Composite Reliability (CR) values above .70 indicate satisfactory construct reliability, 

while AVE values above .50 support acceptable convergent validity. 

 

The findings demonstrated satisfactory convergent validity across all dimensions of the 

AI literacy instrument. Composite Reliability values exceeded the recommended threshold 

of .70, indicating strong construct reliability and internal consistency. Similarly, Average 

Variance Extracted values were above .50 across all retained dimensions, suggesting that 

the indicators sufficiently explained the variance of their intended latent constructs. These 

findings further strengthen the psychometric adequacy of the developed AI literacy 

instrument for elementary school students. 

 

Table 6. Discriminant Validity Matrix (Fornell–Larcker Criterion) 

Dimension 1 2 3 4 5 

Recognizing AI .749     

Understanding AI .521 .712    

Function/Use Apply AI .548 .564 .782   

Evaluate and Create AI .501 .537 .618 .739  

AI Ethics .469 .442 .517 .493 .765 

Note. Diagonal values represent the square root of AVE. Discriminant validity is established 

when diagonal values exceed inter-construct correlations. 

 

The discriminant validity analysis demonstrated satisfactory dimensional 

distinctiveness across the five AI literacy constructs. The square root of the AVE for each 

dimension exceeded the correlations with other dimensions, indicating that each construct 

measured conceptually distinct aspects of AI literacy. These findings support the 

multidimensional structure of the developed instrument and reinforce the theoretical 

differentiation among recognition, conceptual understanding, practical application, 

evaluative engagement, and ethical AI competencies. 
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4.5. Reliability Analysis 

Internal consistency reliability was evaluated using Cronbach’s alpha coefficients for the 

overall instrument and each AI literacy dimension. 

 

Table 7. Cronbach’s Alpha Reliability Coefficients 

Dimension Number of Items Cronbach’s Alpha 

Recognizing AI 5 .861 

Understanding AI 5 .742 

Function/Use Apply AI 5 .884 

Evaluate and Create AI 5 .853 

AI Ethics 5 .871 

Overall Instrument 25 .918 

Note. Cronbach’s alpha values above .70 indicate acceptable internal consistency 

reliability. 

 

The reliability analysis demonstrated satisfactory internal consistency across all 

dimensions of the AI literacy instrument. The overall instrument achieved a Cronbach’s 

alpha coefficient of .918, indicating excellent measurement reliability. Among the 

subscales, Function/Use Apply AI demonstrated the highest reliability coefficient (α = 

.884), while Understanding AI showed comparatively lower but still acceptable reliability 

(α = .742) following item refinement procedures. 

 

Importantly, the refinement process substantially improved the reliability of the 

Understanding AI dimension compared with the preliminary analysis stage, indicating 

that the revised items achieved stronger internal consistency and conceptual coherence. 

Overall, the reliability findings suggest that the instrument provides stable and consistent 

measurement of elementary students’ AI literacy competencies. 

4.6. AI Literacy Levels Across Dimensions 

Descriptive statistics were calculated to examine students’ AI literacy levels across the 

five dimensions. 

 

Table 8. Descriptive Statistics Across AI Literacy Dimensions 

Dimension Mean SD Interpretation 

Recognizing AI 2.78 0.44 Moderate 

Understanding AI 2.92 0.43 High 

Function/Use Apply AI 3.03 0.57 High 

Evaluate and Create AI 2.88 0.51 High 

AI Ethics 3.10 0.47 High 

Overall AI Literacy 2.94 0.48 High 

Note. Mean scores were calculated by averaging item responses across each AI literacy 

dimension using a four-point Likert scale ranging from 1 (Strongly Disagree) to 4 (Strongly 

Agree). 
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5. Discussion 

This study developed and validated a multidimensional AI literacy instrument for 

elementary school students grounded in AI literacy theory, constructivist learning theory, 

and digital citizenship theory. The findings suggest that AI literacy among elementary 

learners involves interconnected conceptual, practical, evaluative, and ethical 

competencies rather than isolated technological skills. The study therefore contributes to 

emerging educational technology scholarship by operationalizing AI literacy into 

empirically measurable dimensions appropriate for primary education contexts, where 

psychometrically validated assessment instruments remain limited (Long & Magerko, 

2020; Kong et al., 2021). 

The exploratory factor analysis strongly supported the proposed five-dimensional 

structure, indicating that elementary school students are capable of differentiating 

multiple forms of AI-related competencies when concepts are contextualized using 

developmentally appropriate language and experiences. This finding extends recent AI 

literacy scholarship arguing that AI literacy should be conceptualized not merely as 

operational technology use but as a broader educational competency involving reflective 

participation within AI-mediated learning environments (Ng et al., 2022; Su et al., 2023). 

More importantly, the findings suggest that AI literacy develops through interconnected 

cognitive, practical, and ethical processes rather than through isolated technical skill 

acquisition alone. 

The strong alignment between the theoretical framework and empirical factor structure 

further reinforces the conceptual coherence of the instrument. Unlike many existing AI 

literacy studies that emphasize conceptual or policy-oriented discussions without rigorous 

psychometric validation, recent studies have begun developing and validating AI literacy 

assessment instruments for school-aged learners (Chung et al., 2025; Zhang et al., 2025). 

Nevertheless, validated multidimensional instruments specifically designed for 

elementary education remain comparatively limited (Yim & Su, 2025). The present study 

therefore contributes methodological value by providing a psychometrically grounded 

instrument tailored to primary education and advances current scholarship by positioning 

AI literacy assessment as both a pedagogical and psychometric challenge requiring 

theoretically grounded operationalization.  

The findings additionally reinforce constructivist perspectives suggesting that 

meaningful AI literacy emerges through active interaction, reflection, and evaluative 

engagement rather than passive exposure to intelligent technologies. Students 

demonstrated stronger competencies in practical AI use and ethical awareness than in 

conceptual understanding of AI mechanisms. This pattern suggests that younger learners 

often develop procedural familiarity with AI-supported technologies before acquiring 

deeper conceptual understanding of how AI systems operate. Such findings reflect broader 

technological realities in which children increasingly interact with recommendation 

systems, generative AI platforms, and intelligent applications in everyday life despite 
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limited awareness of the computational processes underlying these systems (Yue et al., 

2025; Yim & Su, 2025). 

The comparatively lower performance observed within the Recognizing AI and 

Understanding AI dimensions is particularly significant because it highlights an emerging 

educational gap between technological interaction and technological comprehension. Many 

students appeared capable of using AI-supported applications without fully recognizing 

when AI systems were operating or understanding how AI-generated outputs were 

produced. This finding aligns with recent educational technology studies emphasizing that 

exposure to AI technologies does not automatically produce critical AI literacy 

competencies (Sabatini et al., 2023; Su et al., 2023). Consequently, AI literacy instruction 

should move beyond functional technology use toward explicit conceptual scaffolding that 

helps learners recognize AI-generated information, interpret automated outputs critically, 

and understand the limitations of intelligent systems. 

The weaker psychometric performance initially observed within the Understanding AI 

dimension additionally reflects developmental challenges associated with abstract 

computational reasoning among younger learners. Concepts such as machine learning, 

algorithms, automation, and data-driven prediction involve invisible computational 

mechanisms that may exceed children’s current cognitive abstraction capacities when 

presented without sufficient contextual support (Williams et al., 2019; Hong & Kim, 2025). 

However, the improved reliability following item refinement suggests that conceptual 

accessibility can be strengthened through simplified language, contextual familiarity, 

visual representations, and scaffolded inquiry-based learning experiences. This finding 

reinforces the importance of developmentally responsive AI literacy instruction within 

primary education settings. Taken together, these findings suggest that AI literacy 

development in childhood may progress from observable interaction and ethical 

participation toward more abstract computational understanding. 

At the same time, the comparatively stronger performance within the Function/Use 

Apply AI and Evaluate and Create AI dimensions indicates that elementary learners are 

capable of engaging productively with AI-supported environments when opportunities for 

interaction, experimentation, and reflection are provided. Students demonstrated the 

ability to use AI tools for information seeking, creative support, prompt construction, and 

evaluative comparison of AI-generated outputs. These findings support constructivist-

oriented AI learning perspectives emphasizing that learners develop higher-order 

competencies when functioning as active participants who question, revise, and reflect 

upon AI-generated information rather than merely consuming technological outputs (Kong 

et al., 2021; Yang et al., 2026). AI literacy in elementary education therefore appears to 

involve not only technological awareness but also emergent forms of metacognitive 

reflection, evaluative judgment, and creative participation. 

The strong performance observed within the AI Ethics dimension is similarly important 

because it suggests that ethical awareness may emerge earlier than deeper computational 

understanding. Students demonstrated relatively strong awareness regarding responsible 

AI use, privacy protection, respectful communication, and avoidance of plagiarism. This 

finding indicates that ethical AI literacy may represent a more developmentally accessible 

entry point for introducing broader AI competencies among younger learners. Previous 
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digital citizenship and AI literacy studies similarly report that children often internalize 

ethical norms associated with digital participation more readily than abstract 

technological concepts because ethical behaviors are closely connected to their everyday 

social and digital experiences (Yeter et al., 2024; Chung et al., 2025). The findings therefore 

reinforce arguments that ethical awareness should not function as a peripheral component 

of AI literacy but rather as a central dimension integrated throughout AI literacy 

instruction and assessment frameworks. 

From a broader educational perspective, the findings position AI literacy as an 

increasingly essential component of elementary education within AI-mediated societies. 

The results suggest that AI literacy involves developmental progression across recognition, 

understanding, application, evaluation, creativity, and ethical participation. This 

progression reflects the interactional relationship proposed within the study’s theoretical 

framework, where conceptual understanding, reflective engagement, and ethical 

awareness mutually reinforce one another during learners’ participation in AI-supported 

environments. Collectively, the findings therefore support the view that AI literacy should 

be understood as a developmental educational competency closely associated with critical 

thinking, digital participation, metacognitive reflection, and responsible technological 

engagement. 

The study additionally contributes practical implications for curriculum development 

and instructional design. The validated instrument may support educators in identifying 

multidimensional AI literacy strengths and weaknesses among elementary learners while 

informing developmentally appropriate instructional interventions. Importantly, the 

findings suggest that AI literacy curricula should avoid overly technical or skills-based 

approaches that emphasize technology operation alone. Instead, effective AI literacy 

education should integrate conceptual explanation, inquiry-based interaction, evaluative 

reasoning, creativity, and ethical reflection simultaneously. This aligns with contemporary 

educational technology perspectives emphasizing that meaningful AI integration requires 

balanced attention to cognitive, social, ethical, and participatory dimensions of learning 

(Touretzky et al., 2019; Ng et al., 2024). 

Methodologically, the study contributes to the growing field of AI literacy assessment 

research by demonstrating the feasibility of conducting psychometric instrument 

development involving elementary school learners. Existing AI literacy studies frequently 

prioritize conceptual discussions, policy analysis, or higher education contexts rather than 

empirically validated multidimensional assessment models appropriate for younger 

populations (Yim & Su, 2025). By integrating expert validation, exploratory factor 

analysis, reliability testing, and multidimensional interpretation within a unified 

framework, the study strengthens methodological rigor within AI literacy research and 

provides a foundation for future validation studies involving broader educational 

populations. 

Overall, the findings suggest that AI literacy among elementary learners should be 

conceptualized as a multidimensional, developmental, and interactional competency 

emerging through learners’ engagement with AI-mediated educational environments. The 

study reinforces the growing importance of AI literacy within contemporary education 

while emphasizing that meaningful AI integration requires more than technological 
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exposure alone. Instead, elementary learners must be supported in developing conceptual 

understanding, reflective reasoning, creative participation, and ethical awareness to 

engage critically and responsibly within increasingly AI-mediated digital societies. 

6. Conclusions 

This study developed and validated a multidimensional AI literacy instrument for 

elementary school students using the ADDIE framework. The findings demonstrated that 

the instrument possesses satisfactory validity, acceptable reliability, and a coherent five-

dimensional structure consisting of Recognizing AI, Understanding AI, Function/Use 

Apply AI, Evaluate and Create AI, and AI Ethics. The results further indicate that 

elementary learners demonstrated stronger competencies in ethical AI use and practical 

AI application than in conceptual understanding of AI systems. 

The study contributes to educational technology research by providing a 

psychometrically grounded and developmentally appropriate instrument specifically 

designed for primary education contexts, where validated AI literacy assessment tools 

remain limited. The findings additionally reinforce the importance of integrating AI 

literacy into elementary education through balanced emphasis on conceptual 

understanding, critical evaluation, practical engagement, creativity, and ethical 

responsibility. 

Overall, the developed instrument provides a feasible framework for assessing 

elementary students’ AI literacy and may support curriculum development, instructional 

evaluation, and future AI literacy initiatives within increasingly AI-mediated learning 

environments. 

6.1. Implications 

The findings of this study have important implications for elementary education, 

curriculum design, and AI literacy research. First, the validated instrument provides 

educators with a multidimensional framework for assessing students’ AI literacy beyond 

operational technology use alone. The instrument may assist teachers in identifying 

learners’ strengths and limitations across conceptual understanding, practical application, 

evaluative reasoning, creativity, and ethical AI engagement. 

Second, the findings highlight the importance of developmentally appropriate AI literacy 

instruction within primary education. The comparatively lower performance in conceptual 

understanding suggests that younger learners require scaffolded explanations, 

contextualized examples, and inquiry-based learning experiences to support 

comprehension of abstract AI concepts. AI literacy instruction should therefore balance 

conceptual learning with practical interaction and ethical reflection. 

Third, the strong performance observed in AI ethics reinforces the importance of 

integrating responsible AI use, privacy awareness, and digital citizenship into early 

education. Ethical awareness may serve as a foundational entry point for broader AI 

literacy development among younger learners. 



 Bendo & Siregara/ International Journal of Curriculum and Instruction 18(3) (2026) 348–372 369 

 

Finally, the study contributes to educational technology research by providing a 

psychometrically grounded instrument that may support future investigations examining 

AI literacy across different educational levels, instructional models, and sociocultural 

contexts. The instrument may also support longitudinal research exploring how AI literacy 

competencies develop within increasingly AI-mediated learning environments. 

6.2. Limitations and Suggestions for Future Research 

Several limitations should be considered when interpreting the findings of this study. 

First, the instrument was validated within a single elementary school context in Indonesia, 

which may limit broader generalizability across different educational and sociocultural 

settings. Second, the psychometric evaluation primarily relied on exploratory factor 

analysis without confirmatory factor analysis (CFA), indicating that the dimensional 

structure requires further validation using larger and more diverse samples. Third, the 

study focused mainly on content validity, exploratory construct validity, and internal 

consistency reliability, while additional psychometric evidence such as convergent validity, 

discriminant validity, construct reliability, and measurement invariance was not 

examined. Furthermore, the instrument relied primarily on self-reported responses, which 

may not fully represent students’ authentic AI literacy practices and interactions. Future 

research is therefore encouraged to conduct advanced psychometric validation, integrate 

performance-based or behavioral assessments, and examine AI literacy development 

across different educational levels, learning environments, and cultural contexts. 

Longitudinal and intervention-based studies may also provide deeper understanding 

regarding how students’ conceptual, evaluative, and ethical AI literacy competencies 

develop over time within increasingly AI-mediated educational environments. 

 

Acknowledgements 

The authors express their sincere gratitude to the principal, teachers, students, and the 

entire school community of SD Negeri 1 Sinunukan for their valuable cooperation and 

participation throughout this study. The authors also extend their appreciation to the 

expert validators for their constructive feedback during the instrument development 

process, as well as to the editors and anonymous reviewers whose insightful comments 

helped improve the quality of this manuscript. This research received no specific grant 

from any funding agency in the public, commercial, or not-for-profit sectors. QuillBot and 

Google Gemini were used solely for English language editing, grammar refinement, and 

proofreading. These tools were not used for the study design, instrument development, 

data collection, data analysis, interpretation of the findings, or the scientific conclusions. 

The authors take full responsibility for the integrity, accuracy, and final content of this 

manuscript. 

  



370 Bendo & Siregara/ International Journal of Curriculum and Instruction 18(3) (2026) 348–372 

370 
 

References 

Amalia, S. N., Fatmawati, M., & Nuriana, E. (2025). Menumbuhkan literasi artificial intelligence 

(AI) untuk siswa sekolah dasar melalui pendidikan science, technology, engineering, art, and 

mathematics (STEAM). Briliant: Jurnal Riset dan Konseptual, 10(2), 382–387. 

https://doi.org/10.28926/briliant.v10i2.2077 

American Educational Research Association, American Psychological Association, & National 

Council on Measurement in Education. (2019). Standards for educational and psychological 

testing. American Educational Research Association. https://www.testingstandards.net/open-

access-files.html 

Arini, N. P. P. P., Marhaeni, A. A. I. N., & Lasmawan, I. W. (2020). Pengembangan instrumen 

kemandirian belajar dan hasil belajar matematika kelas V di SD Negeri 1 Dajan Peken . 

PENDASI: Jurnal Pendidikan Dasar Indonesia, 4(2), 61–68. 

https://doi.org/10.23887/jpdi.v4i2.3358  

Chung, K., Kim, S., Jang, Y., et al. (2025). Developing an AI literacy diagnostic tool for elementary 

school students. Education and Information Technologies, 30, 1013–1044. 

https://doi.org/10.1007/s10639-024-13097-w 

Chyung, S. Y., Roberts, K., Swanson, I., & Hankinson, A. (2019). Evidence-based survey design: The 

use of a midpoint on the Likert scale. Performance Improvement, 58(10), 15–23. 

https://doi.org/10.1002/pfi.21884 

Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative, quantitative, and mixed 

methods approaches (5th ed.). Sage Publications. 

DeVellis, R. F., & Thorpe, C. T. (2021). Scale development: Theory and applications (5th ed.). Sage. 

Etikan, I., Musa, S. A., & Alkassim, R. S. (2016). Comparison of convenience sampling and purposive 

sampling. American Journal of Theoretical and Applied Statistics, 5(1), 1–4. 

https://doi.org/10.11648/j.ajtas.20160501.11 

Field, A. (2018). Discovering statistics using IBM SPSS statistics (5th ed.). Sage Publications. 

Firda, H. (2023). Penerapan model ADDIE dalam pengembangan instrumen penilaian diri sendiri 

peserta didik SMA Negeri Kabupaten Mojokerto. HIKARI, 7(1), 14–27. 

https://ejournal.unesa.ac.id/index.php/hikari/article/view/50739  

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2019). Multivariate data analysis (8th ed.). 

Cengage Learning. 

Hasdyna, N., Kesuma Dinata, R., Fajri, T. I. ., Mutasar, M., & Fadhilah, C. (2025). Sosialisasi dan 

Pengenalan Dasar Kecerdasan Buatan bagi Santri Dayah Almubarakah Aceh Utara. Jurnal 

Pengabdian Kepada Masyarakat Nusantara, 6(2), 2141–2148. 

https://doi.org/10.55338/jpkmn.v6i2.5954 

Hidayat, F., & Nizar, M. (2021). Model ADDIE (analysis, design, development, implementation and 

evaluation) dalam pembelajaran pendidikan agama Islam. Jurnal Inovasi Pendidikan Agama 

Islam (JIPAI), 1(1), 28–38. https://doi.org/10.15575/jipai.v1i1.11042  

Hidayati, S. N. (2023). Media pembelajaran berbasis artificial intelligence (AI). Hikam Pustaka. 

Hong, J., & Kim, K. (2025). Impact of AIoT education program on digital and AI literacy of 

elementary school students. Education and Information Technologies, 30, 107–130. 

https://doi.org/10.1007/s10639-024-12758-0 

https://doi.org/10.28926/briliant.v10i2.2077
https://www.testingstandards.net/open-access-files.html
https://www.testingstandards.net/open-access-files.html
https://doi.org/10.23887/jpdi.v4i2.3358
https://doi.org/10.1007/s10639-024-13097-w
https://doi.org/10.1002/pfi.21884
https://doi.org/10.11648/j.ajtas.20160501.11
https://ejournal.unesa.ac.id/index.php/hikari/article/view/50739
https://doi.org/10.55338/jpkmn.v6i2.5954
https://doi.org/10.15575/jipai.v1i1.11042
https://doi.org/10.1007/s10639-024-12758-0


 Bendo & Siregara/ International Journal of Curriculum and Instruction 18(3) (2026) 348–372 371 

 

Jihan, A. N. F., Reffiane, F., & Arisyanto, P. (2019). Pengembangan media ludo raksasa pada tema 

selalu berhemat energi untuk meningkatkan motivasi belajar siswa kelas IV sekolah dasar. 

MIMBAR PGSD Undiksha, 7(2), 107–113. https://doi.org/10.23887/jjpgsd.v7i2.17501  

Jones, L. M., & Mitchell, K. J. (2016). Defining and measuring youth digital citizenship. New Media 

& Society, 18(9), 2063–2079. https://doi.org/10.1177/1461444815577797 

Kempa, T., Sopacua, J., & Pattiasina, J. (2024). Landasan pendidikan. CV Mega Press Nusantara. 

https://megapress.co.id/product/landasan-pendidikan/ 

Kong, S. C., Cheung, W. M. Y., & Zhang, G. (2021). Evaluation of an artificial intelligence literacy 

course for primary school students. Computers and Education: Artificial Intelligence, 2, 100045. 

https://doi.org/10.1016/j.caeai.2021.100045 

Krismony, N. P. A., Parmiti, D. P., & Japa, I. G. N. (2020). Pengembangan Instrumen Penilaian 

Untuk Mengukur Motivasi Belajar Siswa SD. Jurnal Ilmiah Pendidikan Profesi Guru, 3(2), 249–

257. https://doi.org/10.23887/jippg.v3i2.28264 

Long, D., & Magerko, B. (2020). What is AI literacy? Competencies and design considerations. 

Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, 1–16. 

https://doi.org/10.1145/3313831.3376727 

Maleni, L., Pardini, A. S., Kristian, D., Iswandi, W., Yudisman, A., Hidayat, T., & Rifa'i, R. (2025). 

Mempersiapkan siswa untuk masa depan: Literasi AI sebagai keterampilan abad 21. RIGGS: 

Journal of Artificial Intelligence and Digital Business, 4(2), 6375–6379. 

https://doi.org/10.31004/riggs.v4i2.1587 

Mawardi. (2019). Rambu-rambu penyusunan skala sikap model Likert untuk mengukur sikap siswa. 

Scholaria: Jurnal Pendidikan dan Kebudayaan, 9(3), 292–304. 

https://doi.org/10.24246/j.js.2019.v9.i3.p292-304  

Nemoto, T., & Beglar, D. (2014). Developing Likert-scale questionnaires. In N. Sonda & A. Krause 

(Eds.), JALT2013 Conference Proceedings (pp. 1–8). Japan Association for Language Teaching. 

https://jalt-publications.org/sites/default/files/pdf-article/jalt2013_001.pdf 

Ng, D. T. K., Leung, J. K. L., Chu, S. K. W., & Qiao, M. S. (2021). AI literacy: Definition, teaching, 

evaluation and ethical issues. Proceedings of the Association for Information Science and 

Technology, 58(1), 504–509. https://doi.org/10.1002/pra2.487 

Ng, D. T. K., Luo, W., Chan, H. M. Y., & Chu, S. K. W. (2022). Using digital story writing as a 

pedagogy to develop AI literacy among primary students. Computers and Education: Artificial 

Intelligence, 3, 100054. https://doi.org/10.1016/j.caeai.2022.100054 

Ng, D. T. K., Su, J., Leung, J. K. L., & Chu, S. K. W. (2024). Artificial intelligence (AI) literacy 

education in secondary schools: A review. Interactive Learning Environments, 32(10), 6204–6224. 

https://doi.org/10.1080/10494820.2023.2255228 

Ningsih, L. S., & Sayekti, R. (2023). Peran perpustakaan dalam meningkatkan literasi informasi di 

kalangan masyarakat: Sebuah systematic literature review. Pustaka Karya: Jurnal Ilmiah Ilmu 

Perpustakaan dan Informasi, 11(2), 141–156. https://doi.org/10.18592/pk.v11i2.10104 

Piaget, J. (1972). The psychology of the child. Basic Books. 

Ribble, M. (2015). Digital citizenship in schools: Nine elements all students should know (3rd ed.). 

International Society for Technology in Education. 

https://www.iste.org/resources/product?id=2284 

Sabatini, J., Graesser, A. C., Hollander, J., & O’Reilly, T. (2023). A framework of literacy 

development and how AI can transform theory and practice. British Journal of Educational 

Technology, 54, 1174–1203. https://doi.org/10.1111/bjet.13342 

https://doi.org/10.23887/jjpgsd.v7i2.17501
https://doi.org/10.1177/1461444815577797
https://megapress.co.id/product/landasan-pendidikan/
https://doi.org/10.1016/j.caeai.2021.100045
https://doi.org/10.23887/jippg.v3i2.28264
https://doi.org/10.1145/3313831.3376727
https://doi.org/10.31004/riggs.v4i2.1587
https://doi.org/10.24246/j.js.2019.v9.i3.p292-304
https://jalt-publications.org/sites/default/files/pdf-article/jalt2013_001.pdf
https://doi.org/10.1002/pra2.487
https://doi.org/10.1016/j.caeai.2022.100054
https://doi.org/10.1080/10494820.2023.2255228
https://doi.org/10.18592/pk.v11i2.10104
https://www.iste.org/resources/product?id=2284
https://doi.org/10.1111/bjet.13342


372 Bendo & Siregara/ International Journal of Curriculum and Instruction 18(3) (2026) 348–372 

372 
 

Su, J., Ng, D. T. K., & Chu, S. K. W. (2023). Artificial intelligence (AI) literacy in early childhood 

education: The challenges and opportunities. Computers and Education: Artificial Intelligence, 

4, 100124. https://doi.org/10.1016/j.caeai.2023.100124 

Tabachnick, B. G., & Fidell, L. S. (2019). Using multivariate statistics (7th ed.). Pearson. 

Touretzky, D. S., Gardner-McCune, C., Martin, F., & Seehorn, D. (2019). Envisioning AI for K–12: 

What should every child know about AI? Proceedings of the AAAI Conference on Artificial 

Intelligence, 33(1), 9795–9799. https://doi.org/10.1609/aaai.v33i01.33019795 

Touretzky, D. S., Gardner-McCune, C., Martin, F., & Seehorn, D. (2022). AI literacy for K–12: A 

framework for understanding artificial intelligence. ACM Inroads, 13(1), 20–29. 

UNICEF. (2021). Policy guidance on AI for children. United Nations Children’s Fund. 

https://www.unicef.org/globalinsight/reports/policy-guidance-ai-children 

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard 

University Press. 

Wang, S., Wang, F., Zhu, Z., Wang, J., Tran, T., & Du, Z. (2024). Artificial intelligence in education: 

A systematic literature review. Expert Systems with Applications, 252, 124167. 

https://doi.org/10.1016/j.eswa.2024.124167  

Watkins, M. W. (2018). Exploratory factor analysis: A guide to best practice. Journal of Black 

Psychology, 44(3), 219–246. https://doi.org/10.1177/0095798418771807 

Watkins, M. W. (2021). A step-by-step guide to exploratory factor analysis with SPSS. Routledge. 

https://doi.org/10.4324/9781003149347 

Williams, R., Park, H. W., Oh, L., Breazeal, C., & Reich, J. (2019). PopBots: Designing an artificial 

intelligence curriculum for early childhood education. Proceedings of the AAAI Conference on 

Artificial Intelligence, 33(1), 9729–9736. https://doi.org/10.1609/aaai.v33i01.33019729 

Yang, H., Rachmatullah, A., Alozie, N., et al. (2026). A systematic review mapping of AI literacy 

progression in K–12. Journal for STEM Education Research. https://doi.org/10.1007/s41979-025-

00166-z 

Yeter, I. H., Yang, W., & Sturgess, J. B. (2024). Global initiatives and challenges in integrating 

artificial intelligence literacy in elementary education: Mapping policies and empirical 

literature. Future in Educational Research, 2(4), 382–402. https://doi.org/10.1002/fer3.59 

Yim, I. H. Y., & Su, J. (2025). Artificial intelligence literacy education in primary schools: A review. 

International Journal of Technology and Design Education, 35, 2175–2204. 

https://doi.org/10.1007/s10798-025-09979-w 

Yim, I. H. Y., & Su, J. (2025). Artificial intelligence (AI) learning tools in K-12 education: A scoping 

review. Journal of Computers in Education, 12, 93–131. https://doi.org/10.1007/s40692-023-

00304-9 

Yue, M., Jong, M. S. Y., Dai, Y., & Lau, W. W. F. (2025). Students as AI literate designers: A 

pedagogical framework for learning and teaching AI literacy in elementary education. Journal 

of Research on Technology in Education, 1–22. https://doi.org/10.1080/15391523.2025.2449942 

Zhang, H., Perry, A., & Lee, I. (2025). Developing and validating the artificial intelligence literacy 

concept inventory: An instrument to assess artificial intelligence literacy among middle school 

students. International Journal of Artificial Intelligence in Education, 35, 398–438. 

https://doi.org/10.1007/s40593-024-00398-x 

 

https://doi.org/10.1016/j.caeai.2023.100124
https://doi.org/10.1609/aaai.v33i01.33019795
https://www.unicef.org/globalinsight/reports/policy-guidance-ai-children
https://doi.org/10.1016/j.eswa.2024.124167
https://doi.org/10.1177/0095798418771807
https://doi.org/10.4324/9781003149347
https://doi.org/10.1609/aaai.v33i01.33019729
https://doi.org/10.1007/s41979-025-00166-z
https://doi.org/10.1007/s41979-025-00166-z
https://doi.org/10.1002/fer3.59
https://doi.org/10.1007/s10798-025-09979-w
https://doi.org/10.1007/s40692-023-00304-9
https://doi.org/10.1007/s40692-023-00304-9
https://doi.org/10.1080/15391523.2025.2449942
https://doi.org/10.1007/s40593-024-00398-x

