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Exploring Core Competencies in the Age of AI: A

Shift from Computational Thinking to AI-Situated
Perspectival Metacognition
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ABSTRACT

This study examines how generative Al is transforming learners’ thinking processes and
the discourse on core competencies in computing and information education. In generative
AT environments, learners must move beyond collecting information or producing outputs
to examining Al-generated outputs and evaluating the grounds for their judgments.
Accordingly, this study reinterprets and extends Computational Thinking (CT) and proposes
Al-Situated Perspectival Metacognition (AI-SPM) as a competency required for human-Al
interaction. A review of prior research indicates that CT, the 4Cs, Al literacy, self-regulated
learning, and metacognition have limitations in explaining the dynamic nature of such
interaction. This study reinterprets CT from an epistemological perspective as a basis
for evaluating Al-generated outputs and integrates it with situated cognition, distributed
cognition, and perspectivism to conceptualize AI-SPM as a metacognitive regulatory system
operating throughout human-AI interaction. Unlike self-regulated learning or Al literacy,
AI-SPM regulates three dimensions: the structure and procedures underlying Al-generated
outputs, the perspectives embedded in outputs and prompts, and the degree of cognitive
delegation to AL It expands the goal of computing and information education from using
AT to monitoring and regulating the process of thinking with AL and highlights the need for
process-oriented instructional design and assessment centered on the grounds for learners’
judgments. As a literature-based theoretical proposal, AI-SPM requires further refinement
through measurement development and empirical research.

Keywords Generative Al, Computational Thinking, Epistemological CT, Human-Al
Interaction, Al-Situated Perspectival Metacognition (Al-SPM)
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Table 1. Relationship between Epistemological CT, Existing CT, and
Al Literacy Discourse

Category Object of Judgment | Criteria for Judgment

Alignment between
design intent and
artifact; reflection on
the process

Brennan and Resnick's
CT Perspectives
Dimension

Design processes
and artifacts directly
produced by learners

System
understanding; data
and algorithmic bias:

social impact and
accountability

Reliability, bias, and
ethics of Al systems
and outputs

Critical Evaluation in
Al Literacy

CT criteria:
decomposition,
pattern recognition,
abstraction, and
algorithm design

Structure, procedure,
and reasoning of Al-
generated outputs

Epistemological CT
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Table 2. Comparison between Executional CT and Epistemological
CT

Executional CT

Core CT Element Epistemological CT

Evaluates whether
an Al output
appropriately
decomposes a

problem into core and
peripheral conditions

Breaks a problem

Decomposi— into sub—components
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Core CT Element Executional CT Epistemological CT

Detects recurring
errors, biases, and
omissions

Identifies recurring
patterns and
generalizes them

Pattern Recognition

Judges whether the
level of generalization
is appropriate to the
task context

Extracts key elements
and omits unnecessary
details

Abstraction

Examines the
procedural validity of
the solution process
and reasoning chain
presented by Al

Constructs solution
procedures or
algorithms

Algorithm Design
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(DStarting Point: Transformation of the Learner’s Role
in Generative Al Environments

]

(2Review: Existing Core Competency Frameworks

[ CI' ][ 4C ] [AI Literacy| [Metacognition, SRL |
!

(3Diagnosis: Limitations Revealed in Generative Al Environments
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Table 3. Theoretical Foundations and Derivational Axes of AI-SPM
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