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ABSTRACT

In learning programming, insufficient support can make it difficult for learners to
persist and may reduce learning motivation due to repeated errors. Therefore, this
study developed an Al agent prototype to support to learn C programming. To this end,
a design-and-development research method was applied. Six design principles were
derived through a review of prior studies and case analyses, and an Al agent prototype
reflecting these principles was developed. Expert validation and usability evaluation
were conducted to assess the prototype's validity and applicability. Based on the results,
the final prototype was developed. This study demonstrates the potential of AT agents
to function not only as code-generation tools but as valuable pedagogical partners that

(X7 actively foster problem-solving skills and sustained learner engagement in programming
=281 2026 062 05Y education, ultimately contributing to improved learning experiences.
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2 Table 13} Zt}.

Table 1. Design Principle to Develop Al Agent for Supporting

Programming Learning

Diesizi Guidelines
Principle
1.1 Provide sufficient information to enable students to
identify and analyze problems independently.
1.2 Guide students to first comprehend the task
L. Learner  requirements, conditions, inputs, processing
Centered procedures, and output formats.
Problem - —
Solving 1.3 Deliver Al feedback based on the student’s written
Principle code, execution results, and history of previous
[13-16] attempts.

1.4 Prioritize providing questions, checkpoints, and
directional hints rather than presenting the correct
solution directly.

2. Scaffolding

2.1 Calibrate the level of feedback specificity by
considering the student's current learning level, number
of repetitive attempts, identical errors, prolonged
stagnation, and frequency of hint requests.

2.2 Expand learning support in a structured sequence:
hints, conceptual explanations, procedural guidance,

Principle ~ and example code.

[17-191 2.3 Provide example code restrictively, only after the
student has engaged in sufficient attempts and self—
explanation.

2.4 Fragment feedback into single units of core errors
or concepts, rather than presenting multiple pieces of
information simultaneously.
3.1 Paraphrase and explain compiler messages in a
learner—appropriate manner.
3. Error— 3.2 Provide concurrent guidance on the underlying
Based causes of the error and the specific code elements that
Feedback ~ require verification.
Principle 33 Offer check questions that allow students to self~
(16, 20, 211 correct, rather than immediately providing the correct code.
3.4 Guide students to re—verify relevant concepts when
the identical error occurs repetitively.
4.1 Prompt students to explain the rationale before
applying Al-suggested modifications or hints.
Ex 4l'a§1211tfion 4.2 Instruct students to briefly formulate their
sted Al self—explanations, focusing on the content of the
Acceptance modification, the reasoning behind it, and the expected

Principle outcomes.

[22-24] 4.3 If the self-explanation is insufficient, have the
Al prompt additional questions to supplement and
scaffold the explanation.

5.1 Enable students to visually monitor their current
5 Self performance stage and progress within the task.
Regulated 5.2 Guide students to decompose the overall task into

Learning  sub—goals and execute them progressively.

IDSgppprlt 5.3 When stagnation in the problem—solving process

[;1;102%]6 is detected, suggest specific remedial actions, such

as checking variable values or verifying conditional
statements.

6. Emotional
Safety
Support
Principle
[27, 28]

6.1 Utilize polite and encouraging conversational
expressions within the Al interface so that learners can
request assistance without psychological burden.

6.2 Present performance levels using descriptive
narratives focused on current proficiency and future
directions for improvement, rather than scores or
rankings.

6.3 Frame help—seeking behavior not as a failure, but
as an active learning strategy for problem—solving.
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Table 4. Results of the Expert Validation of Al Agent Prototype

Category Questionnaire Statement M | SD | CVI

The prototype is valid for supporting 357] 49 |1.00

Validity C programming learning.

The prototype clearly explains the
Explanatory | knowledge and performance required | 3.57 | .49 | 1.00
to support C programming learning.

The prototype can be usefully 371 | 45 | 1.00

Usefulness utilized in C programming learning.
Universality The prototype can be u nlversauy 3.14| .64 | 86
utilized in C programming learning.
The prototype is comprehensibly
Understanding | presented to facilitate the execution | 3.43| .49 | 1.00

of C programming learning.
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Table 5. Results of the Expert Validation of Design Appropriateness
of Al Agent Prototype

Category Questionnaire Statement M | SD | CVI

Are the design principles validly
constructed to support students' C | 3.71 | .45 | 1.00
programming learning?

Design

Principle Are the design guidelines derived

from the principles validly
constructed to support students' C
programming learning?

3.86| .35 | 1.00

Are the core functions appropriately
implemented in accordance with the | 3.43| .73 | 0.86
design principles?

Core
Function

Is the prototype's system

architecture appropriately designed 3711 45 |1.00

and implemented to realize the ’ ’ ’
corresponding functions?

System
Architecture

Is the prototype's UI/UX
U/UX appropriately designed and 3.57| .49 | 1.00
implemented to support learning?
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Figure 1. Screen Layout and Functions of Final Al Agent Prototype for Supporting Programming Learning
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