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ABSTRACT

This study analyzed changes in students” academic self-efficacy, metacognitive
awareness, and problem-solving ability through worksheet-based instruction
grounded in metacognitive facilitation principles, and explored an Al-teacher
collaborative metacognitive learning design. The results showed a significant
improvement in academic self-efficacy, whereas changes in metacognitive
awareness and problem-solving ability were not statistically significant;
however, regression analysis indicated that information management
significantly predicted problem-solving performance, while debugging
demonstrated a relatively large effect size without reaching significance. These
findings suggest that worksheet-based learning supports initial cognitive
strategies but has limitations in deepening self-regulatory processes such
as planning, monitoring, and evaluation. Based on these results, this study
proposes a collaborative metacognitive learning design integrating AI’s
analytical functions with teachers’ interpretive feedback, offering exploratory
evidence for human-centered Al learning environments.
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Table 3. Results of Regression Analysis

Stage Worksheet—Based Instructio Al Role & Feedback Teacher Role & Feedback Collaborative Complement
Strategy Generator
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analyze the problem and loops with different roles.” Strateey Internreter Worksheet activities often
organize what is needed for “The outer loop controls the “What g}(’)u mafke d as remain at the level of listing
solving it. number of output lines, while | K LY v th concepts
. the inner loop controls the uninown 15 actually the core — Al reveals the underlying
Planning of this problem.
Student notes range of characters printed per « . ; problem structure, and the
. Before coding, let’s verbally o
Known:forloop,length() line.” . : teacher transforms it into a
. « . clarify what each loop is -
function Can you explain the responsible for.” learner—centered planning
Unknown' roles of nested responsibility of each loop P : strategy
loops in your own words before
writing the code?”
Diagnoser Regulator .
“The variable incremented “Which variable should X?ﬁgjgig il;lry:huezi?;t
Error during coding in the inner loop (j) does not increase step by step in this - Al identifies error atterngs
Monitorin, match the variable used for loop?” while the teacher re?rames ’
8 for (intj = 05 j (= 1i; ii++) output (ii).” “Ts the variable usage here the issue as a problem of
cout << aliil; “As a result, the loop fails consistent with the output reasonin ﬂowprather than
to control the output range range you described in the 8 svntax
properly.” planning stage?” Y
Data Summarizer
“In the initial code, the roles of
the nested loops were mixed, .
.. . and variable increment errors « Reﬂgmve CQaCh
Post—activity reflection repeatedly occurred.” Wias this error simply a Worksheets capturewhat was
Students record changes in “In t}?e final}éode the 6uter syntax mistake, or a problem fixed. but notvsh it chaneed
what they know/do not know | ; in how you structured your ’ vy It ‘g
. . oop controls string length e om — Al provides evidence
Evaluation after coding. thinking?

Initial student record
Unknown! nested loops

and the inner loop controls
the output range, indicating a
clear functional separation.”
“However, this structural

“When you encounter a nested
loop problem again, what will
you check before writing the

of cognitive change, and
the teacher connects it to
metacognitive reconstruction

change is not yet explicitly code?”
articulated in the reflection
record.”
=4, ZYE " (Monitoring) @AlOl st AlAPHoltt. SHEE 2|YT = QS AJARRITE o= & AFtollA] &<l
AT W Y A dipolM 3EHer s AL £ FE5A 7RG A fAGHHA 2y Y F S
T AL H o) A&go] F&0] FEEA| gkkths ol ZF o] BRI FAE Eekoty] f1F shtel 47
th. o5 Hetoly] Qlel Al Z= Ay, oF 9, Al sl A AARe® ofsiE 4 Utk Table 32 A =295t 4
2 Azt 22 A dolHE dARtez ZAI5te] gtgx WA ap A AAPE S BiR e ', 33FA] BEA] 7IRE 22
7F AR AR S Y] JA S AHStEE froke o Oy S AR Sto] B2 Aot T RHEE shs
EHl S Alge 4 Atk wAbE ol2fRt RS Higoz 8 wiEo|M AT-WAF FYPo] Sk TAIER oA 282 4
SAY) AFLL 58S 2ASHL, B F Aol ofd A= SI=AE ANAH R HEg Aot
9] Mg f=ste g +3F 4 Adh ol EF
A 7|5k }oll A FiA o2 FRE 3 F AL 22 6. A=
B 5 Qe Yoz sjM . TEE
AR, B 7HEvaluation) BAoAe] AJARH ot} & A
7 Ab= AbE A o] shgatol AFTL Al o2 2HE| o 2 AFe EelA] 23 d2e A& FEA] 7R
Agx] B3PS 7HsAe Bojzr), oo wab A7} @gx} A= &l ersAre) sl 27| asdd, mEIA] 1A, 2
o] 25 219} B 7|22 Zdlslo] Mk AR oare o Al SIE 539 HEkE 24k, HERRIA] /1A o] ZA) S
oF- A|Z}5}5l a1, WA o] 2 288 sh4abrt xmg g% Ago] nxl= JFS Aoz HJESAY. o5 §F
uHEL\,]— AT HIEE QLA EE AUt HhAlo] wojg BE A 7|HF HERIA] ¢]0) matet §AE Al 2HEkaL
2 oIt} o]g|st e Wyl U2 wast Ax) solo] of AR SR VA AR, SdH ArEse AR &
u mefol | 2] AZe Adbste afyo g saste o 7jo  AsHAl FE AL, HERIA] dAd 24 siE 5
5} 2= 9}, AP 9 AFS WSk foldh o] et Zohltt. 3
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BA 7|5t mabe] ek mohe Agtatozy staxbyt ol HiAE e AES A, 59l 29 § HE #e 2]
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& WA Aoz UeHTHpB = 42, p =.002). BH, o2&
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