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Keynote:

A co-evolving socio-technical system: Learners,
Teachers and AI Technologies

Prof. Dr. Inge Molenaar

In preparation for the 2025 International Conference on Educational
Policy, 22nd of November 2025. This paper was submitted on the 19th
of October 2025.

First, I would like to thank you for the honor of speaking at this
important conference and for the invitation to discuss the application
of Al in K-12 education and teacher education. The theme of this
conference, “Revolutionizing K-12 Education in the Age of Al:
Curriculum, Teaching and Assessment,” aligns closely with my work
as the scientific director of the National Education Lab AI of the
Netherlands, and I look forward to sharing my thoughts with you.

Moreover, I would like to compliment you on the impressive
strategy and vision regarding Al in education, as reflected in the Digital
Learning Enhancement Plan for Grade 1-12 (2022-2025) and the
Taiwan Adaptive learning Platform (TALP) (Kuo, Chang & Lee, 2023).
The work i1s impressive, combining a vision of education's future, an
innovative approach to pedagogical and instructional practices, and
state-of-the-art technological infrastructure. Many countries around the
world struggle to bring these elements together, and Taiwan features as

an example of innovation in this space.



In this talk, I will address the current application of Al in education,
foregrounding recent developments to inform new future developments.
The current global discussion around Al and education can be viewed

from two perspectives: societal and educational.

The societal perspective asks for a response to the rise of Al as
a systems technology in our societies (WRR, 2021; OECD, 2025).
This puts new demands on the development of your learners’ skills
and competencies to live and learn in an Al era. A central question
resonating around the world is “Which abilities do young learners need
in an Al era?” (OECD 2025; Schwartz & Molenaar 2023). Several
international guidelines discuss the need for core foundational domain
knowledge and skills such as reading, writing, and mathematics, generic
skills and competences such as creativity, problem solving, Al literacy,
collaboration, and self-regulated learning skills. All these skills are
considered critical for students to learn, live in, and develop their talents
in an Al-based society (CELLA, 2021).

Historical evidence shows that system technologies put pressure
on societies at large and specifically on educational systems. In the
past, governments have responded by extending and innovating formal
education (Goldin & Katz, 2018). Again today, the question is how we
can adequately respond to these challenges. In this keynote address, I
would like to emphasize the need for learners to develop foundational
domain knowledge combined with the ability to regulate their own
learning, also when they learn using Al technologies. These skills will

enable young learners to adapt flexibly to a changing society.

This response to the societal implications of Al as a system



technology is closely connected to the educational perspective. Al-
driven technologies offer ample opportunities to improve educational
practices through personalized education, enhanced feedback to
learners, optimized practice trajectories, and align the curriculum with
individual and class needs (Lin et al, 2024; Kou et al. 2025; Holmes
& Tuomi, 2022; Molenaar, 2022). At the same time, it has been
challenging to align our scientific knowledge of learning with the design
of Al technologies, to professionalize teachers effectively, and to induce
system-wide, innovative, transformative educational practices in schools
around the world. This calls for mindful consideration of the role of
Al technologies to support students’ learning and teachers’ teaching.
Human-AlI collaboration should be viewed as a complex socio-technical
system that needs a deliberate design, development, and implementation

process to reach its full potential.

Different responses to these societal and educational challenges
have been formulated around the world in various Al & educational labs
and programs (Molenaar & Sleegers, 2023). Today, I am excited to bring
forward the connection between the Taiwanese and Dutch approaches
and outline how they address the challenges of equipping young learners
with the skills needed for an Al era.

In the Netherlands, we are addressing these challenges within the
National Education Lab Al, which is dedicated to developing innovate
practices of Al together with primary and secondary schools, scientists,
and entrepreneurs in our co-creation and co-implementation program. In
this way, teachers and educational professionals are actively involved in

the design, development, and implementation of novel Al innovations.



The seamless connection between the teachers’ pedagogical-
instructional practices in the classroom and the design and functioning
of Al technology is the central focus of this approach. In this way, we
aim to develop novel educational practices that, in fact, transform our

educational system to be ready for an Al era'.

In this talk, I will discuss key elements of our response to the
societal and educational challenges posed by Al as a system technology
on our education systems. I will draw on examples for your projects
in NOLAI and hope to connect this with Taiwanese examples to

foreground future collaboration.

My talk i1s divided into two main parts; first, I will focus on
how adaptive learning systems can support learners’ development of
domain knowledge. I will elaborate on the important role of teachers in
orchestrating the use of these adaptive technologies in their classrooms.
Especially, aligning the Al functionalities with their pedagogical and
instruction practices is critical. Second, I will focus on the importance
and development of self-regulated learning skills with Al technologies
and emphasize the combined role of teachers and technology. In this
section, the transition from adaptive learning to adaptive learners that
drive their own learning processes is highlighted. Lastly, I will elaborate
on the importance of further understanding how Al can complement and

augment humans in education.

Learning and Al: from adaptive learning to adaptive learners

As outlined in the societal challenge, optimizing young learners’

1. .
www.nolai.nl
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knowledge and skills is multifaceted in an Al era. Both domain-specific
knowledge, such as mathematics, reading, and writing, and general
skills, such as self-regulated learning skills, are crucial for learners to
develop. Although domains and generic skills reinforce each other, they
also require distinct pedagogical and instructional approaches to develop

them. This also translates into different designs of Al technologies.

Domain knowledge development and adaptive learning

In the last decade, there has been increasing evidence that domain-
specific skills can be developed with adaptive learning technologies
(ALTs) and intelligent tutoring systems (ITS) (Baker, 2016; Kulik &
Fletcher, 2016). These systems adjust to learners’ individual needs to
optimize domain learning. This personalization can be directed at step,
task, and curriculum adaptivity. ITS systems have traditionally combined
curriculum-level adaptivity to help students reach mastery by selecting
appropriate learning goals, along with step adaptivity to remediate
misconceptions. Although this approach has proven effective for mostly
structured domains with clear answers, such as mathematics, developing
these systems is labor-intensive and costly. Moreover, the teacher's role
in ITS has only recently received more attention in research. Findings
show that an active teacher role improves the effectiveness of ITS, and a

new research direction is under development (Aleven et al. 2023).

This aligns with developments in Adaptive Learning Technologies
in the Netherlands, which have been designed with a clear division of
tasks between the ALT and the teachers. Based on the direct instruction
model (Gersten, Keating & Becker, 1988), teachers enact the direct
instruction cycle together with the Al technology (Cijvat et al. 2022;
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Molenaar, 2024; Kessel et al. 2025). Teachers led class-level actions,
introducing the lesson objectives and learning goal, activating learners'
prior knowledge, delivering instruction, and orchestrating whole-
class practice. Learners’ individual practice activities are guided by the
ALT, who selects appropriate problems and provides direct feedback.
This task adaptivity selects problems based on an estimate of student
knowledge and an appropriate probability of success. Task adaptivity
in the ALTs ensures that students practice within their zone of proximal
development. At the same time, the teacher is informed of class progress
by the teacher dashboard and provides targeted instruction and feedback

to those learners who require additional support.

The important role of teachers in adaptive learning

Over 10 years of research on ALT use in classrooms provides
ample insights into how these technologies positively affect student
learning (Mooij et al. submitted), but also affect teacher practices.
Research indicates that ALTs support teachers, change their practices,
and can induce professionalization of teachers (Knoop-van Campen et
al. 2021; Molenaar et al. 2020; Molenaar et al 2022; Mooij et al. 2025).
Teacher dashboards provide teachers with information about students'
current and predicted progress and knowledge development. This is
used during lessons and in lesson preparation (Molenaar et al. 2018;
Kessel et al. 2025). Even though there is much variation in how teachers
use ALTs (van Leeuwen et al. 2022), research has shown that teachers'
pedagogical and instructional practices change over time when using
ALTs. The lesson structure changed, and next to instruction lessons

more repetition lessons receive more attention to ensure students reach
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mastery on learning goals. Teachers' feedback strategies also changed;
they provided more tailored and varied feedback and delivered it to
different learners (Molenaar & Knoop-van Campen, 2018; Knoop-van
Campen & Molenaar, 2020; Knoop-van Campen, Wise & Molenaar,
2021). The dashboard enhanced teachers’ knowledge and insights
about learners’ progress, enabling them to provide more appropriate
feedback. Finally, the introduction of the ALTs also stimulates teachers’
professional development toward adaptive and differentiated teaching
practices (Cijvat et al. 2025).

In this decade of research, the importance of understanding the
socio-technical system between the teacher, learner, and Al technology
has been highlighted (Cukurova et al. 2025; 2018). Hence, attention
should be focused on the effectiveness of the combined teacher-Al
system and on how different components interact (Ley et al. 2025).
Although there is evidence that teacher-Al combinations are more
effective than Al technologies alone (Aleven et al. 2023), our research
shows that teacher practices and Al technology mutually influence one
another, leading to new practices (Molenaar, 2024). It is still unclear
how best to design for effective teacher-Al collaboration, and how to

design, develop, and implement it is still scarce.

New directions in research and development of adaptive
learning

There are some interesting new developments at the domain level.
Acknowledging that different approaches to adaptivity exist, adaptive
learning systems in the Netherlands are now moving towards including

more advanced forms of step, task, and curriculum adaptivity.
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With respect to step adaptivity, different co-creation projects
in NOLAT address the measurement and response to students’
misconceptions during learning. Task adaptivity in the ALTs needs
to find the right balance between challenging students and providing
success experiences to ensure deliberate practice. This balance interacts
with knowledge development, and learners’ emotional motivation
and metacognitive regulation, and needs future research (Knoop-van
Campen et al. submitted; Ring et al. submitted; Kooi et al. submitted).
Finally, more advanced forms of curriculum adaptivity are included in
adaptive learning systems in the Netherlands. Based on historical data
from these ALTs, combined with predictive analytics at the class and
learner levels, advice is given to teachers on the number of instruction
and repetition lessons needed for a particular class (Vermeire et al.
2025). In this way, the system helps the teacher to optimize class and

individual learner needs in planning the curriculum.

This new form of adaptivity is expected to affect the task
division between the teacher and Al technology, and therefore, we are
implementing this in our new co-implementation program. This program
is executed in close collaboration among teachers in a large school
board, scientists at NOLAI, and technology developers at Snappet’. The
program is divided into a co-design phase (3 years; 9 cycles), in which
teacher—Al collaboration is investigated. The goal is to understand how
teachers’ pedagogical and instructional practices change when using this
Al technology in classroom practices. We investigate what this means

for the task division between the teacher and Al, and how teachers use

* www.shappet.org, the mostly used adaptive learning technology in the Netherlands
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this technology in their classrooms.

The functioning of the AI model and the interface between
the teacher and the Al are analyzed in short 6-week cycles with an
increasing number of teachers. Expert teachers play a critical role
in training and supporting novel teachers. Teachers are testing new
functionalities and refinements of the Al model in their day-to-day
practices. Researchers investigate the changes in teacher pedagogical
and instructional practices, as well as how this affects student learning.
Technology designers monitor the technology and reiterate on their
development roadmap based on the feedback. Each cycle is centralized
around refinement sessions, in which these different stakeholders discuss
progress and refinements needed for the Al technology, the teacher’s

pedagogical and instructional practices, and professional development.

In these cycles of improvement, the Al technology matures, and
we redesign for meaningful teacher-Al task division and interactions
that transform educational practices. For example, in the second cycle,
teachers indicated that they needed a better understand of why the Al
technology suggests different activities for different learners. Increased
understanding of the algorithm's functioning supported teacher trust and
changed classroom use. Hence in this program, we aim to unravel the
complex interactions between teacher characteristics, such as knowledge
and trust in technology, and how they use ALT and Al technologies to
support student learning.

To conclude, over the last decades, innovative practices have
been developed and successfully implemented in schools to build these

domain-specific skills and knowledge. Different Al technologies have
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adopted different approaches to adaptivity. Although most systems
are focused on one type of adaptivity, increasingly, combinations of
different levels of adaptivity are made. Interactions of different levels of
adaptivity within one adaptive technology remain challenging (Molenaar,
2023). NOLAT’s co-creation and co-implementation programs work on
the improvement of different types of adaptivity and the combination
thereof.

Also, the impact on teaching practices is central in these programs,
increasing teacher autonomy through co-design and co-orchestration.
We refocus viewing Al in educational as the socio-technical system as
opposed to an Al technology that is developed, implemented and judged

on its effectiveness in isolation.

I am pleased to see parallels with the approach here in Taiwan,
and I belief there is ample room to learn from each other's approaches
to develop learners’ domain knowledge further with the support of
advancement in adaptive learning with Al technologies. Now I would
like to switch to generic skills and specifically discuss the development

of Self-Regulated Learning skills.

Generic skills: developing self-regulated learning skills
towards adaptive learners

Next to the above-described approaches to developing domain-
specific knowledge is the importance of developing generic skills.
Problem-solving, creativity, and Al literacy are all important, but in this
talk, I will focus on students’ self-regulated learning skills. These skills

need special attention to develop and benefit from tailored instruction
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and support (Azevedo & Gasevic, 2019; Jarvela et al. 2024). We
know these skills often receive little structured attention in primary
and secondary schools, and scholars have emphasized the need for
comprehensive instructional approaches to develop students” SRL
skills (Dignath et al., 2023). Important elements of SRL instruction are
a combination of explicit direct instruction in which teachers model
cognitive and metacognitive strategy use, and a learning environment

that stimulates students to control and monitor their own learning
(Dignath et al. 2024)

Al technologies can play an important role in creating such a
stimulating environment and can, as such, reinforce teachers' and
students' development of SRL skills, which is also clearly evidence from

your national program (Kou et al. 2025).

At the same time, current adaptive learning approaches may
harm students’ ability to become adaptive learners (Molenaar, 2022).
As learning environments increasingly adapt to students’ individual
needs, this reduces learners' opportunities to control and monitor their
learning. In these situations, metacognitive activities, such as planning
and monitoring, are taken over by the technology. Learners no longer
need to engage in metacognitive activities, and the technology offloads
regulation, reducing opportunities for learners to develop SRL skills
(Molenaar et al. 2022).

Therefore, I emphasis the need for careful consideration to develop
learning environments that provide learners with challenges at the
regulatory level to practice these skills. In fact, Al technologies can help

students develop SRL skills when designed with these requirements in
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mind. This is exemplified by your TALP learning environment, which
provides learners with tools to practice self-regulation in technology
(Kou et al. 2025). In line with the expectation that SRL is important
for both future learning and improved domain learning (Azevedo &
Gasevic, 2019; Molenaar, Mooij et al. 2025), your larger-scale study
provides unique proof for this dual pathway by which SRL support in
technology can enhance learners’ mathematical learning (Kou et al.
2025).

Novel measurements and support of SRL with the FLORA
engine

Indeed, there are powerful opportunities to improve measurement,
support, and development of SRL skills with AI. With respect to
measurement, a significant advantage is the ability track learners'
learning processes in detail (Fan et al. 2022). Multiple datastreams that
can be collected, such as logfiles, mouse and keyboard clicks, which
allow us to capture SRL activities in detail. These real-time data can be
integrated and diagnosed using Al technologies, allowing new insights
into learners’ self-regulated learning activities. While learners completed
the essay task in a lab setting, we gathered multimodal data, including
log data, keystrokes, mouse clicks, and eye movements, to map their
self-regulated learning process (Fan et al., 2023). Simultaneously,
learners were asked to think aloud, a widely recognised method for
measuring self-regulated learning activities (Bannert et al., 2009;
Molenaar et al., 2011).

Especially the combination of multiple data into patterns that

indicate different SRL activities has proven to be a fruitful approach.
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These patterns were validated through think-aloud studies in multiple
studies in higher education (van der Graaf, 2023) and secondary
education (Lamsa et al. 2025) and formed the basis for new support
tools. Inspired on the COPES model of Winne and Hadwin (1998),
which outlines the self-regulated learning process in four phases,
different personalized scaffolds were designed (van der Graaf et al.
2023; Lyn et al. 2025). Within the context of writing education, we
found that learners benefit significantly from orientation at the start of
a task and monitoring while reading and writing (van der Graaf et al.
2023). Hence, during learning, learners receive ‘scaffolds’, structured
guidance to perform specific self-regulated learning activities (Molenaar
et al. 2012; van der Graaf et al. 2023). At the ‘right’ moment, learners
received prompts to regulate, for example, when a learner spends the
first 10 minutes without reading the task instructions, an orientation
scaffold was sent. In this way, measurement SRL with the Flora engine
enables personalized scaffolding —targeted, context-specific, and user-
informed support which increased the number of monitoring activities

learners executed during learning (Lim et al. 2023).

Learner and teacher-facing SRL dashboards

Additionally, this measurement can serve as a basis for learner-
facing dashboards, allowing learners to reflect on self-regulated learning
(van der West et al. submitted). Self-regulated learning is a complex
skill, and learners must combine SRL knowledge (know what a plan
is) with SLR skills (the ability to make a plan) and have the conditional
knowledge of when to use this skill during learning (when do I plan to

write a good essay). Learners can face availability deficiency —they
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may not have the needed knowledge or skills —or production deficiency
—they may not engage in the right regulatory activities during learning.
Especially, production deficiencies have been challenging to resolve,
and learner-facing dashboards can serve as a mirror, helping learners
become aware of their own regulation, compare learning activities with

peers, and reflect (Molenaar et al. 2018).

In fact, we have used the FLORA data for all these instances. A
learner-facing dashboard that provides a detailed overview of learners’
cognitive and metacognitive activities during writing. In debrief lessons,
learners answered reflection questions about their own learning and
determined which SRL profile they were most similar to (van der West
et al. submitted). Discussed with peers who had different profiles and set
goals for their next writing session based on these reflections. During
this second writing session, the Al technology would provide them with
concurrent feedback on their goals. In this way, students’ monitoring and

control were supported by the Al technology.

As with adaptive learning technologies, instruction, modeling,
scaffolding support, and reflection are ideally combined. Together
with teachers, we designed a lesson sequence that integrates writing
education with SRL instruction. Teachers are enthusiastic about this
approach and indicated a wish for a teacher dashboard to inform their
SRL instruction and provide insights into students’ SRL use during
learning. This teacher dashboard will provide self-regulated learning
analytics about their learners during learning support more advanced

teacher practices.

Hence, learner and teacher-facing dashboards with advanced
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insights into SLR processes can be instrumental in SRL skill instruction
and support. Future applications would also be a generative Al that
allows learners to respond to scaffolds or ask questions related to their
self-regulated learning profile. This connection between the FLORA
engine and the LLM enables novel support types that leverage learner-
Al collaboration to demonstrate SRL skills. A large-scale international
study in 25 countries is upcoming to explore these possibilities within

international research collaboration further.

The FLORA approach has been successfully integrated into the
TALP infrastructure, and potential future collaboration could involve
connecting the HHAIR and FLORA approaches to enhance both

measurement and support for SRL in young learners.

From adaptive learning to adaptive learners; hybrid
human-A regulation

Next to this focus on micro-level SRL measurement with multiple
datastreams, we have also developed a novel way of integrating SRL
support in math education using adaptive learning technologies. As
indicated above, ALTs may reduce the need for learners to use SRL
activities as ALTs take over monitoring and control activities (Molenaar
et al. 2018). For example, based on a student's progress, the ALT can
reduce the task difficulty when a student makes a mistake. This reduces
the need for students to monitor their progress and enact control
strategies to overcome errors. In some cases, offloading regulation can
be purposeful, for instance, when the student is experiencing heavy
cognitive load or lacks the necessary SRL skills. Hence, learners can

benefit from a customized SRL challenge, which slowly builds up over
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time, and can be accomplished with an Al technology.

Previously, I suggested transferring Al regulation to self-regulation
as a mechanism to develop students’ SRL skills (Molenaar, 2022). This
transitional process between learners and an Al technology is called
Hybrid human-AlI regulation (HHAIR). We have developed HHAIR
in the context of ALTs, using learner-facing dashboards as an interface
between learners and Al technology. Different degrees of hybrid
regulation, which differ in the level of control over regulation, are used
to customize the SRL challenges. In fact, control over SRL is onload
from the Al technology to the learner. The ALT's functionality is used
to make learners aware of regulation, model monitoring, engage in
control actions, and ultimately enhance learners’ self-regulated learning
skills. This forward adaptivity was translated in four degrees of hybrid
regulation, see figure 1. Currently, three degrees (Al, co and shared)

have been developed and investigated in experimental research.

Al regulation is characterized by Al controlling the success rate at
which a student practices. The primary aim is to help learners experience
an effectively regulated learning process and success in learning. The
dashboard is not used during learning to prevent cognitive overload,
but can be used after learning in a debriefing lesson to increase learners’

SRL awareness.
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Table 1. Degrees of Hybrid Regulation.

Al regulation

Degrees of Human regulation Function of dashboard
hybrid
regulation
Al regulation Al monitors and adjusts Experience successful Debrief Al functioning after learning

success rate for students
extensively

regulation and become
aware of Al regulation

Co-regulation Al monitors and adjusts ~ Understanding how Al The dashboard shows with
limitedly regulates and support performance feedback, learning
monitoring curves and informs the learners of

the control actions of the AT

The dashboards shows the above
and is extend with additional
learners' control options.

Shared-
regulation

AI monitors and allow
learners to enact control
actions themselves

Understanding monitoring
and executing control

Mirroring learners' regulation to
support monitoring and control

Monitoring and self-
initiation of control

Self-regulation  Observing regulation

In co-regulation, the learner-facing dashboard is introduced and
used during math practice. It provides learners with performance
information to enhance their monitoring. The dashboard shows the
student’s individual learning curve to indicate how progress is made,
relate it to student effort, and to help students monitor the need for
control actions such as increased effort. This allows the learner to

develop monitoring skills.

In shared-regulation, learners are encouraged to exercise control
themselves and take over tasks that the Al technology previously
governed. Dashboards continue to function as an explicit reference for
learners to monitor progress and evaluate the need for control actions.
In our current version, learners can increase or decrease the success rate

with which the ALTs select problems.

Finally, in self-regulated learning the Al transfers control over
regulation back to the learner. Dashboards serve as an explicit reference

for learners to understand their regulation, but learners are responsible
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for their own control and monitoring actions.

As we move through these degrees of hybrid human-Al regulation,
the role of Al technology in controlling regulation diminishes. learners
are expected to acquire SRL skills and use the learner-facing dashboards
as a reference during this process. It is important to note that self-
regulated learning initiated by the learner is present in all degrees
of hybrid regulation. However, over time Al control and support are
reduced, and learners increasingly become more dependent on internal

triggers and control actions.

This forward adaptive relationship between the Al technology
and the learner is then used to develop monitoring and control skills in
young learners. Within ALTs, this combines ALTs’ learner models and
prediction analytics of learners’ knowledge development with novel
process measurements of SRL support needs (Dijkstra et al., 2023;
2025) and consistency (Ring et al., submitted). Even though our HHAIR
research is still developing, I would like to outline some examples of

this forward adaptive in practice.

The different degrees are covered by a new algorithm, especially
developed to measure students’ SRL support needs (Dijkstra et al.
2023), which can be predicted early in the practice process (Dijkstra et
al. 2025). Based on these predictions, different levels of SRL support
can be selected. The newly designed Learning Path App makes the
transitional process between the learner and the Al explicit in learner-
facing dashboards. We have found that learners benefited from Al
regulation (Dijkstra et al. submitted) and co-regulation (Molenaar et al.

2018; Horvers et al. 2025). Learners in shared controlled were using
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these options, but different learner profiles emerged (Kooi et al. 2025).

In reflection of the above, the role of Al in domain and generic
skill development is complex. I discussed the positive contribution of
adaptive learning to the development of students’ domain knowledge,
illustrated with examples of adaptive learning in mathematics in
ALTs. Yet, this adaptive learning may also hamper the development of
student self-regulated learning. 1 outlined the importance of SRL, new
approaches to measurement and support. Finally, I illustrated how we
can move from adaptive learning to adaptive learners using the concept
of Hybrid Human-AI Regulation to develop students' self-regulated

learning skills.

Your seminal work on the relationship between digital learning
platforms, SRL, and mathematical achievement (Lin, Kou &
Change, 2025) confirms the importance of SRL in mathematical skill
development and the mediating role that digital learning platforms can
play in inducing SRL. This dual pathway to enhance domain knowledge
and general skills through Al solutions is a critical area for future

research and holds ample opportunities for future collaboration.

Future vision: towards hybrid human-Al collaboration in
education

To conclude, I want to highlight the importance of human-
Al collaboration and the need to advance our understanding of
this. As stated before, traditionally, teachers' roles have been vastly
underestimated, and often, Al has been positioned as a replacement for

teachers. However, current reflections reintroduced the role of teachers
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in orchestrating the use of Al technologies in classrooms (Ley et al
2025). This perspective aligns with the notion of hybrid human-Al
collaboration that emphasis that Al technologies not only replace but

also augment human teachers (Molenaar, 2025; Schneiderman, 2022).

We start to understand the emerging process in which teachers’
pedagogical and instructional practices change in interaction with Al
technologies. This evolving relationship between teacher practices
and Al technology can be designed in such a way that it develops in
meaningful collaboration. Your co-implementation program is precisely
doing this, namely by organizing a structured dialogue between teachers,
technology developers, and researchers to make this transformative
process explicit and measurable. In this novel, practices at the teacher
and technology development levels emerge, coevolve, and are designed
to reinforce each other. This opens novel pathways to transformative

changes and practices in classrooms.
I will end this talk by integrating with the conference themes.

First, with respect to the role of Al technologies in curriculum
development. Learners’ domain-specific knowledge development can be
enhanced with adaptive Al technologies that integrate different types of
adaptivity to support efficient and effective learning. Also, applications
of curriculum adaptivity in which teachers and Al optimize the order and
timing of learning goals over the school year are a valuable application
of Al technology. Learners’ development of self-regulated learning
skills has the potential to improve domain-specific learning and equip
learners for future learning. Novel application of Al technologies can

facilitate the transition from Al regulation to self-regulation to develop
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students’ SRL skills. Combining these two points, progress can be made

in driving from adaptive learning to adaptive learners.

With respect to Al applications for teaching innovation, I
addressed that research underscores the important role of teachers in co-
orchestrating the use of Al technologies in classrooms. Attention for the
design of socio-technical systems in which students, Al technologies,
and teachers reinforce each other can drive teaching innovation. I noted
that an enhanced understanding of human-AlI collaboration is needed
to optimize innovative, transformative classroom practices. Taken
together, teaching innovation can help come to practices in which Al

complements and augments teachers and learners.

The dual pathway has important implications for assessment
and testing in primary and secondary schools. Research shows that
SRL is a key mechanism in driving the academic success of young
learners. Teachers and curriculum designers should capitalize on the
dual-pathway benefits of such platforms: directly enhancing academic
outcomes and indirectly improving achievement by fostering SRL. Both
domain knowledge and generic skills should receive ample attention,

and new combinations of formative and summative assessment are
called for.

Finally, teacher education in the Al Era has the challenge to
develop teachers with sound pedagogical and instruction knowledge,
skills to execute this in classrooms, and integrate Al technology in
a meaningful way. Ideally, teachers learn to co-orchestrate with Al
technologies and find effective task division between their own role

and that of Al in supporting learners. For this, the role of teachers
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as instructional designers needs explicit attention, as the design of
instructional materials and learning environments increasingly merges
into the instructional cycle (Topali et al. 2025). Including teachers in
co-design practices as a means of professional development could help
teachers develop these new roles, as shown in my examples of co-

creation and co-implementation projects.

This talk highlighted the critical role of teachers in guiding learners
along dual pathways towards domain knowledge development, as well
as towards the development of generic skills such as self-regulated
learning skills. They play an important role in co-orchestrating these
dual pathways. First steps have been taken, but future research is needed
to optimize both domain knowledge and SRL skill development with
Al, and to position the role of teachers in orchestrating the effective use
of Al technologies in classrooms. There are ample opportunities for
collaboration on these topics, and I look forward to learning from you

during my stay in Taiwan.
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[EES) - BPEEVAEFAVERERIETT T BETEE - Wk TaRE
fEAJTE e R » ZEtE 5 B ET R (R R fiTHY
(B ) BAZAM{E ALT K AT $¢1i S0 FFE2 4= 228 7 RV AR R G &) -

HAGEAER - AT EF - B E B AR AR
SE N > DA IR E R R BRI AE o REIHY AT FATEREL T
REHVEFENVE T o BEARAR AR B E—EE S - H
PR 2 4R IR4SE O A E @R AEIE Y - 28I - BE— MRl
rhA[E] g dk ey & By EPkEC 4 (Molenaar, 2023) - NOLAI {4
AL EiE T E BN ECEAR BRI E R e H A & -

A SRR B BRI ST R EE > Bl E
et E i ERE R S BETE T - PIE Al 7 AEE Y
& HL i 4% (socio-technical system ) - [IEINTLHHZE ~ E il
DA S At Y Rl -

KIESEEREHZENHEUEEHRUE  RAEE AR
BRI E MY - LEFAH AL ST/ EEEE EES - E—
R R A A HIBRIE o B AR Bl a) e am il FHBORE - F
& PG R ARV RE -

AL - BRI EERGE  IEEEEEEE

br T R FE 2] 0 28 B EBR AR Y A 2 A 0 i A R RE
B 2 - ROREMRR ~ BlE I DA Al 28 H 2RI - (HAER
TosEE T > WA EBNES AN HRFEEE (Self-Regulated
Learning, SRL) f7gE I - iSEbfEgE B W IAREE > A e BE
5 E R BER L  FHS EIA RS (Azevedo & Gasevic, 2019 5
Jarvela et al., 2024) - FRAFIRIZE > FE/NEEARER[SES » IZLLR AR
FEFERZ 2R EAVEEE - MBI REEE R AV B )T EK
Rz B84 1) SRL F545 (Dignath et al., 2023) o SRL HEREET
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ZHE B E R T B R A B T R A SR (S P A R
DU AR (R (22 A4 B FPEf R BE PR E Y2 8RR (Dignath et
al., 2024 ) -

Al FefigfE gl i (e e M S E IR T m S EE T R - Be%
IGRZENEIEE A0 SRL Fipe e » i — B r =B 2Bt EH
tHIHMEEE (Kouetal., 2025) -

G0 > BTV S 7 A T RE & A 9922 AR B Ry i E P2
FHIRES) (Molenaar, 2022) © [EEE2 RGO S B FEEE /R
HIERIRE K - B4 B EFEH B H R E i) - fEEfEFEN
T FFE RS TR AN S BRI AT - AN R )
SETRIAUES) - B4 R R B FIRr F o (e T2
A= 2% SRL 1 AEAVI%Er (Molenaar et al., 2022) -

Rl - FeoseifE e e 2 RN - FR s 2L e g
A E&E T4 EPREL - DISRE ELREE - EE L B Al Jilo
TEac B R EE TRk - BB A4 SRL {4t - DIZ
B TALP S EBRIE Rl > B A4 RE TaE B TA

(Kou et al., 2025) - BAHASZY SRL ¥ RACELH BLHI AR S H 1
BEAEHEIE(EH —2 (Azevedo & Gasevic, 2019 ; Molenaar, Mooij
et al., 2025) - EMHEZIRHVRAIAFRERE TIEESE - SRHE
ARG S FRFHY SRL A Sy 8 ) 09 2 22 A2 Y B 2R 223 (Kou et al,
2025) o

{#H FLORA 5|22¥%} SRL fYEIHT RIS % 15

bEE > AL f2{ 7R ARHVIRE AR EOE B BGRETSEE (SRL) %
RERVIE ~ SCRPEASEREE - FENE T - —(ERERIES B RESTEF
AMEHESEEHYEEEE (Fan et al, 2022) - YRR TEEHER
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g WHEERE (logfiles) ~ /B BRI BREESE » (I IpE4 44
HiAHE SRL JEH) - 5 eI EIE 0l A8 Al Filse & Bl ot - ¢
i AHEE 2 g IV EE N B - EER=EIRE#E
TTESUERSIS » BRI EE T 58 EE - 56 H SIS -~ S
A~ T EREREE DR AR FALT - DA 42 E S WY SRL #8F2 (Fan et
al., 2023) - [F[HF » FOREREEHEST T B KA | (think-aloud ) >
B EE TR A A HIE SRL JEHHY A (Bannert et al., 2009 ;
Molenaar et al., 2011 ) -

TLH BB 2 EEIE &S & R r f5 " A~ [F] SRL JHBIAY K -
CHsgHHE AN LA - BEEEBZHSERS (van
der Graaf, 2023 ) A1 22 & (Lamsa et al., 2025) 2 iy &
FREEGREEE > WA R B S T E VAR - 255 Winne
B Hadwin (1998) fy COPES fAI—— SRL #3245 B VUl P
B —— st T AN ERE MR 22 (personalized scaffolds) (van
der Graaf et al., 2023 ; Lyn et al., 2025 ) - fFE/EAEAVIEE T »
P88 30 225 E B B 1T E L (orientation ) LK AT
o F 55 1 8 A2 H 1T BE 8 (monitoring ) 5 J& 73 8135 (van der
Graaf et al., 2023 ) - (Kt > fEE2EHEEF » 2EFGYE " XL
Z8 ;) (scaffolds) - HI&SFS{CAVIEE » HRB TR ERY SRL JEH)

( Molenaar et al., 2012 : van der Graafet al., 2023 ) - fF " &Y |
FrZl] > BEEF G - PlE — U2 EEE R 10 77
58 N R Bl R (S e R > it E I 228 - % FLORA 5|2
& SRL » "] EHUEME L ——#t ¥ - BIRFFEHLERE R
HRUOHYSZRY o fE TG HNEEE A 2 i AE R TR R E B YR8

(Limetal., 2023) -
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BBERHETEEAL SRL HRIR

BEAh - B E S IR A R VRN (learner-

facing dashboards ) HYELRE - (72235 A8 K2 8 B FAETEE (SRL)
(van der West et al. submitted ) o HFFHEIE Y E—IEEHFIAE »
BEHFEE S SRL Fak ( TgEst=21E) ~ SRL 1758 (5
SHIERTE ) DGR (RIEEER AR o i 5 F S TE
FORE - Bl - Ffa[iFEtEREE —REFIE) - EEE R
i T AT MERRRG 5 (availability deficiency ) ——it = Fir 5 A A5
BCRCRE ——B¢ T E GG, (production deficiency ) ——fE52H
AR R T IEMERY R ETES) o CHEE 2 HEhfE— E E DA -
M EEHNERRE AT BEEEEERIECH
JHERTT By > HA[EMS LR B VES) > W #ETT S E (Molenaar et al.,
2018) -

B L RMAC&IEFTAEELERE AT FLORA i -
A A BRI AP B MF B F v R BT R RS )
HIEEARIEES o {7 3R7%[C1EE (debrief) #fEH » B EEERINE
BEEN BRI - WA B O iE SRL (B AMEZ (van
der West et al. submitted ) - f{FTERLHEA A [EIAE ZEHYIE] (7 55w -
MRIFELE R BEE N —REERIEIE o 58— REMEHT > Al
Feftrer SRy B AR LRI [Ea - WIkt—2k - B2 E
EBPERIRE SIS 2] T Al FfaiV 2 Fr -

WIE MR - HAAEERT - 58~ 7Rl - 2
(scaffolding support ) i)z FEELE ST o FRAMELZ AN [F 35 E
T—EERIEFY R {ERE L SRL RS - ZaNE I T77EIE
HEGR R E A BANEEFRIN (teacher dashboard ) » DA{H
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£ SRL e b Ey B4 (i F] SRL AYEHELE R - S ESR
R PR LT E A AR iy SRL 2347 » #E— 2D SR 5 = sy
BEEE -

PRIt » B2 B AN A R $2 0L SRL JEFEATEA
%2 > ¥ SRL FRE BRI R B EHEAEH - RAREA T sEE
FEA L AL (generative AL) - R EFER 2 3 S 20 {0 HY B FE - B
fEHELH 5 SRL REZAHRBHAYRIR - FLORA 522 EL R RIGE =5

(LLM) W&s& - [ESAIR 2R R T sE - FIFEEE EE Al
HIfEZR R SRL 4548 » —TEAEE 25 (I ZE AU KT B R 2 Rl
BB > DU R B e T B M B R R SR A E

FLORA J7 AT R INEE & #E TALP £ 5 > RN EIEE ST
BER HHAIR 1 FLORA 7574545 » fE— g T g ey
SRL AYHI S EL S £ -

EEM2EBRE R EE AN -AUES AT (Hybrid
Human-AlI Regulation, HHAIR )

SR T AR 2 e S AT T @ 4t SRL RIS IEUESD -
MR % 7 —Hiks SRL IR E FIHEZE Ty )77k (&
MM ER T (ALTs) - 20fFjATIE » ALTs A]gE i/ V23S {f
I SRLJEENNFRK - A Fy ALT SRS BPefiEE) (Molenaar
etal., 2018) - N - FRAREAEVEREIENE - A UGN - ALT
A DARAE AR HEE - 1Bk - B2AEMAFEETRERER - A0
PREZEI RIS AR e Ak R © AEFREEIEIL T » REFHEn TIFSM4S Al
A  HARY - G E B AR SRR A i B B = A E Y SRL F7AE
055 o [RIIE - SREE A DIER 5 EHIHY SRL PREk 72 - 5 SEPkER
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BERFfEZA N 60T Al Fflr5e Ry o

ICHT SR Al SRETEAL 40 5 TR ET (self-regulation) {F
Ry B4z SRL FRERVI%H] (Molenaar, 2022 ) o 75 ff 2275 5 6l
AT il 2 fEl i a8 FE i A2 A fy N -AT & 588 (Hybrid Human-Al
Regulation, HHAIR ) - X {fI/E ALTs (V&5 N2 T HHAIR » i
FHEEE(E AR (learner-facing dashboards ) {F Fy52 3 Bl
Al £ RS » R EFEERE S FEET (hybrid regulation ) 1
AR A E # SRL HkER - EFZ | - SRL AYFZEAHIRERE
ALFfl TR | 4RE278% - ALT AYTHAEW: F Ak (e 5 sk 2
BT Ry ~ BRI - SHAPEHTESE) » RO R N B R
BB AR o ST EE M (forward adaptivity ) #75 Fy P&
EEREiER (RE 1) - AT B8 =(EE (AL 88T ~ H:[EFHE7 -
LRGN ) WA E AT A TR -

Al SHEIRVFHEUE AL IERIZEASREI IR - EEFHEZ
HBhEEE R A G AV AR S R ) - (R E
AR RN R o DU e R A o (H 0] DATE R & (O] BE AR
(debriefing lesson ) th{#FH » DUET-EEE % SRL A8 22 -

% 1 RO
A e - \
o Al U= BRI

AV AUBETERRG  BSROhEG e S SR AL AE(E
SRR ) AL HOFE

SFE AURGIPEOEE TR AL RRIDEBER GRS BT - i
e BT EHEBEE AT R

S ARG AR SRRERE ST RIS LI © TR
BH TR B
178

EIRHAT B AR ERBIER OB E T ]
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FESL[EIFHET (Co-Regulation ) [EES » B2 {50 A 5238 2 im %
FM (learner-facing dashboard ) ZE{TEERGE - ERNFEHLEH
FRB AN AN T RERERE ) o BEUREAEEREE 4R - B
B2 AR ER TS o R H B ES T IRR IR Sl H BT R S T SR
PERITTE) (CBEI08577) - BB RE SR R B AL -

FESE = 3G (Shared-Regulation) [EEZ - B2 F Wi o Bh H 17
TTEEFER] - PEE ZHTH Al BOlTEBRAVERS - BRI AE R HA
M2 T H - EEEEE P S W52 S R R HITT
g - [ HRETMRA T - B2 A DIFE%E ALT EEEEEH AN - 1
AnEE D PREEEE -

B4 I EIGEETEEE (Self-Regulated Learning, SRL ) [BES »
Al FEHETERIFE e 2 X BGEEHE - BERIERAHESS > @
2EEE R CRYFEERG - BRI EE TE I e EEA
j:'gf o

EZRMTEE A -ALRETHET SR P TS - Al fE3%EH]
SRR IR MNRGY - B R RS &S SRL KigE - WA THE
EPEHEEERERNIELSE - FETENE > 2EEEH)
SRR BT BRI T RS FHETE R IEE - 280 0 BEE
FFEHERS - AT BRI S e E i mnk/D » 238 S MO A A B
il B Ty -

iEfE Al 1l B 3 7 [RIRY Al A) B FE PR R % - ISR AR
ECER I B B FIREE - £ ALTs > 18456 1 ALT iYE2H
A BRI A R Y TR 0 A DASe SRL SZHE R KAV Y
a2 NE (Dijkstra et al., 2023; 2025 ) EL—245F5 (Ring et al.,
submitted ) ° 78 HHAIR BFFE{54E & F - FARRE 2l —LL R A
HEAEE R AP

I
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B AFEBRAVE SRR B RAE S - wEAHTH
RHIEERAERY SRL ZHE 75K (Dijkstra et al., 2023 ) 3l A[{F4RE
AR AT RN (Dijkstra et al., 2025) » fRIZIELEFH] - A LA
HEFEA[E B KA SRL S7% - fraatHVEEEEE R (Learning Path )
App B IR P i 2 3R B2 L AL 7[RIV IR -
FoM2s3d > B3 EE AL 361 (Dijkstra et al., submitted ) Eid 3 [5]
=HE7 (Molenaar et al., 2018; Horvers et al., 2025 ) HjEzS o« ffL=
SAEPEEL - B EEA TS - HHE A ERVE S B A

(Kooi etal., 2025) -

Grer Ball - Al JESRIBRI 3% B FH R RE S R P Y A e IR E
H o FRETER M A SHIA IR AV IE R ER - G LAEL
2 ALT BYBIFI0RAEREH - 281 - iS5 T e fHBEER A4 5 FEA
EER R IS - Bt T SRL AYEEZME ~ #AHIE B %
% BN T AR A -ADR SRS - Kt E L
Ryt IS EB AR HIFHEE 8

EEFHI2E G - SRL BB~ [ RERAYBA B PR
¢ (Lin, Kou & Chang, 2025) 5% | SRL {F¥H e s e PV E
FVE - DURB B E G E(E#E SRL FHYF M ER - &8 Al f#
T AR HESH I IR L 2 P RE A B ] B A - R RO FT Y A 5
I W RARRBIE SRR TREIZAIE -

RKBER T BRHABTFRIAN -ALEGHE

iet& - AR A -AL R ERVEENE - DU IR MIFRZEE
AACETCEHYER R - JORTATAL - EEE B FAETAY A OEERRKR
&> MALEZ (AD & HOEAL RZETHYE X - 2300 > 4T3
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HY S BB s e T BN AE SR o AT R g E HAY A& (Ley
% 2025) - E—EIREL T A -ADRGTHE ) AURLSHEIRIE - 58
i AL R EEE M2 52 EinYEE /T (Molenaar, 2025 ;
Schneiderman, 2022 ) -

B BrIAGEE A8 20 Al Y 057 B 45 B B {mT 75 1 AT iy 4.8
tpag A 8L o ETE AT E L AL £ ly 2 A SR B (R 1] DA#E %
SFCE BEEAVREE - EEAAVRE T E R EfE
5 BIEIBAHSRZIAT ~ FflabassE It E 2 MnyaER L EE -
(e —EADER G nEZ H i & - fEE — R iafE+ - A
B oS g may BB A AR - HEPEAL - WHEEt R o AHA
b o B R EFE R T 2R AR BT B

Pl DAL 7 i T ARV 4S G R4S IS e

Bt B AL FITERIZB S FRYA TS - EIEME ARl
REEE A A EEAHT HEEDNRE - SR e A RIS - (e
AEER AR B SHI RIS S R - ILAD > SRAZ B EFE A - ZHEmEL Al
T EELEE H AT AR NI B A - 2 AT R AiThy 3
JEH - 24 BIEHETEY (SRL) FAEEMHE » NMERE(EHEHE
HIFEERE » WRE R ARKRELE M a0 - AL RigHyHT e A o] DUfe
7E AL FE1EE] 5 FERPERV T - HEM 40T SRL 158 - 455
BN PRI DA TEEMEEE ) HeEE T EEEE S -

Bt AUTEBUZ BT RV = - WF9E L T BEN R E
p[EIHRTE AT RloYE S A o Sat— 224 ~ AT Rlr B EmiE
5 bR E R 240 - AT DAHEEN R - Bt > By THEAL
Al H SR AR E B - RS A -AT 7 FRVERAE - 457
BT - BRI DUERE Al BB 2 B E EH I B2 FE
{55 AL B¢ Ryfdi se Bl i oamy T B - IR Eainy (L -
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BRI NE R P 2R R BBV R A E R - 5T
H > SRL & HESHE A EAZE PR LAY RH SR A - ARl BRI SE 5 e
=HEBFEEENG - T EFREETERERR - 5T
B E SRL IS ERIA - SHBRIE LS R A S
FETREE > WFRERRID RN PSR 'RV S 72 -

% - ALIRHUHYZENZS R PR« Fra BT E AR
BAFTRERV AT - (8 HAEAE AR & TP A C TR > WA RETIRE Al
RirA RS ERSE D - HEEIT > ZEisEE Al 7[5 #
fE > $E B S A s ALES RS R B REARULS 7 L - Rt
FENE R ESGTE A R R IAEE - N8 B ER
BT H RS TR R A ZERIEER (Topali 3 0 2025)  JRFELETIIA
R ERF B EA T > Ae R BRI Ry AT
EEBRATRY AL E it E P A RR -

ST S > ATCHE R 1A ES B A AR SR
SUBRAIER PGB ATE (B PGEHEIEEREE ) THIRBHIEA - %
Bl AE fop [F) (R IS S BRI P M E A @ - BB S —
A ABFEEARANTTEAAEAL ALY N HY<EIERRIE%ET SRL £76E
SEIE > M0 IHREE (L BAERRE P AR F] ALY A @ - 5L

Pt
AU ©
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