'.) Check for updates

THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 29, Issue 8, 2026
HREWSSE| =2X| 20261 K29 MBS - = = = = o ol=
https://doi.org/10.32431/kace.2026.29.8.006 ._12_‘6' 9—!-}\ (])'] _O’] ‘T‘Z'" Z-v]' AI E’] E'] E‘] A] %]_OO]: = "l“] ?_.

SPARK-L 1 4~8hs el 2 22303

AT 2 A] A= 72 W EErget
Development and Content Validation of the
SPARK-L Teaching-Learning Model and a Self-

directed Al Literacy Assessment Tool for Cultivating
Self-directed Al Literacy in Elementary Students

t oyt
UN=E'0 5

Seongrok Kim" - Kyeong Hur™

4E A3AT LekE 2S3YIA| AL @)Fstet Al ook w2 9fF
& A71gh 2 de 25 5-63Hd Fol3 AL 53 4 HollA Skl 414 Al €
El2|A12 3HoF5}7] QI3 SPARK-L i48hs Belal 2314 Al 2lEl2]A] HALETE 7ist
1, W27} duto] 2ARS Fl 1 WEETES AS5She ol F20] 3lth SPARK-LE Al
Literacy(#312) I 912t Situation(d3), Posing Question(Z+ 748, Al-assisted
Inquiry(Al 2] &), Reasoning(3=2]4] 7-23}), Knowledge Production(#4] )2 5
A1 Z 7951, R(Reasoning) ©70] F=H A 7|4E &3 1A X{2lE olR =0
fJYgste AAH e x2de FARHES A 9 HE7t sidS thdo s 44 dst
o] ZAME 435}l Lawshe?] CVR(=.78)& &< 7202 283t A3}, 574 553 671
H7EAA T 24, HAET 107 o] B ejol] =gsto] WE e =7} 2el= it
= Ae AT ER I} S /o] 19 9 7 RS SR AL 2lERA] 1) 7]2
ARE AlgotaAt gt

FHO| FHIE Al2[E2Al, A Z 7|8 BotE, ATo] AL QIXN QX 2, SPARK-L 2E

1

ABSTRACT
The pervasive integration of generative Al into elementary education raises
concerns about the outsourcing of thinking and AI dependency among young
learners. This study develops and examines the content validity of the SPARK-L
teaching-learning model and a self-directed Al literacy assessment tool for
cultivating self-directed Al literacy among 5th- and 6th-grade students in Korean
language arts. To improve Al literacy, SPARK-L comprises five stages — Situation,
Posing Question, Al-assisted Inquiry, Reasoning, and Knowledge Production
olmSristn ISHEC s 2{TE — and incorporates an agency-transfer mechanism at the Reasoning stage to
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(AR threshold. All five instructional stages, six assessment-system components, and ten
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assessment items reached consensus. The study provides foundational material
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for AI literacy education that embeds the balance between AI collaboration and
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Table 1. Comparison of Inquiry—Based Teaching—Learning Models and an Al Education Framework

Model Stage Structure

Role of Al / Tools

Student Agency Assessment Subject Context

Al not included in
original framework;
uses general inquiry

Engage — Explore — Explain
— Elaborate — Evaluate(5
linear stages)

SE Learning Cycle

(Bybee et al., 2006) materials and

experimental tools

Evaluate stage
explicitly defined; Originated in
integrates formative science; expanded to
and summative all subjects
assessment

Emphasized in Explor
and Elaborate:
presupposes teacher—
structured guidance

Mll=structured problem

— Problem analysis —

Information gathering
— Solution development

Problem—Based
Learning (PBL)
(Hmelo-Silver,

Al not included in
original framework

Originated in
medical education;
centered on real—
world problems

Product— and
process—based
assessment; frequent

Very high; students
lead from problem
definition through

2004) — Presentation and resolution peer assessment .
. . across subjects
reflection(many variants)
. Three-tier GRASPS-based
Question—Based . . . .
. : Preparation — Inquiry — Al not integrated; spectrum(structured — performance
Inquiry Instruction - . L .. . . . . .
Organization — Practice(4—  digital tools positioned guided —open); student assessment; All subjects in

(Gyeonggi
Provincial Office of
Education, 2025)

stage cycle with embedded
reflection)

as one category of
inquiry resources

focuses on transfer elementary education
of conceptual

understanding

question formation
treated as independent
domain

Perception - Representation
and Reasoning - Learning
Natural Interaction - Societal
Impact(5 big ideas; content
framework rather than stages)

Al4K12 Big Ideas
(Touretzky et al.,

2019) not tool)

Al itself as the object
of learning(content,

K-12 Al education
in general(subject—
agnostic framework)

Stage-level agency not
specified; functions as
curriculum guideline

No assessment
system included
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Table 2. Schedule and Content of the Four Delphi Rounds

Round  Period Validation Target Primary Objective
SPARK-L model draft Initial content
Round  March (5 stages + 5 assessment valiggé?onc?)rf] rennodel
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components
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ESoPlo| FHIH Al 2|E{2{Al LS 913t SPARK-L w4ohs BH 31

HIT Al 2lE{{Al ZMET LDt LHBERS 66



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 29, Issue 8, 2026

Round  Period Validation Target Primary Objective Table 3. Composition of the Delphi Panel
Round  March Revised items from Re*\{ahdation Code Ao Specialization Highest Degree
. of revisions and Type
2 9-13 Round 1 (7 items) finalizati f model
inalization of mode ol Elementary /D 4 '
— igital Education Doctoral Candidate
. Initial content School
Round March  Effectiveness assessment lidati ¢
3 16-20  tool draft (10 items) validation o P2 University  Al/Digital Education Ph.D
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- Educational
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Table 4. Initial Draft of the SPARK-L Teaching—Learning Model
(Submitted to Round 1)

Domain Sizge Core Strategy
Component
Through teacher—curated data,
learners discover problems situated
S in life contexts (e.g., Al-applied
Situation social phenomena, climate crisis),
establishing a learning mission and
shared purpose.
p Students assign roles to Al and refine
Posing ideas, with teacher and Al support,
Instructional Question into investigable core questions.
Flow A Students interact with generative Al
(SPARK 5 Al-assisted  through cloud thinking notes to collect
Stages) Inquiry information and exchange ideas.
Al interaction is temporarily
R suspended: students lead the
R . construction of a Logic—tree using
easoning i - >
analog notes, critically verifying Al
provided information.
K Students publish Al-collaborated
Knowledge artifacts of social value, transcending
Production mere consumption of Al output.
A bifurcated system where divergent
Digilogue thinking is assessed via digital tools
Assessment and convergent/structural thinking
System via analog tools, aimed at protecting
literacy and preventing Al dependency.
Treating the refinement process of
Prompt Process student queries to Al and the dialogue
Assessment  history—rather than the output itself—
as the core evaluation metric.
Fact—checking Inclu%ing 'fact—fc;fcking and ethii:lal
Assessment & Frhical paraphrasing of Al responses (rat her
Areas Assessment than verbatim copylpg) as evaluation
criteria.
. Treating the magnitude of revision
Rewriting— Lo
centered after initial draft, based.on'AI and
teacher feedback, as the indicator of
Assessment

growth.

Designed so that the model's
question—inquiry—writing process
can be generalized to written/essay
performance assessment models in
other subjects beyond Korean language
arts.

Generalizability
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Table 5. Measurement Domains of the Initial SPARK-L Self-directed
Al Literacy Assessment Tool (Submitted to Round 3)

Item Competency Measurement Domain SPARK Stage  Source
Al Cognitive
1 . understanding of Al Foundational Refined
Understanding . O
operating principles
Prompt Ability to design
2 Design specific queries for Al P Stage New
Al Tool Use of Al for solving
3 Application learning tasks A Stage Adapted
Information Source verification of
4 Cross— A Stage New
e Al responses
verification
Hallucination Recognition of
5 A potential errors and A Stage Adapted
wareness o
bias in Al responses
7 Reorganization of Al
6 Sel dlregted information based on R Stage New
Structuring . )
one's own logic
Feedback Improvement of
7 Reception & writing through K Stage New
Revision formative feedback
Digital . .
8 Creative Vl§ nal CXPression K Stage New
E . using digital tools
xpression
. Collaborative
Collaborative : . .
C S competency in group Project-wide ~ New
ommunication AR
activities
Qualitative Metacognitive
10 h reflection on Al Metacognitive ~ New
Reflection

revision experience
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Table 6. Results of the First Delphi Survey

Domain Ttem N M SD  CVR  Consensus

S
Situation

8 411 093 .78 O
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Table 7. Results of the Second Delphi Survey

Item N M SD  CVR  Consensus

1. S Stage Revision: Intended
Data Scaffolding

2. R Stage Revision @: Flexibility

9 478 0.44 1.00 ©)

of Analog Format 9 467 050 1.00 @)

3. R Stage Revision @:
Specification of Logic—tree 433 100 .78 ©
4. Assessment Accountability: 8 433 100 .78 O

Teacher—led Role

5. Redefinition of Growth
Indicator: From Change to 9 456 053 1.00 O
Receptivity

6. Inquiry g?rlli;pligsct—check 3 8 444 073 T8 o

7. Field Implementation

Feasibility 8 444 073 .78 O
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Table 8. Results of the Third Delphi Survey

Item Item N M SD  CVR  Consensus
1 Al Understanding 7 456 0.88 .56

456 0.73 .78 O
389 0.78 .33

4 Information Cross= o 500 000 100 O
verification

Hallucination Awareness 9 4.89 0.33 1.00
6 Self-directed Structuring 9 4.67 0.50 1.00 O
Feedback Reception &

2 Prompt Design

o | o

3 Al Tool Application

O

7 o 7 422 083 .56
Revision

8 Digital Crf;ative 6 422 097 33
Expression

9 Collaborative 9 456 053 1.00

Communication
10 Qualitative Reflection 9 489 0.33 1.00 O

107 238 % 67 &3Fo] CVR .78 0|42 & U ged e

Fo] )2 ool =F5tA] 2ok

P

Volume 29, Issue 8, 2026

o7do] 35T £EHIL B3] Al £7 S8 24
HAE ol B9 2o 58 wE7], 2kCanva) 5
=4 4E 29 270 SHE EHOR Aukiol Wojutk
L oj7do] th4gict

olefst oA e uigoz Al ofs) BFe st47 EAY
Wash Al £7 S8 29 54 A% E Hdo) U,
s 48 9 44 2k 7 o) A, PAY §
o) Y B BT 44 AAS £ HHoE Y
o} lgko) 47} £go] 4% W% 14 Table 99} 2}

Table 9. Revisions of Non—consensus Items in the Third Delphi Survey

Statement in

Ttem Round 3 Statement in Round 4  Direction of
(Before (After Revision) Revision
Revision)
I know that Al
does not think [ understand the
on its own principle that Al I
1. Al but generates generates answers S}aaréf;zgﬁ?
Understanding answers by fitting the question by expression
learning from learning from large P
large amounts volumes of data.
of data.
I can use Al
tools at my I can use Al tools fit—  Generalization
3. Al Tool own level to  for—purpose to solve  of product—
Application  achieve my goal given learning tasks or specific
of making a problems. wording
storybook.
I can critically
judge the advice I can revise the weaker
7 Feedback given by Al parts of my writing  Redefinition
R, . teachers, and  toward improvement of the
eception & .
e peers, and revise  based on feedback measured
Revision .
my writing to  from Al, teachers, and competency
be more natural peers.
and coherent.
I can creatively
express images [ can use digital
8. Digital and dewgn; tools to visually Removal
. that best suit  express the mood and :
Creative N of tool
E . the mood and  content of my story
xpression dependency

to communicate it to
readers.

content of my
story using
Canva.
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Table 10. Results of the Fourth Delphi Survey

Item Item N M SD  CVR  Consensus
Al Understanding
! (Revised) 9 467 050 1.00 O

2 Prompt Design (Validated) 9 4.89 0.33 1.00 O

3 Al Tool Apphcatlon 9 478 044 1.00 o
. o (Revised)
ke o7, 54 4E g0 E70] £48 Faolzhe
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i Calidwed ~ ° 0 000 1% © 45 A% SPARK'L @48ty 29 2 244 Al 2¢]
7 FeedbackRecepion & g 476 044 100 O A HAtE T
Revision (Revised)
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Table 11. Final SPARK-L Teaching—Learning Model

Domain Stage / Component

Core Strategy

S Situation
(Session 1)

Through teacher—curated data (videos, materials), learners discover problems situated in life
contexts and establish a mission and shared purpose for solving them.

P Posing Question
(Session 2)

Students generate ideas through brainstorming and refine them, with teacher and Al support,
into investigable core questions.

A Al-assisted Inquiry

I . Instructional (Session 3)

Using cloud thinking notes, students interact with Al to collect information and document
fact—checking through cross—verification (=2 sources).

Flow (SPARK 5

Stages)
& R Reasoning

(Session 4)

Al interaction is temporarily suspended (agency transfer); students lead the construction of a
Logic—tree and visual outline. Tool choice is flexible (sticky notes, mind maps, digital typing),
and tiered structuring templates are provided for students requiring scaffolding.

K Knowledge Production
(Sessions 5—6)

Drafts uploaded to the learning management system (LMS) incorporate Al's formative
feedback and the teacher's in—depth guidance critically; students apply self~monitoring
strategies (e.g., reflection notes) to revise for textual coherence and share the completed work

as a class outcome.

Intentional Data Scaffolding

The teacher pre—curates materials aligned with curriculum objectives to safeguard learners'
self=directed problem discovery.

Assessment Accountability

Final achievement determination is conducted via teacher rubric—based summative
assessment, while Al is restricted to a formative feedback tool.

Redefinition of Growth
Indicator

The core metric is critical feedback receptivity (portfolio evidence such as reasons for
selection/rejection) and product completeness, rather than mere word—count increase or

revision magnitude.

I. Assessment

System Inquiry Rule (Three Principles Cross—verification of sources (=2), explicit grounding in objective evidence, and critical
of Fact—Checking) examination are applied as foundational rules of inquiry.
I . Whether students reconstruct Al information into their own logical structure (e.g., cause —
Specification of Logic—tree - P . ;
: effect) rather than mechanically copying it is assessed through artifacts such as mind maps
Construction .
and outline tables.
. . The model is designed for theme—based question—driven projects of 4 —8 sessions at grades
Field Implementation : . . i
Feasibilit 5-6, integrating session structure, tools, and assessment procedures for school-level
¥ implementation.
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Table 12. Revisions of Non—consensus Items in the Third Delphi

Survey
ROL]IS?Sall - Status Rationale
. ) Reframed as the teacher's pre—
gi;guiﬁfzﬁiﬁ }({fi(lieg%f curation principle at the S stage,
" Data Scafflding 56) addressing the lack of academic
’ grounding for the term "digilogue."
P[ics);:si ;llrr?tuis Inteerated Both treat process evidence rather
Redefinition (ngCVR than output as the evaluation metric;
of Growth 78) merged on grounds of conceptual
Indicator : coherence.
Fact—checking
& Ethical
Assessment Elevated Repositioned from assessment
— Inquiry (R1 CVR criterion to operating rule,
Rule (Three 1.00) concretized into three principles.
Principles of
Fact—Checking)
Rewriting—
centered Redefined Refocused on R—stage evidence
Assessment — (R1 CVR of information reorganization,

Specification
of Logic—tree
Construction

56) addressing the limitation of revision—
: magnitude metrics.

Generalizability

— Field Redefined Reframed as concrete implementation
. (R1 CVR S i .
Implementation feasibility in 4 -8 session units.
o .56)
Feasibility
- — Newly Restricts Al to formative feedback;
Assessment introduced  designates teacher rubric as sole basis

Accountability  in Round 2 for summative judgment.
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Table 13. Final SPARK-L Self-directed Al Literacy Assessment Tool

Item  Competency SSPt./:l;f( Item Statement
I understand the principle that Al
Al (ChatGPT, Wrtn, etc.) generates
1 Understanding Foundational ~ answers fitting the question by
learning from large volumes of
data.
I can ask Al specific questions
2 Prompt Design P Stage including roles or conditions to
obtain desired results.
Al Tool I can use Al too}s fit—forj
3 Applicati P Stage purpose to solve given learning
pphication tasks or problems.
[ verify (fact—check) whether
Information the information Al provides is
4 Cross— A Stage accurate by consulting other
verification sources (books, internet searches,
etc.).
Hallucination lam aware that AI—geperated
5 Awareness A Stage information may sometimes be
wrong, biased, or one-sided.
I can reorganize information
6 Self-directed R Stage according to my own thinking
Structuring & and logic rather than copying
Al's output verbatim.
Feedback I can revise the vsg:;flker parts of
. my writing toward improvement
7 Re]iZ\F/)itslicz)r;& K Stage based on feedback from Al,
teachers, and peers.
Digital I can use digital tools to visually
8 Creative K Stage express the mood and content of
Expression my work to communicate it to

readers.
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I can divide roles, respect others'

Collaborative  Project— -
9 S . opinions, and solve tasks together
Communication wide . S
in group activities.
If you have experience of
o revising Al's answer in your own
Qualitative » CVISING AALS aNSWEL 1N yOUr Ow
10 Metacognitive  way during the project, please

Reflection describe specifically which parts

you revised and why.
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