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Abstract
Traditionally Artificial Intelligence (AI) was primarily focused on building adaptive tutoring systems thatmimicked
the role of teachers to deliver personalized instruction. Over time, AI applications have expanded to other domains,
such as drop-out prediction and performance analytics, with a central goal of understanding and enhancing
learning. This expansion has driven the growth of research fields like Educational data mining, Learning Analytics,
and AI in Education. These fields have illustrated the potential of AI harnessing data from learning platforms and
even from physical classroom spaces. Thus, AI can help teachers to efficiently observe and understand what is
happening in their classrooms, augmenting the teacher’s ability to maximize positive impact on learning. One
emerging approach to achieving this synergy between humans and AI is hybrid intelligence, which emphasizes
the collaboration and co-evolution of humans and AI. In this paper, we present our ongoing research efforts to
design and develop educational technologies with an ability to evolve and adapt from their interactions with
teachers and students, and align with human values and norms.
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1. Introduction

Technological advancements particularly in high-performance computing and big data, have enabled the
generation and processing of vast amounts of learning traces -from student interactions with learning
environments- with the purpose of enhancing student learning. Consequently, research fields such as
Learning Analytics (LA), education data mining, and artificial intelligence (AI) in education emerged,
demonstrating AI capabilities to harness learning data to extract patterns and insights from learning
data. However, learning occurs within contexts, and without a holistic understanding, the full potential
of those patterns and insights may remain unrealized.

As Akata et al. [1] note, human actions are always influenced by norms and values, which, even
when not explicitly stated, shape what goals are considered acceptable and which actions are deemed
appropriate. Therefore, to ensure that AI applications align with societal values, ethical principles,
and legal frameworks, it is crucial to integrate human intelligence. This integration fosters a dynamic
partnership between human and artificial intelligence, where teachers contribute their expertise in
understanding contextual nuances, fostering relationships, and adapting to individual students’ needs.
Meanwhile, AI offers scalable data-driven insights, consistent monitoring, and personalized adaptations,
all with the ultimate goal of enhancing learning experiences.

Emerging research has increasingly focused on the design of effective Teacher-AI partnerships in
education, emphasizing its potential to enhance student outcomes by complementing teacher expertise
with AI-driven insights and tools. Earlier studies such as Holstein and Aleven [2] highlight the promise
of adaptive systems that empower teachers to make informed pedagogical decisions, while Molenaar [3]
underscores the importance of integrating AI technologies in ways that align with teachers’ instructional
goals and classroom practices. This growing body of work illustrates the multifaceted nature of Teacher-
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AI collaboration, which not only requires the development of sophisticated AI systems but also a deep
understanding of teachers’ needs, perceptions, and practices to ensure meaningful collaboration.

Teacher-AI collaboration can be viewed through the lens of complementarity, where teachers and AI
systems bring distinct, yet synergistic strengths to the learning environment. However, research by
Kim [4] has shown that while teachers recognize the potential of Teacher-AI collaboration to support
instructional design, orchestrating teaching, professional development, and reducing grading workloads,
several significant barriers remain. These include the lack of explicit and consistent curriculum guidance,
the dominance of commercially driven AI systems in schools, the absence of clear ethical guidelines,
and teachers’ negative attitudes toward AI, all of which hinder the effective integration of AI into
educational practices.

Earlier research has shown that to fully support teacher-AI complementarity, it is essential to design
AI tools that make pedagogical models transparent for teachers, enabling them to trust and effectively
use these tools in practice [5]. This includes the development and use of AI tools that adhere to specific
pedagogical models and are integrated into teachers’ professional development settings, ensuring that
teachers receive expert-guided training to understand the pedagogical concepts underlying the data [6].
Furthermore, it is critical to focus on developing teachers’ situation-specific skills, empowering them to
not only notice relevant information provided by AI but also to interpret it in context and understand
why certain student behaviors either foster or hinder learning and development [7]. This work aligns
with the concept of teacher-AI complementarity by emphasizing the collaborative integration of human
expertise and AI capabilities. Teachers rely on their pedagogical judgment and contextual understanding,
while AI tools enhance their decision-making by providing transparent, data-driven insights based on
pedagogical models. For this collaboration to succeed, teachers must be equipped with the skills to
interpret AI-provided information and understand its pedagogical implications, creating a balanced
partnership where the strengths of both: human intuition and machine intelligence are leveraged.
This mutual enhancement underscores the importance of transparency, professional learning, and
situation-specific skills in fostering effective teacher-AI complementarity. In this paper, we present
three cases where we designed and implemented practices to support teacher-AI complementarity,
focusing on the entire process - from design to implementation and reflection.

2. Three cases of teacher-AI complementarity

We present three use cases of teacher-AI complementarity, which are currently being developed by our
research group, to improve teachers’ understanding of how students’ complex learning processes in
mathematics or science can be supported.

2.1. EduFlex: Instructional trajectories and open learner models for flexible learning

This case is based on the premise that each student learns at a different pace, requiring a learning
environment that supports personalized learning experiences. We argue that the design of instruc-
tional practices should account for students’ individual characteristics - such as prior knowledge,
self-regulation, and other skills to direct their knowledge in a flexible learning environment. Our
approach [8] integrates three key components to support personalized and flexible learning experiences
(figure 1): 1) a Domain model that provides the conceptual foundation for structuring learning content
and outcomes; 2) an Authoring tool for creating flexible learning trajectories, through interactive learn-
ing materials in H5P, ensuring adaptability and engagement; and 3) Dashboards for both teachers and
students, offering visualizations of learning paths and progress along the flexible trajectories, enabling
reflection and informed decision-making. Together, these components facilitate a cohesive framework
supporting individualized learning while maintaining teacher and learner autonomy.

The domain model for a specific subject is developed following the Estonian national curriculum. In
this process, subject experts encode their domain knowledge in a machine-readable format, enabling
integration with technologies to support flexible instructional trajectories. The instructional trajectories
resulting from the domain model comprise a series of episodes, tasks, hints, and additional learning



Figure 1: Conceptual framework for designing flexible instructional trajectories

resources. These trajectories are aligned with the principles of the 4C/ID model [9] meaning that tasks
progressively increase their complexity to support the gradual development of skills. The episodes
follow a predefined sequence based on the domain model, involving a structured suit of activities and
content targeting a specific learning outcome. Additionally, students access further information through
materials or hints, and are encouraged to reflect on their learning after completing each episode. The
resulting learning path indicates the student’s learning journey (i.e., actions, choices, and outcomes),
summarized as an open learner model, developed using Bayesian modeling. This model enables students
to make informed decisions about their learning, reflect on their progress, and adjust their strategies.

The tools were designed over three years, following a Design-Based Research (DBR) methodology in
multiple phases. Each DBR phase involved evaluations with teachers and students. The evaluations
with the teachers happened in the first phase, where they used ready-made learning resources and
adapted them on a small scale. Despite their limited experience, they still found the tools beneficial for
adding flexibility to the learning process. The students had mixed experiences: some benefitted from
its ease of use, while others faced cognitive overload, reducing its efficiency.

The Teacher-AI complementarity is evident through a balanced partnership where technology
supports teachers in understanding how students develop their competence. AI handles tasks such as
tracking student progress, identifying learning patterns, and offering actionable insights by analyzing
the relationships between skill acquisition and knowledge development. This allows teachers to focus on
interpreting these insights to identify areas where students may need additional support or challenges,
guiding their learning more effectively.

2.2. Kool-kit: Building a theoretically grounded technology to support teachers with
learning design

The previous case argued the importance of designing flexible learning trajectories based on a domain
model to support students’ individual learning needs. However, designing a trajectory is only one phase
as it is also important to formulate and sequence tasks and learning activities to foster deeper learning
experiences and sustain cognitive engagement. Here, the ICAP framework [10] has been proven a
valuable tool for helping teachers design learning experiences that encourage active, constructive, and
interactive learning. However, creating an effective learning design (LD) integrating these principles
in a classroom requires subject expertise, pedagogical knowledge, and technological proficiency - a
combination potentially challenging for many teachers to achieve independently.

Addressing this need, we developed Kool-Kit, a suite of tools that uses large language models to
provide a system grounded in the ICAP framework (figure 2). Kool-Kit supports teachers in designing
lesson plans and creating H5P-based learning activities adjusted for their classrooms. The first tool in
the suite is strongly based on ICAP to guide teachers in creating and refining lesson plans that promote
different levels of engagement through chat-based interactions. The second tool offers an intuitive
interface for specifying learning activities. Teachers can define the activity’s summary, complexity
level, and type (e.g., fill in the blanks, multiple-choice questions), and the tool generates H5P-based
learning activities based on these inputs. These activities can then be downloaded and seamlessly



Figure 2: AI-assisted H5P-based learning content generator

integrated into any H5P-compatible learning environment (e.g., trajectory in Case 1). By simplifying the
creation process, the tool hides the technical complexities of generating H5P elements while significantly
speeding up the preparation of classroom activities. This makes it easier for teachers to design and
implement engaging learning experiences that align with pedagogical principles and support student
engagement. These tools are suitable for teachers from different subjects and school levels, as its
foundational model focuses on the general principles of cognitive engagement. The initial prototype
was developed collaboratively within the research group, addressing the practical need for supporting
teachers in designing TEL practices that promote cognitive engagement. However, it has not yet been
evaluated.

The teacher-AI complementarity in Kool-Kit lies in its ability to foster a mutual relationship between
human and artificial intelligence. Kool-Kit harnesses AI to learn from teachers’ experiences (earlier
lesson plans and examples), adapting to their expectations and preferences, while simultaneously en-
abling teachers to benefit from AI’s knowledge of learning sciences literature. This dynamic interaction
allows teachers to advance their pedagogical knowledge, refine their teaching strategies, and design
more effective learning experiences.

2.3. CoTrack: Supporting teachers with monitoring and intervention during
collaborative learning activities

The third case extends the focus on designing learning experiences to support students’ complex thinking
skills and understanding their progress, recognizing that learning is a dynamic, collaborative process.
Collaboration is a multifaceted skill involving components such as argumentation and cooperation,
which require deliberate practice and teacher awareness of student activities during collaborative
tasks. Monitoring students’ interactions, particularly in blended settings that combine face-to-face
collaboration with digital tools, presents significant challenges for teachers and underscores the need
for robust tools to aid collaboration monitoring.

To address this, we developed CoTrack, a multimodal LA tool designed to support teachers in
monitoring and co-regulating collaboration in classrooms. CoTrack is a web-based application that
provides a collaborative writing space for group participants and captures audio, video, and log data
to monitor their interactions. One of its key features is the real-time analysis of collaboration quality,
using data from these sources to estimate and visualize group dynamics [11, 12]. The tool integrates a
dashboard (figure 3) displaying participants’ speaking and writing contributions alongside predictive
analytics of collaboration quality. Additionally, CoTrack employs a rule-based intervention engine
informed by learning sciences literature, offering intervention strategies for teachers to support students.
This real-time support enables teachers to better understand group dynamics, identify areas needing
intervention, and foster the development of collaborative skills.

CoTrack was developed through DBR methodology involving three iterations with more than 50
in-service teachers over 5 years [13, 14]. It can be used for teaching and research purposes as well.
CoTrack is suitable for face-to-face collaboration activities requiring a shared writing space and for
capturing audio and video data for post-hoc reflection and analysis. Its usability evaluation showed that
teachers found CoTrack easy to use and useful for monitoring collaboration activities [14]. CoTrack



Figure 3: CoTrack real-time dashboard

has been applied across various subjects (e.g., Mathematics, Biology) and school levels, highlighting its
adaptability to various contexts.

The teacher-AI complementarity in the third case is realized through the collaborative partnership
between teachers and CoTrack, which supports teachers by providing real-time insights into students’
collaborative processes, analyzing complex multimodal data (audio, video, and logs) to estimate col-
laboration quality and identify potential issues. These AI-driven analytics enable teachers to focus
on interpreting the data and making informed decisions about when and how to intervene effectively.
At the same time, teachers bring their contextual expertise to the table, tailoring interventions to the
unique needs of their students and classroom dynamics. This collaboration ensures that while CoTrack
provides objective and data-driven monitoring, the teacher retains the essential role of adapting actions
to foster meaningful learning experiences.

3. Conclusion

The three cases presented demonstrate how AI tools can complement the teacher’s role by influencing
their skills, knowledge, attitudes, and tasks in distinct ways. The first case highlights the importance
of integrating domain models enhancing teachers’ content and domain knowledge and their ability
to design flexible learning trajectories. The second case, through the Kool-Kit suite, emphasizes the
development of teachers’ pedagogical and technological skills, knowledge, and capacity to create
and implement H5P-based activities, based on the ICAP framework. The third case, with CoTrack,
showcases how AI can support teachers in monitoring complex collaborative processes, enhancing
their situational awareness and decision-making skills in real-time classroom settings. Collectively,
these cases demonstrate how teacher-AI collaboration can redefine instructional tasks by automating
routine elements, offering evidence-based insights, and enabling teachers to engage in higher-order
activities, such as interpreting data within the framework of pedagogical concepts, adapting learning
designs, and providing support to students. This highlights the potential of teacher-AI complementarity
to shape teachers’ professional learning but also enriching the learning experiences for students.
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