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ABSTRACT

The advent of generative Al technology is fundamentally transforming the
paradigm of programming education, necessitating a shift in educational focus
from mere coding proficiency to cultivating higher-order problem-solving
abilities—specifically, computational thinking skills. This study therefore
examines why computational thinking is crucial in the generative AI era
through an in-depth analysis of relevant prior research both domestically
and internationally, and explores teaching and learning strategies to enhance
it. Furthermore, based on this analysis, it proposes an Al-collaborative
computational thinking enhancement PBL model. This model aims to support
learners in growing into proactive users of technology and creative problem-
solving experts by enabling them to utilize generative Al not merely as a
correct-answer generator, but as a partner for expanding their thinking
capabilities through collaborative interaction with Al
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Table 3. AI-Collaborative Computing Thinking Enhancement PBL Model

Step

Learner's Activity

Al's Role

Instructor's Role

Problem Discovery
and Definition

* Brainstorming problems
+ Organizing ideas using visualization tools
like mind maps
+ Defining goals

+ Presenting various perspectives and ideas
+ Helping to explore potential causes or
related data

+ Guiding the discovery of meaningful
problems with open—ended questions
* Presenting initial ethical guidelines

Problem
Decomposition and
Abstraction

+ Listing core functions
+ Logically decomposing each function
into work units
+ Designing data flow and structure
with flowcharts/block diagrams

+ Proposing alternative decomposition
strategies
* Reviewing and suggesting modifications to
the design plan

+ Guiding CT—based prompt tuning
+ Inducing comparison and selection
among several alternatives

Prototyping through
Collaboration with
Al

+ Cycle of writing prompts for code
generation per work unit, reviewing
results, modifying codes and re—
requesting prompts
+ Integrating modules and resolving
errors
+ Understanding and modifying the
generated code

+ Code generation and debugging
+ Diagnosing errors and suggesting
corrections
+ Diagnosing code quality and suggesting
improvements
+ Verifying stability by generating various test
cases

+ Guiding learners to understand and
modify the code generated by Al
+ Observing the collaboration process
between learners and Al
+ Scaffolding and fading in the problem—
solving process

Critical Evaluation
and Creative Ideation

+ Reviewing the efficiency and validity
of LLM code
+ Code refactoring
+ Exploring creative alternatives
(considering if other approaches exist)

+ Diagnosing code quality and suggesting
improvements
* Verifying stability by generating various test
cases
+ Idea promotion

+ Guiding learners to understand and
modify the code generated by Al
+ Observing the collaboration process
between learners and Al
+ Scaffolding and fading in the problem—
solving process

Synthesis and
Sharing

* Presenting and sharing the problem—
solving process, including problem
definition, prompt strategy, Al
collaboration, and reflection
+ Sharing roles, contributions, and
collaboration experiences within the
team

+ Assisting with drafting presentation
materials
+ Composing summary slide drafts
+ Generating anticipated questions

+ Process—oriented evaluation:
comprehensively grading prompt records,
reflections, peer evaluations, test logs, and

final products

+ Providing individual feedback

Reflection and
Generalization

+ Writing a reflection journal
+ Extracting core principles from the
problem—solving process
* Applying them to other problems

* Visualizing the learner’s learning process
+ Recommending advanced learning
materials and similar problem—solving cases
related to the principles extracted by the
learner

+ Inducing deep thought by presenting
multi-layered reflective questions
* Encouraging the transfer of learning
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