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Abstract

Artificial intelligence (Al literacy education for young students
is gaining traction among researchers and educators. Re-
searchers are developing courses and attempting to teach Al
literacy to younger students, using age-appropriate Al educa-
tional learning tools. Although teachers play a crucial role in Al
literacy education, their perceptions and attitudes have received
little attention. This study explores the perceptions of 60
teachers regarding the use of Al educational learning tools, and
examines the factors influencing their attitudes in relation to
implementing Al literacy education. The technological accep-
tance model and the technological, pedagogical, and content
knowledge (CK) (TPACK) framework inform the research
design, and a mixed method, combining the statistical package
for Social Science and thematic analysis, is employed for data
analysis. The study reveals that teachers have positive percep-
tions regarding the usefulness and ease of use of Al educational
learning tools in their Al literacy teaching. This paper also re-
veals that teachers embrace an arts-based approach to teaching
Al literacy. The qualitative data reveal that teachers face chal-
lenges such as insufficient CK and experience with Al; and
knowledge of TPACK. The five factors affecting their accep-
tance of Al educational learning tools are: (a) teachers' per-
ceptions of their AI CK and experience in teaching Al literacy
(technological content knowledge); (b) technical challenges
and stakeholder acceptance; (c) the attributes of Al educational
learning tools; (d) school infrastructure and budget constraints;
and (e) potential for distraction and negative emotional re-
sponses. This study offers insights for policymakers regarding
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professional development initiatives and technical support
mechanisms, thereby facilitating more effective Al literacy
implementation.

KEYWORDS
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intelligence (Al) early childhood and primary education, the arts-based
pedagogy, the technological pedagogical content knowledge (TPACK)
framework, the technology acceptance model (TAM)

1 | INTRODUCTION

Artificial intelligence (AI), as an emerging subfield of computer science (Yau et al., 2022), is
recognized as one of the most influential technologies ever developed, with the continuous progress
of its capabilities deemed inevitable (Russell, 2021). The term Al refers to the use of computers that
can simulate human intelligence through technological innovation (Russell & Norvig, 2010), such as
machine learning, deep learning, and neural networks (Aggarwal, 2018).

The importance of fostering Al literacy has increased as Al has become integrated into many
aspects of our lives, having a far-reaching impact on society (Ali et al., 2019; Touretzky et al., 2023).
Al literacy teaching in the 21st century is becoming an increasingly popular topic among researchers
and educators (Chiu et al., 2021; Ng et al., 2023), with many arguing that Al literacy is now essential
for all individuals (Kandlhofer et al., 2016; Long & Magerko, 2020). There is widespread support for
implementing Al literacy education at an early age (Laupichler et al., 2022; Touretzky et al., 2023),
and some advocate collaboration between humans and Al as a means to improve educational out-
comes for students (Luckin & Holmes, 2016; Wegerif & Major, 2023; Yim, 2024a).

Some researchers have emphasized the importance of preparing teachers to teach Al literacy to
young students at kindergarten and primary school level (Chiu et al., 2023; Dai et al., 2024; Su &
Yang, 2022; Yim, 2024b). For example, Kim and Kwon (2023) explore the Al competencies of
primary school teachers, and reveal that educators need to gain Al literacy to use Al educational
learning tools pedagogically. Edwards et al. (2018), on the other hand, find that teachers should
acquire the skills to select and design Al educational learning tools and technological instructions as
well as offer emotional and cognitive support to students when using robotic Al educational tools in
classrooms. However, it has been reported that some teachers hardly use Al educational tools in their
classroom (Choi et al., 2023) due to their cost, their limited application in activities, a lack of teacher
training, and the lack of inclusivity in the design of educational tools (Johal et al., 2018).

As countries worldwide enter the era of Al education, there is an increasing demand for teachers'
Al literacy and their knowledge of Al educational technologies (Cheng & Yim, 2024; Liu
et al., 2023). However, despite calls to teach Al literacy to young students, there has been little
research into the perceptions and attitudes of teachers regarding the use of Al educational tools for Al
literacy education (Sperling et al., 2024). Research has demonstrated that the adoption of techno-
logical tools relies on user acceptance (Kelly et al., 2023; Scherer et al., 2019). As teachers are the
major stakeholders in Al literacy education, their favorable attitudes toward Al educational tools is
likely to enhance their working efficiency and teaching competency (Chiu, 2024; Yau et al., 2022).

This study adopts the technology acceptance model (TAM), which is used to predict the factors that
may positively or negatively influence the acceptance of technology (Davis, 1989). It also uses the
technological pedagogical content knowledge (PCK) (technological, pedagogical, and content
knowledge (TPACK)) framework, which can help researchers to understand teachers' knowledge of
technology, pedagogy, and content in order to support teachers in creating an engaging learning envi-
ronment for effective teaching (Chai et al., 2013). Utilizing the TAM model and TPACK framework, this
study investigates teachers' acceptance of Al educational learning tools and their perceptions regarding
the implementation of Al literacy education for young students. Focusing on kindergarten 3 and
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primary-level education within the Chinese educational system (equivalent to Key Stage 1 and Key
Stage 2 in the United Kingdom national curriculum, for students aged between five and 11), the study
seeks to provide insights that can inform the planning of professional development initiatives and
pedagogical strategies, and ultimately increase the effectiveness of Al literacy implementation.

2 | LITERATURE REVIEW
2.1 | AI, Al in education (AIED), and Al literacy education

Al involves machines performing tasks that would require intelligence if performed by humans
(Russell & Norvig, 2010). When Al is applied to education, it is referred to as AIED (Wegerif &
Major, 2023). The fields of AIED, which include teaching with AI, and Al literacy education, which is
focused on teaching and learning about Al, often intersect. In other words, Al can be utilized as a
technological tool to support teachers in educational contexts or as an educational tool that teachers can
use to help students understand Al algorithms and Al literacy (Chounta et al., 2022; Yim & Su, 2024).

AIED integrates Al technologies in educational settings to enhance teaching and learning pro-
cesses. These technologies include intelligent tutoring systems, personalized learning platforms, data
analytics for predicting student performance, and automated grading systems (Luckin &
Holmes, 2016). In contrast, Al literacy education requires educators to possess comprehensive
knowledge of teaching content, as well as of the technology and pedagogy necessary to effectively
teach students about Al concepts (Celik, 2023).

Al literacy is “a set of competencies that enables individuals to critically evaluate Al technol-
ogies, communicate and collaborate effectively with Al, and use Al as a tool online, at home, and in
the workplace” (Long & Magerko, 2020, p. 2). Although Al is ubiquitous in daily life and the
workplace, many people acknowledge the existence of Al without understanding the basic concepts
and principles behind Al technologies (Ali et al., 2019; Touretzky et al., 2023). Many researchers
have proposed the need for Al literacy education (Su & Yang, 2022; Yim, 2024a) on the basis that Al
literacy is a new literacy skill as important as reading and writing (Kandlhofer et al., 2016). They
have argued that students must learn Al literacy in order to fully participate in a world increasingly
influenced by Al (Kong et al., 2024) and apply Al knowledge and tools to solve problems in real-life
settings (Ali et al., 2019).

Initially, Al literacy was exclusively taught to university students in computer science and en-
gineering courses (Laupichler et al., 2022), before being extended to some secondary school students
(Chiu et al., 2021; Touretzky et al., 2023). However, with more age-appropriate Al educational tools
and technologies being developed (Yim & Su, 2024), governments and researchers have started to
explore Al literacy education for young students in early childhood and primary school settings (Su
et al., 2022; Yim, 2024a). Teaching Al literacy encompasses more than simply preparing students to
understand and use Al in their future careers (Kandlhofer et al., 2016). It also involves fostering an
understanding of Al ethics to promote social responsibility and inclusivity (Walsh et al., 2023; Zhang,
Lee, et al., 2023), as well as nurturing students' Al thinking (Yim, 2023; Yim, 2024a) and creative
mindset (Ali et al., 2019; Long et al., 2023). As a result, many scholars advocate integrating Al
literacy education from the earliest educational stages (Heintz, 2021), emphasizing that Al literacy is
essential for all individuals to become responsible Al citizens (Yim, 2023), regardless of their
background in computer science (Chiu et al., 2021).

2.2 | Educators' views on Al literacy education

Al literacy has already been introduced in various national curricula (Pedro et al., 2019), particularly
targeting early childhood and primary education (Su & Yang, 2022; Touretzky et al., 2023). United



YIM and WEGERIF

Nations Educational Scientific and Cultural Organization has identified Al literacy teaching to young
students as a significant new challenge for global school education (Chiu, 2024). Educators and
teachers are often identified as key architects responsible for shaping future educational systems that
incorporate Al literacy education (Ayanwale et al., 2024; Chiu, 2024). However, there is a significant
lack of initiatives aimed at training educators in Al literacy (Sperling et al., 2024).

Educators are required to develop not only technological and pedagogical strategies (Ayanwale
et al., 2024), but also acquire fundamental knowledge and skills to understand, create, use, apply, and
evaluate Al applications to deliver content effectively within an educational context (Wilton
et al., 2022). They play a crucial role in shaping students' Al literacy and competency development
(Chiu & Sanusi, 2024; Yue et al., 2024), providing them with opportunities to learn about Al and
empowering them with building their conceptual understanding of Al's ethical considerations (Kong
et al., 2023; Touretzky et al., 2023).

While recent research highlights the importance of understanding teachers' attitudes and expe-
riences to enhance the sustainable teaching of Al literacy (Lin et al., 2022), their readiness and
preparedness to teach Al literacy are often under-explored (Yue et al., 2024). Educators face sig-
nificant challenges in teaching Al literacy, including understanding Al's capabilities, limitations, and
ethical considerations, along with developing effective pedagogical skills (Ayanwale et al., 2024;
Vartiainen et al., 2020). Furthermore, effective Al literacy education demands an understanding of
the practical realities of the integration of Al educational learning tools in schools (Han et al., 2024).
In addition, many educators lack clear guidance on how to teach Al (Chiu & Sanusi, 2024), which
reduces their confidence to teach it (Su, 2024).

Despite the existence of an increasing literature seeking to understand educators' views about Al
literacy, the requirements for effectively teaching Al literacy to young students remain poorly un-
derstood (Moura & Carvalho, 2024). A survey of 140 K-12 teachers in Estonia revealed that while
teachers see Al as an educational opportunity, they have limited Al knowledge and practical
application skills (Chounta et al., 2022). Kim and Kim (2022) reveal that teachers view technology
negatively and feel discomfort in using it in their classrooms. Similarly, Su (2024) reveals that many
teachers report a lack of confidence in their understanding of technology because they often lack
access to relevant knowledge of TPACK (Su et al., 2022). Schiavo et al. (2024) highlight the
interplay among acceptance, literacy, and anxiety regarding Al technologies, emphasizing that this
interplay has a significant effect on teachers' ability to teach Al literacy.

2.3 | Educational use of Al for young students

In recent years, the use of Al educational learning tools has gained significant attention (Yim &
Su, 2024). Previous studies have demonstrated that the use of Al educational learning tools and
applications, such as Popbot (Ali et al., 2019; Williams et al., 2019), ChatGPT (Jauhiainen &
Guerra, 2023; Liu et al., 2023), Google Teachable Machines (Toivonen et al., 2020; Vartiainen
et al., 2020) and Doodlebot (Williams et al., 2024) can support young students in their Al literacy
learning (Yim & Su, 2024). For example, Williams et al. (2019) have examined how PopBots can
be utilized as an educational tool to introduce kindergarten students to Al concepts through social
interaction, while Ali et al. (2019) have used PopBots as a programmable artifact and guide for
primary school students. Melsion et al. (2021) have explored the use of Google's Teachable
Machine to allow primary school students to explore machine learning while raising their
awareness of algorithmic and gender bias. There has also been research into using block-based
programming Al extensions such as Scratch (Shamir & Levin, 2021) to teach young students
Al Research has indicated that young students who interact with Al educational tools can build
their conceptual understanding of Al ethics (Melsion et al., 2021) and Al concepts such as neural
networks (Shamir & Levin, 2021), and develop their computational thinking and coding skills
(Dai et al., 2023).
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Although Al educational tools can support students' learning at a scale previously unimaginable
(Luckin & Holmes, 2016; Wegerif & Major, 2023), and the trend of using Al educational technol-
ogies is growing, there have been limited attempts to understand teachers' experience and expecta-
tions regarding the effective implementation of Al literacy education (Holmes et al., 2023; Luckin
et al., 2022). It is important to understand teachers' perceptions of Al literacy and what drives their
acceptance of Al in order to identify the support they need to enhance the effectiveness of their use
of Al educational tools.

2.4 | Pedagogies in Al literacy education

As Al has transformed the implementation of instructional pedagogy (Luckin et al., 2022; Wegerif &
Major, 2023), extensive research has explored how the strength of humans and Al can be combined
in educational settings (Chen et al., 2020). Meanwhile, definitions of Al literacy and Al competency
have evolved over time (Chiu & Sanusi, 2024; Long & Magerko, 2020). Traditional Al literacy
focuses on the acquisition of knowledge and skills, whereas Al competency extends beyond these to
include attitudes, beliefs, and self-reflective mindsets (Chiu & Sanusi, 2024). This broader definition
recognizes the holistic development required for individuals to effectively engage with Al technol-
ogies (Ayanwale et al., 2024). It highlights the need for AI literacy to be transdisciplinary
(Chiu, 2024; Yim, 2024a), incorporating not just technical knowledge but also an understanding of
ethical and societal implications (Touretzky et al., 2023). To address these broader implications,
advocates of this holistic approach argue for the inclusion of linguistics, philosophy, and other
disciplines into Al literacy education (Aliabadi et al., 2023). As a result, pedagogical approaches to
teaching Al literacy have been varied.

One of the challenges faced by Al educators is the transmission of Al knowledge to young
students in an age-appropriate and engaging manner (Yang, 2022). Previous research has indicated
that Al learning content can be taught through project-based (Kong et al., 2024), game-based (Du &
Wang, 2023), and collaborative learning approaches (Toivonen et al., 2020; Vartiainen et al., 2020).
These methods are well-documented and have shown some effectiveness in differing contexts
(Yim & Su, 2024).

In addition, Laupichler et al. (2022) argue that educators have not fully acknowledged the
interdisciplinary nature of Al when teaching Al literacy, and Yim and Su (2024) point out that an
arts-based approach is often absent in Al literacy education. Arts-based approach is an educational
approach that integrate various art form such as visual arts and drama into the learning process
(Bayley, 2018) to support and enhance students learning outcomes (Moreno et al., 2023). As recent
research has provided evidence that the introduction of arts in transdisciplinary or interdisciplinary
education can develop students' subject knowledge, problem-solving (Kim & Kim, 2016), thought
process (Bureekhampun & Mungmee, 2020), computational (Chaldi & Mantzanidou, 2021) and
programming skills (Sullivan & Bers, 2018), there have been calls to explore innovative pedagogical
methods in Al education (Luckin & Holmes, 2016).

Furthermore, a significant debate in the field centers around the potential of Al to widen the
digital divide in education (Luckin & Holmes, 2016). Miao et al. (2021) highlight both the oppor-
tunities and challenges associated with the use of Al in education. While Al has the potential to
democratize education, it might also exacerbate inequalities and limit accessibility for underprivi-
leged students who lack access to Al educational technologies, including those aimed at promoting
gender equality. This concern is particularly relevant in the context of Al literacy education, where
opportunity, social, and digital inequities can impede equitable access to Al educational learning
tools and resources (Farahani & Ghasemi, 2024). Critics of techno-solutionism (i.e., the idea that
technology can provide straightforward solutions to complex problems), such as Bulathwela
et al. (2024), argue that relying solely on technology to solve educational challenges can lead to a
misallocation of resources and fail to address the underlying causes of educational inequality. While
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there are many Al educational learning tools available for Al literacy education (Yim & Su, 2024),
few are appropriate for young students without programming experience or for resource-constrained
classrooms, and they often fail to cover a broad range of Al topics (Williams et al., 2024), which
limits the scope of Al literacy education. Diverse and innovative pedagogical methods may help
bridge the digital divide by providing multiple entry points for learning (Luckin & Holmes, 2016).

3 | THEORETICAL FRAMEWORK

This study employs the TAM to structure the teachers' surveys and utilizes the technological PCK
(TPACK) framework to formulate focus group statements for discussion. This theoretical framing
approach aims to understand teachers' acceptance of Al educational tools in their Al literacy teaching
as well as investigate how teachers teach Al using technological PCK. To extract concepts from the
data, the TAM of Fred Davis (1989) and the TPACK framework (Koehler & Mishra, 2009) serve as
the theoretical basis for both the research design and the data analysis of this study (Appendices A
and B).

On one hand, the TAM has been extensively employed as a key model for understanding the
factors influencing teachers' acceptance or rejection of various kinds of technology in educational
settings (Scherer et al., 2019; Zhang, SchieB3l, et al., 2023). As shown in Figure 1, the two core
variables within the TAM, which are ease of use and perceived usefulness (i.e., the acceptance of its
benefits), have consistently been identified as key determinants influencing the acceptance of tech-
nology in educational contexts (Grani¢ & Maranguni¢, 2019). Given that Al is rooted in computer
science and technology, the application of the TAM within the realm of Al literacy education can
provide a valuable framework for examining the dynamics of Al technology acceptance.

On the other hand, the TPACK framework, which is divided into technological content knowl-
edge (TCK), PCK, and CK, could clarify the knowledge teachers need to integrate Al educational
tools into their teaching of Al literacy (Celik, 2023). This framework, which aligns with the tech-
nological and pedagogical aspects of Al (Ning et al., 2024), allows the study to investigate teachers'
competencies in integrating technology into their teaching instructions (Mishra & Koehler, 2006).

Twelve TPACK framework statements relevant to teaching Al literacy have been adapted and
modified from Kong et al. (2023), covering TCK (e.g., “I can choose appropriate images and tools to
train and build datasets in Teachable Machine”), PCK (e.g., “Without using technology/a computer, 1
know how to select effective teaching approaches to guide students in thinking about and learning
AD’), CK (e.g., “I have sufficient knowledge of AI’), and integrated TPACK knowledge (e.g., “I can
design and teach lessons that appropriately combine Al, technologies, and teaching approaches”).
These statements serve as the basis for eliciting insights into educators' perspectives on the critical

Perceived
usefulness \
External Behavioral Actual
variables intention usage
Perceived /
ease of
use
External Cognitive Intention Behavior
stimulus response

FIGURE 1 The technology acceptance model (Venkatesh & Davis, 1996).



YIM and WEGERIF

components of Al literacy education. The survey also contained a question regarding pedagogy:
Whether teachers limit themselves to using technological pedagogies or if they also consider the
pedagogical appropriateness of various methods, such as arts-based approaches, when teaching Al
literacy to young students.

4 | THE DEFINITION AND FOCUS OF A1 EDUCATIONAL TOOLS FOR
THIS STUDY

Al educational tools in this study refer to learner-facing tools that teachers use to teach Al literacy
concepts to young students. Al educational tools can be used in various ways (Luckin et al., 2022).
According to Baker and Smith (2019), such tools can be divided into three categories: system-facing,
teacher-facing, and learner-facing. System-facing tools provide information for administrators and
managers at the institutional level, aiding in decision-making and management. Teacher-facing
systems are designed to support educators by reducing their workload and enhancing their teach-
ing capabilities. Learner-facing Al tools, on the other hand, are used by students for subject matter
learning and are central to Al literacy education. These tools include intelligent agents, social robots
like PopBots, and machine learning systems such as Google Teachable Machine.

5 | RESEARCH GAPS AND RESEARCH QUESTIONS

This study identifies three gaps in the literature. First, although there is a compelling case for
introducing Al literacy into early years and primary school education, there has been little research
on how to do so effectively. Second, while the role of Al educational tools has been deemed pivotal in
Al literacy educational settings and teachers have been regarded as stakeholders playing a significant
role in deciding on the use of Al educational tools, there has been little research on teachers' attitudes
to this new technology. Third, there is an insufficient amount of research regarding the issue of
teachers' acceptance of using and integrating Al educational tools into their teaching practice, along
with their perception of Al literacy education implementation for young students.

Understanding teachers' attitudes and perspectives is critical for effective Al literacy education
implementation. It not only informs the planning of implementation strategies but also guides pro-
fessional development initiatives, shapes pedagogical approaches, influences resource allocation
decisions, and ultimately contributes to enhanced student learning outcomes. Therefore, five research
questions are formulated.

RQ1: How do teachers perceive the ease of use and usefulness of Al educational learning tools
in their Al literacy education for young students?

RQ2: What are teachers' perceptions of pedagogical strategies in Al literacy education?

RQ3: What are teachers' understanding of educational content related to “Al literacy”?

RQ4: What factors influence teachers' attitudes toward the use of Al educational learning tools
in Al literacy education for young students?

RQS: What types of support do teachers perceive as necessary to enhance the implementation of
Al educational learning tools in Al literacy education?

6 | METHODOLOGY

Both qualitative and quantitative data were adopted to triangulate this study (Creswell, 1999). First,
demographic information about the teacher participants was collected. Second, two surveys were
designed and a small focus group discussion was conducted. The first survey, adapted from
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Khanlari (2016) and modified by the researchers of this study, consisted of 27 multiple-choice
questions and two open questions to explore teachers' CK about Al literacy (see Appendix A).
These multiple choice questions were designed to identify teachers' perceptions regarding ease of use
(e.g., “Easy and convenient to facilitate teaching”) and usefulness (e.g., “Enhance students' Al
knowledge”), as well as potential factors that might affect teachers' attitudes toward the use of Al
educational tools, such as technological knowledge (e.g., “Lack of teachers' knowledge and infor-
mation about how to use and operate Al technology”), pedagogical strategies (“Do you agree on the
need to use the arts to teach children Al literacy?”; “Do you agree on the need to use Al educational
learning tools such as social robots to teach children Al literacy?”). Each item was based on a 5-
point Likert scale with 1 indicating “Strongly Disagree” and 5 indicating “Strongly Agree”. Statis-
tical package for Social Science was used to analyze descriptive statistics. These 27 multiple choice
questions were validated with a Cronbach's alpha of 0.655, which indicates an acceptable level of
consistency and reliability in the survey questions. Meanwhile, open questions were also asked to
understand teachers' CK (e.g., “From your understanding, describe what you think Al literacy means
to you”; “What do you wish to be added to your current curriculum/program regarding Al literacy
learning and teaching?”).

The second survey contained three open questions to understand teachers' attitudes toward Al
literacy education and the types of support they perceive as necessary in teaching Al literacy to young
students (e.g., “What do you think about Al literacy education implementation in Hong Kong? Any
difficulties and challenges?”; “What support do you feel is needed to help you?”’; “What would you
be most worried about if an Al learning program were implemented for young students in Hong
Kong? ). Thematic analysis was used to code the data and discern any key themes and patterns that
emerged from the dataset (Braun & Clarke, 2006) (Appendix C).

Both surveys were distributed based on convenience sampling, facilitated through the established
connections with Chinese schools of one independent researcher, one teacher, and one retired school
principal. To further explore teachers' understanding of Al literacy, the researchers of this study
organized a focus group consisting of three primary school teachers from a single school that had not
previously implemented Al interventions. The focus group discussion was facilitated by employing
the diamond ranking method (Figure 2), a visual tool commonly used in educational research
(Clark, 2012) to promote collective decision making, prioritize educational objectives, and facilitate
discussion and debate to understand different concepts and perspectives. Adapted from Kong
et al.’s (2023) TPACK survey adopted in teachers' development programs for primary schools, this
study used 12 statements as a collaborative strategy to help this focus group prioritize and organize
their thoughts (Appendix B). It involved teachers arranging nine statements in a diamond shape based

’ ’ Q/ﬂ Most important enabler

’ ‘ < Least important enabler

FIGURE 2 Diamond Nine Method modified and adapted in focus group discussion (Clark, 2012).
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on their agreed-upon importance or relevance. Dialogs generated from this focus group were audio-
recorded, and transcriptions were sent to the three teacher participants for verification.

6.1 | Participants

The various survey links were distributed to teachers in two kindergartens and two primary schools in
the Chinese education system. Participants were informed of the purpose of the study and gave
informed consent before completing the survey.

Data from all participants who agreed to use their information for research purposes are included
in this study. A total of 60 teachers participated voluntarily, of whom 60% participated in the survey
with 27 multiple questions, 35% participated in the survey with three open questions, and 5%
participated in the focus group discussion. As shown in Figure 3, 72% of the participants were female
teachers, 27% were male teachers, and 1% preferred not to disclose their gender. Overall, 8% of the
participants had received professional development in Al (5 out of 60) and 92% had not.

7 | FINDINGS

7.1 | RQI1: How do teachers perceive the ease of use and usefulness of Al
educational learning tools in their Al literacy education for young students?

Overall, teachers' perception of the ease of use and usefulness of Al educational learning tools are
positive, as shown in Table 1. In terms of ease of use, 33 teachers out of 36 (92%) agreed that Al
educational learning tools are easy and convenient to use. In terms of teachers' perceptions of the
usefulness of Al educational learning tools, the most reported usefulness by teachers was that Al
educational learning tools could enhance students' Al knowledge, save teaching time, and allow
teachers to spend more time on students and their learning. For example, on the one hand, teachers
perceived that the use of Al educational learning tools would enhance students' learning outcomes in
terms of (a) acquiring Al knowledge (Q18 mean = 4.22, s.d. 0.422), constructing new knowledge with
Al (Q21 mean = 4.03, s.d. 0.026), and correcting misconceptions about Al (Q20 mean = 3.81, s. d.
0.577); (b) developing skills such as cognitive thinking (Q13 mean =4.11, s.d. 0.622), communication,
social skills (Q12 mean = 4.06, s.d. 0.475), and creativity (Q17 mean = 4.03, s.d. 0.377); and (c)
developing appropriate behaviors (Q16 mean =4.11, s.d. 0.523), such as how to interact with AI (Q19
mean = 4.06, s.d. 0.475). On the other hand, teachers perceived that the usefulness of Al educational
tools lied in their enhancement of teaching efficiency and effectiveness, such as through time-saving
(Q14 mean = 4.17, s.d. 0.655), workload reduction (Q8 mean = 4.08, s.d. 0.28), and providing valu-
able alternative tools (Q11 mean = 4.03, s.d. 0.377) in their teaching practice.

7.2 | RQ2: What are teachers' perceptions of pedagogical strategies in Al
literacy education?

Based on the quantitative data from the survey 1 with multiple choice questions, a frequency analysis
of teacher participants' responses showed that 94% agreed that it is necessary to teach Al literacy to
primary school students. The majority (97%) reported that they endorse and accept the use of Al
educational tools to teach students, whereas 88% reported that they also agree with the use of the arts-
based approach to teach Al literacy (Figure 4 shows these results graphically). The results of this
study indicate that teachers have a positive attitude toward teaching Al literacy to young students. It
also reveals that teachers endorse the use of Al educational technologies and embrace other non-
technological pedagogies, such as arts-based approaches to teaching Al literacy to young students.
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FIGURE 3 Frequency tables of teacher participants. (a) Teaching educational level. (b) Gender. (c) Age. (d) Al training
or professional development.
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TABLE 1 Descriptive statistics for the ratings of items on perceptions of the usefulness and ease of use of artificial
intelligence (Al) educational tools.

95%
confidence
interval
Mean
Theme Item (S.D) Lower Upper
Perception about ease Q9. Easy and convenient to facilitate teaching 4.17 3.98 4.36
of use (0.561)
Perceptions of the Q18. Enhance students' Al knowledge 422 4.08 4.36
usefulness (0.422)
Q14. Save teaching time 4.17 395 439
(0.655)
QI15. Allow teachers to spend more time on students and their learning 4.17 4.02 4.32
(0.447)
Q13. Develops cognitive thinking, skills, and abilities 4.11 390 432
(0.622)
Q16. Promotes and helps students to develop appropriate behaviors  4.11 3.93 4.29
(0.523)
Q8. Reduces teacher workload 4.08 3.99 4.18
(0.28)
Q12. Develops communication, language, and social skills 4.06 3.89 4.22
(0.475)
Q19. Promote students about how to use and interact with Al and 4.06 3.89 4.22
develop their AT skills (0.475)
Q11. Is an alternative tool to enhance students' learning 4.03 390 4.16
(0.377)
Q17. Promote the creativity of students 4.03 390 416
(0.377)
Q21. Construct new knowledge with Al 4.03 397  4.08
(0.028)
Q10. Enhance students' class participation and engagement 4.00 3.86 4.14
(0.414)
Q20. Correct students' misconceptions about Al 3.81 3.61 4.00
(0.577)
Note: Likert scale from 1 (Strongly Disagree) to 5 (Strongly Agree).
7.3 | RQ3: What are teachers' understanding of educational content related

to “Al literacy”?

The brevity and simplicity of the responses to the open questions in Survey 1 (Table 2), responding
by describing Al literacy merely as “Al”, indicates that many teachers may have a limited under-
standing or lack confidence in discussing what Al literacy truly entails. Of the 36 teachers who
answered the first open question, 25 described Al literacy as “Al”, 10 described it as learning with
and about Al, and one as Al knowledge. Meanwhile, none responded to the question, “What do you
wish to be added to your current curriculum/program regarding Al literacy learning and teaching?”
This might indicate a potential lack of engagement or confidence regarding the subject.
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Attitudes towards Al literacy education (n=36)
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M Al literacy to primary school students B Use of Al educational tools

3 Use the arts to teach Al literacy

FIGURE 4 Attitudes of teacher participants.

TABLE 2 Content knowledge (CK) of teacher participants.

Survey 1- about content knowledge N=
Question Q7: Describe what artificial intelligence (Al) literacy means to you.
Response “AI” N=25
“Learn about Al, learn with AI” N=10
“Al knowledge” N=1
Question Q37: What do you wish to be added to your current curriculum/program

regarding Al literacy learning and teaching?

Response No reply from teachers N=0

However, qualitative data from a follow-up focus group reveal that at least three teachers
demonstrated a much deeper understanding of Al literacy. In response to the question “What is AI?”,
these three teachers demonstrated a good basic understanding of Al in four areas, namely the defi-
nition of Al, the features of Al, Al examples, and non-Al examples. Their responses are as follows.

Definition of AI: The teachers collectively agreed that Al simulates or mirrors the human
learning process, and is not merely confined to pre-set rules. Teachers stated that:

Al can operate beyond traditional programming, relying instead on analyzing millions of
data samples to learn. An example of this learning is a chess-playing Al that uses data and
reinforcement learning to strategize and improve, rather than following a fixed set of rules.

Features of Al: Four features were identified: machine learning, reinforcement learning, big
data, and self-improvement. Teachers agreed that:

Machine learning is the ability of Al to learn from data without explicit programming.
Reinforcement learning is a type of machine learning where Al learns to make decisions
by using a lot of data for self-learning. While Al systems require vast amounts of data to
learn effectively, and therefore have big data dependency, self-improvement is important
for Al as it is the capacity of Al to autonomously learn new things and enhance its
performance over time.
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Examples of Al: The teachers identified ChatGPT, Al-generated arts, and Scratch with Al ex-
tensions as examples of Al

Non-Examples of Al: Teachers gave one non-example of Al: the standard Scratch programming
tool, a basic coding platform without Al features. At the same time, they agreed that, with Al ex-
tensions, Scratch could be used to teach students Al literacy.

Overall, the qualitative data reveal that the three teachers had a good basic knowledge of Al
However, despite one of them having received some Al training in the past, all three indicated that
they lacked the confidence to teach it due to inadequate professional training.

Moreover, in the diamond ranking activity, the focus group placed the following three cards
at the top of the diamond formation, indicating they deemed these critical for effectively
teaching Al literacy to young students: (a) “I can design and teach lessons that appropriately
combine Al technologies, and teaching approaches” (TPACK knowledge); (b) “I can select
technologies to use in my classroom that enhance what I teach, how I teach, and what students
learn about AI’ (also TPACK); and (¢) “I know how to use Al educational tools” (TCK). This
focus group stated that:

The foundation of effective Al implementation in education primarily rests on our
[teachers] solid content knowledge about Al [TCK, TPACK]. Tools and pedagogical
methods are indeed useful, but without solid content knowledge, teaching cannot occur
effectively. Our current priority is to deepen our content knowledge of Al to ensure that
we can teach it with proficiency.

While these three teachers agreed that tools and pedagogical methods are valuable, they also
indicated that tools and pedagogies should serve to support the teaching of core Al concepts rather
than being the focal point themselves. In addition, all three teachers were unsure about what needed
to be added to their existing curriculum.

7.4 | RQ4: What factors influence teachers' attitudes toward the use of Al
educational learning tools in Al literacy education for young students?

The qualitative and quantitative analyses revealed that there are various factors influencing teachers'
attitudes toward the use of Al educational learning tools in Al literacy education.

7.4.1 | Qualitative analysis

Based on the responses of 21 teachers who responded to the second survey (with three open ques-
tions), the major three factors that influence teachers' attitudes toward the adoption of Al learning
tools in Al literacy education are insufficient CK and experience with Al [TCK] (n = 13), personal
struggle for improvement in Al and technical knowledge for classroom integration (n = 12), and
concerns regarding the risks and benefits of Al educational tools (n = 5). The representative examples
of teachers' responses are presented in Table 3.

Insufficient CK and experience with Al (i.e TCK) was commonly reported (n = 13). The
following quotations illustrate that teachers perceived their Al literacy knowledge and Al techno-
logical skills as insufficient.

“Our teachers don’t know Al First, we need to master Al literacy knowledge before we
can teach students.” (Teacher 14)
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TABLE 3 Factors influence teachers' attitudes toward artificial intelligence (Al) educational tools.

Factors N = Samples
Insufficient content knowledge and experience with N = 13 “Our teachers don't know Al first, we need to master Al
Al [TCK] literacy knowledge before we can teach students

(Teacher 14)”. “I am not familiar with Al, I never used
these Al tools in the past (Teacher 15)”. “Teachers don't
know how to use Al tools and we don't have an Al
educational background (Teacher 24)”.

Personal struggle for improvement in Al and technical N = 12 “Mastery of Al knowledge and skills is a time-intensive

knowledge for classroom integration process, requiring a significant investment of time
(Teacher 13). “Offering Al training to teachers is
essential (Teacher 10)”. Given the advanced nature of
AL I lack the requisite technological and computer
knowledge to deal with technical issues in the classroom
(Teacher 17).”

Concerns regarding the risks and benefits of Al N =35 *“Al tools are not inherently human-centered and may

educational tools lack flexibility in aligning with our curriculum (Teacher
7). “When using Al tools like ChatGPT in Al classroom
instruction, there is a potential risk of students copying
from ChatGPT, leading to possible instances of
plagiarism (Teacher 15)”. “I am particularly concerned
about the prolonged use of Al and computers as the
primary tools for the Al curriculum, as this may affect
the cognitive development and visual health of young
students (Teacher 11).” “Al educational tools will affect
children's health (Teacher 24)”.

“I am not familiar with Al (in teaching); I've never used these Al tools in the past (for
teaching).” (Teacher 15)

“Teachers don’t know how to use Al tools (in their classroom) and we don’t have an Al
educational background.” (Teacher 24)

Personal struggle for improvement in Al and technical knowledge for classroom integration
(n = 12) was also frequently reported. Several teachers indicate that they continuously struggle to
improve their Al literacy and skills. According to one teacher, “Mastery of Al knowledge and skills is
a time-intensive process, requiring a significant investment of time” (Teacher 13). Some teachers
expressed that:

“Offering Al training to teachers is essential.” (Teacher 10, 11,12)
“Given the advanced nature of Al, I lack the requisite technological and computer
knowledge to deal with technical issues in the classroom.” (Teacher 17)

Concerns regarding the risks and benefits of Al educational tools (n = 5) Teachers considered
the benefits and drawbacks of using Al educational tools with students. For example, one teacher
stated that:

“When using Al tools like ChatGPT in Al classroom instruction, there is a potential risk
of students copying from ChatGPT, leading to possible instances of plagiarism.”
(Teacher 15)

Another teacher stated that “Al tools are not inherently human-centered and may lack flexibility in
aligning with our curriculum” (Teacher 7).

Teachers also expressed concern that prolonged human interaction with Al and computers could
be harmful to students. According to one teacher,
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“The use of Al educational tools excessively will make students overly dependent on
technology for learning.” (Teacher 7)

Regarding the potential drawbacks of the frequent use of Al and computers, one teacher stated that:

“I am particularly concerned about the prolonged use of Al and computers as the pri-
mary tools for the Al curriculum, as this may affect the cognitive development and visual
health of young students” (Teacher 11)

7.4.2 | Quantitative analysis

On the other hand, the quantitative findings reveal that there are five factors influencing teachers'
attitudes toward the adoption of Al educational tools in Al literacy education: (a) self-perception of
Al knowledge and experience in teaching Al literacy (TCK); (b) technical challenges and stakeholder
acceptance; (c) the attributes of Al educational learning tools; (d) school infrastructure and budget
constraints; and (e) potential for distraction and negative emotional responses (see Table 4).

TABLE 4 The descriptive statistics detailing teachers' attitudes toward the use and integration of artificial intelligence

(AI) educational tools.

95%
confidence
interval
Mean
Theme Survey item (S.0) Lower Upper
Teachers' perception of their Al content Q30. Lack of teachers' knowledge and 4.03 3.88 4.18
knowledge and experience in teaching Al information about how to use and operate (0.446)
literacy (i.e.TCK) .
Q31. Is too advanced and highly complex. I do 4.00 3.84 4.16
not have experience in using these tools and ~ (0.478)
lack of training opportunities
Technical challenges and stakeholder Q23. Technical issues with Al educational tools 4.00 3.86 4.14
acceptance. such as social robot limitations and malfunction (0.414)
Q26. Limited acceptance and resistance from  3.58 328 389
parents and other stakeholders about the use of (0.906)
Al learning tools in the classroom
Attributes of Al educational learning tools Q29. Have safety issues and a physical threatto 3.89 3.68 4.1
students (0.622)
Q25. Each Al tool has its limitations as a 3.86 3.64 408
learning aid and may not facilitate the teaching (0.639)
of the curriculum
School infrastructure and budget constraints Q22. Classroom space is small and not enough 3.86 3.59 4.13
for the movement and storage of Al educational (0.798)
tools such as social robots
Q24. The cost of Al educational tools such as 3.67 3.35 3.98
social robots is high (0.926)
Potential for distraction and negative emotion Q28. Distract students from learning 3.72 3.47 3.97
responses (0.741)
Q27. Elicits negative emotions, reactions, and 3.69 3.44 3.95
behaviors from students (0.749)

Note: Likert scale from 1 (Strongly Disagree) to 5 (Strongly Agree).
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Teachers' perceptions of their Al CK and experience in teaching Al literacy (TCK)

Teachers acknowledged their limited knowledge with Al, as evidenced by their self-perceived lack of
understanding of operating Al educational tools (Q30 mean = 4.03, 5.d.0.446) and their limited
experience in using them for teaching Al literacy (Q31 mean = 4.0, s.d.0.478).

Technical challenges and stakeholder acceptance
Teachers reported concerns about technical challenges (Q23 mean = 4.0, s.d.0.414), as well as
limited acceptance by stakeholders (i.e., teachers and parents) (Q26 mean = 3.58, 5.d.0.906).

The attributes of Al educational learning tools

The attributes of Al educational tools, including safety concerns and potential physical threats to
young students (Q29 mean = 3.89, 5.d.0.622), along with the realization that each Al tool has its
limitations as a learning aid (Q25 mean = 3.86, 5.d.0.639), were also noted.

School infrastructure and budget constraints

The suitability of school infrastructure was identified as a potential barrier, with concerns raised
about limited classroom space for Al tool movement and storage (Q22 mean = 3.86, 5.d.0.789), and
school budgets regarding the costs associated with acquiring Al educational tools (Q24
mean = 3.67, 5.d.0.926).

Potential for distraction and negative emotional responses

The potential for distraction and negative emotional responses among students due to Al-human
interaction was recognized (Q27 mean = 3.69, 5.d.0.749), with concerns about the impact of such
distraction and responses on learning outcomes (Q28 mean = 3.72, 5.d.0.741).

7.5 | RQS5: What types of support do teachers perceive as necessary to
enhance the implementation of Al educational learning tools in Al literacy
education?

Emerging from the qualitative data from the open questions in the second survey (Table 5), teachers
cited professional development to overcome individual-level barriers (n = 15) and policy support
such as additional funding to overcome systemic barriers (n = 7) as necessary to facilitate the use of
Al learning tools in Al literacy education.

First, professional development and training were repeatedly identified by respondents as being
able to enhance their own Al literacy knowledge and pedagogical skills for teaching Al literacy. The
findings are well-reflected in the following statements from teachers:

TABLE 5 Qualitative data from teachers' perceived supports.

Perceived support N = Samples

Professional development to overcome N =15 “Pre-service Al literacy training is a necessity.” (Teacher 7)

individual-level “Professional development is required....I have concerns about the
implementation of Al literacy because teachers may not be able to
manage how to use these Al educational tools.” (Teacher 14)
“Training is required... Teachers not only need Al technological
knowledge but also how to teach Al literacy because students are so
young.” (Teacher 22)

Policy support to overcome systemic N =17 “Time constraints are a significant factor...We need additional
barriers funding.” (Teacher 13) “Policy support will help.” (Teacher 21)
“Training and policy support.” (Teacher 24)
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“I have concerns about the implementation of Al literacy because teachers may not be
able to manage how to use these Al educational tools.” (Teacher 14)

“Teachers not only need Al technological knowledge but they also need to know how to
teach Al literacy because students are so young.” (Teacher 22)

“There is no support for the teachers at the moment.” (Teacher 9)

While many teachers advocate in-service professional development, one teacher emphasized that
“Pre-service Al literacy training is a necessity” (Teacher 7). Another teacher stated that “Training is
also critical” (Teacher 10).

Second, teachers believed that there is a need for policy support to overcome systemic barriers
(n = 7). Some teachers suggested “additional funding” (n = 3).

In relation to systemic barriers, the respondents also highlighted the importance of allocating
additional time and financial resources to teachers and schools to facilitate the use of Al educational
tools. For example,

“Time constraints are a significant factor.” (Teacher 13, 19)
“Mastering Al literacy knowledge for teaching students requires considerable time in-
vestment (Teacher 13)” and “Workload will be increased.” (Teacher 12)

Another two teachers also stated that

“We need the updated and new hardware and resources.” (Teacher 11) and “We need
more money.” (Teacher 13)

8 | DISCUSSION

Based on the TAM model and the TPACK framework, this study offers several key insights into
teachers' attitudes and perceptions regarding Al literacy education for young students as well as
their acceptance of Al educational tools, comparing these findings with existing literature to
contextualize and understand their broader implications. The study reveals that teachers reported
insufficient AI CK and experience in teaching Al literacy (TCK), and a lack of familiarity with
TPACK knowledge. However, they expressed positive attitudes regarding the use of Al educational
tools for teaching Al literacy to young students. Moreover, teachers reported that professional
development and funding support will be able to ease teachers' individual and systemic barriers to
teaching Al literacy.

First, based on the TAM model, the findings of this study revealed that teachers had positive
perceptions about the ease of use and usefulness of Al educational tools in Al literacy education for
young students. This finding aligns with systematic reviews by Crompton et al. (2024) and Yim and
Su (2024), which highlight the effectiveness of Al tools in enhancing students' Al knowledge and
skills. Similarly, the majority of teachers in this study expressed a positive attitude toward teaching
Al literacy to young students, echoing Polak et al. (2022), who find a high willingness among
teachers in Bulgaria, Greece, Italy, and Romania to introduce Al-related content to students.

Second, in line with Chiu et al. (2023), who examine Al teaching in universities, the study finds
that teachers possessed insufficient technological knowledge (i.e., TCK), as well as a lack of CK
regarding Al literacy. Another shared similarity was the prevalence of low self-confidence among
teachers regarding Al educational tools, which stems from inadequate access to relevant TPACK
knowledge, as noted by Su et al. (2022). Also consistent with prior studies (Vartiainen et al., 2020;
Williams et al., 2021), the teachers in this study typically had limited prior experience with the use of
Al educational tools and teaching Al literacy to young students.
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Third, this study identifies five factors that influence teachers' attitudes toward the acceptance of
Al educational tools in Al literacy education: (a) their perceptions of their Al CK and experience in
teaching Al literacy (TCK); (b) technical challenges and stakeholder acceptance; (¢) the attributes of
Al educational learning tools; (d) school infrastructure and budget constraints; and (e) potential for
distraction and negative emotional responses.

While the teachers in this study generally endorsed Al educational tools individually and sup-
ported Al literacy education, these positive attitudes were not commonly translated into practical
implementation. The factors that influence teachers' attitudes toward the use of AI educational
learning tools in Al literacy education for young students are likely tied to the teachers' understanding
and definition of Al. This diverse conceptualization of AI among the teacher respondents could vary
greatly between individuals, leading to a wide range of perspectives on the potential benefits and
drawbacks of using Al educational learning tools in the classroom. This study also reveals that
teachers potentially lack the confidence to use Al educational tools and that they require more in-
formation on evaluating and effectively integrating these tools with content in the primary school
classroom. While individual acceptance of Al is important, it does not necessarily render Al literacy
education for young students sustainable or effective. The study highlights the need for collective
efforts and comprehensive training for the entire teaching team to ensure a consistent and sustainable
approach to teaching Al literacy to young students.

Despite previous studies and reviews agreeing on the effectiveness of Al educational tools in Al
literacy education for young students (Yim & Su, 2024), teachers in this study have expressed
concerns about these tools. This finding corresponds with Wegerif and Major (2023), who note that
educational technology often provokes controversy among teachers, particularly when perceived as a
distraction undermining students' learning agency (Han et al., 2024). Moreover, this study reveals
additional concerns from teachers about the potential negative impacts of educational technology on
young students' cognitive development and visual health. This finding highlights the importance of
collaboration with Information Technology (IT) companies and research institutions to support ed-
ucators' needs and address risk concerns when designing and integrating Al educational tools into
teaching practices (Luckin et al., 2022). Teachers must be informed by IT companies of the limi-
tations and risks associated with their educational tools.

Teachers' lack of knowledge of readily available educational tools and age-appropriate teaching
materials for teaching Al to young students requires that they undergo ongoing training in order to
remain updated in emerging Al educational settings (Su et al., 2022). This study corroborates
research by Sperling et al. (2024) and Marques et al. (2020) highlighting the scarcity of professional
development for teachers in Al literacy education. The results of this study also align with the review
of Crompton et al. (2024), who find that without knowing how to effectively implement Al in
teaching and learning, educators will likely use Al tools ineffectively or not at all. This study in-
dicates that teachers perceive ongoing training, technical support and funding as able to increase
teachers' motivation to use Al educational tools within the context of the Chinese educational system.

Lastly, some teachers suggested that, while they would be keen to use more Al educational
learning tools in their classes, they are concerned that they would be restricted by constraints related
to school budget and infrastructure, such as limited storage space and the cost of Al educational tools.
The teachers also expressed concerns that such tools may limit their pedagogical scope, produce
negative emotional responses from students, and cause distraction and potential visual health
problems in the classroom. As a result, teachers suggested that they may prefer an approach based
more on the arts and less on technology. This study contributes to the existing literature by suggesting
that teachers tend to opt for an arts-based approach to teaching Al literacy. This could be due to
teachers' belief that such an approach involves more direct human interaction and that it could
balance the use of Al tools with other non-technological pedagogies in order to ensure students' well-
being and diverse learning experiences. This readiness by teachers to integrate Al tools with arts-
based methods can create opportunities for a more adaptive alternative to traditional Al literacy
education.
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9 | RESEARCH IMPLICATIONS
9.1 | Theoretical implications

This study contributes to the existing literature by arguing that the TAM model and the TPACK
framework are valuable for understanding teachers' perceptions of the ease of use and usefulness of
Al educational tools, as well as their level of TPACK in relation to Al literacy education for young
students. By focusing on factors such as the ease of use and usefulness of Al educational tools, as
well as teachers' perspectives on Al literacy, this paper sheds light on the factors that influence
teachers' acceptance of Al educational tools for Al literacy teaching. In doing so, the study highlights
the significance of the TAM and TPACK in facilitating the adoption of Al educational tools in
educational settings aimed at young students.

9.2 | Pedagogical implications

The results of this study indicate that while teachers recognize the value and acceptability of Al
educational tools in Al literacy education, there is a notable interest among educators in incorporating
an arts-based approach to enrich the learning experiences of young students. In the context of Al
literacy education, this approach, as described by Yim (2023), aims to empower students to think
creatively while building their conceptual understanding of Al. Furthermore, the arts-based approach
aligns with the growing emphasis on holistic and interdisciplinary approaches, catering to the diverse
learning styles and interests of young students (Su et al., 2024; Tan, et al., 2020; Yim, 2024b).

10 | RECOMMENDATIONS
10.1 | Researchers

Based on this study, researchers are encouraged to explore teachers' competence in Al literacy with a
particular focus on knowledge of TPACK and TCK for professional development. In addition, they
could also critically evaluate the effectiveness of Al educational tools and share evidence-based
findings on their risks and possibilities with policymakers and educators for informed decision-
making.

10.2 | Policymakers

Policymakers are recommended to develop proactive strategies and regulations to ensure the safe and
positive use of Al educational tools in schools. It is also advised to allocate more resources and
funding for professional development to empower both in-service and pre-service teachers, provide
up-to-date Al educational tools in Al literacy education, as well as establish ongoing technical
support mechanisms. To support teachers in effectively using Al educational tools, detailed technical
guidelines should be provided. These guidelines should cover the capabilities and limitations of the
tools, their usability and accessibility, potential risks and unintended consequences, as well as
evidence-based instructional practices for their integration. This could enhance teachers' motivation
to access and incorporate these Al educational tools into Al literacy education. Additionally, the
government could foster research collaboration with the Al industry to drive innovation, while
policymakers could also facilitate partnerships between schools and Al developers to ensure the
accessibility of advanced Al educational tools and technologies for schools.
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10.3 | Educators

Educators, as the key stakeholders in Al literacy education, are encouraged to access professional
development opportunities and advocate for equitable access to Al educational tools and resources to
effectively teach Al literacy in a safe and inclusive technological environment. Further collaboration
is needed to facilitate discussions between developers, designers of Al educational tools, and school
teachers. This collaboration should aim to better understand teachers' needs, concerns, and teaching
goals, ensuring the design of Al educational tools that are relevant, effective, and aligned with school
curricula.

11 | LIMITATIONS AND FUTURE DIRECTIONS

This study has employed a mixed method to triangulate its results. The discrepancy between survey
responses and focus group findings suggests limitations in using surveys within the context of this
exploratory study. The differences in their responses may be a reflection of the wide diversity in how
teachers conceptualize and think about AI. Due to the design of the surveys, they may not have
accurately captured the full extent of teachers' knowledge and understanding. The focus group
provided a more in-depth understanding of teachers' perceptions, Al literacy knowledge, and pro-
fessional development needs. This perhaps highlights the need for more comprehensive assessment
tools, such as detailed questionnaires, interviews, or interactive workshops, to better gauge teachers'
familiarity and perspectives regarding Al literacy.

User acceptance of technology is fundamental to the effective uptake of technologies
(Davis, 1989). However, this study only considers the perspective of teachers. Future studies should
also consider other key stakeholders, such as the perceptions of students and their parents in terms of
their acceptance of using Al technological tools in Al literacy education. This paper calls for re-
searchers to investigate the perceptions of students and their parents regarding Al literacy education,
as well as to design professional development program for in-service and pre-service teachers that are
tailored to their local contexts.

Understanding different stakeholders' perceptions of Al educational tools can help identify better
ways to invest resources in Al literacy education for young students. Al educational technologies for
young students include hardware-focused and software-focused tools, and intelligent agents (Yim &
Su, 2024); however, this study employs the broad term “Al educational tools”. As such, future
research may define such tools more specifically in order that policy-makers know which tools should
be supported and funded.

From a research perspective, this study provides an opportunity for researchers to further explore
the acceptance of Al educational tools in Al literacy education for young students, examining
viewpoints beyond those covered in this study. Future research could investigate additional di-
mensions, including how cultural factors influence the acceptance of Al educational tools among
teachers and students, and evaluate the effectiveness of arts-based approaches in Al literacy edu-
cation for young students. By broadening the scope of inquiry, researchers may enhance their un-
derstanding of Al educational tools in Al literacy education, thereby contributing to the development
of informed pedagogical practices and policies.

12 | CONCLUSION

To effectively implement Al literacy education using Al educational learning tools for young students, it
is important to understand teachers' perceptions and acceptance of technologies, their perceived sup-
port, and their professional development requirements. Teachers are more likely to embrace Al
educational learning tools if they find them beneficial for enhancing student learning outcomes. This
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study identifies that teachers perceive their TPACK and TCK knowledge as insufficient. It provides
insights for policymakers to strategize professional development initiatives, addressing the needs of
both in-service and pre-service teachers, allocating sufficient funding, and establishing ongoing tech-
nical support mechanisms. This approach ensures that teachers acquire the necessary skills and
knowledge to effectively use Al educational tools in the classroom. Moreover, this study contributes to
the literature by indicating that teachers are supportive of exploring new pedagogical methods for Al
literacy education through integrating Al educational tools with an arts-based approach.

AUTHOR CONTRIBUTIONS

Iris Heung Yue Yim: Conceptualization; Data curation; Formal analysis; Methodology; Validation;
Visualization; Writing - original draft. Rupert Wegerif: Supervision; Validation; Writing - review &
editing.

ACKNOWLEDGMENTS

We would like to acknowledge that this paper is a contribution arising from Iris Heung Yue Yim her
PhD research. The support and guidance provided by Professor Rupert Wegerif and the University of
Cambridge during this ongoing academic pursuit have been instrumental and greatly appreciated.
This work was supported by the University of Cambridge under Wolfson College Travel and
Research Grants Year 2024 (Reference TA23091).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that supports the findings of this study are available in the supplementary material of this
article.

ETHICS STATEMENT

Research approval was obtained from the Research Ethics Committee in the authors' institution. This
work was supported by the University o Cambridge under Wolfson College Travel and Research Grants
Year 2024 (Reference TA23091). Informed consent was obtained from all participants. They were
informed that participation was voluntary and that they could withdraw from the study at any time and
for any reason. There are no potential conflicts of interest in this study. The data supporting the findings
have not been made publicly available; however, tables, figures, and surveys can be found in various
locations: Figures 1-4 and Tables 1-5, with excerpts provided in Appendices A, B, and C.

ORCID
Iris Heung Yue Yim © https://orcid.org/0000-0002-5392-0092
Rupert Wegerif @ https://orcid.org/0000-0003-2278-2245

REFERENCES

Aggarwal, C. C. (2018). Neural networks and deep learning. Springer, Vol. 10(978), 3.

Ali, S., Payne, B. H., Williams, R., Park, H. W., & Breazeal, C. (2019, June). Constructionism, ethics, and creativity:
Developing primary and middle school artificial intelligence education. In International workshop on education in
artificial intelligence k-12 (eduai’19) (Vol. 2, pp. 1-4).

Aliabadi, R., Singh, A., & Wilson, E. (2023, June). Transdisciplinary Al education: The confluence of curricular and com-
munity needs in the instruction of artificial intelligence. In International conference on artificial intelligence in education
technology (pp. 137-151). Springer Nature Singapore.

Ayanwale, M. A., Adelana, O. P., Molefi, R. R., Adeeko, O., & Ishola, A. M. (2024). Examining artificial intelligence literacy
among pre-service teachers for future classrooms. Computers and Education Open, 6, 100179. https://doi.org/10.1016/].
cae0.2024.100179


https://orcid.org/0000-0002-5392-0092
https://orcid.org/0000-0002-5392-0092
https://orcid.org/0000-0003-2278-2245
https://orcid.org/0000-0003-2278-2245
https://doi.org/10.1016/j.caeo.2024.100179
https://doi.org/10.1016/j.caeo.2024.100179
https://orcid.org/0000-0002-5392-0092
https://orcid.org/0000-0003-2278-2245

YIM and WEGERIF

Baker, T., & Smith, L. (2019). Educ-Al-tion rebooted? Exploring the future of artificial intelligence in schools and colleges.
Retrieved from https://media.nesta.org.uk/documents/Future of Al and education v5 WEB.pdf

Bayley, A. (2018). 21st century teaching and learning. In Posthuman pedagogies in practice: Arts based approaches for
developing participatory futures (pp. 19-50). Palgrave Macmillan Cham.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in Psychology, 3(2), 77-101.
https://doi.org/10.1191/1478088706qp0630a

Bulathwela, S., Pérez-Ortiz, M., Holloway, C., Cukurova, M., & Shawe-Taylor, J. (2024). Artificial intelligence alone will not
democratise education: On educational inequality, techno-solutionism and inclusive tools. Sustainability, 16(2), 781.
https://doi.org/10.3390/su16020781

Bureekhampun, S., & Mungmee, T. (2020). STEAM education for preschool students: Patterns, activity designs and effects.
Journal for the Education of Gifted Young Scientists, 8(3), 1201-1212. https://doi.org/10.17478/jegys.775835

Celik, I. (2023). Towards Intelligent-TPACK: An empirical study on teachers’ professional knowledge to ethically integrate
artificial intelligence (Al)-based tools into education. Computers in Human Behavior, 138, 107468. https://doi.org/10.
1016/j.chb.2022.107468

Chai, C. S., Koh, J. H. L., & Tsai, C. C. (2013). A review of technological pedagogical content knowledge. Journal of
Educational Technology & Society, 16(2), 31-51.

Chaldi, D., & Mantzanidou, G. (2021). Educational robotics and STEAM in early childhood education. Advances in Mobile
Learning Educational Research, 1(2), 72-81. https://doi.org/10.25082/amler.2021.02.003

Chen, X., Xie, H., Zou, D., & Hwang, G. J. (2020). Application and theory gaps during the rise of artificial intelligence in
education. Computers and Education: Artificial Intelligence, 1, 100002. https://doi.org/10.1016/j.caecai.2020.100002

Cheng, M. W., & Yim, 1. H. (2024). Examining the use of ChatGPT in public universities in Hong Kong: A case study of
restricted access areas. Discover Education, 3(1), 1-10. https://doi.org/10.1007/s44217-023-00081-8

Chiu, T. K. (2024). Future research recommendations for transforming higher education with generative Al. Computers and
Education: Artificial Intelligence, 6, 100197. https://doi.org/10.1016/j.caeai.2023.100197

Chiu, T. K., Meng, H., Chai, C. S., King, I., Wong, S., & Yam, Y. (2021). Creation and evaluation of a pretertiary artificial
intelligence (Al) curriculum. [EEE Transactions on Education, 65(1), 30-39. https://doi.org/10.1109/te.2021.3085878

Chiu, T. K., & Sanusi, I. T. (2024). Define, foster, and assess student and teacher Al literacy and competency for all: Current
status and future research direction. Computers and Education Open, 100182. https://doi.org/10.1016/j.cac0.2024.
100182

Chiu, T. K., Xia, Q., Zhou, X., Chai, C. S., & Cheng, M. (2023). Systematic literature review on opportunities, challenges, and
future research recommendations of artificial intelligence in education. Computers and Education: Artificial Intelligence,
4, 100118. https://doi.org/10.1016/j.caeai.2022.100118

Choi, S., Jang, Y., & Kim, H. (2023). Influence of pedagogical beliefs and perceived trust on teachers’ acceptance of
educational artificial intelligence tools. International Journal of Human-Computer Interaction, 39(4), 910-922. https://
doi.org/10.1080/10447318.2022.2049145

Chounta, 1. A., Bardone, E., Raudsep, A., & Pedaste, M. (2022). Exploring teachers’ perceptions of artificial intelligence as a
tool to support their practice in Estonian K-12 education. International Journal of Artificial Intelligence in Education,
32(3), 725-755. https://doi.org/10.1007/s40593-021-00243-5

Clark, J. (2012). Using diamond ranking as visual cues to engage young people in the research process. Qualitative Research
Journal, 12(2), 222-237. https://doi.org/10.1108/14439881211248365

Creswell, J. W. (1999). Mixed-method research: Introduction and application. In Handbook of educational policy (pp. 455—
472). Academic press.

Crompton, H., Jones, M. V., & Burke, D. (2024). Affordances and challenges of artificial intelligence in K-12 education: A
systematic review. Journal of Research on Technology in Education, 56(3), 248-268. https://doi.org/10.1080/15391523.
2022.2121344

Dai, Y., Lin, Z., Liu, A., Dai, D., & Wang, W. (2024). Effect of an analogy-based approach of artificial intelligence pedagogy
in upper primary schools. Journal of Educational Computing Research, 61(8), 159—186. https://doi.org/10.1177/
07356331231201342

Dai, Y., Liu, A., Qin, J., Guo, Y., Jong, M. S. Y., Chai, C. S., & Lin, Z. (2023). Collaborative construction of artificial intelligence
curriculum in primary schools. Journal of Engineering Education, 112(1), 23—42. https://doi.org/10.1002/jee.20503

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS
Quarterly, 13(3), 319-340. https://doi.org/10.2307/249008

Du, X., & Wang, X. (2023). Play by design: Developing artificial intelligence literacy through game-based learning. Journal of
Computer Science Research, 5(4), 1-12. https://doi.org/10.30564/jcsr.v514.5999

Edwards, C., Edwards, A., Spence, P. R., & Lin, X. (2018). I, teacher: Using artificial intelligence (AI) and social robots in
communication and instruction. Communication Education, 67(4), 473—480. https://doi.org/10.1080/03634523.2018.
1502459

Farahani, M., & Ghasemi, G. (2024). Artificial intelligence and inequality: Challenges and opportunities.

Grani¢, A., & Maranguni¢, N. (2019). Technology acceptance model in educational context: A systematic literature review.
British Journal of Educational Technology, 50(5), 2572-2593. https://doi.org/10.1111/bjet.12864


https://media.nesta.org.uk/documents/Future_of_AI_and_education_v5_WEB.pdf
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.3390/su16020781
https://doi.org/10.17478/jegys.775835
https://doi.org/10.1016/j.chb.2022.107468
https://doi.org/10.1016/j.chb.2022.107468
https://doi.org/10.25082/amler.2021.02.003
https://doi.org/10.1016/j.caeai.2020.100002
https://doi.org/10.1007/s44217-023-00081-8
https://doi.org/10.1016/j.caeai.2023.100197
https://doi.org/10.1109/te.2021.3085878
https://doi.org/10.1016/j.caeo.2024.100182
https://doi.org/10.1016/j.caeo.2024.100182
https://doi.org/10.1016/j.caeai.2022.100118
https://doi.org/10.1080/10447318.2022.2049145
https://doi.org/10.1080/10447318.2022.2049145
https://doi.org/10.1007/s40593-021-00243-5
https://doi.org/10.1108/14439881211248365
https://doi.org/10.1080/15391523.2022.2121344
https://doi.org/10.1080/15391523.2022.2121344
https://doi.org/10.1177/07356331231201342
https://doi.org/10.1177/07356331231201342
https://doi.org/10.1002/jee.20503
https://doi.org/10.2307/249008
https://doi.org/10.30564/jcsr.v5i4.5999
https://doi.org/10.1080/03634523.2018.1502459
https://doi.org/10.1080/03634523.2018.1502459
https://doi.org/10.1111/bjet.12864

YIM and WEGERIF

Han, A., Zhou, X., Cai, Z., Han, S., Ko, R., Corrigan, S., & Peppler, K. A. (2024, May). Teachers, parents, and students'
perspectives on integrating generative Al into elementary literacy education. In Proceedings of the CHI conference on
human factors in computing systems, May 11-16, 2024, Honolulu, HI, USA (pp. 1-17). ACM.

Heintz, F. (2021). Three interviews about K-12 Al education in America, Europe, and Singapore. KI-Kiinstliche Intelligenz,
35(2), 233-237. https://doi.org/10.1007/s13218-021-00730-w

Holmes, W., Bialik, M., & Fadel, C. (2023). Artificial intelligence in education. Globethics Publications.

Jauhiainen, J. S., & Guerra, A. G. (2023). Generative Al and ChatGPT in school children’s education: Evidence from a school
lesson. Sustainability, 15(18), 14025. https://doi.org/10.3390/sul51814025

Johal, W., Castellano, G., Tanaka, F., & Okita, S. (2018). Robots for learning. International Journal of Social Robotics, 10(3),
293-294. https://doi.org/10.1007/s12369-018-0481-8

Kandlhofer, M., Steinbauer, G., Hirschmugl-Gaisch, S., & Huber, P. (2016, October). Artificial intelligence and computer science
in education: From kindergarten to university. In 2016 IEEE frontiers in education conference (FIE) (pp. 1-9). IEEE.

Kelly, S., Kaye, S. A., & Oviedo-Trespalacios, O. (2023). What factors contribute to the acceptance of artificial intelligence? A
systematic review. Telematics and Informatics, 77, 101925. https://doi.org/10.1016/j.tele.2022.101925

Khanlari, A. (2016). Teachers’ perceptions of the benefits and the challenges of integrating educational robots into primary/
elementary curricula. European Journal of Engineering Education, 41(3), 320-330. https://doi.org/10.1080/03043797.
2015.1056106

Kim, J. O., & Kim, J. (2016). Development of science-arts integrative STEAM program in elementary school using the
educational robot. International Journal of Computer Science and Information Technology for Education, 1(1), 47-52.
https://doi.org/10.21742/ijcsite.2016.1.08

Kim, K., & Kwon, K. (2023). Exploring the Al competencies of elementary school teachers in South Korea. Computers and
Education: Artificial Intelligence, 4, 100137. https://doi.org/10.1016/j.caeai.2023.100137

Kim, N. J., & Kim, M. K. (2022, March). Teacher’s perceptions of using an artificial intelligence-based educational tool for
scientific writing. In Frontiers in education (Vol. 7, p. 755914). Frontiers Media SA.

Koehler, M., & Mishra, P. (2009). What is technological pedagogical content knowledge (TPACK)? Contemporary Issues in
Technology and Teacher Education, 9(1), 60-70.

Kong, S. C., Cheung, M. Y. W., & Tsang, O. (2024). Developing an artificial intelligence literacy framework: Evaluation of a
literacy course for senior secondary students using a project-based learning approach. Computers and Education:
Artificial Intelligence, 6, 100214. https://doi.org/10.1016/j.caeai.2024.100214

Kong, S. C., Lai, M., & Li, Y. (2023). Scaling up a teacher development programme for sustainable computational thinking
education: TPACK surveys, concept tests and primary school visits. Computers and Education, 194, 104707. https://doi.
org/10.1016/j.compedu.2022.104707

Laupichler, M. C., Aster, A., Schirch, J., & Raupach, T. (2022). Artificial intelligence literacy in higher and adult education: A
scoping literature review. Computers and Education: Artificial Intelligence, 3, 100101. https://doi.org/10.1016/j.caeai.
2022.100101

Lin, X. F., Chen, L., Chan, K. K., Peng, S., Chen, X., Xie, S., Liu, J., & Hu, Q. (2022). Teachers’ perceptions of teaching
sustainable artificial intelligence: A design frame perspective. Sustainability, 14(13), 7811. https://doi.org/10.3390/
sul4137811

Liu, M., Ren, Y., Nyagoga, L. M., Stonier, F., Wu, Z., & Yu, L. (2023). Future of education in the era of generative artificial
intelligence: Consensus among Chinese scholars on applications of ChatGPT in schools. Future in Educational
Research, 1(1), 72-101. https://doi.org/10.1002/fer3.10

Long, D., & Magerko, B. (2020, April). What is Al literacy? Competencies and design considerations. In Proceedings of the
2020 CHI conference on human factors in computing systems (pp. 1-16). https://doi.org/10.1145/3313831.3376727

Long, D., Rollins, S., Ali-Diaz, J., Hancock, K., Nuonsinoeun, S., Roberts, J., & Magerko, B. (2023, June). Fostering Al
literacy with embodiment and creativity: From activity boxes to museum exhibits. In Proceedings of the 22nd annual
ACM interaction design and children conference (pp. 727-731). https://doi.org/10.1145/3585088.3594495

Luckin, R., George, K., & Cukurova, M. (2022). A1 for school teachers. CRC Press.

Luckin, R., & Holmes, W. (2016). Intelligence unleashed: An argument for Al in education. Open Ideas; Pearson Education.
Marques, L. S., Gresse von Wangenheim, C., & Hauck, J. C. (2020). Teaching machine learning in school: A systematic
mapping of the state of the art. Informatics in Education, 19(2), 283-321. https://doi.org/10.15388/infedu.2020.14
Melsion, G. I, Torre, 1., Vidal, E., & Leite, I. (2021, June). Using explainability to help children understand gender bias in Al
In Proceedings of the interaction design and children, Athens, Greece (pp. 87-99). https://doi.org/10.1145/3459990.

3460719

Miao, F., Holmes, W., Huang, R., & Zhang, H. (2021). A/ and education: A guidance for policymakers. Unesco Publishing.

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A framework for teacher knowledge.
Teachers College Record, 108(6), 1017-1054. https://doi.org/10.1177/016146810610800610

Moreno, R., Guthrie, K. H., & Strickland, K. (2023). Incorporating arts-based pedagogy: Moving beyond traditional approaches
to teaching qualitative research. Teaching & Learning Inquiry, 11. https://doi.org/10.20343/teachlearninqu.11.15

Moura, A., & Carvalho, A. A. A. (2024, February). Teachers’ perceptions of the use of artificial intelligence in the classroom.
In International conference on lifelong education and leadership for all (ICLEL 2023) (pp. 140-150). Atlantis Press.

Ng, D. T. K., Leung, J. K. L., Su, M. J,, Yim, I. H. Y., Qiao, M. S., & Chu, S. K. W. (2023). A/ literacy in K-16 classrooms.
Springer International Publishing AG.


https://doi.org/10.1007/s13218-021-00730-w
https://doi.org/10.3390/su151814025
https://doi.org/10.1007/s12369-018-0481-8
https://doi.org/10.1016/j.tele.2022.101925
https://doi.org/10.1080/03043797.2015.1056106
https://doi.org/10.1080/03043797.2015.1056106
https://doi.org/10.21742/ijcsite.2016.1.08
https://doi.org/10.1016/j.caeai.2023.100137
https://doi.org/10.1016/j.caeai.2024.100214
https://doi.org/10.1016/j.compedu.2022.104707
https://doi.org/10.1016/j.compedu.2022.104707
https://doi.org/10.1016/j.caeai.2022.100101
https://doi.org/10.1016/j.caeai.2022.100101
https://doi.org/10.3390/su14137811
https://doi.org/10.3390/su14137811
https://doi.org/10.1002/fer3.10
https://doi.org/10.1145/3313831.3376727
https://doi.org/10.1145/3585088.3594495
https://doi.org/10.15388/infedu.2020.14
https://doi.org/10.1145/3459990.3460719
https://doi.org/10.1145/3459990.3460719
https://doi.org/10.1177/016146810610800610
https://doi.org/10.20343/teachlearninqu.11.15

YIM and WEGERIF

Ning, Y., Zhang, C., Xu, B., Zhou, Y., & Wijaya, T. T. (2024). Teachers’ AI-TPACK: Exploring the relationship between
knowledge elements. Sustainability, 16(3), 978. https://doi.org/10.3390/sul6030978

Pedro, F., Subosa, M., Rivas, A., & Valverde, P. (2019). Artificial intelligence in education: Challenges and opportunities for
sustainable development. United Nations Educational, Scientific and Cultural Organization. https://unesdoc.unesco.org/
ark:/48223/pf0000366994

Polak, S., Schiavo, G., & Zancanaro, M. (2022, April). Teachers’ perspective on artificial intelligence education: An initial
investigation. In CHI conference on human factors in computing systems extended abstracts (pp. 1-7).

Russell, S. (2021). Human-compatible artificial intelligence. In Human-like machine intelligence (pp. 3-23).

Russell, S. J., & Norvig, P. (2010). Artificial intelligence a modern approach.

Scherer, R., Siddiq, F., & Tondeur, J. (2019). The technology acceptance model (TAM): A meta-analytic structural equation
modeling approach to explaining teachers’ adoption of digital technology in education. Computers and Education, 128,
13-35. https://doi.org/10.1016/j.compedu.2018.09.009

Schiavo, G., Businaro, S., & Zancanaro, M. (2024). Comprehension, apprehension, and acceptance: Understanding the in-
fluence of literacy and anxiety on acceptance of artificial Intelligence. Technology in Society, 77, 102537. https://doi.org/
10.1016/j.techsoc.2024.102537

Shamir, G., & Levin, I. (2021). Neural network construction practices in elementary school. KI-Kiinstliche Intelligenz, 35(2),
181-189. https://doi.org/10.1007/s13218-021-00729-3

Sperling, K., Stenberg, C. J., McGrath, C., Akerfeldt, A., Heintz, F., & Stenliden, L. (2024). In search of artificial intelligence
(Al literacy in teacher education: A scoping review. Computers and Education Open, 6, 100169. https://doi.org/10.1016/
j.cae0.2024.100169

Su, J. (2024). Kindergarten teachers’ perceptions of Al literacy education for young children. International Journal of
Technology and Design Education, 34(5), 1-21. https://doi.org/10.1007/s10798-024-09876-8

Su, J., & Yang, W. (2022). Artificial intelligence in early childhood education: A scoping review. Computers and Education:
Artificial Intelligence, 3, 100049. https://doi.org/10.1016/j.caecai.2022.100049

Su, J., Yim, I. H. Y., Wegerif, R., & Wah Chu, S. K. (2024). STEAM in early childhood education: A scoping review. Research
in Science and Technological Education, 1-17. https://doi.org/10.1080/02635143.2023.2296445

Su, J., Zhong, Y., & Ng, D. T. K. (2022). A meta-review of literature on educational approaches for teaching Al at the K-12
levels in the Asia-Pacific region. Computers and Education: Artificial Intelligence, 3, 100065. https://doi.org/10.1016/].
caeai.2022.100065

Sullivan, A., & Bers, M. U. (2018). Dancing robots: Integrating art, music, and robotics in Singapore’s early childhood centers.
International Journal of Technology and Design Education, 28(2), 325-346. https://doi.org/10.1007/s10798-017-9397-0

Tan, W. L., Samsudin, M. A., Ismail, M. E., & Ahmad, N. J. (2020). Gender differences in students’ achievements in learning
concepts of electricity via STEAM integrated approach utilizing scratch. Problems of Education in the 21st Century, vol.
78(3), 423-448. https://doi.org/10.33225/pec/20.78.423

Toivonen, T., Jormanainen, I., Kahila, J., Tedre, M., Valtonen, T., & Vartiainen, H. (2020, July). Co-designing machine
learning apps in K—12 with primary school children. In 2020 I[EEE 20th international conference on advanced learning
technologies (ICALT) (pp. 308-310). IEEE.

Touretzky, D., Gardner-McCune, C., & Sechorn, D. (2023). Machine learning and the five big ideas in Al. International
Journal of Artificial Intelligence in Education, 33(2), 233-266. https://doi.org/10.1007/s40593-022-00314-1

Vartiainen, H., Tedre, M., & Valtonen, T. (2020). Learning machine learning with very young children: Who is teaching
whom? International Journal of Cchild-Computer interaction, 25, 100182. https://doi.org/10.1016/j.ijcci.2020.100182

Venkatesh, V., & Davis, F. D. (1996). A model of the antecedents of perceived ease of use: Development and test. Decision
Sciences, 27(3), 451-481. https://doi.org/10.1111/j.1540-5915.1996.tb00860.x

Walsh, B., Dalton, B., Forsyth, S., & Yeh, T. (2023, June). Literacy and STEM teachers adapt Al ethics curriculum. In
Proceedings of the AAAI conference on artificial intelligence, (Vol. 37, No. 13, pp. 16048-16055), https://doi.org/10.
1609/aaai.v37i13.26906

Wegerif, R., & Major, L. (2023). The theory of educational technology: Towards a dialogic foundation for design. Taylor and
Francis.

Williams, R., Ali, S., Alcantara, R., Burghleh, T., Alghowinem, S., & Breazeal, C. (2024, March). Doodlebot: An educational
robot for creativity and Al literacy. In Proceedings of the 2024 ACM/IEEE international conference on human-robot
interaction (pp. 772-780).

Williams, R., Kaputsos, S. P., & Breazeal, C. (2021, May). Teacher perspectives on how to train your robot: A middle school
Al and ethics curriculum. Proceedings of the AAAI conference on artificial intelligence, Vol. 35(17), 15678-15686.
https://doi.org/10.1609/aaai.v35i17.17847

Williams, R., Park, H. W., Oh, L., & Breazeal, C. (2019, July). Popbots: Designing an artificial intelligence curriculum for
early childhood education. In Proceedings of the AAAI conference on artificial intelligence, (Vol. 33, No. 01, pp. 9729-
9736), https://doi.org/10.1609/aaai.v33i01.33019729

Wilton, L., Ip, S., Sharma, M., & Fan, F. (2022, July). Where is the ai? Ai literacy for educators. In International conference on
artificial intelligence in education (pp. 180-188). Springer International Publishing.

Yang, W. (2022). Artificial Intelligence education for young children: Why, what, and how in curriculum design and imple-
mentation. Computers and Education: Artificial Intelligence, 3, 100061. https://doi.org/10.1016/j.caeai.2022.100061


https://doi.org/10.3390/su16030978
https://unesdoc.unesco.org/ark:/48223/pf0000366994
https://unesdoc.unesco.org/ark:/48223/pf0000366994
https://doi.org/10.1016/j.compedu.2018.09.009
https://doi.org/10.1016/j.techsoc.2024.102537
https://doi.org/10.1016/j.techsoc.2024.102537
https://doi.org/10.1007/s13218-021-00729-3
https://doi.org/10.1016/j.caeo.2024.100169
https://doi.org/10.1016/j.caeo.2024.100169
https://doi.org/10.1007/s10798-024-09876-8
https://doi.org/10.1016/j.caeai.2022.100049
https://doi.org/10.1080/02635143.2023.2296445
https://doi.org/10.1016/j.caeai.2022.100065
https://doi.org/10.1016/j.caeai.2022.100065
https://doi.org/10.1007/s10798-017-9397-0
https://doi.org/10.33225/pec/20.78.423
https://doi.org/10.1007/s40593-022-00314-1
https://doi.org/10.1016/j.ijcci.2020.100182
https://doi.org/10.1111/j.1540-5915.1996.tb00860.x
https://doi.org/10.1609/aaai.v37i13.26906
https://doi.org/10.1609/aaai.v37i13.26906
https://doi.org/10.1609/aaai.v35i17.17847
https://doi.org/10.1609/aaai.v33i01.33019729
https://doi.org/10.1016/j.caeai.2022.100061

YIM and WEGERIF

Yau, K. W., Chai, C. S., Chiu, T. K., Meng, H., King, 1., Wong, S. W. H., & Yam, Y. (2022, July). Co-Designing artificial
intelligence curriculum for secondary schools: A grounded theory of teachers' experience. In 2022 International sym-
posium on educational technology (ISET) (pp. 58-62). IEEE.

Yim, I. H. Y. (2023). Design of artificial intelligence (Al) education for primary schools: Arts-based approach (pp. 65-90). Istes
Books.

Yim, I. H. Y. (2024a). A critical review of teaching and learning artificial intelligence (Al) literacy: Developing an intelligence-
based Al literacy framework for primary school education. Computers and Education: Artificial Intelligence, 100319.

Yim, I. H. Y. (2024b). Artificial intelligence literacy in primary education: An arts-based approach to overcoming age and
gender barriers. Computers and Education: Artificial Intelligence, 100321.

Yim, I. H. Y., & Su, J. (2024). Artificial intelligence (Al) learning tools in K-12 education: A scoping review. Journal of
Computers in Education, 1-39. https://doi.org/10.1007/s40692-023-00304-9

Yue, M., Jong, M. S. Y., & Ng, D. T. K. (2024). Understanding K—12 teachers’ technological pedagogical content knowledge
readiness and attitudes toward artificial intelligence education. Education and Information Technologies, 1-32. https://
doi.org/10.1007/s10639-024-12621-2

Zhang, C., SchieB3l, J., P1681, L., Hofmann, F., & Glaser-Zikuda, M. (2023). Acceptance of artificial intelligence among pre-
service teachers: A multigroup analysis. International Journal of Educational Technology in Higher Education, 20(1),
49. https://doi.org/10.1186/s41239-023-00420-7

Zhang, H., Lee, L., Ali, S., DiPaola, D., Cheng, Y., & Breazeal, C. (2023). Integrating ethics and career futures with technical
learning to promote Al literacy for middle school students: An exploratory study. International Journal of Artificial
Intelligence in Education, 33(2), 290-324. https://doi.org/10.1007/s40593-022-00293-3

AUTHOR BIOGRAPHIES

Iris Heung Yue Yim is a Ph.D student in the Faculty of Education at the University of Cam-
bridge. Her research interests include artificial intelligence literacy, artificial intelligence thinking,
dialogic education, STEAM education, arts-based pedagogy, technological enhanced pedagogic
innovation, and early childhood and primary education.

Rupert Wegerif is Professor of Education and Academic Director of the Digital Education
Futures Initiative (DEFI) at the University of Cambridge.

How to cite this article: Yim, [. H. Y., & Wegerif, R. (2024). Teachers' perceptions, attitudes,
and acceptance of artificial intelligence educational learning tools: An exploratory study on

artificial intelligence literacy for young students. Future in Educational Research, 1-28.
https://doi.org/10.1002/fer3.65

APPENDIX A

Survey 1 with 27 rating questions (adapted and modified from Khanlari, 2016).

Survey 1

1. Consent to participate in this survey
Demographic information

2. Gender

3. Age

4. Educational qualification

5. Teaching experience (years)

(Continues)
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(Continued)

Survey 1

6. Have you ever attended Al literacy teacher professional training?

Perception of ease of use

9. Easy and convenient to facilitate teaching

Perception of usefulness

8. Reduces teacher workload

10. Enhance students' class participation and engagement

11. Is an alternative tool to enhance students' learning

12. Develops communication, language and social skills

13. Develops cognitive thinking, skills, and abilities

14. Save teaching time

15. Allow teachers to spend more time on students and their learning

16. Promotes and helps students to develop appropriate behaviors

17. Promote creativity of students

18. Enhance students' Al knowledge

19. Promote students about how to use and interact with Al and develop their Al skills
20. Correct students' any misconception about Al

21. Construct new knowledge with Al

Attitudes of teachers

About school infrastructure

22. Classroom space is small and not enough for the movement and storage of Al educational tools such as social robots
24. The cost of Al educational tools such as social robots is high.

About technical challenges and stakeholder acceptance.

23. Technical issues with Al educational tools such as social robot limitations and malfunction

26. Limited acceptance and resistance from parents and other stakeholders about the use of Al learning tools in the
classroom

About attributes of Al educational tools

25. Al educational tools have their limitations as learning aid and may not be facilitate the teaching of curriculum
29. Have safety issue and a physical threat to students

About human and Al interactions

27. Elicits negative emotions, reactions and behaviors from students

28. Distract students from learning

About teachers' technological knowledge

30. Lack of teachers' knowledge and information about how to use and operate

31. Al educational tools are too advanced and highly complex. I do not have experience in using these tools and lack of
training opportunities
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Survey 1

About pedagogical strategies

34. Do you agree it is necessary to teach students Al literacy

32. Do you agree on the need to use the arts to teach students Al literacy

33. Do you agree on the need to use Al educational learning tools such as social robots to teach students Al
About content (open question)

7. From your understanding, describe what you think artificial intelligence (Al) literacy means to you

35. What do you wish to be added to your current curriculum/program regarding Al literacy learning and teaching?
Others (open question)

36. Any other comments you would like to share?

37. If you would like to be invited for a focus group discussion or interview, kindly leave your name, email address and/
contact number. Thanks

Note: Likert scale from 1 (Strongly Disagree) to 5 (Strongly Agree).

APPENDIX B

Twelve statements for diamond ranking activity (adapted and modified from Kong et al., 2023).

Statements for diamond ranking activity in Al literacy education

Content knowledge (CK)

1) I have sufficient knowledge of Al

2) I can think computationally.

3) I have various ways and strategies for developing my understanding of Al
Pedagogical content knowledge (PCK)

4) Without using technology/computer, I know how to select effective teaching approaches to guide students in thinking
about and learning Al

5) Without using technology/computer, I can help my students to understand Al content in various ways.
6) Without using technology/computer, I can introduce the content of Al to my students.

Technological pedagogical content knowledge (TPACK)

7) I can design and teach lessons that appropriately combine Al, technologies, and teaching approaches.

8) I can select technologies to use in my classroom that enhance what I teach, how I teach, and what students learn about
artificial intelligence.

9) I can provide support and leadership in helping others to coordinate the use of coding, programming, technologies, and
teaching approaches at my school and/or district.

Technological content knowledge (TCK)

10) I know how to use Teachable Machine for Al literacy education Al. (e.g. Scratch for programming intelligence projects,
ChaptGPT for generating text-based response, “Quick, Draw!” for learning about Al, Google Teachable Machine for
creating machine learning models)

11) I can explain the advantages, disadvantages, and limitations (such as data bias and justice) of using Teachable Machine
in artificial intelligence education.

(Continues)
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(Continued)

Statements for diamond ranking activity in Al literacy education

12) I can choose appropriate images and use tools to train and build Al datasets, such as those availble in Teachable
Machine.

APPENDIX C

Survey 2 with three open questions.

Survey 2

1. Consent to participate in this survey

Demographic information

2. Gender

3. Age

4. Educational qualification

5. Teaching experience (years)

6. Have you ever attended Al literacy teacher professional training?

Open questions

Q1: What you do think about the Al literacy education implementation in Hong Kong? Any difficulties and challenges?
Q2: What supports do you feel is needed to help you implement/introduce Al learning in educational settings?

Q3: What would you be most worried about if an Al learning program were implemented for young students in Hong Kong?
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