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1. INTRODUCTION 
This deliverable addresses the key objective of PAIDEIA project Work Package 2.1: 

to report on the state of the art with regard to Artificial Intelligence (AI) in education in 

PAIDEIA countries. The report is structured in two sections. The first section undertakes a 

scoping literature review regarding how AI is used in education, and how AI education takes 

place, in PAIDEIA countries. The second section undertakes an analysis of key policies 

relating to AI in a number of PAIDEIA countries, as well as consideration of selected 

European and International policies. For both sections, the methodology is explained, 

followed by the key findings from the research undertaken, and concluding with some 

observations and implications for the PAIDEIA project.   

 

2. LITERATURE REVIEW 

2.1 Introduction  

At the time of writing, it feels like there is hardly any facet or walk of life that has not 

been influenced, inspired, or at least intrigued by Artificial Intelligence (AI) (Agrusti, 2023). 

Given this meteoric rise in interest and usage of AI in society more generally, it is 

unsurprising that this has become a topic of considerable attention with regard to teaching, 

learning, and assessment across the world (Incio Flores et al., 2021). The publication of 

recent systematic reviews on a subject may be seen as an indication of its popularity and 

scope, and it is clear that AI education and AI in education has many such reviews 

(Sanabria-Navarro et al., 2023). Some of these systematic reviews concentrate specifically 

on higher/university education (such as Bannister et al., 2023; Fajardo Aguilar et al., 

2023), while others take a cross-sectoral approach and consider both higher education 

and schooling sectors (Delgado et al., 2024; García-Martínez et al., 2023). Of particular 

interest for this report, however, are those which focus specifically on primary and 

secondary/post-primary education, where such reviews are also in plentiful supply. Many 

of these adopt a generalist approach to considering AI usage at these levels (such as 

Crompton et al., 2022; S. J. Lee & Kwon, 2024; Martin et al., 2023; Rizvi et al., 2023). 

Others adopt a more focused approach on specific participants, topics, or issues. This 

includes, for instance, considering the opportunities and challenges of AI for teachers (Celik 

et al., 2022) and the dimensions of their data literacy (J. Lee et al., 2024), students' mental 

models and attitudes regarding AI (Marx et al., 2023), considerations of specific tools such 

as ChatGPT (Zhang & Tur, 2023) and chatbots more generally (Lucana Wehr & Roldan 

Baluis, 2023), focusing upon specific subjects such as school science (Heeg & Avraamidou, 
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2023), consideration of the potential risks of AI integration into school education (Karan & 

Angadi, 2023), as well as approaches for the teaching AI at K-12 levels (Su et al., 2022) 

and pedagogical design of K-12 AI education (Yue et al., 2022).   

Concurrent with this explosion of literature and interest with regard to AI in 

education is a heightened awareness for “AI Literacy” among both students and their 

teachers (Casal-Otero et al., 2023). Some authors have considered how AI may “fit” with 

existing competence frameworks and learning design models, or warrants expansion of 

some aspects of these existing frameworks (such as Celik, 2023; Mishra et al., 2023; 

Tiernan et al., 2023). Others have considered the role of separate AI frameworks 

(Mikeladze et al., 2024) or proposed new ones. This includes, for instance, the AI literacy 

framework proposed by Kong et al. (2024) which consists of four dimensions: cognitive 

(understanding of AI concepts), metacognitive (use of AI concepts for problem solving), 

affective (psychological readiness to use AI), and social (ethics of problem-solving using AI). 

The ED-AI Lit framework by Allen and Kendeou (2024) on the other hand, includes six 

components: Knowledge, Evaluation, Collaboration, Contextualization, Autonomy, and 

Ethics. An earlier (and well known) framework by Ng et al (2021) arises out of their 

exploratory review of academic literature with a view to conceptualising “AI literacy” and 

proposes four aspects based on the adaptation of classic literacies: know and understand, 

use and apply, evaluate and create, and ethical issues. Ng and other authors (2023) build 

upon this work to propose an AI Literacy Instructional Framework which underpins a 12-

lesson AI learning course. And of particular interest at this time are the UNESCO draft AI 

competency frameworks (2024) for teachers and for school students (currently under 

development).   

While there is therefore an enormous and rapidly growing body of published 

literature with regard to AI in schools and education from the world over, this report now 

turns to a more specific consideration of these issues with regard to the seven countries 

represented within the PAIDEIA project, in order to contribute to the key objective of 

PAIDEIA project work package 2.1. The methodology for this more focused literature review 

is now outlined.  

 

2.2 Literature Review Methodology: Scoping Review  

A scoping review is one of a family of literature reviews which adopt a systematic 

approach to finding, analysing, interpreting, and reporting on key literature with regard to 

a particular topic (Sutton et al., 2019). From within this family, scoping reviews are 

particularly relevant when the purpose of the review is to provide evidence to inform 

practice (Munn et al., 2018). This report utilises the well-established and widely recognised 
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five-step framework for the undertaking of scoping reviews as proposed by Arksey and 

O’Malley (2005). These steps are now outlined.   

Step 1: Identifying the Research Question(s)  

The following research questions were adopted in undertaking this scoping review:  

1. What is the extent, nature, and range of peer-reviewed published academic literature 

with regards to AI and education in PAIDEIA countries?   

2. How is AI being used in education in PAIDEIA countries?  

3. What is being taught about AI and how is this being approached in PAIDEIA countries?  

4. How is ITE in PAIDEIA countries currently approaching and using AI?  

Step 2: Identifying Relevant Studies  

A detailed approach was taken to formulating the search criteria, which would be used to 

identify studies of potential relevance. The search focused on four criteria (and associated 

terms) for the study, which are outlined in Table 1.  

 
Table 1: Search Criteria  
 

Criteria Name  Criteria Terms  

Criteria 1 AI Terms  “Artificial Intelligence” OR “AI” or “Generative Artificial Intelligence” OR 

“GenAI” OR “Chatbot” OR “conversational agent” OR “large language 

model” OR LLM OR “machine learning” OR “Intelligent Tutoring System”  

Criteria 2  

Focus on Education   

Education OR Teaching OR Learning OR Training OR Instruction OR 

Assessment OR Teacher* OR Student* OR Pupil* OR Instructor*  

Criteria 3  

Education Level  

K12 OR “primary school” OR “primary level” OR “primary education” OR 

“secondary school” or “secondary level” OR “second level” OR 

“secondary education” OR “post-primary” OR “elementary school” OR 

“middle school” OR “high school” OR “teacher education” OR “teacher 

training” OR “preservice teach*” OR “pre-service teach*” or “student 

teacher” OR “student-teacher” OR “teacher candid*” OR “candidate 

teach*”  

Criteria 4  

Partner Countries  

Belgium OR Bulgaria OR Ireland OR Italy OR Malta OR Spain OR Türkiye  
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The databases used for searching were Academic Search Complete, Education Source, 

Education Resources Information Centre (ERIC), and Web of Science (WoS). Search limiters 

were applied at the point of searching (data range, language, format of paper). These 

search limiters, along with the inclusion and exclusion criteria manually applied during Step 

3, are summarised in Table 2.  

Pilot searches were conducted in Week 4 of March 2024. The search combined all four 

criteria from Table 1 above, and searched at the level of Article Title, Abstract, and 

Keywords. The decision was then taken to expand the search to include published 

conference proceedings, and to search across full text of the papers. The search was rerun 

in Week 1 of April 2024.   

Step 3: Study Selection  

The 484 records returned were now screened manually using the criteria in Table 2. 

 

Table 2: Search Limiters, Inclusion and Exclusion Criteria  

Criterion  Inclusion  Exclusion  

Dates  Published since (or in) 2020  Pre-2020  

Education 

Level   

Education level focuses on Primary 

and/or Secondary/Post-Primary  

Levels;  

Teacher Education  

Early Childhood, Further Education and 

Training, Higher Education, Adult 

Education, non-education settings  

Language   Published in English Language  Non-English Language  

Publication 

type  

Peer-Reviewed Journal Articles;  

Published Conference Proceedings  

Non-Peer-Reviewed Articles, Grey 

Literature, Book Chapters, Blog Posts, 

Reports, etc.  

Access  Full text available   Full text not available  

AI Focus  Sufficient focus within paper on 

AI/Machine Learning/Neural 

Networks/etc.  

No or insufficient focus within paper on 

these terms.   

PAIDEIA  

Partner  

Countries  

Clear indication that research relates 

to one of the seven PAIDEIA 

countries.  

Unclear that research relates to one of the 

seven PAIDEIA countries (e.g. no direct 

reference to this in the text).   
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A rigorous screening process resulted in 79 studies being selected for full review.   

Step 4: Charting the Data  

A Data Extraction Template (DET) was created using Google Forms and used to extract key 

details on each study during the full-text review as this allowed easy export of the captured 

data to spreadsheet format for analysis (filtering, querying, etc.). During full-text review, a 

further four papers were removed.   

Stage 5: Summarising and Reporting Findings      

The final number of papers included in the review is 75. The core details of these papers 

are displayed in Table 3. Each paper has been assigned a Study ID (SID) in this table, and 

these SIDs will be used when reporting on paper findings. The full bibliographical details 

for each paper are available in the report bibliography.  

SID Author(s) Paper Title Year PAIDEIA 

S01  Akyuz & Erdemir  Preservice Science Teachers' Views of a Web-

Based Intelligent Tutoring System  

2022  Türkiye  

S02  Alonso  Teaching Explainable Artificial Intelligence to High 

School Students  

2020  Spain  

S03  Aydın et al.  Investigation of the effects of computer-aided 

animations on conceptual understanding through 

metaphors: An example of artificial intelligence  

2022  Türkiye  

S04  Ballestar et al.  Effectiveness of tutoring at school: A machine 

learning evaluation   

2024  Spain  

S05  Barelli et al.  Epistemic Insights as Design Principles for a 

Teaching-Learning Module on Artificial Intelligence  

2024  Italy  

S06  Belda-Medina & 

Calvo-Ferrer  

Using Chatbots as AI Conversational Partners in 

Language Learning  

2022  Spain  

S07  Belda-Medina & 

Kokošková  

Integrating chatbots in education: insights from 

the ChatbotHuman Interaction Satisfaction Model 

(CHISM)  

2023  Spain  

S08  Bellas et al.  AI Curriculum for European High Schools: An 

Embedded Intelligence Approach  

2023  Italy,  

Spain  

S09  Bozak & Aybek  Comparison of artificial neural networks and 

logistic regression analysis in PISA science literacy 

success prediction  

2020  Türkiye  
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S10  Busra Eren & 

Caliskan  

Classifying High School Students’ Health-Related 

Physical Fitness Report Cards with Data Mining   

2023  Türkiye  

S11  Buyukatak &  

Anil  

An investigation of data mining classification 

methods in classifying students according to 2018 

PISA reading scores  

2022  Türkiye  

S12  Camacho et al.  Data Capture and Multimodal Learning Analytics 

Focused on Engagement with a New Wearable IoT 

Approach  

2020  Spain  

S13  Cebrián- 

Robles et al.   

Impact of Digital Contexts in the Training of 

University Education Students  

2023  Spain  

S14  Çelik & Kartal  Modeling of reading problems experienced by 

primary school students through artificial neural 

networks  

2023  Türkiye  

S15  Çetin et al.  The Effect of Gamified Adaptive Intelligent Tutoring 

System Artibos on Problem-Solving Skills  

2023  Türkiye  

S16  Çetinkata et al.  Analysis of Machine Learning Classification 

Approaches for Predicting Students’ Programming 

Aptitude  

2023  Türkiye  

S17  Çetinkaya & Baykan  Prediction of middle school students' programming 

talent using artificial neural networks  

2020  Türkiye  

S18  Çevik &  

Tabaru-Örnek  

Comparison of Matlab and SPSS software in the 

predicition of academic achievement with artificial 

neutral networks:  

Modeling for elementary school students   

2020  Türkiye  

S19  Chocarro et al.  Teachers’ attitudes towards chatbots in education: 

a technology acceptance model approach 

considering the effect of social language, bot 

proactiveness, and users’ characteristics  

2023  Spain  

S20  Demir & Güraksin  Determining middle school students' perceptions 

of the concept of artificial intelligence: A metaphor 

analysis  

2022  Türkiye  

S21  Deveci Topal et al.  Chatbot application in a 5th grade science course  2021  Türkiye  

S22  DomínguezGonzález 

et al..   

Attention to Diversity from Artificial Intelligence  2023  Spain  
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S24  Eyüp & Kayhan  Pre-Service Turkish Language Teachers' Anxiety and 

Attitudes toward Artificial Intelligence  

2023  Türkiye  

S25  Fernández- 

Martínez et al.  

Early Introduction of AI in Spanish Middle Schools. A 

Motivational Study  

2021  Spain  

S26  Fidan & Gencel  Supporting the Instructional Videos With Chatbot 

and Peer  

Feedback Mechanisms in Online Learning: The 

Effects on  

Learning Performance and Intrinsic Motivation  

2022  Türkiye  

S27  Fissore et al.  Didactic activities on artificial intelligence: The 

perspective of STEM teachers  

2022  Italy  

S28  Gabrielli et al.  A Chatbot-Based Coaching Intervention for 

Adolescents to Promote Life Skills: Pilot Study  

2020  Italy  

S29  GalindoDomínguez 

et al.  

An analysis of the use of artificial intelligence in 

education in Spain: The in-service teacher’s 

perspective  

2024  Spain  

S30  García-Tudela et 

al.  

The Spanish experience of future classrooms as a 

possibility of smart learning environments  

2023  Spain  

S31  Glushkova et al.  An approach to teaching artificial intelligence in 

school  

2020  Bulgaria  

S32  Guerreiro- 

Santalla et al.  

Simulation-Based Adaptive Interface for 

Personalized Learning of AI Fundamentals in 

Secondary School  

2023  Spain  

S33  Guerreiro- 

Santalla et al.  

Smartphone-Based Game Development to 

Introduce K12 Students in Applied Artificial 

Intelligence  

2022  Italy,  

Spain  

S34  Guerreiro- 

Santalla et al.  

The School Path Guide: A Practical Introduction to  

Representation and Reasoning in AI for High School 

Students  

2021  Spain  

S35  Hastürk  Metaphorical Perceptions Prospective Teachers 

towards Socioscientific Issues  

2021  Türkiye  

S23  Ekizce et al.  Pre-service science teachers' levels of awareness 

of industry 4.0 concepts.  

2022  Türkiye  
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S36  Henry et al.  Teaching Artificial Intelligence to K-12 Through a 

Role-Playing Game Questioning the Intelligence 

Concept  

2021  Belgium  

S37  Hijón-Neira et al.  Prototype of a Recommendation Model with 

Artificial  

Intelligence for Computational Thinking 

Improvement of  

Secondary Education Students  

2023  Ireland, 

Spain  

S38  Holowka  Teaching robotics during Covid-19: Machine 

learning, simulation and AWS deepracer  

2020  Türkiye  

S39  Hopcan et al.  Exploring the artificial intelligence anxiety and 

machine learning attitudes of teacher candidates  

2024  Türkiye  

S40  Kahraman & Koc  Primary School Teachers’ Views on the 

Technological Competencies of School Principles  

2022  Türkiye  

S41  Kapucu et al.  Predicting secondary school students' academic 

performance in science course by machine learning  

2024  Türkiye  

S42  Karahan  Using video-elicitation focus group interviews to 

explore preservice science teachers’ views and 

reasoning on artificial intelligence  

2023  Türkiye  

S43  Karatas et al.  Predicting Academic Self-Efficacy Based on Self-

Directed Learning and Future Time Perspective  

2023  Türkiye  

S44  Kazu & Kuvvetli  The influence of pronunciation education via 

artificial intelligence technology on vocabulary 

acquisition in learning English  

2023  Türkiye  

S45  Koç & Akin  Estimation of High School Entrance Examination 

Success Rates Using Machine Learning and Beta 

Regression Models  

2022  Türkiye  

S46  Körpeoglu &  

Yildiz  

Using artificial intelligence to predict students' 

STEM attitudes:  

an adaptive neural-network-based fuzzy logic model  

2023  Türkiye  

S47  Lombart et al.  Tips and Tricks for Changing the Way Young People 

Conceive Computer Science  

2020  Belgium  

 



 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
13  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

S48  Lozano &  

Blanco 

Fontao  

Is the Education System Prepared for the Irruption of 

Artificial  

Intelligence? A Study on the Perceptions of Students of 

Primary  

Education Degree from a Dual Perspective: Current 

Pupils and Future Teachers  

2023  Spain  

S49  Mahon et al.  A Novel Machine Learning and Artificial Intelligence 

Course for Secondary School Students  

2022  Ireland  

S50  Mahon et al.  No More Pencils No More Books: Capabilities of 

Generative AI on Irish and UK Computer Science School 

Leaving  

Examinations  

2023  Ireland  

S51  Martínez- 

Ramón et al.  

Predicting teacher resilience by using artificial neural 

networks: influence of burnout and stress by COVID-19  

2023  Spain  

S52  Masneri et al.   cleAR: an interoperable architecture for multi-user AR-

based school curricula  

2023  Spain  

S53  Mogas et al.  Smart schools on the way: How school principals from 

Catalonia approach the future of education within the 

fourth industrial revolution  

2022  Spain  

S54  Moral-

Sánchez et al.  

Analysis of artificial intelligence chatbots and 

satisfaction for learning in mathematics education  

2023  Spain  

S55  Murillo- 

Ligorred et al.  

Knowledge, Integration and Scope of Deepfakes in Arts  

Education: The Development of Critical Thinking in  

Postgraduate Students in Primary Education and 

Master’s Degree in Secondary Education  

2023  Spain  

S56  Naya-Varela 

et al.  

Robobo SmartCity: An Autonomous Driving Model for  

Computational Intelligence Learning Through 

Educational  

Robotics  

2023  Ireland, 

Spain  

S57  Papa  Digital Device and Mathematics: Multilevel vs Machine 

Learning Models for Value-added Ranking in Italy  

2022  Italy  
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S58  Peña-Acuña & 

Crismán-

Pérez  

Research on Papua, a digital tool with artificial 

intelligence in favor of learning and linguistic attitudes 

towards the learning of the English language in students 

of Spanish language as L1  

2022  Spain  

S59  Perseghin & 

Foresti  

A Shallow System Prototype for Violent Action Detection 

in Italian Public Schools  

2023  Italy  

S60  Polak et al.  Teachers’ Perspective on Artificial Intelligence 

Education: an Initial Investigation  

2022  Bulgaria, 

Italy  

S61  Sahin & Erol  Prediction of Secondary School Students' Academic  

Achievements with Machine Learning Methods and a 

Sample  

System  

2024  Türkiye  

S62  Scaradozzi,  

Cesaretti, et 

al.  

Identification and Assessment of Educational 

Experiences: Utilizing Data Mining With Robotics  

2021  Italy  

S63  Scaradozzi et 

al.  

Identification of the Students Learning Process During 

Education Robotics Activities  

2020  Italy  

S64  Scaradozzi, 

Screpanti, et 

al.  

Machine Learning for modelling and identification of 

Educational Robotics activities  

2021  Italy  

S65  Slavov et al.  Research on the Attitudes of High School Students for 

the Application of Artificial Intelligence in Education  

2023  Bulgaria  

S66  Szymanski et 

al.  

Feedback, Control, or Explanations? Supporting 

Teachers With Steerable Distractor-Generating AI  

2024  Belgium  

S67  Tartuk  Metaphorical Perceptions of Middle School Students 

Regarding the Concept of Artificial Intelligence  

2023  Türkiye  

S68  Terzi  An adaption of artificial intelligence anxiety scale into 

Turkish: Reliability and validity study  

2020  Türkiye  

S69  Tirado-

Olivares et al.  

From Human to Machine: Investigating the 

Effectiveness of the Conversational AI ChatGPT in 

Historical Thinking  

2023  Spain  

S70  Uzumcu & 

Acilmis  

Do Innovative Teachers use AI-powered Tools More  

Interactively? A Study in the Context of Difusion of 

Innovation  

2023  Türkiye  
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Theory  

S71  Voulgari et al.  Learn to Machine Learn: Designing a Game Based 

Approach for Teaching Machine Learning to Primary and 

Secondary  

Education Students  

2021  Malta  

S72  Yildiz  Prediction of Pre-Service Teachers' Academic Self-

Efficacy through Machine Learning Approaches  

2023  Türkiye  

S73  Zammit et al.  Learn to Machine Learn via Games in the Classroom  2022  Malta  

S74  Zammit et al.  The road to AI literacy education: from pedagogical 

needs to tangible game design  

2021  Malta  

S75  Zanellati et 

al.  

Student Low Achievement Prediction  2022  Italy  

 Table 3: PAIDEIA Scoping Review: Papers  

 

 

3. FINDINGS 
The Research Questions from Stage 1 are now used to structure the findings from this 

review.  

RQ1: What is the extent, nature, and range of peer 

reviewed published academic literature with regards 

to AI and education in PAIDEIA countries?   

The overwhelming majority of papers (68) are empirical in nature (i.e. capture 

or/and analyse data) with the remaining seven papers being conceptual in nature. Over 

three quarters of the papers are journal article publications (59) with the remaining 16 

being papers published in conference proceedings. The highest proportion of papers was 

published in 2023 (30 papers) which is perhaps to be expected given the huge increase in 

interest in AI since the start of the decade. The details can be viewed in Figure 11.   

The number of papers for each PAIDEIA country can be seen in Table 4. Five 

publications (S08, S33, S37, S56, S60) referred to more than one PAIDEIA country in the 

same paper, and ten publications also referred to countries outside the PAIDEIA partners.   
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Figure 1: Year of Publication   Table 4: No. of Papers per PAIDEIA Country  
  

 

PAIDEIA Country  No. of Papers  

Belgium  3  

Bulgaria  3  

Ireland  4  

Italy  12  

Malta  3  

Spain  25  

Türkiye  30  

  

  
1 2024 data has not been plotted on this chart as extraction took place at the end of March 2024 and thus is not available for the full year; 
however we note that the number of papers already published in Q1 of 2024 (7 papers) is close to the total number published in 2021.  
 

RQ2: How is AI being used in education in PAIDEIA 

countries?   

The educational sector most commonly considered was that of post-

primary/secondary education, with 35 papers focusing on this sector alone. 16 papers 

focused on both primary and post-primary/secondary together. Four papers focused on 

primary level alone. 20 papers related to Initial Teacher Education (ITE).   

For half of the papers (38) data was collected from pupils/students. A quarter of 

the papers focused on teachers, and one paper [S53] captured the views of school 

principals. Eight papers considered the opinions of both pupils/students and teachers. The 

remaining papers drew upon data collected from ITE students (student-teachers/pre-

service teachers).    

Papers in this scoping review made reference to AI with regard to a wide range of 

academic subjects. Subjects relating to STEM/Science/Mathematics were most frequently 

cited (22 papers - examples include S73, S15, S57, S54, S21). This was followed by 

Linguistics/Languages/Language Learning (10 papers - examples include S07, S24, S06, 

S29, S04). Computer Science was referred to in nine papers (examples include S37, S50, 

S47, S49, S38), with programming/robotics referred to in four papers (S38, S16, S25, 
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S31). Subjects that were mentioned three times or fewer include Social Studies, History, 

Technology, Instructional Technologies/Information Technologies, Art, PE, Geography, 

Music, Media Literacy, Economics, and Ethics/Religion. Thus it would appear that there is 

awareness of the implications of AI for a wide range of academic subjects in PAIDEIA 

partner countries, with a particular emphasis on STEM/Science/Mathematics, 

Linguistics/Languages/Language Learning, and Computer Science. Of particular note, one 

paper [S33] outlined a new subject, ‘Introduction to AI’.  

A variety of AI usage is reported in the papers. To explore this, we list the uses of AI 

in the included papers followed by examples of such use. Please note that the total figure 

below on AI usage is greater than the included number of papers as some papers had 

multiple AI usages.  

30 papers considered AI for teaching purposes [S38, S74, S36, S60, S73, S71, 

S28, S30, S25, S56, S31, S66, S05, S49, S02, S08, S24, S33, S19, S37, S01, S50, S15, 

S44, S32, S06, S27, S21, S70, S29]. Galindo-Domínguez et al. [S29] found over twenty 

functionalities for which teachers used AI tools, with the most common functions being 

obtaining information and finding answers to queries, creating exercises, tasks or 

homework, and generating texts. Kazu and Kuvvetli [S44] explored vocabulary acquisition 

with the aid of AI for pronunciation, and found that AI-supported speech recognition 

pronunciation instruction methods considerably boosted students’ word memory 

capacities. Several papers explored the use of chatbots [such as S19, S21, S69] and found 

that this form of AI can make a positive impact on students' learning; for example, students 

in Deveci Topal et al.’s [S21] research discussed how the chatbot allowed them to learn 

new information, gave immediate responses to questions, increased their interest, and was 

accessible outside of the classroom.  

22 papers focused on perceptions of AI [S19, S20, S67, S40, S68, S55, S69, S42, 

S35, S39, S65, S53, S47, S03, S07, S48, S54, S24, S26, S27, S21, S70]. For example, 

several papers [S03, S20, S35, S67] used metaphors as a means of exploring and 

considering the perceptions of their participants with regard to AI; in the study by Demir 

and Güraksin [S20], for instance, students drew on positive (e.g., humans, brain) and 

negative (e.g., danger, evil) metaphors to explain AI which indicated their readiness for a 

future AI-supported education. Slavov et al. [S65] considered attitudes of high school 

students on the application of AI in education;  they found that students correctly 

understood the essence of AI and were convinced of the usefulness of AI in their daily 

activities, but were not entirely clear about the utility of AI in learning and teaching, and did 

not show understanding of the ethical use of AI in education. Chocarro et al. [S19] 

considered teachers’ attitudes towards chatbots in education through a Technology 
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Acceptance Model (TAM) lens, and found that perceived easiness and perceived 

usefulness of chatbots leads to greater acceptance by teachers.  

The use of AI / Machine Learning for data analysis was considered by 21 papers 

[S09, S04, S59, S64, S75, S46, S16, S43, S52, S12, S72, S57, S62, S63, S18, S10, S11, 

S14, S41, S17, S61]. For example, Bursa Eren and Caliskan [S10] used artificial neural 

network analysis and decision trees analysis in their data analysis to understand students’ 

health-related physical fitness. Buyukatak and Anil [S11] considered the accuracy of data 

mining classification methods (such as Artificial Neural Networks, Decision Trees, and 

Naive Bayes) in analysis of PISA 2018 data.   

Five papers considered the use of AI for prediction of grades / behaviours / 

outcomes [S51, S45, S61, S17, S41]. For example, Martínez-Ramón et al. [S51] used 

artificial neural networks to predict teacher resilience in schools. Independent learning was 

also considered by five papers [S58, S15, S44, S32, S06], including that of Çetin et al.’s 

[S15], whose research explored the use of AI in providing personalised education through 

intelligent tutoring systems to engage students in problem-creating and problem-solving 

activities, and found that students viewed this AI approach to independent learning more 

beneficial than traditional education environments.  

Two papers [S29, S27] considered the use of AI for planning purposes. For example, 

Fissore et al. [S27] explored teachers’ perceptions of AI and use of AI in teaching and 

planning; they concluded that while teachers used AI in their teaching through different 

pedagogical means, they needed further teacher professional development and learning 

on the planning of education activities related to AI in education. Two papers also 

considered AI for support / assistance [S22, S37], such as Hijón-Neira et al’s. [S37] use of 

AI as an assistant to help with student learning of computational thinking.  Assessment was 

also considered by two papers [S01, S50]. For example, Mahon et al. [S50] used ChatGPT 

to answer high-stakes examination questions and given its success in undertaking this 

task, the authors argue that examinations need to move to assessing processes rather 

than using traditional exam-style questions. Two papers also focused upon establishing 

current levels of AI knowledge / understanding of AI [S23, S48]. For example, Lozano and 

Blanco Fontao’s [S48] research explored students use of ChatGPT in teacher education 

and found that 71% of PSTs will use this tool in their future teaching practice, and 96% of 

PSTs believe it is necessary to learn about AI tools to prepare them for teaching.  

With regard to academic integrity, Cebrián-Robles et al. [S13] noted the need for 

more awareness on potential use of AI with regards to plagiarism amongst PSTs in ITE. 

Moral-Sánchez et al. [S54] undertook the evaluation of a particular AI tool: a chatbot which 

was designed for learning recurring definitions in the subject of geometry, and found it to 

be a useful tool for both students and teachers as a support mechanism. And finally, Fidan 
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and Gencel’s [S26] research considered the use of AI for feedback purposes, and found 

that chatbots can act as feedback mechanisms to improve the learning processes.  

There were a number of recommendations and considerations for the use of AI in 

education across the included papers. First, there needs to be greater importance given to 

issues of AI in schools [S27]. Second, and connected to the first, if more awareness is 

needed on AI in schools, then teacher education needs to prepare teachers on AI issues; 

this also involves preparing teachers for the teaching and learning of AI [S27, S36, S69, 

S08]. Third, students need to develop the digital skills needed to understand and recognise 

AI (i.e., the risks and benefits of use); digital/AI literacy needs to be taught to students [S27, 

S55]. Fourth, it is encouraged to use AI to integrate interdisciplinary activities in learning 

experiences [S27]. Finally, there is a need to develop supporting materials for teachers on 

main AI concepts which consider educational activities and real-world implementations 

[S08, S71].  

RQ3: What is being taught about AI and how is this 

being approached in PAIDEIA countries?    

26 of the 75 papers centred around AI education (i.e. educating about AI and AI 

concepts). A number of papers explored why teachers were not addressing AI topics; 

reasons included lack of time and lack of confidence teaching AI which was perceived to 

be beyond their own knowledge [S27], low AI-related skills [S60], lacking prior experience 

of AI usage and digital competence [S29], and for PSTs, a gap between their teacher 

education and recent advances in AI usage [S06]. Despite this, there is clear teacher (and 

student) motivation to learn about AI and use digital tools in the classroom [S60, S25]. To 

bridge this lacking knowledge and experience of AI usage and a motivation for such usage, 

it has been advised for early involvement of stakeholders (i.e.: educators, researchers, 

students, policy makers, AI experts, etc.) in the development of AI education to meet 

teachers’ and students’ needs [S71]. This co-creation approach may “address the real 

educational requirements of students and teachers, and also consider situational factors 

of formal education settings and the classroom, such as the available infrastructure and 

the promotion of a culture of interdisciplinary collaboration among teachers of different 

subjects” (Zammit et al., 2021, p.7 [S74]).  

Of the 75 included papers, 12 broadly focused on AI curriculum: five papers on a 

particular curriculum or course [S05, S31, S34, S33, S49], five papers on teachers 

teaching a particular curriculum or course [S27, S08, S36, S60, S74], and five papers on 

students learning a particular curriculum or course [S08, S21, S25, S36, S74] (again the 

total number here is greater than the included papers as some papers explored multiple 
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perspectives). From these 12 papers on AI curriculum, a qualitative thematic analysis 

highlighted the core key features of curriculum design. With regards to curriculum design 

principles, four papers discussed principles or approaches for AI curriculum design. Bellas 

et al. [S08], whose paper presented a proposal for an AI curriculum in high school, alluded 

to the design of introducing AI content in a progressive manner and taught in a fully 

practical methodology informed by the concept of intelligent agent. Fernández-Martínez et 

al. [S25], whose research explored the operations of an AI workshop in high school, also 

suggested the need for a practical learning design in the teaching and learning of AI; the 

authors emphasised how the workshop should be less theoretical and more practical with 

a focus on application rather than explanation. Barelli et al. [S05] listed six design 

objectives for an AI module in secondary schooling: (i) to highlight the relationship between 

AI and society; (ii) to introduce a number of approaches to AI and programming paradigms; 

(iii) to scaffold reflections on learning; (iv) to minimise the technological language; (v) to 

exploit epistemic insights as a way to compare different approaches to AI; and (vi) to 

connect epistemic insights to operational vocabulary. Complementing this, Polak et al.’s 

[S60] research provides six design implications for AI education: (i) provide the required 

basics (start with Digital  

Competence and AI literacy frameworks as AI and digital technologies are 

continually changing); (ii) authentic learning experiences should be at the forefront 

whereby explicit connections are made between AI and real-world materials; (iii) make the 

teaching and learning interactive and collaborative (group work, peer learning, interactive 

learning; (iv) keep everyone in the loop - address the needs of school management and 

students alongside the needs of teachers; (v) make the teaching and learning accessible 

(particularly if/when teaching about AI on an online platform, as was the case here); and 

(vi): motivate the user (the authors linked levels of motivation to levels of digital 

competencies – by increasing the latter, the former should increase too).  

Teachers who taught about AI discussed pedagogical approaches which have 

potential in creating meaningful learning experiences. Teachers in Fissore et al.’s [S27] 

research argued for the need to: (i) be adaptable so that lower and higher performing 

students can be included in the learning processes; (ii) use peer collaboration as a teaching 

approach to allow for peer teaching and learning through group work and collaboration; (iii) 

integrate theory and practice so that students can apply theoretical concepts to practical 

learning experiences; (iv) use learning outcomes to have specific learning areas and 

objects to teach related to AI; (v) teach in a nonlinear approach whereby students are, for 

example, learning-by-doing; and (vi) use different pedagogical approaches and supporting 

resources and instruments following multimedia learning principles. Other papers 

suggested particular pedagogical approaches which can be adapted to best suit the 

teaching of AI. These included: authentic learning experiences with reallife problems [S08]; 
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cooperative project-based learning [S33] and project-based learning [S34]; problem-based 

learning [S05]; and the use of smartphones in the learning experiences [S08, S33].   

There are therefore a number of papers exploring AI education / curriculum (i.e., 

the what) and the teaching of AI (i.e., the how). Research highlighted how AI curriculum 

design needs to focus on the applied aspect of AI content rather than the theoretical aspect 

[S25, S08] and emphasise the connection between AI and society to ensure an authentic 

learning experience [S05]. With regards to the teaching of AI, numerous student-centred 

approaches were advocated for in many of the included papers ranging from student 

collaborative approaches [S27] to project-based learning [S34].   

RQ4: How is ITE in PAIDEIA countries currently 

approaching and using AI?  

As current pre-service teachers will be the next generation of in-service teachers, 

consideration of initial teacher education (ITE) offers insights into possible future practices 

and potentials of AI in schools. Of the 75 included papers, 20 related to teacher education 

and were all explored from the viewpoint of the PSTs. With regards to AI usage in teacher 

education, 11 papers explored PSTs’ perceptions of AI [S55, S69, S42, S35, S39, S07, 

S48, S54, S24, S26, S70], four papers used AI in teaching practice [S01, S06, S70, S37], 

two papers used AI for independent learning [S06, S58] and for data analysis [S43, S72], 

while one paper focused on AI-related support [S22], feedback [S26], assessment [S01], 

and academic integrity [S13].   

Research which explored PST AI-related anxiety levels [S24, S39] shed light on a 

mixture of positive and negative attitudes towards AI. The PSTs had moderate anxiety levels 

with regards to AI when discussing job replacement, employment rates, social life, 

sociotechnical blindness and artificial intelligence configuration, but less anxiety with 

regards to AI in the learning dimension [S24]. There were lower anxiety levels amongst the 

PSTs if they had positive attitudes towards the importance, impact, and use of AI [S39]. 

These findings exemplify the need to educate PSTs on AI on its uses and impacts to 

enhance teacher confidence in AI. Supporting this, Karatas et al. [S43] noted the relevance 

of AI as a topic of study for PSTs as it can develop their thinking and reasoning, and in the 

long run, it can help their future school students in developing crucial skills needed in 

future society.   

Over half of the papers in teacher education (11/20) explored PSTs’ perceptions of 

AI [S55, S69, S42, S35, S39, S07, S48, S54, S24, S26, S70]. Chatbots were an AI tool 

explored by three papers in this context [S69, S48, S54]. For example, Lozano and Blanco 
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Fontao’s [S48] research explored 81 PSTs’ level of knowledge of ChatGPT and its 

possibilities of use in education, and found that, on using this AI tool, 87% believed 

ChatGPT was easy to access and use. The authors questioned PSTs on their perception of 

ChatGPT as future teachers and found that 94% of them believed it crucial to have 

knowledge of the operations of AI to better understand their future students’ use of it in 

learning tasks. Elsewhere Moral-Sánchez and colleagues [S54] first introduced student-

teachers to chatbots before tasking them with the creation of  a  chatbot  about  content  

covered  in a mathematics course. Their findings highlight PSTs’ interest in the generation 

of their chatbot and a high degree of satisfaction with their AI creations, as well as overall 

improvement in student digital competence, and the suggestion that this type of 

experience can be transferred to other subjects and education contexts. While chatbot 

creation was preceded with an introduction to chatbots, it is worth noting that without such 

an introduction there appears to be a gap between PSTs preparation and recent advances 

in chatbots and AI more broadly [S07]. Teacher educators also used chatbots in their 

practice to improve teaching and learning processes; for example, Fidan and Gencel’s 

[S26] use of a chatbot to provide peer feedback in combination with human feedback. They 

found that PSTs who received both forms of feedback had significantly higher intrinsic 

motivation than those who solely received human feedback.   

While the above overviews what is currently happening in teacher education with 

regards to AI, we now look to some of the recommendations from such research. From the 

research papers which explored PSTs’ perceptions and anxiety levels with regards to AI 

[S39, S24, S35], it was concluded that PSTs’ positive attitudes to AI may give an insight to 

future use of AI in the school classroom, but the high levels of anxiety reported needs to be 

addressed; teacher education needs to educate PST on the benefits and limitations of AI. 

This latter point – the need to educate PSTs on AI – was raised by multiple papers as a 

clear recommendation [S48, S13, S69, S26]. These authors called for the need to improve 

PSTs’ knowledge around the use of AI (i.e., increasing AI literacy) to better prepare and 

equip them with the skills to identify AI misuse by their future school students. There were 

also calls for further research [S06, S24, S26, S48, S69] to be conducted on in-service 

teachers’ use of AI, the introduction of AI in education, on AI improvements in education, 

and PSTs’ attitudes and concerns of AI for future use. Finally, research [S39] advocated for 

teacher educators to create projects and activities that promote innovation and 

collaboration through AI developments.   
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3.1 Literature Review: Conclusions and 

Considerations   

We conclude this section with some considerations from the included papers 

related to the teaching of AI and AI curriculum design principles. With regards to teaching 

approaches used in teaching AI, the following strategies were used: collaborative 

approaches (e.g., peer teaching and learning, group work) [S27]; experimental learning 

[S27]; practising use of AI [S27]; the use of digital technologies [S08]; authentic learning 

experiences [S08]; appropriate learning tasks to help understand theoretical knowledge 

[S31]; cooperative project based learning [S34]; project based learning [S33]; challenge-

based learning [S08]; and interdisciplinary learning [S27]. With regards to content of AI 

teaching, three papers outlined the exact content knowledge taught. Guerreiro-Santalla et 

al. [S33] broadly stated how their research introduced students to the fundamentals of 

machine learning with a focus on application of such. Mahon et al.’s [S49] research 

presented an overview of a “Machine Learning and Artificial Intelligence” course for upper 

second level students and was structured around the following content areas: (i) 

Introduction to AI; (ii) Machine learning and data; (iii) Data analysis and pre-processing; (iv) 

Machine learning models – linear and logistic regression; (v) Machine learning models – 

decision trees and K-nearest neighbour; and (vi) Neural networks and deep learning. 

Glushkova et al. [S31] outline the content areas for an AI curriculum for secondary schools. 

The content involved: (i) acquiring the knowledge of the subject and tasks of AI; (ii) 

acquiring the knowledge of the agent-oriented paradigm and agent architectures; (iii) 

acquiring the knowledge and skills for solving problems through searching; (iv) semantic 

modelling; (v) modern trends in the development of AI (e.g., machine learning, cognitive 

robotics); and (vi) acquiring the skills for independent solving of specific tasks and 

problems. Finally, a number of papers included design implications for AI education; for 

instance, Polak et al.'s [S60] research outlines six design principles for AI education: (i) 

establish foundational digital and AI competencies, (ii) prioritise authentic learning 

experiences linked to real-world applications, (iii) foster interactive and collaborative 

learning, (iv) consider the needs of all stakeholders including school management and 

students, (v) ensure accessibility, especially in online formats, and (vi) boost motivation to 

enhance digital competencies.  
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4. POLICY ANALYSIS 

4.1 Introduction and Policy Analysis Framework   

There is a growing demand for AI-specific policy guidelines to address issues such 

as the ethical integration of AI into education (Miao et al., 2021). International 

organisations like UNESCO and UNICEF, the European Union, and individual countries have 

formulated policies and strategies to tackle the potential benefits and risks associated with 

the increasing intersection of AI and education. However, Miao et al. (2021) and Schiff 

(2023) have indicated that policymakers are still navigating uncharted territory as they 

grapple with how learning, both now and in the future, will interact with AI. Therefore, this 

analysis examines policies in PAIDEIA countries and at European and international levels.   

4.1.1 Methodology  

PAIDEIA partners were invited to submit relevant policies relating to AI in their 

jurisdictions. As a number of these policies were written in the native language, it was 

necessary to translate these into English prior to analysis, which was conducted by one 

researcher in order to enhance consistency. This was achieved by uploading policies to 

ChatGPT 4 for translation and then applying the policy analysis framework (below) to the 

translation. Selected extracts from the submitted policies were then also cross-checked 

using Google Translate.   

4.1.2 Policy Analysis Framework  

This framework's methodological design facilitates a comprehensive policy analysis 

by addressing various dimensions, such as context, text, and potential 

implications/consequences (Gorman & Furlong, 2023). The framework employs a range of 

questions. The strength of using questions lies in their capacity to deconstruct policy and 

uncover underlying complexities, and to foster a systematic, critical, and reflective analysis.   

Guiding Questions  

1. What are the explicit goals, objectives, and targets outlined in the policy?  

2. How are the policy's principles of transparency, accountability, and ethical use 

of AI technologies articulated?  

3. What strategies and actions are proposed to support teachers' professional 

learning and capacity-building in AI?  
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4. Does the policy guide curriculum design, instructional practices, and 

assessment methods tailored to incorporate AI?  

5. How are resource allocations and funding mechanisms structured to support 

implementing AI?  

4.2 PAIDEIA Countries - Individual and Cross-Country 

Policy Analysis  

4.2.1 Individual Country Analysis  

Table 5: PAIDEIA Country Policies submitted by PAIDEIA Partners  

 Country  Policies for Analysis  

Belgium  Verantwoorde AI in Het Vlaamse Onderwijs: Een Collaboratief Proces Van 

Ontwikkeling Tot Gebruik (2024)  

Bulgaria  Bulgarian Ministry of Education guidelines for the use of AI in the education 

system (2024)   

National Development Program BULGARIA 2030 (2020)   

Concept of Development of Artificial Intelligence in Bulgaria by 2030 (2020)   

National Strategic Document with vision and goals of the policy for Digital 

Transformation 2020-2030 (2020)   

Innovation Strategy for Smart Specialisation of the Republic of Bulgaria 

20212027 (2021)   

National Programme for increasing digital skills of teachers and students 

(2021)   

Ireland  AI - Here for Good: A National Artificial Intelligence Strategy for Ireland (2021)  

Digital Strategy for Schools to 2027 (2022)  

Italy  Strategia Nazionale per l’Intelligenza Artificiale (2020)  

Programma Strategico Intelligenza Artificiale 2022-2024 (2021)  

Piano Triennale per l’informatica nella Pubblica Amministrazione. Edizione 

2024- 

2026 (2023)  

Piano Scuola 4.0  
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La Scuola A Prova Di Privacy (2023)  

Progetto DIG4Future (2021)  

Malta  Malta: The Ultimate AI Launchpad - A Strategy and Vision for Artificial 

Intelligence in Malta 2030 (2019)  

National eSkills Strategy 2022 - 2025 (2022)  

Spain  Estrategia de Inteligencia Artificial 2024 (2024)  

National Strategy for Artificial Intelligence (2020)  

La Intel·Ligència Artificial En L’educació: Orientacions i Recomanacions Per Al 

Seu Ús Als Centres (2024)  

Türkiye  Turkish National Artificial Intelligence Strategy 2021-2025 (2021)  

  

Belgium  

The policy sets out four primary goals: defining responsible AI in education, 

providing foundational conditions for AI applications, laying a basis for responsible AI 

implementations, and creating a common language among stakeholders. The policy aims 

to define responsible AI, provide foundational conditions, establish a basis for AI 

implementation, and create a common language among stakeholders. Transparency and 

accountability are emphasised through traceability, explainability, and mechanisms for 

verifiability and reporting negative consequences. The policy mandates continuous 

professional development for teachers to keep pace with technological advancements, 

ensuring digital literacy and adaptability (although it does not consider individual 

educators' varying capacities). Guidance on curriculum design, instructional practices, and 

assessment methods is provided, emphasising collaboration and regular evaluation. 

Resource allocation and funding mechanisms highlight the government's role in providing 

necessary tools and training, fostering a culture of shared learning.  

Bulgaria  

A comparative analysis of these policies reveals several commonalities and 

differences in their goals, strategies, and approaches. The policies consistently emphasise 

the integration of AI to improve educational outcomes and teacher effectiveness. For 

instance, Policy 1 aims at "подобряване на качеството на образованието на учениците 

и ефективността в работата на учителите" (improving the quality of student education and 
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the effectiveness of teachers' work). Similarly, Policy 2 focuses on "развиване на цифрови 

умения и компетенции" (developing digital skills and competencies) to align education 

with the digital transformation of the economy. However, the policies also have unique 

targets. Policy 3, for example, prioritises the creation of a robust infrastructure for AI and 

enhancing research capacities: "създаване на надеждна инфраструктура за развитие на 

ИИ" (creating a reliable infrastructure for AI development). Policy 4 emphasises updating 

university educational programmes to reflect the changing nature of teaching and 

integrating AI systems into school management.  

Transparency, accountability, and ethical use of AI are critical across all policies. 

Policy 1 mandates that AI use in education adhere to existing privacy regulations: 

"Използването на ИИ в образованието трябва да се извършва в съответствие със 

съществуващите разпоредби за защита на неприкосновеността на личния живот" (The 

use of AI in education must be conducted in accordance with existing regulations for 

protecting students' privacy). Policy 2  

reinforces this by linking digital skills with cybersecurity and digital ethics: 

"свързване на дигиталните умения с гражданската грамотност с киберсигурността с 

дигиталната етика"  

(linking digital skills with civic literacy, cybersecurity, and digital ethics). Policy 3 

flags the necessity for a legal and ethical framework to ensure AI technologies are secure 

and respect citizens' rights: "технологичният напредък да бъде съпроводен от правна и 

етична рамка" (a legal and ethical framework should accompany technological progress).   

The policies propose various strategies to support teachers' professional learning. 

Policy 1 outlines mechanisms for continuous professional development: "МОН ще 

предложи механизми и подкрепа за постоянното професионално развитие на 

педагогическите специалисти" (The Ministry of Education will propose mechanisms and 

support for the continuous professional development of educational specialists). Policy 2 

focuses on reforming educational processes to acquire comprehensive skills: "мерки 

насочени към реформиране на учебния процес" (measures aimed at reforming the 

educational process). Policy 4 proposes short-term training and internships to improve 

digital and AI competencies: "Предлагане на краткосрочни обучения и стажове" (Offering 

short-term trainings and internships). Policy 5 emphasises creating specialised retraining 

schemes in collaboration with businesses and higher education institutions.  

Curriculum design and instructional practices are also a focus. Policy 1 encourages 

the use of AI tools for personalised learning and enhanced assessment methods: 

"Генеративните ИИ инструменти дават възможност за персонализирани учебни пътеки" 

(Generative AI tools enable personalised learning paths). Policy 2 stresses integrating AI 
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into various subjects and grades: "Интегриране на ИИ в учебната програма" (Integration 

of AI into the curriculum). Policy 4 discusses applying AI tools to enhance the quality and 

attractiveness of education: "Прилагане на ИИ инструменти в образованието" (Applying 

AI tools in education). Policy 5 focuses on preparing students for future professions through 

AI-integrated education programmes.  

Resource allocation and funding are considered with regard to supporting AI 

initiatives. Policy 1 mentions existing resources for continuous training: "Ресурси за 

продължаващо обучение и професионално развитие вече съществуват" (Resources for 

continuous training and professional development already exist). Policy 2 outlines various 

funding sources, including state and European funds: "Държавен бюджет - Европейски 

фондове и инструменти" (State budget - European funds and instruments). Policy 3 

highlights the importance of public-private partnerships for funding: "Сътрудничеството 

между публичния и частния сектор е от решаващо значение" (Collaboration between the 

public and private sectors is crucial). Policy 6 refers to specific budget allocations for the 

digital qualification program, ensuring targeted investments in AI education.  

Ireland   

The policy “AI - Here for Good: A National Artificial Intelligence Strategy for Ireland” 

emphasises the importance of transparency and accountability in AI: "Transparency in the 

use of AI systems is critical for building public trust. The opaque nature of many AI 

algorithms may also obscure the reasoning behind AI-based decisions and can cause 

problems from the perspective of explainability and accountability". While the policy is 

pitched as a national strategy, it does flag the importance of ethics and transparency in the 

use of AI in education: “It is also important that teachers understand the strengths and 

limitations of AI as part of teaching methods - how AI can augment learning, but also the 

ethical considerations and risks involved”. The policy implies that its existing professional 

learning initiatives will play a role in supporting teachers to enact AI: "The Department of 

Education already assists schools to embed the effective use of digital technologies in 

teaching and learning practices and to develop digital literacy through the provision of a 

broad range of Continuous Professional Development initiatives". Regarding curriculum 

design, the policy states: "AI is a developing area so curricula must continue to evolve to 

ensure that children are being taught the skills they will need to engage confidently and 

effectively with AI in the future". The policy highlights the importance of teaching and 

learning using AI from the early years in schools: “Importantly, since our children will 

experience the greatest impact of AI, their use in schools can build familiarity and ease 

with AI solutions from an early age”. The policy also advocates for inclusion and supporting 

diverse learning using AI approaches: “AI-based educational tools may bring benefits such 

as the ability to provide customised learning and personalised feedback, as well as 
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enabling distance education for children in remote regions and specialised products that 

can assist non-traditional learners and children with diverse needs". Some discussion is 

given to funding mechanisms: “School Excellence Funds for Digital and STEM provide some 

€1m funding to schools working in clusters on innovative projects using digital technologies 

in teaching and learning, some of which include the use of robotics and coding”.   

One of the overarching goals of the “Digital Strategy for Schools to 2027” is to 

“consider how AI can be incorporated into future policy for digital learning”. Referencing 

the National Strategy on Artificial Intelligence (AI - Here for Good), this document aims to 

support the national strategy to build a “future-oriented workforce and population with the 

skills to drive the development, deployment and use of AI to increase productivity and 

benefit society”. The strategy also highlights that “it is important that teachers and school 

leaders understand the strengths and limitations of AI as part of their teaching methods – 

taking advantage of how AI can augment learning, but also addressing the ethical 

considerations and risks involved”. Participation in European AI pilot projects and the 

dissemination of high-quality resources developed through these initiatives are seen as 

critical to achieving the strategy's goals. The strategy outlines several approaches and 

actions to support professional learning on “the effective use of digital technologies in all 

teaching, learning and assessment activities and supporting schools to further embed 

effective digital capacity planning and development”.  The focus is on creating a 

sustainable model of professional learning that is "well-funded, coherent, flexible and 

sustainable”. Teacher professional learning programmes across the continuum are 

emphasised: “Embedding digital technologies across the continuum of teacher education 

ensures a system wide structured approach to digital education”. The strategy also guides 

curriculum design: “It is important that children are given the opportunity to build familiarity 

and ease with AI solutions from an early age”. While resources and funding streams are 

not exclusively identified for AI, resource allocation and funding mechanisms for digital 

infrastructure in schools are addressed.   

Italy  

The explicit goals and objectives across the policies consistently emphasise 

modernising education and enhancing Italy’s technological competitiveness. The National 

AI Strategy, for instance, aims "to enable Italy to maximise the benefits and minimise the 

costs of the most significant technological paradigm shift of our time" ("Obiettivo della 

Strategia Nazionale è delineare un piano coerente per consentire all’Italia di massimizzare 

i benefici e minimizzare i costi derivanti dal più importante cambio di paradigma 

tecnologico dei nostri tempi"). Similarly, the Strategic Policy on AI targets comprehensive 

skill development to keep the country at the technological forefront and prepare the 

workforce for future opportunities ("Investire nella formazione e creazione di competenze 
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sull'IA a 360 gradi al fine di mantenere il paese sulla frontiera tecnologica e preparare la 

forza lavoro alle opportunità di domani"). These objectives highlight a forward-looking 

approach to AI integration, aiming for a robust digital transformation within the educational 

sector.   

The principles of transparency, accountability, and ethical use of AI technologies are 

articulated with a strong emphasis on ensuring that AI development and deployment serve 

societal needs responsibly. The National AI Strategy highlights that AI must serve people, 

ensure human supervision, and prevent social inequalities ("L’IA deve essere al servizio 

delle persone garantendo una supervisione umana prevenendo i rischi di inasprimento 

degli squilibri sociali e territoriali potenzialmente derivanti da un suo utilizzo inconsapevole 

o inappropriato"). Similarly, the Strategic Policy on AI stresses anthropocentric, reliable, 

and sustainable AI development ("L'intelligenza artificiale italiana sarà antropocentrica 

affidabile e sostenibile... L'IA deve essere progettata e implementata in modo responsabile 

e trasparente"). These principles are crucial for building public trust and ensuring ethical 

considerations are at the forefront of AI integration in education.   

Strategies and actions to support teachers' professional learning and capacity-

building in AI competencies are varied and comprehensive. The policies propose 

continuous professional development, integration of AI into STEM education, and specific 

training initiatives. For instance, the National AI Strategy advocates for foundational digital 

knowledge coupled with critical thinking skills ("La scuola soprattutto dovrà porre le basi 

per sviluppare le conoscenze digitali di base accompagnate da un adeguato pensiero 

critico dei cittadini di domani"). Additionally, the Strategic Policy on AI promotes integrating 

AI content into school curricula and expanding applied AI courses and internships in 

technical institutes ("Espandere i corsi di programmazione e includere corsi e stage di IA 

applicata in tutti i curricula ITS").   

Another area addressed is guidance on curriculum design, instructional practices, 

and assessment methods tailored to incorporate AI education. The policies advocate 

integrating AIrelated topics into degree courses and curricula at various educational levels. 

For instance, the  

National AI Strategy calls for the redesign of national degree courses to include AI 

topics ("Riprogettazione dei corsi di laurea nazionali prevedendo l’inserimento di crediti 

formativi riconducibili a temi propri dell’IA") so that students receive a comprehensive 

education that includes both theoretical and practical AI knowledge.  

Resource allocations and funding mechanisms are clearly outlined to support 

implementing AI initiatives in teacher education. Significant public and private investments 

are planned to enhance digital infrastructures and support continuous teacher training. 
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The National AI Strategy, for example, plans a public investment of €2.5 billion over five 

years to promote AI technologies and applications ("L’obiettivo per il quinquennio 2021-

2025 è di un investimento pubblico di 25 miliardi di euro con fondi per interventi volti a 

favorire lo sviluppo delle tecnologie e delle applicazioni di IA").   

Malta  

The “National AI Policy of Malta”' and the “National eSkills Strategy 2022-2025” 

both emphasise the integration of AI into various sectors, particularly education, while 

promoting principles of transparency, accountability, and ethical use. Both policies are 

grounded in the Malta Ethical AI Framework, which aligns with the European Commission’s 

AI HLEG Ethics Guidelines for Trustworthy AI, underscoring the importance of ethical 

considerations in AI deployment. Both policies outline several strategies to support teacher 

professional development and capacitybuilding in AI competencies. The “National AI Policy 

of Malta” proposes annual conferences on AI in education, introductory AI training for 

educators at all levels, and AI modules for university students. Similarly, the National eSkills 

Strategy includes formal upskilling programmes, continuous professional development 

(CPD), and the integration of AI professional learning into existing teacher education 

programs. Both policies stress the importance of establishing standard digital competence 

frameworks, such as the EU DigComp standard, to ensure consistent and comprehensive 

digital literacy.  

Both policies address curriculum design, instructional practices, and assessment 

methods, aiming to incorporate AI education across all educational levels. The National AI 

Policy of Malta specifies actions such as offering AI elective modules at the University of 

Malta, while the National eSkills Strategy advocates for curricula that reflect the needs of 

the evolving digital transformation from primary to post-tertiary education.  

Funding mechanisms are also a common theme, with policies detailing resource 

allocations and strategies to support AI initiatives in education. The National AI Policy of 

Malta mentions scholarships for post-graduate studies in AI and pilot projects, though it 

highlights the need for scalability initiatives to ensure sustainable innovation. The National 

eSkills Strategy discusses investments in digital infrastructure, including devices and 

networks, and explores funding through government, EU schemes, and employer 

sponsorships for specialised ICT education in areas such as AI, Data Science, Cloud 

Computing, and IoT.  

Spain  

The "Estrategia de Inteligencia Artificial 2024," the "National Strategy for Artificial 

Intelligence," and the "La intel·ligència artificial en l’educació Orientacions I recomanacions 
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per al seu ús als centres" all address the integration of artificial intelligence (AI) into the 

Spanish education system. These policies collectively emphasise the importance of 

enhancing digital competencies and fostering AI talent through specialised training and 

curriculum integration. The "Estrategia de Inteligencia Artificial 2024" outlines explicit goals 

such as modernising vocational training and improving the skills of digital professionals by 

incorporating AI into teacher preparation programmes. Similarly, the "National Strategy for 

Artificial Intelligence" aims to enhance professional capacities and skills in AI across 

various sectors, including education. Both policies recognise the need for long-term 

teacher professional learning and for integrating AI into the curriculum from early childhood 

education to ensure educators are well-equipped to teach and utilise AI effectively.  

Transparency, accountability, and ethical use of AI technologies are recurring 

principles in all three policies. The "Estrategia de Inteligencia Artificial 2024" stresses the 

importance of developing and implementing AI systems that adhere to high ethical 

standards and transparency. The policy mentions evaluation and review processes to 

ensure the reliability of AI models and systems. The "National Strategy for Artificial 

Intelligence" also highlights the significance of using transparent, explainable algorithms 

to improve public trust and strengthen citizen-government relationships. The Catalonia-

specific policy, "La intel·ligència artificial en l’educació Orientacions I recomanacions per al 

seu ús als centres," robustly articulates these principles, ensuring that AI decisions are 

traceable and explainable. It includes the transparency of relevant elements for an AI 

system, such as data, the system, and business models.  

Supporting teachers' professional learning and capacity-building in AI competencies 

is a key focus across the policies. The "Estrategia de Inteligencia Artificial 2024" proposes 

several strategies, including specialised training programmes, scholarships, and 

professional development initiatives. For example, it mentions the launch of training 

scholarships in AI and enabling digital technologies valued at €120m. The "National 

Strategy for Artificial Intelligence" also underscores the necessity of long-term training for 

teachers and proposes the creation of master's programmes in AI. The Catalonia policy 

stresses continuous professional development  

and provides resources for teachers to engage with AI tools, particularly generative 

AI, highlighting the need for educators to be supported through professional learning.  

Curriculum integration is another significant theme. The "Estrategia de Inteligencia 

Artificial 2024" guides curriculum design, instructional practices, and assessment methods 

tailored to incorporate AI education. It emphasises integrating AI into the curriculum by 

developing computational thinking and digital competence among students. The "National 

Strategy for Artificial Intelligence" supports integrating computational thinking and AI 

across various educational levels, laying the foundations for understanding computational, 
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critical, and creative thought regarding AI fundamentals. The Catalonia policy advocates 

for a competencebased curriculum that leverages real-world contexts and challenges for 

students, promoting learning situations that enhance students' engagement with AI.  

Resource allocation and funding mechanisms are well-articulated within these 

policies to support the implementation of AI initiatives in education. The "Estrategia de 

Inteligencia Artificial 2024" outlines significant investments in AI education and training 

programmes, aiming to position Spain as a leader in AI research and education. The 

"National Strategy for Artificial Intelligence" mentions establishing the NextTech public-

private venture capital fund to promote digital entrepreneurship and create AI-based 

companies. The Catalonia policy highlights the need for sustainable funding and resource 

management to ensure the successful integration of AI technologies in education. 

However, it also acknowledges the challenge of maintaining equitable access to AI 

resources due to potential cost barriers, noting that most AI applications initially free may 

later become paid services.  

The three policies exhibit a coherent and comprehensive approach to integrating AI 

into the Spanish education system. They share common themes of enhancing digital 

competencies, fostering AI talent, ensuring ethical and transparent AI use, supporting 

teacher professional development, integrating AI into the curriculum, and securing 

necessary resources and funding. While the "Estrategia de Inteligencia Artificial 2024" and 

the "National Strategy for Artificial Intelligence" have a national focus, the Catalonia-

specific policy aims to position the region as a leader in AI innovation. These policies aim 

to prepare educators and students for a future where AI plays a significant role in various 

sectors.  

Turkey   

Within this policy, the goals of increasing employment in AI to 50,000 and raising 

the number of AI specialists in public institutions to 1,000 reflect an imperative and 

ambitious stance on human capital development: "YZ alanında istihdam 50.000 kişiye 

çıkarılacaktır" and "Kamu kurum ve kuruluşlarında YZ uzmanı istihdamı 1.000 kişiye 

çıkarılacaktır". This approach shows a strategic commitment to cultivating a proficient AI 

workforce, further supported by targets to enhance university capacities and increase the 

number of postgraduate AI graduates to 10,000. The policy emphasises transparency and 

accountability through mechanisms like algorithmic accountability and ethical governance, 

indicating a proactive stance on ethical AI use:  

"algoritmik hesap verebilirliği kolaylaştıracak yönetişim mekanizması hayata 

geçirilecektir".  
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Strategies for professional learning and capacity-building in AI competencies are 

discussed. Current teachers will receive “in-service training”, and “new educational 

personnel will be recruited as necessary”: "Mevcut öğretmenlerden nitelikleri uygun 

olanlar... hizmet içi eğitimden geçirilecek" and "kısmi veya tam zamanlı yeni eğitim 

personeli temin edilecektir". Curriculum design and instructional practices are geared 

towards creating immersive AI learning experiences. The encouragement of educational 

models that emphasise interaction and deep learning: "YZ alanında deneyimlemeyi 

etkileşimi ve derinleşmeyi sağlayacak eğitim modelleri" suggests a comprehensive 

approach, while the creation of an ecosystem for developing digital education content 

indicates a systemic and integrated method: "Dijital eğitim ve öğretim içeriği geliştirme 

ekosistemi oluşturulması". Resource allocations and funding mechanisms are structured 

to support AI initiatives, with a focus on increasing venture capital funds and supporting 

specialised educational programmes: "YZ odaklı girişim sermayesi fonları etkinleştirilecek 

ve hacmi büyütülecektir".  

 

4.3 Cross-Country Comparative Analysis  

A primary goal across the policies in all seven countries is enhancing education 

through AI. Bulgaria focuses on improving student learning outcomes and teacher 

effectiveness with AI learning tools. Italy aims to modernise education by incorporating AI 

to foster technological competitiveness, leading Italy to place a stronger emphasis on 

technological skills over pedagogy, curriculum, and professional learning. Ireland’s policies 

aim to equip future generations with AI skills. Belgium and Türkiye also seek to enhance 

educational outcomes through AI. Spain aims to position itself as a leader in AI research 

and education by promoting new AI-related degrees and master's programmes, 

emphasising the development of high ethical standards and transparency in AI systems. 

Malta outlines specific goals and targets for integrating AI into education, including 

principles of transparency, accountability, ethical use, and strategies for teacher 

professional development and curriculum design.  

  
All countries stress the importance of developing digital skills among students and 

teachers. Bulgaria and Italy emphasise integrating AI into curricula to build digital 

competencies. Ireland’s strategies include reviewing AI skill implications, expanding 

upskilling initiatives, focusing on workplace-related training programmes, and expanding 

sustainable professional programmes across the continuum. Spain aims to integrate AI 

into the curriculum by developing computational thinking and digital competence among 

students and provides significant investments in AI education and training programmes. 
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Malta's policies advocate for integrating AI and digital skills across all educational levels, 

with actions such as providing AI elective modules for university students. Belgium 

promotes innovative instructional practices to enhance digital skills. Türkiye focuses on 

increasing AI employment and the number of AI specialists through educational 

programmes.   

  
Ensuring ethical AI use and maintaining transparency are central themes. Ireland 

aligns its AI strategy with the EU’s Ethics Guidelines for Trustworthy AI. Italy stresses the 

need for AI to serve people, prevent social inequalities, and be developed responsibly and 

transparently. Bulgaria emphasises ethical AI use and privacy protection. Belgium’s policy 

focuses on creating a shared understanding of responsible AI. Türkiye proposes algorithmic 

accountability mechanisms. Spain emphasises developing and implementing AI systems 

that adhere to high ethical standards and transparency through evaluation and review 

processes. Malta's strategy is built on the European Commission’s AI HLEG Ethics 

Guidelines for Trustworthy AI, ensuring transparency and accountability.  

  
Bulgaria proposes mechanisms and support for ongoing professional learning to 

ensure teachers can adapt to AI technologies. Both of Ireland’s policies features workplace-

focused training programmes and imply that its existing professional learning initiatives will 

support teachers in enacting AI. Italy advocates for continuous professional learning to 

enhance digital knowledge and critical thinking. Spain's policy includes specialised training 

programmes and scholarships to support teachers' professional learning and AI 

competencies. Malta outlines strategies such as annual AI conferences for teachers and 

introductory AI training at all levels to support professional learning and capacity-building. 

Belgium emphasises the necessity of ongoing professional learning to keep pace with 

technological advancements. Türkiye outlines measures for professional learning (in-

service training) and recruiting new educational personnel to improve AI competencies 

among teachers.   

  
Effective resource allocation and funding mechanisms are crucial for successful AI 

initiatives. Bulgaria and Italy detail specific funding sources, including state and European 

funds, to support AI integration in education. Spain outlines significant investments in AI 

education, such as €160m for talent and training programmes. Ireland’s strategies signal 

that it will draw on establishing funding mechanisms and mention the School Excellence 

Funds for Digital and STEM, which provide funding to schools for innovative projects, 

including AI technologies. Italy’s strategy emphasises public-private partnerships. Malta's 

policy includes funding strategies like scholarships for postgraduate studies in AI and 
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investments in digital infrastructure within educational institutions. Belgium acknowledges 

the role of government and educational networks in providing necessary tools and training. 

Türkiye refers to increasing venture capital funds and supporting specialised educational 

programs.  

  

4.4 European and International Policy Analysis  

Table 6: Selected European and International Policies   

Policy No.  Policy Details  

European Policy 1  Guidelines for teachers and educators on tackling disinformation and 

promoting digital literacy through education and training. European 

Commission (2022).  

European Policy 2  Artificial intelligence and education: A critical view through the lens of 

human rights, democracy and the rule of law. Council of Europe  (2022).  

European Policy 3  AI report by the European Digital Education Hub’s Squad on artificial 

intelligence in education. European Commission (2024).  

International Policy 

1  

Guidance for generative AI in education and research. UNESCO (2023).  

International Policy 

2  

AI and education: A guidance for policymakers. UNESCO (2021).  

International Policy 

3  

Policy guidance on AI for children. UNICEF (2021).  

  
The policies consistently highlight the necessity of equipping teachers with the skills 

to enact AI in teaching and learning. For instance, the European Commission's “Guidelines 

for Teachers and Educators on Tackling Disinformation and Promoting Digital Literacy 

through Education and Training” (European Policy 1) focuses on promoting digital literacy 

among teachers and students as a foundation for building AI competencies. This is echoed 

in UNESCO's “Guidance for Generative AI in Education and Research” (International Policy 

1), which aims to ensure that teachers and students develop the necessary skills to benefit 

from and contribute to an AIdriven world.  

AI's ethical and responsible use is another central theme that permeates these 

policies. The Council of Europe's policy on “Artificial Intelligence and Education: A Critical 

View through the Lens of Human Rights, Democracy, and the Rule of Law” (European Policy 

2) addresses the need for ethical AI use, highlighting data protection and privacy measures. 

UNICEF's “Policy Guidance on AI for Children” (International Policy 3) stresses the 
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importance of designing AI systems that respect children's rights and promote their well-

being. Transparency and accountability are principles emphasised across all six policies. 

The policies emphasise the importance of transparent AI systems so that teachers and 

students need to understand and trust these technologies. The European Digital Education 

Hub’s “AI Report by the European Digital Education Hub’s Squad on Artificial Intelligence 

in Education” (European Policy 3) advocates for transparency in AI systems, aligning with 

the guidelines provided by UNICEF, which also call for transparency and accountability in 

AI applications used in educational contexts.  

Professional learning and capacity building for educators are recurring themes, and 

all policies recognise their importance. The European Commission’s guidelines (European 

Policy 1) and UNESCO's guidance (International Policy 1) stress the need for ongoing 

professional learning programmes to help teachers integrate AI into their teaching 

practices. These programmes should provide educators with the knowledge and skills 

required to use AI tools effectively. They should also foster a continuous/lifelong learning 

culture to deal effectively with technological advancement and adaptation.   

Curriculum integration and the adoption of innovative instructional practices are 

highlighted as essential strategies for preparing students for an AI-driven future. The 

policies advocate incorporating AI-related content into curricula and using AI tools to 

enhance learning experiences. For example, the Council of Europe’s policy (European 

Policy 2) suggests integrating AI across various subjects to promote interdisciplinary 

learning. This approach is also evident in UNESCO's “AI and Education: Guidance for 

Policymakers” (International Policy 2), which calls for reviewing and adjusting curricula to 

incorporate AI and transform learning methodologies. These policies emphasise the need 

for flexible and forward-thinking curricula capable of adapting to the rapid advancements 

in AI technology.  

The European Commission's guidelines (European Policy 1) and UNESCO’s 

guidance (International Policy 2) highlight the importance of substantial investments in 

infrastructure and professional learning. These policies propose various funding 

mechanisms, such as European funding programmes like Erasmus+ and encouraging 

partnerships between educational institutions, businesses, and AI providers.   

The approaches to resource allocation and funding also vary among the policies. 

While the European Commission’s guidelines (European Policy 1) and UNESCO’s Guidance 

for Policymakers (International Policy 2) stress the need for substantial investment, they 

differ in their approaches to sustainable funding. The European Digital Education Hub’s 

report (European Policy 3) discusses the role of European programmes like Erasmus+ in 

providing financial support. At the same time, UNICEF’s guidance (International Policy 3) 
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suggests incentives for private and public sector collaboration to develop ethical AI 

systems.  

4.5 Policy Analysis: Conclusions and Considerations   

We conclude this section with some considerations from the policy analysis related 

to the teaching of AI and AI curriculum design principles.   

The policy analysis clearly confirms the value of developing an AI curriculum and the 

need for AI education more generally. The necessity for development of teacher digital 

competence with regard to AI is highlighted repeatedly, as are suggestions that this should 

occur across the continuum of teacher education (i.e. practising in-service teachers, pre-

service (ITE)). There is also a need to take account of teachers’ varying levels of awareness 

and understanding of AI and its usage in education. In addition, curricular design should 

be mindful of teachers’ constraints with regard to accessing and engaging with resources 

in a flexible and accessible manner.   

Policies highlight a number of potential aspects regarding AI that might be included 

in a curriculum. For instance: (i) incorporating AI-related content within and across subjects 

to promote interdisciplinary learning, (ii) provision of instructional strategies and tools 

which enable teachers to leverage AI to enhance the learning experience, (iii) the use of AI 

tools for personalised learning and assessment, (iv) the application of AI for contexts 

beyond education (i.e. societal impact and relevance, work-related considerations, etc.), 

(iv) ethical implications with regard to AI, such as responsible AI usage, transparency with 

regard to AI, issues relating to privacy and AI, and so on.   

 

5. REPORT SUMMARY 
This report has addressed the main objective of PAIDEIA project work package 2.1: 

to report on the state of the art with regard to Artificial Intelligence (AI) in PAIDEIA countries.   

It began with a scoping review to map the extent, nature, and range of peer-reviewed 

published academic literature with regards to AI and education in PAIDEIA countries. This 

review illustrates the vast amount of research being conducted on AI and its role in 

education, highlights the importance of the design of curriculum for AI education, and 

revealed how AI is being used for teaching, assessment, learning, and data analysis. It also 

gave an insight into learning about AI and the pedagogical approaches which are advocated 

for this, as well as exploring how teacher education is currently incorporating AI.  

The report then moved to a review of policy pertaining to AI education/AI in 

education in PAIDEIA countries, as well as a consideration of a number of European and 
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international policies. The policies highlight the need for development of AI curricula and 

education, and the need to prepare teachers to incorporate AI as an innovative asset. A 

number of key considerations and implications for curricular development and enactment 

also emerge from these policies.   

Overall, this report has provided a number of insights, findings, observations, and 

recommendations with regard to AI education, and AI in education, which can be drawn on 

for the purposes of curriculum design and development for the PAIDEIA project.  

    

  



 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
40  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

6. BIBLIOGRAPHY  
“AGID” Agency for Digital Italy. (2023). Three-year plan for IT in public administration: 2024-2026. 

Government of Italy.  

Agrusti, F. (Ed.). (2023). Educazione e Intelligenza Artificiale [Education and Artificial Intelligence]. 

Roma Tr. http://romatrepress.uniroma3.it   

Akyuz, H. I., & Erdemir, M. (2022). Preservice science teachers’ views of a Web-Based Intelligent 

Tutoring System. International Journal of Technology in Education, 5(1), 67–87. 

https://doi.org/10.46328/ijte.233   

Allen, L. K., & Kendeou, P. (2024). ED-AI Lit: An interdisciplinary framework for AI literacy in 

education.  

Policy Insights from the Behavioral and Brain Sciences, 11(1), 3–10.  

https://doi.org/10.1177/23727322231220339   

Alonso, J. M. (2020). Teaching explainable artificial intelligence to high school students. 

International Journal of Computational Intelligence Systems, 13(1), 974. 

https://doi.org/10.2991/ijcis.d.200715.003   

Arksey, H., & O’Malley, L. (2005). Scoping studies: Towards a methodological framework. 

International  

Journal of Social Research Methodology, 8(1), 19–32. 

https://doi.org/10.1080/1364557032000119616   

Aydin, S., Duman, E., Bertiz, Y., & Birisçi, S. (2022). Investigation of the Effects of Computer-Aided 

Animations on Conceptual Understanding through Metaphors: An Example of Artificial Intelligence.  

Journal of Educational Technology and Online Learning, 5(4), 1140–1159. 

http://files.eric.ed.gov/fulltext/EJ1378675.pdf   

Ballestar, M. T., Mir, M. C., Pedrera, L. M. D., & Sainz, J. (2024). Effectiveness of tutoring at school: 

A machine learning evaluation. Technological Forecasting and Social Change, 199(123043), 

123043. https://doi.org/10.1016/j.techfore.2023.123043   

Bannister, P., Santamaría-Urbieta, A., & Alcalde-Peñalver, E. (2023). A systematic review of 

Generative AI and (English medium instruction) Higher Education. Aula Abierta, 52(4), 401–409. 

https://doi.org/10.17811/rifie.52.4.2023.401-409   

Barelli, E., Lodi, M., Branchetti, L., & Levrini, O. (2024). Epistemic Insights as Design Principles for 

a Teaching-Learning Module on Artificial Intelligence. Science & Education. 

https://doi.org/10.1007/s11191-024-00504-4   

Belda-Medina, J., & Calvo-Ferrer, J. R. (2022). Using chatbots as AI conversational partners in 

language learning. Applied Sciences, 12(17), 8427. https://doi.org/10.3390/app12178427  

Belda-Medina, J., & Kokošková, V. (2023). Integrating chatbots in education: insights from the 

Chatbot- 

Human Interaction Satisfaction Model (CHISM). International Journal of Educational Technology in  

Higher Education, 20(1), 62. https://doi.org/10.1186/s41239-023-00432-3   

Bellas, F., Guerreiro-Santalla, S., Naya, M., & Duro, R. J. (2023). AI Curriculum for European High 

Schools: An Embedded Intelligence Approach. International Journal of Artificial Intelligence in 

Education, 33(2), 399–426. https://doi.org/10.1007/s40593-022-00315-0    

http://romatrepress.uniroma3.it/
https://doi.org/10.46328/ijte.233
https://doi.org/10.1177/23727322231220339
https://doi.org/10.2991/ijcis.d.200715.003
https://doi.org/10.1080/1364557032000119616
http://files.eric.ed.gov/fulltext/EJ1378675.pdf
https://doi.org/10.1016/j.techfore.2023.123043
https://doi.org/10.17811/rifie.52.4.2023.401-409
https://doi.org/10.1007/s11191-024-00504-4
https://doi.org/10.1186/s41239-023-00432-3
https://doi.org/10.1007/s40593-022-00315-0


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
41  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

Bozak, A., & Aybek, E. C. (2020). Comparison of artificial neural networks and logistic regression 

analysis in PISA science literacy success prediction. International Journal of Contemporary 

Educational  

Research, 7(2), 99–111. https://doi.org/10.33200/ijcer.693081   

Busra Eren, H., & Caliskan, G. (2023). Classifying high school students’ Health-Related Physical 

Fitness Report cards with data mining. Physical Educator, 80(2), 235–254. 

https://doi.org/10.18666/tpe-2023v80-i2-11471   

Buyukatak, E., & Anil, D. (2022). An Investigation of Data Mining Classification Methods in 

Classifying  

Students According to 2018 PISA Reading Scores. International Journal of Assessment Tools in 

Education, 9(4), 867–882. http://files.eric.ed.gov/fulltext/EJ1379014.pdf   

Camacho, V. L., Guia, E. de la, Olivares, T., Flores, M. J., & Orozco-Barbosa, L. (2020). Data capture 

and multimodal learning analytics focused on engagement with a new wearable IoT approach. IEEE 

Transactions on Learning Technologies, 13(4), 704–717. 

https://doi.org/10.1109/tlt.2020.2999787   

Casal-Otero, L., Catala, A., Fernández-Morante, C., Taboada, M., Cebreiro, B., & Barro, S. (2023). AI 

literacy in K-12: a systematic literature review. International Journal of STEM Education, 10(1), 1–

17. https://doi.org/10.1186/s40594-023-00418-7   

Catozzella, D., Hirsch, G., Schiavo, G., & Torrisi, E. (2021). Artificial Intelligence and School: The 

pioneering experience of the DIG4FUTURE project. Erasmus+ DIG4Future Project, Save the 

Children Italia & Fondazione Bruno Kessler.  

Cebrián-Robles, V., Ruíz-Rey, F. J., Raposo-Rivas, M., & Cebrián-de-la-Serna, M. (2023). Impact of 

digital contexts in the training of university education students. Education Sciences, 13(9), 923. 

https://doi.org/10.3390/educsci13090923   

Çelik, C., & Kartal, H. (2023). Modeling of reading problems experienced by primary school students 

through artificial neural networks. International Online Journal of Primary Education, 12(2), 94–

117.  

Celik, I. (2023). Towards Intelligent-TPACK: An empirical study on teachers’ professional knowledge 

to ethically integrate artificial intelligence (AI)-based tools into education. Computers in Human 

Behavior, 138(107468), 107468. https://doi.org/10.1016/j.chb.2022.107468   

Celik, I., Dindar, M., Muukkonen, H., & Järvelä, S. (2022). The promises and challenges of artificial 

intelligence for teachers: A systematic review of research. TechTrends, 66(4), 616–630. 

https://doi.org/10.1007/s11528-022-00715-y   

Çetin, I., Erumit, A. K., Nabiyev, V., Karal, H., Kosa, T., & Kokoc, M. (2023). The Effect of Gamified 

Adaptive Intelligent Tutoring System Artibos on Problem-Solving Skills. Participatory Educational 

Research,  

10(1), 344–374. http://files.eric.ed.gov/fulltext/EJ1363310.pdf   

Çetinkaya, A., & Baykan, Ö. K. (2020). Prediction of middle school students’ programming talent 

using artificial neural networks. Engineering Science and Technology an International Journal, 

23(6), 1301– 1307. https://doi.org/10.1016/j.jestch.2020.07.005   

Çetinkaya, A., Baykan, Ö. K., & Kırgız, H. (2023). Analysis of machine learning classification 

approaches for predicting students’ programming aptitude. Sustainability, 15(17), 12917. 

https://doi.org/10.3390/su151712917   

https://doi.org/10.33200/ijcer.693081
https://doi.org/10.18666/tpe-2023v80-i2-11471
http://files.eric.ed.gov/fulltext/EJ1379014.pdf
https://doi.org/10.1109/tlt.2020.2999787
https://doi.org/10.1186/s40594-023-00418-7
https://doi.org/10.3390/educsci13090923
https://doi.org/10.1016/j.chb.2022.107468
https://doi.org/10.1007/s11528-022-00715-y
http://files.eric.ed.gov/fulltext/EJ1363310.pdf
https://doi.org/10.1016/j.jestch.2020.07.005
https://doi.org/10.3390/su151712917


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
42  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

Çevik, M., & Tabaru-Örnek, G. (2020). Comparison of MATLAB and SPSS Software in the Prediction 

of Academic Achievement with Artificial Neural Networks: Modeling for Elementary School 

Students.  

International Online Journal of Education and Teaching, 7(4), 1689–1707. 

http://files.eric.ed.gov/fulltext/EJ1271028.pdf   

Chocarro, R., Cortiñas, M., & Marcos-Matás, G. (2023). Teachers’ attitudes towards chatbots in 

education: a technology acceptance model approach considering the effect of social language, bot 

proactiveness, and users’ characteristics. Educational Studies, 49(2), 295–313. 

https://doi.org/10.1080/03055698.2020.1850426   

Crompton, H., Jones, M. V., & Burke, D. (2022). Affordances and challenges of artificial intelligence 

in K12 education: a systematic review. Journal of Research on Technology in Education, 1–21. 

https://doi.org/10.1080/15391523.2022.2121344   

Delgado, N., Campo Carrasco, L., Sainz de la Maza, M., & Etxabe-Urbieta, J. M. (2024). Aplicación 

de la Inteligencia Artificial (IA) en Educación: Los beneficios y limitaciones de la IA percibidos por el 

profesorado de educación primaria, educación secundaria y educación superior. Revista 

Electrónica Interuniversitaria de Formación Del Profesorado, 27(1), 207–224. 

https://doi.org/10.6018/reifop.577211   

Demir, K., & Güraksın, G. E. (2022). Determining middle school students’ perceptions of the 

concept of artificial intelligence: A metaphor analysis. Participatory Educational Research, 9(2), 

297–312. https://doi.org/10.17275/per.22.41.9.2   

Department of Education. (2022). Digital Strategy for Schools to 2027. Government of Ireland.  

Department of Education and Training. Knowledge Centre Digisprong. (2024). Responsible AI in 

Flemish Education: A collaborative process from development to use. Government of Flanders 

(Belgium).  

Department of Enterprise, Trade, and Employment. (2021). AI - Here for Good: A National Artificial 

Intelligence Strategy for Ireland. Government of Ireland.  

Deveci Topal, A., Dilek Eren, C., & Kolburan Geçer, A. (2021). Chatbot application in a 5th grade 

science course. Education and Information Technologies, 26(5), 6241–6265. 

https://doi.org/10.1007/s10639021-10627-8   

Digital Transformation Office, Ministry of Industry and Technology. (2021). National Artificial 

Intelligence Strategy 2021-2025. Presidency of the Republic of Türkiye  

Dignum, V., Penagos, M., Pigmans, K., & Vosloo, S. (2021). Policy Guidance on AI for Children. 

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

Domínguez-González, M. de L. Á., Hervás-Gómez, C., Díaz-Noguera, M. D., & Reina-Parrado, M. 

(2023). Attention to diversity from artificial intelligence. The European Educational Researcher, 

6(3), 101–115. https://doi.org/10.31757/euer.633   

Ekı̇zce, H. N., Eskı̇şehı̇r Osmangazı̇ Unı̇versı ̇ty, Faculty of Educatı̇on, Anılan, B., Atalay, N., Eskı̇şehı̇r 

Osmangazı̇ Unı ̇versı ̇ty, Faculty of Educatı̇on, & Unı̇versı ̇ty, N. Ö. H. (2022). Pre-service science 

teachers’ levels of awareness of industry 4.0 concepts. Journal of Innovative Research in Teacher 

Education, 3(2), 192–208. https://doi.org/10.29329/jirte.2022.464.9  

Eyüp, B., & Kayhan, S. (2023). Pre-Service Turkish Language Teachers’ Anxiety and Attitudes toward 

Artificial Intelligence. International Journal of Education and Literacy Studies, 11(4), 43–56. 

http://files.eric.ed.gov/fulltext/EJ1409244.pdf   

European Commission, Directorate-General for Education, Youth, Sport and Culture, (2022). 

Guidelines for teachers and educators on tackling disinformation and promoting digital literacy 

http://files.eric.ed.gov/fulltext/EJ1271028.pdf
https://doi.org/10.1080/03055698.2020.1850426
https://doi.org/10.1080/15391523.2022.2121344
https://doi.org/10.6018/reifop.577211
https://doi.org/10.17275/per.22.41.9.2
https://doi.org/10.1007/s10639021-10627-8
https://www.unicef.org/globalinsight/reports/policy-guidance-ai-children
https://doi.org/10.31757/euer.633
http://files.eric.ed.gov/fulltext/EJ1409244.pdf


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
43  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

through education and training. Publications Office of the European Union. 

https://data.europa.eu/doi/10.2766/28248 European Commission, European Education and 

Culture Executive Agency, (2023). AI report: by the European Digital Education Hub’s Squad on 

artificial intelligence in education. Publications Office of the European Union. 

https://data.europa.eu/doi/10.2797/828281   

Fajardo Aguilar, G. M., Ayala Gavilanes, D. C., Arroba Freire, E. M., & López Quincha, M. (2023).  

Inteligencia Artificial y la Educación Universitaria: Una revisión sistemática. Magazine de Las 

Ciencias: Revista de Investigación E Innovación, 8(1), 109–131. 

https://doi.org/10.33262/rmc.v8i1.2935   

Fernández-Martínez, C., Hernán-Losada, I., & Fernández, A. (2021). Early introduction of AI in 

Spanish middle schools. A motivational study. KI - Künstliche Intelligenz, 35(2), 163–170.  

https://doi.org/10.1007/s13218-021-00735-5   

Fidan, M., & Gencel, N. (2022). Supporting the instructional videos with chatbot and peer feedback 

mechanisms in online learning: The effects on learning performance and intrinsic motivation. 

Journal of Educational Computing Research, 073563312210779. 

https://doi.org/10.1177/07356331221077901   

Fissore, C., Floris, F., Marchisio, M., Sacchet, M., & Others. (2022). Didactic activities on artificial 

intelligence: the perspective of stem teachers. Proceedings of the 19th International Conference 

on  

Cognition and Exploratory Learning in the Digital Age (CELDA 2022), 11–18. 

https://files.eric.ed.gov/fulltext/ED626868.pdf   

Gabrielli, S., Rizzi, S., Carbone, S., & Donisi, V. (2020). A chatbot-based coaching intervention for 

adolescents to promote life skills: Pilot study. JMIR Human Factors, 7(1), e16762. 

https://doi.org/10.2196/16762   

Galindo-Domínguez, H., Delgado, N., Losada, D., & Etxabe, J.-M. (2024). An analysis of the use of 

artificial intelligence in education in Spain: The in-service teacher’s perspective. Journal of Digital 

Learning in Teacher Education, 40(1), 41–56. 

https://doi.org/10.1080/21532974.2023.2284726   

García-Martínez, I., Fernández-Batanero, J. M., Fernández-Cerero, J., & León, S. P. (2023). Analysing 

the impact of artificial intelligence and computational sciences on student performance: 

Systematic review and meta-analysis. Journal of New Approaches in Educational Research, 12(1), 

171. https://doi.org/10.7821/naer.2023.1.1240   

García-Tudela, P. A., Prendes-Espinosa, P., & Solano-Fernández, I. M. (2023). The Spanish 

experience of future classrooms as a possibility of smart learning environments. Heliyon, 9(8), 

e18577. https://doi.org/10.1016/j.heliyon.2023.e18577   

Generalitat de Catalunya, Departament d’Educació, Direcció General d’Innovació, Digitalització i 

Currículum. (2024). La intel·ligència artificial en l’educació: Orientacions i recomanacions per al 

seu ús als centres. Technical Cabinet. 

https://educacio.gencat.cat/web/.content/home/departament/publicacions/monografies/intelli

genci a-artificial-educacio/ia-educacio.pdf   

Gobierno de España (2020). National Strategy for Artificial Intelligence. Secretary of State for 

Digitalization and Artificial Intelligence (SEDIA).  

https://portal.mineco.gob.es/RecursosArticulo/mineco/ministerio/ficheros/National-Strategy-

onAI.pdf    

https://data.europa.eu/doi/10.2797/828281
https://doi.org/10.33262/rmc.v8i1.2935
https://doi.org/10.1007/s13218-021-00735-5
https://doi.org/10.1177/07356331221077901
https://files.eric.ed.gov/fulltext/ED626868.pdf
https://doi.org/10.2196/16762
https://doi.org/10.1080/21532974.2023.2284726
https://doi.org/10.7821/naer.2023.1.1240
https://doi.org/10.1016/j.heliyon.2023.e18577
https://educacio.gencat.cat/web/.content/home/departament/publicacions/monografies/intelligenci%20a-artificial-educacio/ia-educacio.pdf
https://educacio.gencat.cat/web/.content/home/departament/publicacions/monografies/intelligenci%20a-artificial-educacio/ia-educacio.pdf
https://portal.mineco.gob.es/RecursosArticulo/mineco/ministerio/ficheros/National-Strategy-onAI.pdf
https://portal.mineco.gob.es/RecursosArticulo/mineco/ministerio/ficheros/National-Strategy-onAI.pdf


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
44  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

Gobierno de España. (2023). Estrategia de inteligencia artificial 2024. 

https://portal.mineco.gob.es/eses/digitalizacionIA/Documents/Estrategia_IA_2024.pdf   

Glushkova, T., Stoyanov, S., Tabakova-Komsalova, V., Grancharova-Hristova, M., & Krasteva, I. 

(2020). An approach to teaching artificial intelligence in School. Innovative Educational 

Technologies, Tools and Methods for E-Learning Scientific Editor Eugenia Smyrnova-Trybulska “E-

Learning, 12, 257–267.  

Guerreiro-Santalla, S., Bellas, F., & Fontenla-Romero, O. (2021). The School Path Guide: A Practical 

Introduction to Representation and Reasoning in AI for High School Students. Artificial Intelligence 

in Education, 88–92. https://doi.org/10.1007/978-3-030-78270-2_15   

Guerreiro-Santalla, S., Duraes, D., Crompton, H., Novais, P., & Bellas, F. (2023). Simulation-Based 

Adaptive Interface for Personalized Learning of AI Fundamentals in Secondary School. Progress in 

Artificial Intelligence, 3–15. https://doi.org/10.1007/978-3-031-49008-8_1   

Guerreiro-Santalla, S., Mallo, A., Baamonde, T., & Bellas, F. (2022). Smartphone-based game 

development to introduce K12 students in applied artificial intelligence. Proceedings of the ... AAAI 

Conference on Artificial Intelligence. AAAI Conference on Artificial Intelligence, 36(11), 12758–

12765. https://doi.org/10.1609/aaai.v36i11.21554   

Hastürk, H. G. (2021). Metaphorical Perceptions Prospective Teachers towards Socioscientific 

Issues. International Journal of Curriculum and Instruction, 13(3), 2709–2731. 

http://files.eric.ed.gov/fulltext/EJ1312943.pdf   

Heeg, D. M., & Avraamidou, L. (2023). The use of Artificial intelligence in school science: a 

systematic literature review. Educational Media International, 60(2), 125–150.  

https://doi.org/10.1080/09523987.2023.2264990   

Henry, J., Hernalesteen, A., & Collard, A.-S. (2021). Teaching Artificial Intelligence to K-12 Through 

a RolePlaying Game Questioning the Intelligence Concept. KI - Künstliche Intelligenz, 35(2), 171–

179. https://doi.org/10.1007/s13218-021-00733-7   

Hijón-Neira, R., Connolly, C., Pizarro, C., & Pérez-Marín, D. (2023). Prototype of a recommendation 

model with artificial intelligence for computational thinking improvement of secondary education 

students. Computers, 12(6), 113. https://doi.org/10.3390/computers12060113   

Holmes, W., & Miao, F. (2023). Guidance for Generative AI in Education and Research. UNESCO 

Publishing.  

Holmes, W., Persson, J., Chounta, I. A., Wasson, B., & Dimitrova, V. (2022). Artificial Intelligence 

and Education: A critical view through the lens of human rights, democracy and the rule of law. 

Council of Europe.  

Holowka, P. (2020). Teaching robotics during covid-19: Machine learning, simulation, and aws 

deepracer.  

IADIS International Conference Cognition and Exploratory Learning in Digital Age 2020, 227–234. 

https://doi.org/10.33965/celda2020_202014l029   

Hopcan, S., Türkmen, G., & Polat, E. (2024). Exploring the artificial intelligence anxiety and machine 

learning attitudes of teacher candidates. Education and Information Technologies, 29(6), 7281–

7301. https://doi.org/10.1007/s10639-023-12086-9   

Incio Flores, F. A., Capuñay Sanchez, D. L., Estela Urbina, R. O., Valles Coral, M. Á., Vergara Medrano, 

E. E., & Elera Gonzales, D. G. (2021). Inteligencia artificial en educación: una revisión de la 

literatura en revistas científicas internacionales [Artificial intelligence in education: a review of the 

literature in international scientific journals]. Apuntes Universitarios, 12(1). 

https://portal.mineco.gob.es/eses/digitalizacionIA/Documents/Estrategia_IA_2024.pdf
https://doi.org/10.1007/978-3-030-78270-2_15
https://doi.org/10.1007/978-3-031-49008-8_1
https://doi.org/10.1609/aaai.v36i11.21554
http://files.eric.ed.gov/fulltext/EJ1312943.pdf
https://doi.org/10.1080/09523987.2023.2264990
https://doi.org/10.1007/s13218-021-00733-7
https://doi.org/10.3390/computers12060113
https://doi.org/10.33965/celda2020_202014l029
https://doi.org/10.1007/s10639-023-12086-9


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
45  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

https://doi.org/10.17162/au.v12i1.974 Italian Data Protection Authority. (2023). The School 

Proof of Privacy. Government of Italy.  

Kahraman, D., & Koc, M. (2022). Primary School Teachers’ Views on the Technological 

Competencies of School Principals. International Society for Technology, Education, and Science. 

http://files.eric.ed.gov/fulltext/ED631203.pdf   

Kapucu, M. S., Özcan, I., Özcan, H., & Aypay, A. (2024). Predicting Secondary School Students’ 

Academic Performance in Science Course by Machine Learning. International Journal of Technology 

in Education and Science, 8(1), 41–62. http://files.eric.ed.gov/fulltext/EJ1415061.pdf   

Karahan, E. (2023). Using video-elicitation focus group interviews to explore pre-service science 

teachers’ views and reasoning on artificial intelligence. International Journal of Science Education, 

45(15), 1283– 1302. https://doi.org/10.1080/09500693.2023.2200887   

Karan, B., & Angadi, G. R. (2023). Potential risks of artificial intelligence integration into school 

education: A systematic review. Bulletin of Science, Technology & Society, 43(3-4), 67–85.  

https://doi.org/10.1177/02704676231224705   

Karataş, K., Arpaci, I., & Süer, S. (2023). Predicting academic self-efficacy based on self-directed 

learning and future time perspective. Psychological Reports, 332941231191721. 

https://doi.org/10.1177/00332941231191721  

Kazu, I. Y., & Kuvvetli, M. (2023). The Influence of Pronunciation Education via Artificial Intelligence 

Technology on Vocabulary Acquisition in Learning English. International Journal of Psychology and  

Educational Studies, 10(2), 480–493. http://files.eric.ed.gov/fulltext/EJ1382350.pdf   

Koc, T., & Akin, P. (2022). Estimation of high school entrance examination success rates using 

machine learning and beta regression models. Journal of Intelligent Systems: Theory and 

Applications, 5(1), 9– 15. https://doi.org/10.38016/jista.922663    

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), 100214. 

https://doi.org/10.1016/j.caeai.2024.100214   

Körpeoğlu, S. G., & Yıldız, S. G. (2023). Using artificial intelligence to predict students’ STEM 

attitudes: an adaptive neural-network-based fuzzy logic model. International Journal of Science 

Education, 0(0), 1– 26. https://doi.org/10.1080/09500693.2023.2269291     

Lee, J., Alonzo, D., Beswick, K., Abril, J. M. V., Chew, A. W., & Oo, C. Z. (2024). Dimensions of 

teachers’ data literacy: A systematic review of literature from 1990 to 2021. Educational 

Assessment Evaluation and Accountability, 1–56. https://doi.org/10.1007/s11092-024-09435-

8   

Lee, S. J., & Kwon, K. (2024). A systematic review of AI education in K-12 classrooms from 2018 

to 2023: Topics, strategies, and learning outcomes. Computers and Education: Artificial 

Intelligence, 6(100211), 100211. https://doi.org/10.1016/j.caeai.2024.100211   

Lombart, C., Smal, A., & Henry, J. (2020). Tips and Tricks for Changing the Way Young People 

Conceive Computer Science. Informatics in Schools. Engaging Learners in Computational Thinking: 

13th International Conference, ISSEP 2020, Tallinn, Estonia, November 16-18, 2020, Proceedings 

13, 79– 93.  

Lozano, A., & Blanco Fontao, C. (2023). Is the education system prepared for the irruption of 

artificial intelligence? A study on the perceptions of students of Primary Education Degree from a 

http://files.eric.ed.gov/fulltext/ED631203.pdf
http://files.eric.ed.gov/fulltext/EJ1415061.pdf
https://doi.org/10.1080/09500693.2023.2200887
https://doi.org/10.1177/02704676231224705
http://files.eric.ed.gov/fulltext/EJ1382350.pdf
https://doi.org/10.38016/jista.922663
https://doi.org/10.1016/j.caeai.2024.100214
https://doi.org/10.1080/09500693.2023.2269291
https://doi.org/10.1007/s11092-024-09435-8
https://doi.org/10.1007/s11092-024-09435-8
https://doi.org/10.1016/j.caeai.2024.100211


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
46  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

dual perspective: Current pupils and future teachers. Education Sciences, 13(7), 733. 

https://doi.org/10.3390/educsci13070733   

Lucana Wehr, Y. E., & Roldan Baluis, W. L. (2023). Chatbot basado en inteligencia artificial para la 

educación escolar. Horizontes. Revista de Investigación En Ciencias de La Educación, 7(29), 

1580– 1592. https://doi.org/10.33996/revistahorizontes.v7i29.614   

Mahon, J., Mac Namee, B., & Becker, B. A. (2023). No More Pencils No More Books: Capabilities of 

Generative AI on Irish and UK Computer Science School Leaving Examinations. Proceedings of the 

2023 Conference on United Kingdom & Ireland Computing Education Research, 1–7. 

https://dl.acm.org/doi/pdf/10.1145/3610969.3610982   

Mahon, J., Quille, K., Mac Namee, B., & Becker, B. A. (2022). A novel machine learning and artificial 

intelligence course for secondary school students. Proceedings of the 53rd ACM Technical 

Symposium on Computer Science Education V. 2, 1155–1155.  

Martínez-Ramón, J. P., Morales-Rodríguez, F. M., Pérez-López, S., Méndez, I., & Ruiz-Esteban, C. 

(2023).  

Predicting teacher resilience by using artificial neural networks: Influence of burnout and stress by  

COVID-19. Anales de Psicología, 39(1), 100–111. https://doi.org/10.6018/analesps.515611  

Martin, F., Zhuang, M., & Schaefer, D. (2023). Systematic review of research on artificial 

intelligence in K12 education (2017-2022). Computers and Education: Artificial Intelligence, 

100195.  

Marx, E., Leonhardt, T., & Bergner, N. (2023). Secondary school students’ mental models and 

attitudes regarding artificial intelligence - A scoping review. Computers and Education: Artificial 

Intelligence, 5(100169), 100169. https://doi.org/10.1016/j.caeai.2023.100169   

Masneri, S., Domínguez, A., Sanz, M., Zorrilla, M., Larrañaga, M., & Arruarte, A. (2023). cleAR: an 

interoperable architecture for multi-user AR-based school curricula. Virtual Reality, 27(3), 1813–

1825. https://doi.org/10.1007/s10055-023-00764-5   

Miao, F., Holmes, W., Huang, R., & Zhang, H. (2021). AI and Education: A guidance for policymakers. 

UNESCO Publishing.  

Mikeladze, T., Meijer, P. C., & Verhoeff, R. P. (2024). A comprehensive exploration of artificial 

intelligence competence frameworks for educators: A critical review. European Journal of 

Education, e12663. https://doi.org/10.1111/ejed.12663   

Ministry for Economy, European Funds and Lands. (2022). National eSkills Strategy 2022 - 2025. 

Government of Malta.  

Ministry of Economic Development. (2020). National Strategy for Artificial Intelligence. Government 

of Italy.  

Ministry of Education. School 4.0 Plan. Government of Italy.  

Ministry of Education and Science. (2021). National Digital Skills Programme. Government of 

Bulgaria.  

Ministry of Education and Science. (2024). Guidelines for the Use of Artificial Intelligence in the 

Educational System. Government of Bulgaria.  

Ministry of Finance. (2020). National Development Program BULGARIA 2030. Government of 

Bulgaria. Ministry of Innovation and Growth. (2021). Innovation Strategy for Smart Specialisation 

2021-2027. Government of Bulgaria.  

Ministry of University and Research, Ministry of Economic Development, & Minister for 

Technological Innovation and Digital Transition. (2021). Artificial Intelligence Strategic Program 

2022-2024. Government of Italy.  

https://doi.org/10.3390/educsci13070733
https://doi.org/10.33996/revistahorizontes.v7i29.614
https://dl.acm.org/doi/pdf/10.1145/3610969.3610982
https://doi.org/10.1016/j.caeai.2023.100169
https://doi.org/10.1007/s10055-023-00764-5
https://doi.org/10.1111/ejed.12663


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
47  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

Ministry of Transport and Communications. (2020). Digital Transformation of Bulgaria for the 

period 20202030. Government of Bulgaria.  

Ministry of Transport, Information Technology and Communications. (2020). Concept of 

Development of Artificial Intelligence in Bulgaria by 2030. Government of Bulgaria.  

Mishra, P., Warr, M., & Islam, R. (2023). TPACK in the age of ChatGPT and generative AI. Journal of 

Digital Learning in Teacher Education, 39(4), 235–251. 

https://doi.org/10.1080/21532974.2023.2247480   

Mogas, J., Palau, R., Fuentes, M., & Cebrián, G. (2022). Smart schools on the way: How school 

principals from Catalonia approach the future of education within the fourth industrial revolution. 

Learning  

Environments Research, 25(3), 875–893. https://doi.org/10.1007/s10984-021-09398-3   

Moral-Sánchez, S. N., Ruiz Rey, F. J., & Cebrián-de-la-Serna, M. (2023). Analysis of artificial 

intelligence chatbots and satisfaction for learning in mathematics education. International Journal 

of Educational Research and Innovation, 20, 1–14. https://doi.org/10.46661/ijeri.8196   

Munn, Z., Peters, M. D. J., Stern, C., Tufanaru, C., McArthur, A., & Aromataris, E. (2018). Systematic 

review or scoping review? Guidance for authors when choosing between a systematic or scoping 

review approach. BMC Medical Research Methodology, 18(1), 1–7. 

https://doi.org/10.1186/s12874-0180611-x   

Murillo-Ligorred, V., Ramos-Vallecillo, N., Covaleda, I., & Fayos, L. (2023). Knowledge, integration 

and scope of deepfakes in arts education: The development of critical thinking in postgraduate 

students in Primary Education and master’s degree in Secondary Education. Education Sciences, 

13(11), 1073. https://doi.org/10.3390/educsci13111073   

Naya-Varela, M., Guerreiro-Santalla, S., Baamonde, T., & Bellas, F. (2023). Robobo SmartCity: An 

autonomous driving model for computational intelligence learning through educational robotics. 

IEEE Transactions on Learning Technologies, 16(4), 543–559. 

https://doi.org/10.1109/tlt.2023.3244604   

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

exploratory review. Computers and Education: Artificial Intelligence, 2(100041), 100041. 

https://doi.org/10.1016/j.caeai.2021.100041   

Ng, D. T. K., Su, J., & Chu, S. K. W. (2023). Fostering secondary school students’ AI literacy through 

making AI-driven recycling bins. Education and Information Technologies, 1–32. 

https://doi.org/10.1007/s10639-023-12183-9   

Papa, D. (2022). Digital device and mathematics: Multilevel vs machine learning models for value-

added ranking in Italy. Proceedings of the 14th International Conference on Computer Supported 

Education, 2, 171–178. https://doi.org/10.5220/0011042700003182   

Parliamentary Secretariat for Financial Services, Digital Economy and Innovation. (2019). Malta: 

The Ultimate AI Launchpad - A Strategy and Vision for Artificial Intelligence in Malta 2030. 

Government of Malta.  

Peña-Acuña, B., & Crismán-Pérez, R. (2022). Research on Papua, a digital tool with artificial 

intelligence in favor of learning and linguistic attitudes towards the learning of the English language 

in students of Spanish language as L1. Frontiers in Psychology, 13, 1019278. 

https://doi.org/10.3389/fpsyg.2022.1019278   

Perseghin, E., & Foresti, G. L. (2023). A shallow system prototype for violent action detection in 

Italian public schools. Information, 14(4), 240. https://doi.org/10.3390/info14040240   

https://doi.org/10.1080/21532974.2023.2247480
https://doi.org/10.1007/s10984-021-09398-3
https://doi.org/10.46661/ijeri.8196
https://doi.org/10.1186/s12874-0180611-x
https://doi.org/10.3390/educsci13111073
https://doi.org/10.1109/tlt.2023.3244604
https://doi.org/10.1016/j.caeai.2021.100041
https://doi.org/10.1007/s10639-023-12183-9
https://doi.org/10.5220/0011042700003182
https://doi.org/10.3389/fpsyg.2022.1019278
https://doi.org/10.3390/info14040240


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
48  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

Polak, S., Schiavo, G., & Zancanaro, M. (2022, April 27). Teachers’ perspective on artificial 

intelligence education: An initial investigation. CHI Conference on Human Factors in Computing 

Systems Extended Abstracts. CHI ’22: CHI Conference on Human Factors in Computing Systems, 

New Orleans LA USA. https://doi.org/10.1145/3491101.3519866   

Rizvi, S., Waite, J., & Sentance, S. (2023). Artificial Intelligence teaching and learning in K-12 from 

2019 to 2022: A systematic literature review. Computers and Education: Artificial Intelligence, 

4(100145), 100145. https://doi.org/10.1016/j.caeai.2023.100145   

Şahin, S., & Erol, Ç. (2024). Prediction of Secondary School Students’ Academic Achievements with 

Machine Learning Methods and a Sample System. Cybernetics and Systems, 55(4), 940–960.  

https://doi.org/10.1080/01969722.2022.2122014   

Sanabria-Navarro, J.-R., Silveira-Pérez, Y., Pérez-Bravo, D.-D., & de-Jesús-Cortina-Núñez, M. (2023). 

Incidences of artificial intelligence in contemporary education. Comunicar, 31(77). 

https://doi.org/10.3916/c77-2023-08   

Scaradozzi, D., Cesaretti, L., Screpanti, L., & Mangina, E. (2020). Identification of the students 

learning process during Education robotics activities. Frontiers in Robotics and AI, 7, 21. 

https://doi.org/10.3389/frobt.2020.00021   

Scaradozzi, D., Cesaretti, L., Screpanti, L., & Mangina, E. (2021). Identification and assessment of 

educational experiences: Utilizing data mining with robotics. IEEE Robotics & Automation 

Magazine, 28(4), 103–113. https://doi.org/10.1109/mra.2021.3108942   

Scaradozzi, D., Screpanti, L., & Cesaretti, L. (2021). Machine Learning for modelling and 

identification of Educational Robotics activities. 2021 29th Mediterranean Conference on Control 

and Automation (MED), 753–758. https://doi.org/10.1109/med51440.2021.9480309   

Slavov, V., Yotovska, K., & Asenova, A. (2023). Research on the Attitudes of High School Students 

for the Application of Artificial Intelligence in Education. International Association for Development 

of the Information Society. http://files.eric.ed.gov/fulltext/ED639549.pdf   

Su, J., Zhong, Y., & Ng, D. T. K. (2022). A meta-review of literature on educational approaches for 

teaching AI at the K-12 levels in the Asia-Pacific region. Computers and Education: Artificial 

Intelligence, 3(100065), 100065. https://doi.org/10.1016/j.caeai.2022.100065   

Sutton, A., Clowes, M., Preston, L., & Booth, A. (2019). Meeting the review family: exploring review 

types and associated information retrieval requirements. Health Information and Libraries Journal, 

36(3), 202–222. https://doi.org/10.1111/hir.12276   

Szymanski, M., Ooge, J., De Croon, R., Vanden Abeele, V., & Verbert, K. (2024). Feedback, control, 

or explanations? Supporting teachers with steerable distractor-generating AI. Proceedings of the 

14th Learning Analytics and Knowledge Conference. LAK ’24: The 14th Learning Analytics and 

Knowledge Conference, Kyoto Japan. https://doi.org/10.1145/3636555.3636933   

Tartuk, M. (2023). Metaphorical Perceptions of Middle School Students Regarding the Concept of 

Artificial Intelligence. International Journal of Education and Literacy Studies, 11(2), 108–116. 

http://files.eric.ed.gov/fulltext/EJ1375711.pdf   

Terzi, R. (2020). An Adaptation of Artificial Intelligence Anxiety Scale into Turkish: Reliability and 

Validity Study. International Online Journal of Education and Teaching, 7(4), 1501–1515. 

https://iojet.org/index.php/IOJET/article/view/1031   

Tiernan, P., Costello, E., Donlon, E., Parysz, M., & Scriney, M. (2023). Information and media literacy 

in the age of AI: Options for the future. Education Sciences, 13(9), 906.  

https://doi.org/10.3390/educsci13090906   

https://doi.org/10.1145/3491101.3519866
https://doi.org/10.1016/j.caeai.2023.100145
https://doi.org/10.1080/01969722.2022.2122014
https://doi.org/10.3916/c77-2023-08
https://doi.org/10.3389/frobt.2020.00021
https://doi.org/10.1109/mra.2021.3108942
https://doi.org/10.1109/med51440.2021.9480309
http://files.eric.ed.gov/fulltext/ED639549.pdf
https://doi.org/10.1016/j.caeai.2022.100065
https://doi.org/10.1111/hir.12276
https://doi.org/10.1145/3636555.3636933
http://files.eric.ed.gov/fulltext/EJ1375711.pdf
https://iojet.org/index.php/IOJET/article/view/1031
https://doi.org/10.3390/educsci13090906


 
Preparing Teachers for the AI Development in 

Education as an Innovative Asset 
 

 
 

 
49  

  

Project: 101132955 — PAIDEIA — ERASMUS-EDU-2023-PI-FORWARD Funded by the European Union. 
Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the European Education and Culture Executive Agency (EACEA). 
Neither the European Union nor the granting authority can be held responsible for them. 

Tirado-Olivares, S., Navío-Inglés, M., O’Connor-Jiménez, P., & Cózar-Gutiérrez, R. (2023). From 

human to machine: Investigating the effectiveness of the conversational AI ChatGPT in historical 

thinking. Education Sciences, 13(8), 803. https://doi.org/10.3390/educsci13080803   

UNESCO. (2024). Draft AI competency frameworks for teachers and for school students. UNESCO.  

https://www.unesco.org/sites/default/files/medias/fichiers/2024/04/UNESCO-Draft-AI-

competencyframeworks-for-teachers-and-school-students.pdf   

Uzumcu, O., & Acilmis, H. (2023). Do Innovative Teachers use AI-powered Tools More Interactively? 

A Study in the Context of Diffusion of Innovation Theory. Technology Knowledge and Learning.  

https://doi.org/10.1007/s10758-023-09687-1   

Voulgari, I., Zammit, M., Stouraitis, E., Liapis, A., & Yannakakis, G. (2021). Learn to machine learn: 

Designing a game-based approach for teaching machine learning to primary and secondary 

education students. Interaction Design and Children. IDC ’21: Interaction Design and Children, 

Athens Greece. https://doi.org/10.1145/3459990.3465176   

Yıldız, H. (2023). Prediction of pre-service teachers’ academic self-efficacy through machine 

learning approaches. Africa Educational Research Journal, 11(1), 32–44. 

https://doi.org/10.30918/aerj.111.22.083   

Yue, M., Jong, M. S.-Y., & Dai, Y. (2022). Pedagogical design of K-12 artificial intelligence education: 

A systematic review. Sustainability, 14(23), 15620. https://doi.org/10.3390/su142315620  

Zammit, M., Voulgari, I., Liapis, A., & Yannakakis, G. N. (2021). The road to AI literacy education: 

from pedagogical needs to tangible game design. European Conference on Games Based Learning. 

https://www.um.edu.mt/library/oar/handle/123456789/80765   

Zammit, M., Voulgari, I., Liapis, A., & Yannakakis, G. N. (2022). Learn to machine learn via games 

in the classroom. Frontiers in Education, 7, 913530. 

https://doi.org/10.3389/feduc.2022.913530   

Zanellati, A., Zingaro, S. P., & Gabbrielli, M. (2022). Student low achievement prediction. 

International Conference on Artificial Intelligence in Education, 737–742.  

https://hal.science/hal-04370890/file/Low_Achievement_Prediction.pdf       

Zhang, P., & Tur, G. (2023). A systematic review of ChatGPT use in K-12 education. European 

Journal of Education. https://doi.org/10.1111/ejed.12599   

  

  

https://doi.org/10.3390/educsci13080803
https://www.unesco.org/sites/default/files/medias/fichiers/2024/04/UNESCO-Draft-AI-competencyframeworks-for-teachers-and-school-students.pdf
https://www.unesco.org/sites/default/files/medias/fichiers/2024/04/UNESCO-Draft-AI-competencyframeworks-for-teachers-and-school-students.pdf
https://doi.org/10.1007/s10758-023-09687-1
https://doi.org/10.1145/3459990.3465176
https://doi.org/10.30918/aerj.111.22.083
https://www.um.edu.mt/library/oar/handle/123456789/80765
https://doi.org/10.3389/feduc.2022.913530
https://hal.science/hal-04370890/file/Low_Achievement_Prediction.pdf
https://doi.org/10.1111/ejed.12599

