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ABSTRACT

This study designed and developed an Al agent(AlBlockAgent) to address the
cognitive challenges faced by novice learners and the limitations of providing
personalized feedback in block-based programming education. Following the
Educational Design Research (EDR) framework, four core design principles
were derived: phased scaffolding, real-time code verification, RAG-based
response generation, and affective support. A prototype was implemented
based on these principles, and its usability was evaluated through two
iterative rounds involving ten in-service teachers. The results demonstrated
that the final prototype achieved significant improvements in error-handling
capabilities and feedback usefulness compared to the initial evaluation. This
research confirms the potential of AlBlockAgent as a "cognitive partner” that
facilitates self-directed problem-solving. Furthermore, the study suggests the
necessity for future system enhancements and empirical evaluations involving
actual learners to further validate its educational impact.

Keywords Computer Education, Al Agent, Block-based Programming, Educational Design
Research, Generative Al
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Figure 2. Example of the scaffolding feedback
(Dialogue illustrating the three levels of Al feedback)
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Table 1. Major GAI Services and Types of Responses

Field Data Content
Block Name when [KEY] key pressed
Block ID when_some_key_pressed
Category Start
Description lExecutes the code belpw when a specific
ey on the keyboard is pressed.
Parameters KEY: The keyboard key that triggers the

event (e.g., arrow keys, q, w, e).

Default value when [q] key pressed

[“Up arrow”]
Hat Block

Parameter Example

Block Shape

Directional arrow keys must be explicitly
labeled as “Up arrow’, ‘Down arrow’, ‘Left
arrow’, and ‘Right arrow’

Constraints
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Table 3. System overview

Category Technical Name

Frontend Tailwind CSS
Framework Next.js

Al Model OpenAl GPT-40 API

Database Supabase
Deployment Vercel
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Figure 4. The user interface of the AlBlockAgent

(The main screen showing the Entry]S workspace alongside the Al
Agent panel)
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Table 4. Basic information of the expert group
Category Description Count
Master's Course 4
Highest Level of '
Education Master's Degree 5
Doctoral Course 1
Computer Education 4
Field of Study
Al Education 5
Other 1
Less than 5 years 1
Teaching
E . 5 to 10 years 4
xperience
11 to 15 years 4
more than 15 years 1
Block Programming Yes 10
Teaching Experience No 0
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Table 5. Basic information of the expert group

Item M SD Median

Q1 4.5 0.53 45

Q2 4.1 0.88 4

Q3 4.6 0.70 5

Q4 4.6 0.52 5

Q5 4.6 0.52 5

Q6 4.3 0.82 4.5

Q7 4.5 0.85 5

Q8 47 0.48 5

Q9 4.1 0.88 4

Q10 4.3 1.06 5

Q11 4 0.82 4

Q12 4.6 0.97 5

Q13 3.3 1.06 3.5

Q14 3.8 1.03

Q15 4.6 0.97 5

Q16 4.9 0.32 5
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User’s Block Feedback
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Table 6. Results of the Second Usability Evaluation

Item M SD Median

Q1 4.7 0.48 5

Q2 4.3 1.25 5

Q3 4.9 0.32 5

Q4 5.0 0.00 5

Q5 4.6 0.52 5

Q6 4.4 1.26 5

Q7 4.7 0.67 5

Q8 4.8 0.42 5

Q9 4.3 1.06 5

Q10 4.6 0.52 5

Q11 4.7 0.67 5

Q12 4.7 0.48 5

Q13 4.1 0.57 4

Q14 4.2 0.79 4

Q15 4.8 0.42 5

Q16 4.9 0.32 5
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