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Abstract:

The paper presents a theoretical review of various innovative Al-based teaching
methods for two elementary school subjects — Technology education, and
Computer science. Based on the analysis of valid learning theories, seven
Al-managed educational modalities were proposed: transferable digital
competences, virtual laboratories, virtual and augmented reality environ-
ments, serious games, intelligent programming code feedback systems, pair
programming, and Al-generated coding challenges. Each method is observed
through the existing learning theory lens. The review demonstrated that AI-
mediated personalized learning, adaptive feedback, and learning analytics can
be operationalized via the three-phase cyclic model of self-regulated learning
across all examined modalities, by which students gain both domain-specitfic
and transversal competences. Future research directions are proposed,
encompassing the development of psychometrically validated assessment
instruments and the further investigation of ethical dimensions of Al deployment
in Serbian primary education.
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INTRODUCTION

The expansion of contemporary educational practice with an innovative
set of artificial intelligence-based digital tools and technologies opened
new possibilities for enhancing student engagement and motivation as
key factors of learning outcomes and academic success [1]. Al-based
tools and technologies hold great potential in personalizing learning
experience, providing adaptive feedback, supporting student develop-
ment, creating interactive and immersive learning environments that
are aligned with students’ individual needs, interests, learning style, and
other personal characteristics [2]. As educational technologies hold a
great potential in enhancing student engagement and motivation, educa-
tional institutions should nourish the learning culture aimed at students
at the center of the teaching process by enabling them to take respon-
sibility for their work and fully operationalize their personal potentials.
One of the key aspects that makes this possible is creating a personalized
learning experience [3].
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Learning systems based on Al algorithms can analyze
vast amounts of data about student actions during the
learning process, their performance, and preferences, so
that they create dynamic student profiles representing
their strengths, weaknesses, and personal interests. This
profile can further be used for generating personalized
learning paths, recommending relevant educational
resources and activities, and adapting learning tempo
and content complexity in accordance with students'
individual needs, by which students develop the sense
of autonomy, competency, and relevancy, all key factors
for developing intrinsic motivation accruing to the self-
determination theory [4].

The concept of personalized adaptive learning is
based on multiple learning theories, including construc-
tivism, self-regulated learning, and Bloom's master
learning theory. The constructivist theory emphasizes
the active role of students in building their knowledge
and understanding by interacting with the environment
and other educational factors [5] [6]. AI-managed per-
sonalized learning is aligned with this perspective by
providing adaptive and interactive learning experiences
that support exploration, research, and problem-solving.
Self-regulated learning emphasizes the importance of
student autonomy, setting valid goals, and metacogni-
tive strategies in promoting academic success. Al-based
tools proved student with the resources for monitoring
their progress, setting personalized learning goals, and
adapting learning strategies based on the system feed-
back. Mastery learning theory [7] implies that students
should gain a high level of proficiency in a given topic
before moving on to more advanced content, so that the
teaching process should be adapted to students' individual
tempo and needs. The adapted personalized learning is
aligned with the aforementioned principle by continuous
knowledge and skills assessment, and by adapting the
learning sequence and content in order to ensure that
each student masters the material before continuing.
The implementation of AI-managed personalized learning
is enabled by using data-mining technologies, learning
analytics, and intelligent tutoring systems. The use of
Al-controlled adaptive learning paths provides students
with the following new opportunities for gaining a wide
spectrum of digital knowledge, skills, and competencies
in the fields of technology education and information
technologies [8]:

o domain-specific knowledge,

o problem-solving skills,

o self-regulated learning,

o algorithmic and computational thinking, and

o cooperation and communication.
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The adaptive feedback and support can enhance
student engagement and motivation by developing a
sense of support, progress, and achievement, all essential
for keeping the effort and perseverance in facing chal-
lenging situations [9]. When we provide students with
instant and targeted feedback about their performance,
they can identify their own strengths and weaknesses,
perceive their advancement, and accordingly adapt
learning strategies [10]. The feedback based on learning
analytics represents a powerful tool for supporting self-
regulated learning, so student can actively control and
regulate their cognitive, motivational, and behavioral
processes to achieve learning goals [11]. In the context
of educating students in the fields of engineering, tech-
nology, and computer science, self-regulated learning is
key to developing metacognitive strategies, self-awareness,
and individual learning skills that are necessary for suc-
cessful use of a technologically rich digital environment
that is permanently changing and developing. Socio-
cognitive theory of self-regulated learning presupposes
a three-phase cyclic process [12]:

1. Prediction - setting goals and strategic planning;
2. Execution - self-observation and self-control;
3. Self-reflection - self-evaluation and adaptation.

Al-based learning analytics support all three num-
bered phases, thus providing students with personalized
insights, feedback, and recommendations based on their
learning activities, performance, and goals. The feedback
intervention theory defines that information contained
in the feedback can have positive or negative effects
on learning, depending on the level at which they are
aligned with the task, process, and self-regulation, and
the level at which they are aligned with the goals and
student self-awareness [13]. Al-based learning analytics
can generate feedback interventions that are personalized,
timely, and applicable, aiming at specific aspects of the
self-regulated learning process and promoting positive
learning outcomes. For example, Al algorithms can be
used for the analysis of interaction patterns between
students and teachers, detecting semantic similarity and
sentiment in online forums and/or social networks to
provide feedback about collaborative learning processes,
such as knowledge construction, argumentation, and
social regulation [14]. Using learning analytics and
automatic feedback generation based on AI technology
for self-regulated learning, student can gain wide specter
of knowledge, skills and competences that are key for
their future academic and professional success in the tech-
nical-technological field: metacognitive knowledge and
skills (understanding and regulation of personal cogni-
tive processes and learning strategies), self-observation
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and self-evaluation (individual tracking learning goal
achievement, identification of challenges and shortcom-
ings), strategic planning (defining learning goals, strate-
gies, and resources), self-efficiency and motivation that
are key for crucial for sustainable engagement an learning
perseverance, and cooperation skills (e.g., social regula-
tion) needed for coordination and adaptation of personal
learning processes and the comparison with others. The
benefits of using Al-based teaching methods are indeed
significant, particularly given that students increasingly
possess sufficient digital prior knowledge and competen-
cies to fully leverage the potential of these new approaches.

The rest of the paper is organized as follows. The
following section examines current innovative Al-based
teaching methods, outlining seven distinct educational
technologies. The concluding section presents the
summary of the overall review.

2. AI-BASED TEACHING METHODS FOR
DEVELOPING DOMAIN-SPECIFIC
COMPETENCES

The use of artificial intelligence has led to develop-
ing specific knowledge and skills in the areas of tech-
nical/technology education and informatics/computer
science education. Various Al-based learning platforms,
learning management systems, and intelligent tutoring
systems can provide students with personalized learn-
ing paths, adaptive feedback, and learning resources
based on their individual strengths, weaknesses, and
advancement. Intelligent systems can adapt to students’
level of understanding and offer appropriate challenges
and support, thereby promoting deeper understanding
of complex concepts and problem-solving strategies in
the fast-developing technology and computer science
education [15]. Artificial intelligence can ease the learn-
ing and mastering of practical skills that are key in the
aforementioned scientific fields, such as programming,
software development, data analysis, computer-aided
design, etc. In addition, computer simulations and vir-
tual laboratories combined with the specific Al-agents
can provide extremely useful practical insights in vari-
ous domains and fields of engineering, manufacturing,
computing, networking, cyber security, cloud comput-
ing, etc., thus providing students with the unique op-
portunities to practice and apply their skills in realistic
scenarios [16]. The key aspect of using Al for educating
students in technology and computer science is the de-
velopment of transversal competences and skills such as
critical thinking, problem solving, cooperation, team-
work, communication, and leadership.
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The contemporary primary school didactics and
teaching methods underwent a significant transforma-
tion in the past two decades by aligning them to pervasive
and ubiquitous digitalization and trying to keep pace
with the students who experience a growing impact of
digital technologies in their everyday lives from year to
year. The general popularization and accessibility of new
Al-based technologies have added a new momentum to
this transformation, so we are currently witnessing a
new (r)evolutionary phase. Even though we can observe
the technological changes almost on a daily basis, some
applications of AI-based educational technologies have
managed to define their clear paths that will be further
elaborated.

2.1.THE DEVELOPMENT OF TRANSFERABLE DIGITAL
COMPETENCES

Transferable digital competences represent a set of
knowledge, skills, and personal attitudes that enable
students to use digital technologies efficiently in various
domains and contexts. These competences include digital
literacy, digital problem solving, digital cooperation,
digital creativity, and digital ethics [17]. The theoretical
base for developing transferable digital competences lies
in constructivist and situational learning theories. In the
context of education in engineering, technology, and
computer science, students develop digital competences
by engaging in authentic, complex, and nonstructured
problems and tasks needing the application of various
digital skills and domain knowledge [18]. AI-simulated
problem solving creates immersive, interactive learn-
ing environments simulating real-life scenarios, thus
enabling students with the opportunities to apply
their digital knowledge and skills in authentic but safe
contexts, and develop transferable digital competences
based on practical application and real-life problem
solving. This teaching method develops digital literacy,
problem-solving skills, digital creativity, cooperation,
and ethics.

2.2.Al-SIMULATED VIRTUAL LABORATORIES

Virtual laboratories enable interaction with digitally
simulated objects, systems, tools, and networks, enabling
students to develop practical skills and competencies
in a safe and controlled environment [19]. By using
various Al techniques such as machine learning, natural
language processing, and intelligent tutoring systems,
virtual laboratories can create adaptive, personalized,
and motivational learning experiences that promote the
development of fundamental digital skills.
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The theoretical base of virtual laboratories as a
didactic tool is experiential learning [20] that observes
the learning process as a set of cycles of concrete experi-
ence, reflexive observation, abstract conceptualization,
active experimentation, and situated learning [21]. The
learning is most efficient when performed in authentic,
real contexts that are relevant for student experience
and future practice. AI-simulated virtual laboratories
are used to develop students’ digital skills, conceptual
understanding, critical thinking, problem-solving skills,
digital cooperation, and communication.

2.3.AI-CONTROLLED VIRTUAL REALITY AND AUGMENTED
REALITY TECHNOLOGIES

Virtual reality and augmented reality are immersive
and interactive learning environments that can be used
for simulating real-world scenarios, complex concept
visualization, and providing students with direct experi-
ences. By integrating machine learning techniques, nat-
ural language processing, and computer vision, reality
simulation technologies create adaptive, personalized,
and intelligent learning experiences that are adapted to
students’ individual needs and learning preferences. The
cognitive theory of multimedia learning *Mayer, 2005)
is the base of this teaching method approach. According
to this theory, learning is enhanced when the informa-
tion is presented through multiple modalities. The vir-
tual and augmented reality technologies enable a rich
multimodal learning experience engaging visual, audi-
tory, and kinaesthetic senses, combined with students'
active processing and integrating information into their
existing knowledge structures. This is enabled by adapt-
ability and personalization based on the AI algorithms,
and the embodied cognition theory [22] that emphasizes
the role of the body, physical interaction, and sensori-
motor experiences in shaping cognitive processes and
learning. Virtual and augmented reality technologies
provide embodied learning experience, enabling stu-
dents to interact with virtual objects, environments, and
simulations using natural movements and gesticulation.
The teaching method is based on the principles of situ-
ated and experiential learning by immersing students in
a realistic context-rich environment, often simulating
real-life scenarios and problems in creating adaptive dy-
namic environments. Al-based reality simulations adapt
learning experience based on student performance, pro-
vide them with personalized feedback, and encourage
reflection. The use of these technologies develops spe-
cific domain knowledge, practical psychomotor skills,
problem-solving skills, critical thinking, cooperation,
communication, and self-regulated learning.
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2.4.AI-CONTROLLED DIGITAL GAMES

Digital games provide students with interactive and
often educationally meaningful learning experiences.
Serious games are digital games designed for education,
combining engaging and motivational elements with
educational content and strategies [23]. By integrating
AT techniques such as machine learning, natural lan-
guage processing, and adaptive game mechanics, serious
games can create personalized, dynamic, and immersive
learning environments that promote the development
of various knowledge, skills, and competencies. The
validity of serious games as a teaching method lies in
constructivist learning theory, flow theory, and game-
based learning. Digital games are observed as interactive
exploratory learning environments in which students
are actively engaged with challenges, experiments, and
simulations, thus promoting knowledge, concepts, and
skills construction [24]. However, in order to be effec-
tive, the game must keep the student in the optimal state
of activity engagement that is characterized by the bal-
ance between tasks and individual skills. The state of
flow provides students with a high level of concentra-
tion, enjoyment, and intrinsic motivation to play, thus
enabling deep learning and skills development. Game-
based learning elements are: setting clear goals, provid-
ing feedback, rewards, and social interaction, by which
an engaging, motivating, and educationally efficient
learning experience is created that promotes knowledge
and skills acquisition and application [25]. Using digi-
tal games as a didactic tool can lead to the developing
of domain-specific knowledge, problem-solving skills,
critical thinking skills, practical skills in the field of com-
puter science, engagement, motivation, self-efficacy, and
self-confidence.

2.5.INTELLIGENT PROGRAMMING CODE FEEDBACK

The inclusion of intelligent programming feedback
as a contemporary teaching method in informatics and
computer science is focused on providing personalized
and adaptive teaching in programming and the develop-
ment of appropriate skills [26]. The system for intelligent
code feedback uses machine learning techniques, natural
language processing, and programming analysis algo-
rithms for automatic student programming code assess-
ment, error identification, and providing targeted feed-
back and guidance. The theoretical base of this method
is the combined cognitive apprenticeship model and
scaffolding theory of learning. The cognitive appren-
ticeship model in the programming context generates
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intelligent feedback about the code, so it actually acts as
a virtual tutor providing the student with expert guid-
ance and support while developing programming skills
[27]. Scaffolding theory of learning presumes that stu-
dents gain from adaptive support that gradually recedes
as they develop better programming skills, thus pro-
moting self-regulated learning and individual learning
[28]. The design and implementation of these systems is
based on the intelligent tutoring systems and automated
programming repair technology, such as programming
synthesis and symbolic execution, that enable automatic
error detection and correction in the programming code
[29]. The use of these systems in teaching informatics
and computer science enhances programming efficiency
for specific programming languages (e.g., Python, Java,
C++), development of problem-solving skills, collabora-
tive programming, and self-regulated learning.

2.6.PAIR PROGRAMMING

Al-enhanced pair programming promotes collabo-
rative learning in software development [30]. This meth-
od is based on the agile software development technique
in which two programmers collaborate on one project
using a single computer. The first programmer writes
the code, while the second observes and checks each line
of the code as it's being written. This teaching method
is based on social constructivist theory [31] combined
with the distributed cognition framework [32]. Social
constructivism emphasizes the importance of social
interaction and cooperation in the learning process,
so the knowledge is constructed through cooperative
experience and dialogue [6]. In the par programming
context, students learn together by exchanging ideas,
explaining their thinking process, and solving problems
cooperatively. AI technologies support the collabora-
tive learning process by enabling the use of intelligent
tools and feedback that ease effective communication
and knowledge sharing between programmers. On the
other side, according to the distributed cognition frame-
work, both teammates contribute with their unique
skills, knowledge, and perspectives in the collaborative
process of learning programming. Par programming
positively influences the development of collaborative
problem-solving skills, effective communication (oral
and written), implementation of agile software model
development (e.g., continuous integration, testing, itera-
tive design), interpersonal skills (e.g., empathy, patience,
respect), and self-regulated learning.
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2.7.Al-GENERATED CODING CHALLENGE

An Al-generated coding challenge is aimed at develop-
ing problem-solving skills in the context of programming
[33]. Al-based systems use machine learning algorithms,
natural language processing, and programming synthesis
tools to automatically generate programming problems that
are adapted to student skills, learning goals, and problem-
solving strategies. These challenges provide students with
opportunities for practicing programming skills, develop-
ing computer thinking skills, and creative problem-solving
[34]. This teaching method is based on the combination
of constructivist learning theory and problem-based learn-
ing. Constructivism emphasizes the active student role in
knowledge construction through practical experience and
problem-solving activities [5], which in a programming
context, indicates participation in authentic coding tasks,
exploring various solutions, and thinking about problem-
solving processes. Problem-based learning confronts stu-
dents with complex real-world tasks as a means to promote
learning and skill development. Students are working to-
gether on problem identification, analysis, and finding
solutions, while the teacher has the role of facilitator [35].
Al-generated coding challenge enhances the development
of computer thinking skills (e.g., problem decomposition,
pattern recognition, abstraction, algorithm design), efhi-
cient programming, problem-solving strategies, creativity,
innovation, collaboration, and communication.

3. CONCLUSION

The deep penetration and vast integration of artifi-
cial intelligence technologies into practically every digi-
tal technology and society altogether made it imperative
that contemporary teaching methodologies must undergo
reconstruction of their pedagogical design. The presented
innovative examples are primarily devised for Technol-
ogy education and Computer science subjects taught in
higher grade elementary schools in Serbia, but can easily
be adapted and operationalized to practically any other
subject. The reviewed models are all based on well-estab-
lished educational theories, proving their validity.

In total, seven pedagogical models were examined
- starting from transferable digital competences, and
ending with Al-generated coding challenges — all rep-
resenting an evolving coherent continuum of current
instructional innovation. The review emphasizes the
argument that current Al-managed personalized learn-
ing actually mirrors the cyclic model of self-regulated
learning, providing students with not only the content,
but simultaneously with timely and relevant feedback.
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Some important limitations should be acknowl-
edged. The majority of research on Al-based educational
technologies is methodologically heterogeneous, thereby
limiting the generalization of conclusions. Of course, the
pedagogical implementation is highly sensitive to educa-
tional digital infrastructure, teacher readiness, and prior
knowledge, but student prior knowledge is also a vari-
able that is frequently underreported in the literature.

Future research should examine the ethical dimen-
sions of AT deployment in educational contexts, includ-
ing bias and data privacy across various socioeconomic
samples. The development of a standardized, psycho-
metrically validated instrument for assessing the compe-
tences targeted by numbered Al-based teaching meth-
ods is the next step of this research.

In conclusion, innovative Al-based teaching meth-
ods have great transformative potential for teaching
Technology education and Computer science subjects,
offering unprecedented opportunities for adaptive per-
sonalized learning, thus preparing students for future
education and professional engagement in a rapidly
evolving digital society and economy.
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