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This study examines the effects of generative Al literacy on the learning well-being of 330 university students using a
moderated dual-mediation model. Structural equation modeling revealed that generative Al literacy indirectly enhanced learning
well-being by reducing result dependence and promoting critical interaction, indicating a full mediation effect. Notably, ethical
sensitivity served as a significant moderator. Students with high ethical sensitivity experienced "ethical dissonance" (diminished
learning well-being from excessive reliance) when exhibiting high result dependence, while achieving "ethical synergy" through
critical interaction, which maximized their learning well-being. These findings suggest that fostering learning well-being in the Al
era requires an integrated educational strategy. Beyond technical proficiency, higher education must harmonize critical interaction

and internalized ethical sensitivity to effectively support students navigating this rapidly evolving technological landscape.
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Table 1. Operational definitions of measurement variables and sources of items
Latent Variable Op. Def. & Meas. Content ltems Scale Ref. Meas. Tool (Rev.)
Understanding Al principles, recognizing [17]
Al Literacy hallucinations, prompt manipulation, and truth 5 5—pt [18]
verification [19]
Cognitive offloading, uncritical copying of Al [10]
Result Dependence ' : 2 5-pt [8]
answers, and total reliance (9]
" ) Proactive collaboration as a critical partner for [14]
Critical Interaction . : : ; 2 5-pt [12]
idea refinement and logical error detection [29]
Relief of task stress from loss of control, [16]
Learning Well-being academic satisfaction, and positive 3 5—pt [32]
psychological state [15]
Vigilance against plagiarism, valuing evaluation [22]
Ethical Sensitivity 9 ag piag » vaiuing € 5 5-pt [24]
fairness, and academic integrity [33]
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2. ZTALCHARR}S| EkH SM(N=330)
Table 2. General characteristics of survey respondents (N=330)

Category Characteristics Frequency (n) Percentage (%) Cumulative %
Male 168 50.9 50.9
Gender
Female 162 49.1 100.0
1st Year 150 45.5 45.5
2nd Year 97 29.4 74.9
Grade
3rd Year 41 12.4 87.3
4th Year or above 42 12.7 100.0
Humanities/Social Sciences 110 33.3 33.3
STEM 86 26.1 59.4
Major Field - -
Arts/Physical Education 96 291 88.5
Medical/Pharmacy 38 11.5 100.0
Less than once a week 22 6.7 6.7
1-2 times a week 144 43.6 50.3
Al Usage Frequency 3—4 times a week 69 20.9 71.2
5-6 times a week 49 14.8 86.0
Daily (Constant access) 46 13.9 100.0
Total 330 100.0
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=944, RMSEA(Z A EA7)=.048% -F3lA EZE%|
A} B AvR= % 33 2 RE =4 7ako] 73} 291
2 A #K(Standardized )2 .70 oo & #-2](p<.001)3}F
o, B E(CR)E .820 o4, B iA5=E443(AVE)
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Table 3. Factor loading, reliability, and convergent validity analysis results of measurement tools

Latent Variable ltemn Loifﬁng StC dF_Ak S.E. C('S' Cro”iaCh’S CR AVE
Q1 .780 .795 0.045 17.666™"" .884 .886 615
Q2 .821 .812 0.048 18.152"""
Al Literacy Q3 .851 .860 0.051 19.340™"
Q4 .812 .825 0.046 18.520™"
Q5 .795 .804 0.044 17.890""
Result Dependence Q6 .815 .822 0.052 15.808"" .818 .820 .695
Q7 .830 .845 0.055 16.210™"
Critical Interaction Q8 .821 .835 0.049 16.890""" .825 .828 .708
Q9 .842 .858 0.051 17.102""
Q10 .810 .825 0.048 17.880""" .905 .908 .665
Q11 .852 .868 0.052 18.995™"
Ethical Sensitivity Q12 .872 .885 0.055 19.445™
Q13 .765 .780 0.044 16.220™""
Q14 .788 .802 0.046 16.850"""
Q15 .758 762 0.048 15.220™" .835 .838 .634
Learning Well-being Q16 792 .805 0.050 16.110™"
Q17 .815 .825 0.052 16.550""
http://dx.doi.org/10.9728/dcs.2026.27.6.1595 1600
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Table 4. Correlation matrix and discriminant validity between
latent variables

Variable Name 1 2 3 4 5

1. Al Literacy .784

2. Result _ 3157 | 833
Dependence

3. Critical . 6327 | — 108" 841
Interaction

4. Learning 485" | — o457 | 588" 796
Well-being ’ ’ ’ :

5. Ethical 3527 | —.402 | 415" | 382" | 815
Sensitivity

Note: Diagonal elements in bold represent the square root of the
AVE for each latent variable; off—diagonal elements are correlations.
("p<.05, p<.001)

E 5. MME A2 tlzof wE TchZEA0[EA (ANOVA)
Table 5. Analysis of group differences according to generative
Al usage frequency (ANOVA)

. Usage
Variable Froquency N Mean D E b
Name (M)
(week)
(DLessthan | oy | 595 | 1.05| 7.026
once
Al Literacy (2) 1-2 times 144 | 3.42 | 0.81
(3) 3-4 times 69 | 3.83|0.82
(4) Near daily 95 | 3.75 | 0.88
(DLessthan | o5 | 530 | 1.13 | 10.801
once
Critical | (2) 1-2 times | 144 | 3.30 | 1.05
Interaction
(3) 3-4 times | 69 |3.70 | 0.93
(4) Near daily 95 |3.73|1.02
(Lessthan | oy |5 15| 0,84 | 19.759
once
Leamning | (2) 1-2 times | 144 | 3.62 | 0.90
Well-being
(3) 3-4 times 69 |3.93|0.88
(4) Near daily 95 | 4.06 | 0.91
(Lessthan | o5 | 366 | 1.03| 0.585 | .674
once
Ethical | (2) 1-2times | 144 | 3.69 | 0.85 (n.s.)
Sensitivity -
(3) 3-4 times 69 | 3.83|0.84
(4) Near daily 95 |3.73 | 0.90

8 RI=0f E 20|24 (ANOVA)

;Lﬂfsg Ao % AL 8 W7} S8 WS vjAs
7]

S LA BARRA(ANOVA) & A3}

Oé o =
it w4 A3k 1 59 0tk

AIE WIS A8 845 Al 2B 2] A(F=7.026), ‘¥l
A Ao A) (F 10. 801)’ es A(F=19.759) T+ %

O}Oﬂu}(p< 001). zzejuk £ A9
7% &8 Wimek wAglel {

3
A 7 e 4 P l(ANOVA)h LJrE‘HJer 2]k
EX HE(EE
= ‘?i§]r"]7]1_ Zéﬂ 7= fre

4-4 FZYYN BH(SEM)2 &

H=
oo

ot Z2 B4 B A0 =t

Fzm e = x¥/df=2.01, CFI=.948,
TLI=.938, RMSEA=.0500.% %535}/ 1 veht 7Hd A
7lEs FEQItk WA 3 R¥e] 7 1A AEATE A
=% A¥e A 67 2k

Al EE A= AT &R E frefn|shAl IAI(B=-.320,
p<.00D)3kaL ‘H|FHA] A8 ol folu|gh A(+)9] Jak=
" HTHB=.642, p<.001)(7} 1a, 1b ). TESH AXZH <
2Rl A oEE = IS FolshAl AsHpE=-.215,
p<.O0DAZ] WhH) ‘B2 s 2hg’ S dAE {ov|8HA
SEH(B=.465, p<.00DAJATHIZFE 2a, 2b A=),

FEE A2, 7 3aollA dS5AA vkek g2l Al 2lE 2]
A7} 85 Aol v X A aIHDirect Effect) A4
o2 foalA] @2 AR YEht 7|ZHEATHE=.045,
p=.321).

Lozt i &7te] fod 7 HelE HEs] ek Sl
FE~EH(Bootstrapping, N=5,000)2 AA|ste] =53}
(Total Effect)& w3lsisith 4 A3 3 77 2} Al
ZEEAI7) g AWl HA= F a9 B=412)% A &
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S AA Aol wAE T B=.069)% 1T do
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Table 6. SEM hypothesis testing results (direct causal paths)
Hypo. Causal Path B B S.E. C.R. (t) o) Result
Hia Al Literacy — Result ~0.355 -0.320 0.056 -6.339 Accepted
Dependence
H1b Al Literacy — Critical 0.625 0.642 0.051 12.054 Accepted
Interaction
H2a Resuilt Dependence — -0.192 -0.215 0.045 -4.266 Accepted
Learning Well-being
H2b Critical Interaction — 0.448 0.465 0.048 9.333 Accepted
Learning Well-being
H3a Al Literacy — Learning 0.042 0.045 0.042 1.000 1321 Rejected
Well-being (Direct)
¥ 7. 22} 25}(Effect Decomposition) & ti7i &t FEAET ot F(-)2] 2HaIHB=-.292, p<.00)E BT} o=
H=E A7 - -7 = - . -
tabes e U ahql 27} FAF SHASE A9Y ALYl & W A
apble /. eCl aecomposition ana mediation efrec! P RAR=N = o & - = o -
. o] 71==5] 1 H) © OU—C‘S_]:XO7 oL Al3lE
bootstrapping test results ?;ﬂ;‘; O] }T] ]1?1?1% ij I/]H‘l") i ;} Oj]; ‘j}i‘i
o 2 X|A|& 7 X H oo 78]k
Path (Al Literacy ] 95% C.I. Rosul = e (7Hd da A=), T ©
— Well-being) (Lower~Upper) FE)A Fxs) dode] whls Q153
Total Effect 412 (.315 ~ .520) Accepted A4, B2 ATAE X S A ] A5 A
i = H) O ol st A o] 2z §3HR= =
Direct Effect (245) (-.042 ~ 132) (Fumi‘;tizion) W refvl e A<l fEﬁJJ_“(B 245, p<.O0D=
e = Yehith =54 37) 52 shao] sk 3 [aAdS elX
oot | 367" | (265~ .468) |  Accepted ora vl He s WS o) W] feu]d Fxlo]
AFLE O 3 =lod o J =] EN =S
H3b: via Result | (0. (012~ 135 | Accepted 7453k S FRlsilom (7 4b AY), ol ¥ At
Dependence R i A3 g AUA 7147 243 AL,
Hac: via Orteal | peg | (204 ~.382) | Accepted zdane] FANR G FFe A ow 21E)
7] 98l 249 S8 v Hits VR A
o E+ T FHzps)o r‘:_]—)\707 E}d :
4-5 2RI B4 BN UYL AEHE 7B TR SeApstel werlEy] wrGinple Slope
Analysis) & AAelaL o] 5 17 29} o] =24]3}slit)
LAt I S8 e s 2ddes v et Dop SRS conaity ot e amatuty
T WA E 98] 25 i 413K Mean Centering) H %) - e T
ok AMOS i AHAl ite] @S mesly] Sis) steld g 3. T R
(Python 3.x) $H4ellA] A H& Ht-g 7|vkoz Az} 4 5 g
2 A5 REHX X WS AT &, o]5 Rl F]ls) £ R
EouH WS Flgith B BAe g Py C R
2 389 AriA ndag 24 Nyt £
ool 2AMRe) Siate] fu)d Wpe] Sk o)F T e Bl |
Result Dependence o Critical Interaction e
ZAFIE A=3) A= 1 pd3 % Ay} o)&EE
L8/ N= 4 otﬂ‘ E‘ﬂ]'t ar 83'/]' EE]'. ;ﬁaﬂ, [qu‘ -/]‘_—1— :l'_'él 2. S2|X olZtMe| =X E 1}
X f3d U] Aegaae sk dnlo] BAHo s &

8. 22H Ao doxE(=H) 51t 24 21}

Fig. 2. Moderating effects of ethical sensitivity

Table 8. Analysis results of interaction (moderation) effects of ethical sensitivity

Hypo. Interaction Path B B S.E. C('S' P Result
ctrl Ethical Sensitivity — 0.220 0.235 0.044 5.000 - Significant
Well-being
Result Dep. X
H4a Ethical Sensitivity — -0.218 -0.292 0.046 -4.739 Accepted
Well-being
Critical Int. X Ethical
H4b Sensitivity — 0.175 0.245 0.040 4.375 Accepted
Well-being
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