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Abstract: Although Al learning companions hold promise for enhancing computational
thinking education, understanding how students’ learning strategies evolve through
interaction with these tools remains challenging—highlighting the need for process-
oriented analysis to move beyond static outcomes and reveal how learning truly
unfolds. This study applied a learning analytics approach to examine interaction logs
from 122 third-grade Taiwanese students using the Al learning companion TALPer
from the Taiwan Adaptive Learning Platform (TALP) for computational thinking tasks
over six weeks. By coding student behaviors and visualizing strategy transitions with
Sankey diagrams, we revealed the dynamic evolution of learning strategies within an
Al-enhanced environment. The Sankey diagrams revealed a temporal shift in student
interactions with TALPer, showing a progression from basic behaviors like information
queries (16%) and language practice (24%) toward more metacognitive strategies such
as planning (21%) and problem-solving (28%) as the intervention advanced,
highlighting the evolving depth of engagement over time. These findings underscore
the value of process-oriented learning analytics in complementing traditional
assessments and offer practical insights for designing adaptive Al systems that support
self-regulated learning in young students.
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1. Introduction

Al learning companions like TALPer are increasingly used to develop computational thinking
(CT) skills in elementary education. While previous research mainly emphasizes outcomes,
understanding students' interactive processes is essential to optimize Al tools and instruc-
tional support (Luckin et al., 2016; Ministry of Education, 2025). Traditional evaluations rely-
ing on performance tests or questionnaires offer limited insight into dynamic learning behav-
iors (Blikstein, 2011). Thus, visualizing strategy shifts with learning analytics techniques like
Sankey diagrams can effectively capture these dynamic interactions (Knight et al., 2017; Lee
et al., 2022). This study addresses the gap by visualizing temporal transitions of strategies
from basic interactions to metacognitive behaviors such as planning and problem-solving us-
ing Sankey diagrams..

2. Methodology

Participants included 122 third-grade students engaging with TALPer over six weeks in CT
activities based on Bebras tasks integrated into a 6E instructional model. TALPer interaction
logs were systematically coded into behavioral categories, including Information Search,
Language Learning, Problem Solving Support, Homework Assistance, Study Planning, Emo-
tional Limitations, and Recognition Limitations (Boetje et al., 2024; Darvishi et al., 2024).



Sankey diagrams visualized behavioral transitions across the intervention period, providing
aggregate data on strategy evolution.

Results The Sankey diagram (Figure 1) illustrates clear transitions from initial behaviors like
Information Search (16%) and Language Learning (24%) towards metacognitive strategies,
specifically Study Planning (21%) and Problem Solving Support (28%). This visualization
demonstrates a dynamic progression in strategy sophistication, indicating enhanced engage-
ment and strategic competence.

3. Results

The Sankey diagram (Figure 1) illustrates clear transitions from initial behaviors like
Information Search (16%) and Language Learning (24%) towards metacognitive strategies,
specifically Study Planning (21%) and Problem Solving Support (28%). This visualization
demonstrates a dynamic progression in strategy sophistication, indicating enhanced
engagement and strategic competence..
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Figure 1. Sankey diagram illustrating aggregate transitions between learning strategies
during interaction with TALPer.

4. Discussion and Conclusion

Sankey diagrams effectively revealed shifts towards strategic learning behaviors, suggesting
increased metacognitive awareness possibly facilitated by Al-supported interactions (Pa-
nadero, 2017). Methodologically, this visualization complements traditional outcome-focused
assessments by providing granular, process-oriented insights into learner engagement. This
approach informs the design of adaptive Al learning environments sensitive to evolving stu-
dent strategies. However, further studies should triangulate findings with cognitive data to
solidify causality claims. In conclusion, Sankey diagram visualizations offer critical insights
into dynamically evolving learning strategies in elementary CT education, enhancing the un-
derstanding and effectiveness of Al-mediated educational practices.
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