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Variable Composite reliability Composite reliability Average variance

(rho, (rho_c) extracted (AVE)
BI 0.871 0.871 0.921 0.795
EE 0.781 0.787 0.872 0.694
FC 0.842 0.846 0.905 0.761
HA 0.806 0.807 0.886 0.721
HM 0.801 0.806 0.883 0715
PC 0.8 0.809 0.882 0.714
PE 0.816 0.818 0.891 0.731
PR 0.816 0.818 0.891 0.731
PV 0.776 0.777 0.87 0.691
B 0.84 0857 0.904 0758
UB 0819 0821 0.893 0735
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Dataset

2-year dataset
(Humanities

students)

Emotional + OULAD

datasets

Online survey (pre-

year undergraduate)

Engincering
Mechanics course

Data

OULAD

BS program Ist-

semester Data

Emotional + OULAD

datasets

305 students (survey)

454 DHH student

records

445 students (grades
5-8)

First- and final-year
GPAs

Massive educational

dataset

Attributes

Internal exams,
subject-wise

performance, trends

Emotional states,

academic records

Demographic, social,
psychological, and

economic factors

Online behaviours,
comprehensive

performance

Interaction activities,

attribute features

Attendance,
assignments, midterm

scores, class tests

Temporal
dependencies from

sequence-based data

Personality traits,
demographics,

employment factors

Communic

n
‘mode, family deafness
history early

intervention

Number of books read
per year, midterm

scores

Demographics, first-
year GPA

Academic features,

metadata clustering

Methods

NB, DT, RE, NN,
Nearest Neighbour

RE GB, ANN,
CNN, SVM, DT,
NB

LR, RE SVM, XGB,
DXK, ACO-DT

NB, DT, RE, GBR

Dual Graph NN

MLA

RNN, LSTM, RF,
SVM, NB, DT

PLS-SEM, CB-SEM

XGB, R, Extra

Trees

DNN

Regression,
Pearsonls

Correlation

XGBoost, CNN,
SVR, ProbSAP

Best Method

Stacked LSTM +
RF+GB

ACO-DT (98.15%

accuracy)

GBR

Dual Graph NN
(90.18% accuracy)

NN + MLA (88.6%
accuracy)

RNN + LSTM + RE
(97% accuracy)

PLS-SEM

Stacked Model
(92.99% accuracy)

DNN (90%

accuracy)

Regression
(Correlation:
09334)

ProbSAP

‘The established
relationship
‘between internal
and end-term
performance
identified subjects
contributing to high
grades.

Achieved 96%
accuracy; enhanced
prediction over
traditional methods.
Identified effective
features using
advanced feature
selection; improved
accuracy with
ensemble models.
Found IES, LVR,
RVR, and NOCA as
critical factors;
RMSE: 9.3595,
correlation
coefficient: 0.7558.
Combined local and
global student
features for pass/fail
predictions;
validated using

ablation studies.

Successfully
predicted final
grades using simple
input features;
beneficial for
educators and

policy-makers.

Captured complex
temporal
dependencies with
superior
performance
compared to other
‘combinations.
Identified
personality traits as
most influential on
SAP; performed
well with smaller
sample sizes.
Predicted at-risk
students and
identified key risk
factors affecting
DHH student

outcomes.

Determined books
read per yearasa
significant factor for
predicting science
course performance.
Strong correlation
between frst-year
GPA and final
CGPA;
demographic
variables had no
significant
influence.

ProbSAP reduced
MAE by 84.76% and
achieved 98%

accuracy in

predictions

reduced error

margin (1-9%).

Focused only on

humanities students;
broader generalisation
is limited.

Requires additional
real-world validation

for diverse datasets.

Limited to pre-year
undergraduates;
economic data
inconsistencies may

affect generalisation.

Applied only to
engineering
‘mechanics, external
applicability is

untested.

Requires more diverse
datasets for robust

validation.

Accuracy s slightly
lower than modern

ensemble methods.

Needs scalabi

testing for larger

datasets.

Limited sample size;
focused only on

Libyan universities.

Focused solely on the
DHH population,
applicability to
broader populations is

unknown.

Applied only to grades
5-8;additional factors
for higher education

are not included.

Focused only on GPA
progression; external
factors were not

considered.

Requires extensive
computational
resources for large-

scale datasets.
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Model Accuracy (% (%) Recall (%) F1-Score (%)
CatBoost 86.61 8638 86.65 8642
XGBoost 87.14 8694 87.18 8698
HistGradientBoosting 86.63 8642 8668 86.43
LightGBM 86.03 8579 8607 8582
Deep Learning (Bi-LSTM) 88.23 92.02 92.11 91.98

Bold values indicate that the method has high accuracy.
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F1-Score (%)

Metric
Count 5 5 5 5
Mean 86.93 87.51 87.74 87.53
std 083 255 248 252
86.03 85.79 86.07 85.82
25% 86.61 86.38 86.65 86.42
50% 86.63 86.42 86.68 86.43
75% 87.14 86.94 87.18 86.98

Max 88.23 92.02 92.11 91.98
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Model 1 Model 2 Mean difference p-value Reject null hypothesis

Bi-LSTM CatBoost ~4.57 0.0000 Yes
Bi-LSTM HistGradientBoosting -4545 0.0000 Yes
Bi-LSTM, LightGBM -5.16 0.0000 Yes

Bi-LSTM XGBoost -403 00001 Yes





OPS/images/fpsyg-16-1571279/fpsyg-16-1571279-t007.jpg
Variable

Model A(output: Bl)

Model B(output: UB)

Neural EB S| EE HM PV PC PR Bl FC

network

ANN1 0.082 0.031 0.172 0.136 0.100 0.054 0.118 0.200 0.106 0.143 0.180 0.184 0330 0.162
ANN2 0.058 0.032 0.191 0.130 0.141 0.068 0.053 0.142 0.185 0.340 0.174 0313 0.137 0.036
ANN3 0.138 0.085 0.104 0.115 0.109 0.109 0.133 0.093 0.115 0.131 0.248 0.261 0.191 0.170
ANN4 0.145 0.074 0.140 0.077 0.165 0.044 0.130 0.089 0.136 0.167 0.208 0.203 0.264 0.157
ANNS 0.080 0.103 0.115 0.103 0.121 0.125 0.142 0.079 0.133 0.165 0.236 0.097 0.300 0.202
ANN6 0.055 0.288 0.149 0.019 0.064 0.059 0.112 0.105 0.148 0.227 0.225 0.198 0.279 0.070
ANN7 0.061 0.079 0.115 0.126 0.128 0.150 0.120 0.090 0.132 0.129 0.177 0.195 0397 0.102
ANN8 0.064 0.084 0.088 0.189 0.121 0.122 0.090 0.092 0.150 0.095 0.228 0283 0.190 0.204
ANN9 0.066 0.103 0.161 0.105 0.047 0.182 0.205 0.069 0.063 0.162 0.178 0.162 0.360 0.137
ANNI10 0.169 0.075 0.094 0.160 0.128 0.102 0.139 0.075 0.058 0.172 0.194 0.179 0.347 0.108
Average relative 0.092 0.095 0.133 0.116 0.112 0.102 0.124 0.103 0.123 0.173 0.205 0.208 0.280 0.135
imporance

Normanlized 69.023 | 71729 | 100.000 | 87.218 & 84.511 | 76316 | 93.383 | 77.744 | 92.180 | 61.821 | 73.143 | 74.107 | 100.000 | 48.143
relative

importance (%)
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Variable (@) Sample mean (M) Standard deviation tatistics P-values
(STDEV) (|O/STDEV])
Bl— UB 0327 0326 0.058 5598 0.000
EE— BI o011 011 0.038 2.884 0.004
FC— BI 0.145 0.145 0.04 3.629 0.000
FC— UB 0.124 0.124 0.049 2.526 0.012
HA— BI 0.168 0.169 0.035 4882 0.000
HA— UB 0179 018 0.049 3.693 0.000
HM — BI 0.155 0.155 0.041 3775 0.000
PC— BI 0.135 0.135 0.037 3613 0.000
PC— UB 0203 0.204 0.041 4.909 0.000
PE— BI 011 0112 0.042 2631 0.009
PR — BI 0.182 0182 0.043 4.198 0.000
PR— UB 0178 0178 0.048 3739 0.000
PV BI 0.154 0153 0.042 3.647 0.000
SI— BI 0.134 0.134 0.038 3.51 0.000
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0.0180

0.0000

0.0086

0.0000
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Variable Model A Model B

Input: PE, EE, SI, FC, Input: FC, Bl, HA,
HM, PV, HA, PC, PR PC, PR

Ouput: Bl QOuput: UB

Neural Training  Testing  Training  Testing
network

ANNI 0.168 0.170 0217 0.200
ANN2 0.194 0.014 0.249 0.159
ANN3 0.166 0.141 0.242 0221
ANN4 0.180 0.208 0.226 0.155
ANN5 0.151 0.179 0.244 0.198
ANN6 0.225 0.124 0.189 0.345
ANN7 0.154 0.199 0213 0219
ANNS 0.170 0.134 0233 0.253
ANN9 0.201 0.181 0.208 0.241
ANNI10 0.175 0.084 0.205 0.267
Mean 0.178 0.143 0223 0.226
SD 0.150 0.243 0.139 0.236

0.023 0.059 0.019 0.056
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Bl EE HA HM PC PR PV N |
BI
EE 0596
EC 0629 0.463
HA 0636 0386 0.444
HM 0636 0411 0393 0.445
PC 0573 0435 0.368 0344 0344
PE 063 0411 0.446 0377 045 0457
PR 0686 0.466 0.486 0.366 0.414 0388 0457
PV 0663 0397 0391 0384 0447 0379 052 0533
B 0551 0237 0313 0.441 0366 0251 0379 0.407 0379
UB 03816 0523 0.598 0.625 0.544 0616 0588 0654 0571 0425
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Require: UserSpeech S (audio stream), AssetDatabase

D (3D assets & metadata), GNT model M (asset
generator), NLP pipeline P (ASR/intent/grammar)

Ensure: Personalized, immersive language interaction

experience
Variable roles:
text: ASR transcript of S; intent: user intent
label (e.g., word_query, grammar_practice);
asset: 3D object/scene reference; feedback:
corrective/confirmatory or adaptive feedback;
grammarFeedback : error highlights &
suggestions; scenario: role-play prompt for
avatar dialogue.

1: Initialize Metaverse scene and NLP modules

2: feedback « @; grammarFeedback < @; scenario « &

3: while User session is active

4: text « WhisperSTT(S) > Speech recognition:
convert user speech to text

5: intent « ClassifyIntent(text) > Categorize
intent (e.g., word lookup vs. grammar practice)

6: if intent == word_query then

word < ExtractKeyword(text) o Pull the focal

vocabulary item

8: asset < Query(D, word) > Lookup existing 3D
asset for the word

9: if asset ==NULL then

10: asset « M.Generate(word) » Create a new 3D
asset from the vocabulary term

11: Store(D, word, asset) > Cache for future
reuse

12: end if

13: Render (asset) > Place/show the asset in the
scene

14: DisplayPhonetics(word) = Show IPA/phonetic
aid and example audio

15: feedback < GPTFeedback(text) >
Generate adaptive feedback for the user utterance
(per Figure 2)

16: Play(feedback) > TTS or avatar playback

17: else if intent == grammar_practice then

18: scenario < GenerateScenario(text) > Compose
a contextual role-play scene as part of Gamified
Exercise

19: ActivateAvatarDialogue(scenario) >
Start guided practice with NPC/avatar in Gamified
Exercise

20: grammarFeedback « AnalyzeGrammar (text) >
Detect errors; suggest corrections/examples

210 Present(grammarFeedback) > On-screen tips
and structured rewrites integrated into Gamified
Exercise

22: else

23 HandleOtherIntents(intent) > Fallback
(navigation, small talk, help, etc.)

24: end if

25: UpdateUserModel(text, intent, feedback,

grammarFeedback, scenario) o Adapt pacing, next
prompts, and asset difficulty

26: SessionLogging() » Record non-PII telemetry and

learning traces, matching Figure 2

27: end while
28: TerminateEnvironment() > Cleanup scene,

persist state, release resources
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Digital technology support -

2. Digital device support 0.879%%* -

3. Digital knowledge acquisition 06235+ 0,600 -

4. Digital skills acquisition 0.619%%* 0.600%+* 0.949%%+ =

5. Self-efficacy 0.621%%* 0.597%+# 0.819%* 0.833%++ -

6. Interpersonal interaction 0.563%** 0.554%%* 0.669%** 0.697%+* 0.751%*% -
M 4.024 4.060 3.709 3.785 3.909 4.154
SD 0954 0952 0.994 0973 0920 0.832

#5p < 0.001.
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Model pathways Effects sizes 95% C

Lower Upper

Digital device support — Self-efficacy — Digital literacy 0.129%%% 0.062 0.191
Digital device support - Interpersonal interaction — Digital literacy 0017% 0.006 0033
Digital technology support — Self-efficacy — Digital literacy 0.286%+* 0.225 0348
Digital technology support — Interpersonal interaction — Digital literacy 0.006 ~0.004 0019
Digital device support — Self-efficacy — Interpersonal interaction — Digital literacy 0.016% 0.009 0029

Digital technology support — Self-eficacy — Interpersonal interaction — Digital lteracy 0.036%% 0022 0054
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Hypotheses = Path

Hia Digital device support — Digital lteracy.

Hib Digital technology support — Digital lteracy.

H2a Digital device support — Self-efficacy — Digital lteracy.

H2b Digital technology support — Self-efficacy — Digital literacy.

H3a Digital device support — Interpersonal interaction — Digital
literacy.

H3b Digital technology support — Interpersonal

interaction — Digital lteracy.

Hia Digital device support — Self-efficacy — Interpersonal
interaction — Digtal lteracy.

Hab Digital technology support — Self-fficacy — Interpersonal

interaction — Digital literacy.
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Variable name Item count Standal

1. Digital support 6 0749~
2. Digital literacy 9 0836~
3. Self-efficacy 8 0869~
4. Interpersonal Interaction 5 0773~

In this study, CR > 0.7 and AVE > 0.5 are considered ideal thresholds.

ized estimate

nge CR
0.908 0941
0922 0969
0936 0972
0881 0923

AVE
0728
0778
0810

0.707
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|Assessed for eligibilty (n = 182)

Excluded (n = 33)

- Declined to participate (n = 31)
- Did not meet inclusion criteria (n = 2)

Enroliment

Recruited (n = 149)

Allocation

Allocated to experimental group
(n=64)

Pre-test

Completed pre-test
(Alliteracy assessment
+ demographics)
(n=62)

Intervention

Completed experimental
procedures
(n=59)

Post-test

Completed post-test
(Alliteracy assessment
+self-reported variables)
(n=59)

Analysis

Results analyzed (n = 59)

Allocated to control group
(n=85)

Completed pre-test
(Al literacy assessment
+ demographics)
(n=79)

Followed standard curriculum
(n=79)

Completed post-test
(Alliteracy assessment
+ self-reported variables)
(n=77)

Reslts analyzed (n = 77)
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Criterion Observed Recommended

2 194 <50
CFL 10 >0.90
TLI 098 >0.90
SRMR 0.02 <0.10
RMSEA 0.08 <0.10
GFI 099 >0.90
AGFI 096 >0.90

£/df = the ratio of chi-squared to the degee of freedom. CFI, comparative it index; TLI,
Tucker-Lewis index; SRMR, standardized root mean square residual; RMSEA, root mean
square error of approximation; GFI, goodness-of-fit index; AGFI, adjusted goodness-of-fit
index.
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Characteristics Intervention

Control
group

group
Age: mean (SD) 1973 (1.24)
Gender

Female 54
Male 5
Year of study

Ist 13

2nd 13

3rd 2

ath 1
Use of GenAl

None 4
Occasional 39

Frequent 16

19.49 (1.11)

2
27

59
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Step Terms Results

Database

Web of

science

T Ts=("artificial intelligence" OR "Al" OR "computational creativity" 3294898
OR "ChatGPT" OR "chatbot" OR "large language model" OR
“preservation techniques" OR "image description" )

2 TS=("art" OR "artist" OR "drawing" OR "painting" OR "visual" OR 1264465
"draw" OR "sketch" OR "drawings")

3 TS=("creativity" OR "creative Thinking" OR "thinking skills" OR 3359501
“critical thinking")

4 TS=("children" OR "students" OR "student") 2226578
1AND 2 AND 3 AND 4 102

Database

Scopus

| TITLE-ABS-KEY("artificial intelligence" OR "Al" OR "computational 2,441,408
creativity" OR "ChatGPT" OR "chatbot" OR "large language model"
OR "preservation techniques” OR "image description" )

2 TITLE-ABS-KEY ("art" OR "artist" OR "drawing" OR "painting" OR 3,548,538
"visual" OR "draw" OR "sketch" OR "drawings")

- TITLE-ABS-KEY("creativity" OR "creative Thinking" OR "thinking 145,341
skills" OR "critical thinking")

4 TITLE-ABS-KEY("children" OR "students" OR "student") 5,477,394

1AND 2 AND 3 AND 4

332
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