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Introduction and context

The new Estonian National Strategy of Education 2035 focuses on a learner-centred approach to teaching and learning, through supporting flexible learning paths with smart digital learning resources and services (Ministry of Education and Research, 2021). Our MathDigiLesson project aimed at designing and piloting a set of interactive learning resources that support flexible learning paths in 9th grade math lessons, to address in a learner-centred manner the topic that was identified by the Estonian Ministry of Education and Research as the main knowledge gap caused by emergency distance education during COVID-19 pandemic: simplification of algebraic expressions. After the piloting, we used the collected data to design a generic conceptual model for flexible learning paths. Our goal was to explore the components, properties and formats for flexible learning paths in the context of mathematics education, so that we could use these for designing flexible learning trajectories, deepen the learning analytics and support both teachers and learners in data-informed decision making. The authors also made a first attempt to visualize created learning paths by using features that describe flexible learning. To this purpose, it is important to identify components and characteristics of flexible learning paths in interactive learning resources of MathDigiLesson and answer the following question: how to visualize features, elements, and properties of flexible learning paths?

Related research

Learning paths are sequences of activities and concepts selected by the students in the learning process [START_REF] Kardan | A new personalized learning path generation method: Aco-map[END_REF]. There seems to be an emerging consensus among researchers on three aspects through which flexible learning is often defined: the pace, place and mode of learning [START_REF] Hammersley | Flexible learning: A practical guide for academic staff[END_REF]. One thing on which there seems to be a common understanding is that flexible learning can be supported through technology [START_REF] Gordon | Flexible pedagogies: Technology-enhanced learning[END_REF]. The main challenge lies in pedagogically meaningful tracking and analyzing flexible learning paths in order to support better teachers' and learners' data-informed decision making in the context of self-regulated learning. We propose an initial model of the flexible learning path (illustrated by the examples from MathDigiLesson project) that involves the following aspects of flexibility: pace, loops, branching, scaffolding, difficulty, and complexity of the task [START_REF] Minnegalieva | Determining the Difficulty Level of Tasks in Online Courses[END_REF]. In the visualization we rely on a learning trajectory supported by learning scenarios in a digital environment (LePlanner) and use the four-component instructional design model (4C/ID) developed by [START_REF] Van Merriënboer | Training for reflective expertise: A four-component instructional design model for complex cognitive skills[END_REF].

Flexibility in the learning process can be defined as offering choices in the educational environment and can also be seen as customizing the pace, activities, resources and modes of learning to meet the needs of self-regulated learners with various educational needs and interests. The Fig. 1 below is our original conceptual model of flexible learning paths, their components and properties. Learning Trajectories are designed as sequences of learning tasks with gradual increase of complexity, which is an objective property of a task. In order to offer both the student and the teacher appropriate and relevant recommendations on personalisation of learning, we need to estimate also the subjective (perceived) difficulty level of each task, based on collected data to investigate how much time, effort and scaffolding the student needed to achieve the results. Figure 1 proposes a generalised conceptual model through the elements, properties and other features of the flexible learning paths. In order to validate the concept using empirical data, we conducted participatory research where six teachers implemented two flexible Learning Trajectories with original interactive learning objects made with H5P. on 85 students. Learning analytics data was collected in the form of standardised xAPI statements: <Actor> <Verb> <Object> <Result> <Context> <Time>. Analysis of this data allowed us to identify the limitations of our current digital infrastructure and learning resources. The next steps involve elaboration of the conceptual model with detailed types and properties of learning tasks and resources on various levels of complexity, as well as different ways of scaffolding.
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 1 Figure 1: Conceptual model of flexible learning paths