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[Abstract]

This study compared generative Al-based instruction with a traditional format in frontend vocational training. Using a
nonequivalent control-group pretest-posttest design, we analyzed data from 100 trainees enrolled in a “Smart Web Content UI/UX
Design & Frontend (React.js)” program (traditional instruction group, N = 50; generative Al-based instruction group, N = 50).
Output competency was measured using a 15-item scale and learning engagement using an 8-item scale via pre/post surveys, and
achievement was assessed using a performance test covering debugging, code reading, and concept application. Controlling for
pretest scores, the generative Al-based class showed significantly higher performance in output competency, engagement, and
achievement. Semi-structured interviews with 14 trainees (n = 14) indicated reduced trial-and-error due to support for requirement
clarification, debugging, and alternative exploration; however, verification burden, context mismatch, and overreliance risks
emerged as constraints. These findings suggest that effective integration of generative Al requires clear usage rules, verification
procedures, and assessment criteria. Future research should employ artifact-based indicators and examine whether these patterns
hold across diverse training contexts and content domains.
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Table 1. Characteristics and prior studies on generative
Al-based education
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Group Method Key Characteristics | Reference
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) ISD/ADDIE-ba Personalized
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K12 Imag.e expressive
students generative Al seaffolding: [11]
(arts) activities immersio%
2-2 T2EC A& HKO| AR EM
TEEQE Af W {) me mukl ojEe] Aol
AREAL QIE F 0] ~(UD & A A Fd38h= ol 238 & 2434
sk odoolt), a5-8 HTML, CSS, JavaScript 5 713 &
H F50lA Sste] UX AA, -3 9 74, Zed9)a
48, WA we, ¥ Z2AE Fow syt o] ws
< WEdk o] B Y-S o], APt A vhse §) A
ES 718 AA N Es= 4 T (output-oriented)
TFEE TGtk w3 A e A Z2AE 70 3
A& ol #A AR o)A 1d TS Fdstes A
Al
Ty A T4 e =2 gAY A FA AR E
Zh= Wk 2 Al A ohFet ojgzo] At v
SEARE - O, 7 A9 33, YA B o] Bt
o= ) XS] S A AXE ¢ Uk ol A%
Azp7F & S5A ool A= v sleme] AlE AxH A
o] g% AHS AT F Uk A dolv) HoldeS
L5 BXS 74, 7% T 9 o] A E o] Q1A
Huh) 8 ~EH 2L FUkekaL, T A Sy E4do] As)
2 s s A7 ET13].

olggl TS W] 8k oz AT Ale] w

% o] w=elE QlE. UX TAR] 1% shAls oo
2 9P SelelA A4 AL B8 A7 47 ololt]

<3
olo] FAs, AEE A L ke A IgoA] Skt
T3 AAo] A UE 5 oS HaskGirH13]. S
M ellA S5t 4 E AlE A
g ApoE T Aok 97 4, AHE
A 1A 2ge] WMES g3fsta A TS A
o8 Yt 14]. 53] 533 Z2AE sAo M=
AR AT A 0= o]o]X 5

o2

o O

o]

W

http://www.dcs.or.kr



C|X|H 2El = &t5[=&X|(J. DCS) Vol. 27, No. 2, pp. 449-462, Feb. 2026

sl FEs} digk AAZ} Thsstehs Hol st Aeat A7
2 4 IrH14].

ob&e] GPT-4 719 43 Ale 7= 24, PIUE 7
A, BA3) Ul IAE A HAE BF & T2EEQE 25
o) A Tl 448 5 9lom[3], THIE JN JEag
& St 7 ololtiol A48 AEdha 9RE W
AT A S5 AL ek TP, 2
= A% W5 A Azk) W o] 85 Alvie} %)
s akE o T 7}74134, D Al HIdE St
o] zIs) Aula w8 S-us esbehal AbaE s Sxls
= A =R &8 7Fe A& AAMFT3],[13],[14]

oy

19
ol
rlo
2
)
R
N
=
Ho
o
ox

12 wx O mg > ok
F
£
‘
T
it

g ot 2l wo
K
o
~

H =
A UIUX AA5E) 78 2 uﬂﬂm S e
2 SRy Agor ERath vaby AR w2k
Sgelre] 53 e sy ke Yrlshe A AR
7158t} E3) AAE Al 7|9 e mE 2R A A
obolelel FAlsh, AEEe] W A el AelatomA
ﬂéxu 2 BEI Y A0 G w1 F Jom
[13],[14], 843 Al 719 59 7 = A
ol %wmg 383 44 Bark ek

TR 71E AT A9E AL B8 S04 A BN}
S5 APE naslekE, BE o) NS 4% golst
At THLEE AAA R AN A7 Aol ol

A LETS, tAE AR, AW B4 daye
£ APAT(15]-[17]8 FEsH] HEIFL A% T4
wg Aol 48 PP BRH 5 Ado TN,
ZAt) LEFE| Q. 7k kol Serke] A7) At A8
oS W AT(15], e- EEZ I} 08 HEE
% FASE FRYL AT AT(16], LEF0E
3 sHsA Aale] S wree Qs B e 4 9l
2 WolE Q171 4% Fge] BARS B4} o
se] ARz 5 S ee R
olde] =elg migro s, Y Al VW ZEEAE A5
MFOA] LTHE AEAFE thol T A B9l sk
2 FAsSICh A, UVUX A7 Goke AgAe] 275k
AR islel A et el S5 ks
Solch, B, ZZEEY A G A ofolt]olE Al

ﬂl

= |

[o ol mle mlo &,
E

ox, dlo

>

olr

http://dx.doi.org/10.9728/dcs.2026.27.2.449

452

7R o g FAslsle] HEEE
U g ZEEEfo]q T %}%g Zgkei) A, =t 28
E=HChatGPT, Copilot )<} 7i 3
(VS Code %), Hd #8] 2 ¥4 =7 (GitHub )& 534
o B35t YA 35t otk YA, Avad 2
& o= A, elo| 21y, o
ﬂg A gato] g Al F49 RS =ole

Holt}, tilA), TEZZ 74 4 FF 9%

ek A Al

u, dolobs 5 tizjel

SHo =2 Figma-Uizard 5

FO

| éoﬁ

olr rﬁ 2

FEAEE AL

A 348 AR 0w EAsken S)el Ee oz A

E5EoR, S 4aE BYshe

= HEf Skelth

F2 MM A JHEZRENE MESS Q5 AEHES T A

Table 2. Key components of output-oriented competency in
generative Al-integrated front-end education

Competency

Example tools or

Area et practices
UI/UX Design Ability to design information Figmas user flow
Competenc structures and interface flows desi! n tools

P y tailored to user needs g

Prototype Ability to visually and Uizard;

Competency concretely implement ideas | prototyping tools

Tool Use Ability to effectively use

Competenc generation and development | ChatGPT; GitHub

P 4 tools to complete results
) Ability to apply design Design principles

Cgr?wStg’?etfc principles to compose and (color, layout,

P 4 complete results aesthetically typography)

Portfolio & Ability tp document the Organizing tools;

Sharing produgnon process and portfolio

Competenc effectively share results latforms

P Y externally P
2-4 E9| Aot 7

8% =%(learning engagement)< SH5AF 54 AL
5ol 20| Fofain] Feloh S YFare A ez,
5ol A A&l FEFE PR @Al alloth 27l
= 79 AT Fo] Ao 23S 7ol ofsiE o, o] %
WA PN AAH 908 TIPS ORpAY TR I
HATH 18], [19]. &, &% &9 A 8ol 2= i3}
e B9, Sk oA RS AHehs 4
M B, A Alael A 2-S Bl 35S A4ehe
Q144 Eeje] AT B Adelch S Aol AE o
Ha PxE von sk 29) sl puEon, B%-
4917 2pgle] 722 ehde] warel vk rH20].

Sk BYS SeAl N SR ol mgake] s
AT WA, FE Sk A, T FA S 2 5 mss
% A7 2910 w2k = QloH21]. ol el $9)
A9} sk e 29 LA JdTEE HAYE Al
AL,

CSlkSZGI’ltl’l’lihaIYI‘:‘ 598 7jle] &
o Xl
=

L H
Fale] A7ke] 3ES 9l A wkE



(Flow) AEl= Ao]algit). sk

Biblow) e o
e By, Z2 s

Stk A E AL 719

A= Al =g &8sto] Al =3 g

2 Folgomy Pe4 E9lo] Askd <+ 3,
S8l AAA =jle] x4

jus
-
oft

o= A ATES AAHY Al
= AL Bty o dE
L8 YA AAA-2A
o] RuERQa(2], ZRAE 7]d Al o&g
o A+= Midjourney 2} ChatGPT &-8-0] HA4- a5
Pt A A7t AR HATHE]. E=gF AL 7]RE 25
A= YAY #EEA 2 A as- A 243
e g5 808 R 2] A3k TS AIE
STH71. A AL 719 aSol| A gk B HslE W sk
F2 A= F 30 2okt
whbx] Csikszentmihalyi®] Flow Theory$} Fredricks
o] At A B9 BES A Al 7N 5¢lo] B HE
744 Blewl TA-sY o] 2EE XdgozH g
EYS FXI8aL, velrt olggt &Sio] AR A
R AR & AF9] 4] o] 24 E2 7|seth

)
A
zg-

3|

o o

N

=4
[¢)
3},
Eay
=]
<
T

i

B 3. MME Al T[EE g9l shs 2¢ Zlof 2EFe Mo
Table 3. Key prior studies on the effects of generative
Al-based education on learning engagement

Target Application Main Effects on PEEEEES
Group Method Engagement
Middle & In—class use of | Reported increases in
high school | Al-based data | emotional/cognitive [2]
students tools engagement
Project-based
Al Reported increases in
Elementary _ ) )
school art-integrated | emotional/behavioral (8]
lessons engagement and
students L L
(Midjourney, motivation
ChatGPT)
Adult Al-based Reported h|gh¢r
learners . engagement via
; adaptive . [7]
(pre—service learning design self-efficacy and
teachers) g 9 digital literacy
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Table 4. General characteristics of the participants

Category Subcategory Freczlszzncy F’erc(i/n)tage
Female 63 63.0
Gender
Male 37 37.0
20s 70 70.0
Age Group 30s 17 17.0
40s and above 13 13.0
High school diploma 30 30.0
Educational Associate degree 43 43.0
Level
Bachelor's degree 27 27.0
Very proficient 13 13.0
Al Familiarity Moderate 57 57.0
Not proficient 30 30.0
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Table 5. Reliability analysis results of the survey items

Variable Nulmber of Cronbach’s a
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Table 6. Al usage metrics based on the Al checklist

Al Group
(n=50)

114.6 (48.2)
0 (0%)
9 (18%)
25 (50%)
16 (32%)

Traditional
Group (n=50)

3.1(7.9)

Metric

Al use time (min), Mean (SD)
(%)
(%)
Al usage scope (Moderate), n (%)
n (%)

Verification procedure performed
(Yes), n (%)

Al usage scope (None), n

Al usage scope (Partial), n

Al usage scope (Mostly),

2 (84%)

2) AV 584 4%

& el 4 Y Yaams0t A1 N
(1=502] Al 4]
FAATE A, 2

ol 544 4%

&k whe} 2ol 4 o A A5
= A% A M=62.0(SD=10.0), AI et M=62.1(SD=9.8)
2 UElger, " F Aol frofskAl @kth(t=0.06,
p=.95). A=A ARl A A AE A M=3.50
(SD=0.68), Al Htt M=3.51(SD=0.69) 2 2] %} x}o]7} &

A

455

A=A §hka(t=0.07, p=.94), TF EY F=3 A%
M=3.20(SD=0.66), Al g M=3.21(SD=0.65)% 2
ZFo] 7k vrERA] eh9kth(t=0.08, p=.94). wHhA] T8 W9
A AR V)FoR S BAHOE AR o
vhEbsth . o] Jehd Abd-Ale et} iEaks
3% 8ol AATBISATH

E7. D0k AR H4 2 534 45 21

Table 7. Pre-test scores and homogeneity tests by group

Variable Traditional Al-based (n=50) t
(n=50) M (SD) M (SD) o
Achievement | g5 5 (10.g) 621(9.8) |0.06|.95
test score
Output
3.50 (0.68) 3.51 (0.69) |0.07| .94
competency
Learning 3.20 (0.66) 3.21(0.65) |0.08 | .94
engagement

E 8. F2 5ol e AR-AIE 7|57
Table 8. Descriptive statistics of main variables by group and
time

Al-based
Post M
(SD)

Traditional
Post M
(SD)

Al-based
Pre M (SD)

Traditional

Variable Pre M (SD)

Achievement

test score 62.0 (10.0)

70.1(9.2) | 62.1(9.8) | 74.1 (8.9)

Output

3.50 (0.68)
competency

3.75(0.65) | 3.51 (0.69) | 4.15 (0.62)

Learning

3.20 (0.66)
engagement

3.35(0.63) | 3.21 (0.65) | 3.65 (0.60)
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d A5E BAY Folw due] FaH7} felal et
THEF(1,97)=6.42, p=.013, np2?=.06). A 7]o = Al
o] AE P H& s 2L WATHE 9).

w3 o M(F(1,97)=41.30, p<.001, np*=.30), AF AFE
FARE o= Feke] Fa vt §-o3 A tE(1,97)=5.02,
p=.027, np*=.05). =, & A7) AFTZZAANE A
A8 SAl T A Al B ARES Algke 2704 S+
o, A 7|02 Al ko] AF TRy =& A
HrEES BITHE 9).

F 9. SEMEA(ANCOVA) 2t 2 ALE =X RAFEE S SH)

Table 9. ANCOVA results and adjusted posttest means
(controlling for pretest scores)

(t=4.37, p<.001; Table 11). ]

s i}
AR )N el AN A9E Tl ARE wese
ajoll e, 9% Al 79k 541 Gete] AF S Auuch o
O NBE FES HYSS AN v 2 e F
F4 BAo|B, F4 BAGIAE B2 4% el 2 I
Vol A el W AolE F7hz A= Wast ok

E . AES REE SE o Aok H|W(HS vs Al
Table 11. Group comparison of total product rubric score
(traditional vs. Al)

' Traditional Group | Al Group (n=50)
iz (n=50) Mean (SD) Mean (SD) L P
Total rubric <
score (5-25) 16.8 (3.4) 19.6 (2.9) 4371 0ot

SufEaine Traditional Al Group
(Posttest) Group Adi.M | Adi.M (SE) [F(1,97)| p | np?
(SE) [95% Cl] [95% Cl]
Output 3.76 (0.07) 4.12(0.07)
competency | [3.62, 3.90] | [3.98, 4.26] 10.78 1.001 .10
Learning 3.37 (0.08) 3.63 (0.08)
engagement | [3.21,3.53] | [3.47, 3.79] | 642 |.013].06
Achievement
level 70.30 (0.90) | 73.80 (0.90)
(achieveme [68.51, [72.01, 5.02 |.027| .05
nt test 72.09] 75.59]
score)

4-3 MEE 2H BIH(ICO)

AT ) ol A0 E nael) 918, 4 F2 A
o] MEFE(XEZYQ/F=/UX AEE)S des FHY
Pk 7hE AN BT, RS o wsle ¥ 2% o) B
7} ERos grssigon, A% 45 B H5e)

o ® Akt

E10. MEE 228 HIIX 2 AR E(ICC)

Table 10. Inter-rater reliability of the product rubric (ICC)

Rubric Criterion ICC 95% ClI
Functional Completeness .86 [.80, .91]
UI/UX Appropriateness .83 [.75, .89]
Code Quality (Readability & Structure) .81 [.73, .88]
Debugging & Testing .79 [.70, .86]
Documentation .84 [.77, .90]
Total Score .88 [.83, .92]

Note. ICCs were computed based on N = 100 artifacts (two raters)

F8E A FHrpx 2 AF s FEE CCPF.79~.86
U2 Uehor, $3e] ICCE .88(95% CI [.83, .92])
2 IRIEo] AEE Hrle] Aol YFd Y-S 1Y
FTHTable 10). o]ojx] FHE FHE Jd= H)
3 Al ko] HS 19.6%(SD=2.9), A% o
16.8%(SD=3.49)= Al Foto] o %A vepta, Jek 7k 2
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Table 12. Interview participant characteristics and group

assignment
. Age | Education Al
Participant Group Gender iU Level Eamillaiy
High
A Traditional F 20s school Moderate
diploma
High
B Al-based F 20s school Moderate
diploma
C Al-based F 40s or | Associate Moderate
older degree
D Tradiional | M | 20s | ASS0%R® |y derate
degree
High
E Al-based F 20s school Moderate
diploma
F A-based | F | 20s | ASSOC@e |y derate
degree
G Traditional | M | 20s | Associate | Not
degree proficient
H Al-based | M | 20s |Bachelors) Very
degree proficient
| Al-based F 40s or | Associate N'o.t
older degree proficient
J Traditional F 20s Associate Moderate
degree
K Traditional | M 30s | Bachelors |y derate
degree
L Al-based M 30s AZSOC'ate Moderate
egree
M Tradiional | F | 30s |Bachelors | Ve
degree proficient
High
N Traditional M 40s or school No.t
older . proficient
diploma
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Table 13. Survey items
Variable Sub-Factor Measurement ltems References
1. | designed the interface to support the user’s goals and tasks based on
user needs/requirements.
UI/UX Design 2. | maintained a consistent layout structure throughout the interface
Competency screens.
3. | organized information architecture (navigation/content hierarchy) in a
user—centered way.
4. | created a prototype (wireframe/mockup) using prototyping tools (e.g.,
Prototype Figma).
Implementation 5. | expressed key interactions or screen transitions in the prototype (e.g.,
Competency storyboard/user flow).
6. | iterated the prototype based on feedback or self-review.
7. | appropriately combined multiple resources/tools to address
implementation challenges.
Learner Output Tool Uiilization 8. | used development tools effectively during the project (e.g., IDE, Git, [21]
Competency
Competency browser devtools). [22]
9. | resolved errors/issues by testing and debugging with appropriate tools.
10. | applied a consistent visual style (colors/typography/components)
across the interface.
Aesthetic Completion | 11. | improved visual readability and spacing (alignment, margins,
Competency hierarchy).
12. | checked and corrected visual/functional issues before final
submission.
13. | documented the project process (requirements, design,
implementation, revisions).
Portfolio Construction & | 14. | organized the final outputs so others can review them (links,
Sharing Competency screenshots, and documentation; source code(if applicable).
15. | explained my design and implementation decisions clearly in the
portfolio.
1. | set up my own learning plan and tried to implement it consistently.
Behavioral 2. | adjusted or changed my learning methods to perform better.
Engagement
3. | made an effort to complete the given tasks or projects.
4. | felt interested in the learning process itself. [2]
Engagement ) - -
Emotional Engagement | 5. | felt that | was growing through the learning content. (7]
6. | enjoyed learning.
. 7. When | focused on learning, | rarely had other distracting thoughts.
Cognitive Engagement - - -
8. When concentrating on learning, | often lost track of time.
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E14. HFAIE 28 74
Table 14. Achievement test items

E 16. Al 22 JI0|E2l(Z2ES+H| FB|AE)
Table 16. Al Use Guidelines (Protocol + Checklist)

Domain Task Al Usage Protocol
1. Identify why styles are not applied in the provided This study applies an Al Usage Guideline (allowed/prohibited
HTML/CSS code (e.g., selector mismatch, typos, scope by week/task, verification procedures, and submission
specificity) and fix the code. rules) to ensure instructional consistency and ethical use of Al. Al
- - - tools may be used only as support in the output—production
2. !dentlfy why elements are not allgned as intended process (e.g.. organizing requirements, design support,
in the provided flex layout and write the corrected referencing code drafts, exploring error causes and proposing
Css. fixes, drafting documentation). The Traditional Instruction Group is
3. Identify why a button click event does not work in expected to refrain from using generative Al, and if Al is used
the provided JavaScript code (e.g., unavoidably, it must be recorded using the same checklist.
Debugging addEventListener, selector, execution timing) and 1) Allowed/Prohibited Scope
& Code fix the code. Allowed (support use):
; ; . ; Organizing requirements / design support
Reading | 4. Identlfyl yvhy the output is mcorrept due to errors in Referencing Al-generated code drafts/examples
a conditional statement or loop in the provided Identifyin q . It tive fi
JavaScript code and fix the code. ifying error causes and proposing alternative fixes
Drafting documentation (e.g., README)
5. Explain why the page reloads on form submission Comparing alternatives for iterative improvement
in the provided code and write code to prevent the Prohibited (unacceptable use):
reload. Generating/copying and submitting a complete solution or
6. Identi . . . “answer” as—is
. Identify and fix errors caused by variable/function R i f ts (tests/qui )
scope (global vs. local) or declaration/execution equesting answers for assessments ests/quizzes
order in the provided code. En?erlng personal Qata or sen3|t|ye llnformatlon . .
Using code/materials without verifying source or license (copyright
7. Explain the procedure for implementing a feature issues)
that displays user input on the screen (input — 2) Verification Procedures (Required)
event handling — storing a value — updating the Any Al-generated or Al-suggested code/design must be verified
ul. before and after application through the following:
8. Explain how to apply iteration (e.g., for, forEach, Performing egecutllon (b.u”.d) and tests ) )
Concept map) to render array data as a list on the screen. rCerfC;?;(c:g;cklng with official documentation (framework/library
Application | 9. Explain how to implement a show/hide (toggle) 3) Submission Rules
feature for a specific section when a button is Submit the Al Usage Checklist together with the assignment
clicked (e.g., conditions, class toggling). deliverable.

10. Explain how to apply responsive design Full conversation logs are .not. ;ollected in conlsiderationlof ‘privacy
principles (e.g., media queries) to make the and personal data protection; instead, checkllst—baged yndlcators
page easy to view on mobile devices. are gsed t.o quantify task—level Al usage (treatment fidelity /

manipulation check).

E15. QIR EE =

Table 15. Interview questions

Al outputs must not be submitted as—is; the learner must revise
and integrate them based on their own understanding.

Al Usage Checklist

Participant ID

Interview Questions

1. What was your prior experience with front—end development
before taking this course? (e.g., related courses, projects)

2. During the course, what resources or tools did you use to support
your work? (For the Al-based class: generative Al tools such as
ChatGPT/Copilot; for the traditional class: documentation,
search, tutorials, etc.) How did you use them across stages

[ Traditional Instruction Group

Group [J Al-Based Instruction Group

Assignment

(Week/Task)

Tools Used [] ChatGPT [ GitHub Copilot [] Uizard [] Other

[J Requirements organization [J Design support
[ Referencing Al-generated code drafts/examples

Usage Stage/ [J Error cause exploration [J Alternative fix

(planning/design/implementation/debugging/documentation)? Purpose proposals [] Documentation draft writing
3. In what ways did your output-related competencies (Ul/UX [ Iterative improvement

design, prototyping, tool utilization, aesthetics/completeness, Al Use Time minutes

and portfolio construction) change through the course? Please (minutes) —— minu

provide one concrete example of improvement (or difficulty). Usage Scope | [ None [ Partial (1 Moderate [1 Mostly
4. At what point did you feel the highest level of engagement during Verification [ Yes [ No

the class? Please describe it in terms of behavioral, emotional, Performed

and cognitive aspects. Verification [J Execution (Build/Test)
5. What factors enhanced or hindered your learning engagement? ltems [ Official documentation cross-check

(e.g., task difficulty, feedback, time constraints, collaboration,
tool-related issues)

6. Beyond tools, how did the instructor’s feedback, collaboration
activities, or other class factors influence your engagement and
output competency?

7. What improvements should be made in future similar courses
(e.g., Al-use guidelines, feedback processes, assessment)? How
transferable do you think what you learned is to real job settings?

http://dx.doi.org/10.9728/dcs.2026.27.2.449
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(framework/library)

Example Prompts

“Explain three possible causes of the following error log.”

“For each cause, provide step—by-step procedures to verify it
through execution (build/test).”

“Given the requirements below, propose two implementation
alternatives and compare the pros and cons of each.”

“For each alternative, provide verification checkpoints (test items
and official documentation cross—check points).”
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