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The Design of Effective Tutoring Systems for University Students

- A Comparative Study of Intelligent Tutoring Systems and
Metaverse-Based Learning -

Foof

Oakyoung Han'

2 o
FE UAE AT BAH FEY A2 QA U8l A5 FEP AT sEh 2 o) S A 2w
3 BASGTE AE 24 thste) 2-48hd CHolE B S1E 3E SRS goR HE 2AE AN F A2H
B0l HEEE 2ASIG SES AAZE D=3t sjel B2y g J2E T4 /o Ak ITSE o4 4
Aol Eahzlo|gont, WERH 2 e B WEES} S 7] ojo] AapHolIch HEh 2t 716 A HE
ol ZiAo] Basith F Azde] AT BAT AT, [TSE sk Aool, mepnas s 5719 2ol o] 7]
Helstgleh ol o F Axde] AHe AYW st FEY AxE HAS A

o2 ™ Z e

o ox & 10 o rfz

i

FAo: Aed FHP A2, vE, SE A3, 3 S, By g, OA"E oS

ABSTRACT

This study aims to design an effective tutoring system for university students by comparing Intelligent Tutoring Systems (ITS)
and metaverse-based learning systems. A survey was conducted among second to fourth-year students at a university in
Seoul enrolled in “Introduction to Data Analysis“ to assess their preferences and satisfaction with both systems. Students fa-
vored real-time feedback and personalized learning pathways. ITS was effective in enhancing learning outcomes, while meta-
verse learning yielded higher satisfaction and motivation. However, metaverse learning required improvements in technical
issues and accessibility. Analyzing the strengths and weaknesses, ITS proved beneficial for learning outcomes, while the meta-
verse was effective in boosting motivation and engagement. Based on these findings, a hybrid tutoring system combining the
strengths of both systems is proposed.

Keywords: Intelligent Tutoring System (ITS), Metaverse, Learning Outcomes, Student Satisfaction, Personalized Learning,
Digital Education
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Table 1. Educational Effects of Intelligent Tutoring System
ams

Educational
Effects

Personalized
Learning

Description

Analyzes individual learning pace,
understanding, and style to provide
customized learning paths.

Offers immediate feedback on tasks and
problem-solving, helping correct errors and
learn the correct methods.

Supports learners in managing and adjusting
their own learning processes, enhancing

Real-time
Feedback

Self-regulated

Learning autonomy and responsibility.
Enhanced Provides personalized fee;dback @d rgward
A systems to encourage active participation and
Motivation : o
continuous motivation.
Improved Significantly enhances learning performance
Learning compared to traditional methods, especially in
Outcomes complex subjects.
) Visually presents learning progress and
Vlsl%arlagrd?gfgess performance, helping learners understand
their advancement clearly.
Reduced Addresses individual learner needs, reducing

. gaps among students of different levels and
Learning Gaps backgrounds.

Particularly effective in subjects requiring

Effective ; P .
o problem-solving skills, improving
Problem-solving understanding and capabilities.
Gt | e e
Improvement ’

of learning abilities.
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Table 2. Educational Effects of Metaverse Learning
System

Educational

Effects Description

- VR/AR technologies provide realistic and

Enhanced engaging learning experiences.
Understanding | - Enables deeper immersion in the content,
improving comprehension.

- Combines learning with game elements to
increase engagement.

hfgﬁva.ted - Visual confirmation of achievements
aming enhances motivation and sustained
participation.
- Real-time interaction and collaboration with
Interactive peers and instructors.

Collaboration | - Promotes teamwork and problem-solving
skills through virtual group activities.

- Adapts learning paths to individual needs
Personalized and learning styles.

Learning - Allows for customized pacing and repeated
practice of difficult concepts.
Increased - Overcomes geographical barriers, providing

Accessibility equal learning opportunities.

Edgfcfaetéilal Description

- Facilitates remote and hybrid learning,
ensuring all students have access to the
same Tresources.

- Encourages tackling diverse scenarios and

Creative problems 1n a v1rtual setting. ‘
Problem-Solving | ~ Fosters critical thinking and practical

problem-solving skills through simulated
real-world challenges.
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Characteristic Frequency (%)

- Humanities (10%)

- Arts (5%)

- Medicine (5%)

- Natural Sciences (10%)
- Biotechnology (5%)

- Education (5%)

- Sports Science (5%)

- Software & IT (10%)
- Others (15%)

- Male (51%)

Gender - Female (49%)

- Yes (20%)
- No (80%)

Metaverse
Experience

« Collect background info
« Initial learning preferences

Preliminary Survey

- Yes (9%)

ITS Experience - No (91%)

«Implement Metaverse Learning System
« Collect interaction data
» Gather learning outcomes

WIEEELER S . Obtain student feedback

lement [TS (Intelligent Tutoring System)
ollect interaction dafa
-Gather learning outcomes

SLLELERELUER OIS . Obtain student feedback

« Compare data from both semesters
« Analyze learning outcomes
« Assess student satisfaction

« Quantitative analysis
« Qualitative analysis
* Compare ITS vs. Metaverse

* Summarize findings
« Propose hybrid system design

Figure 4. Research Design Flowchart
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Characteristic Frequency (%)
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Year - Junior (8.8%)
- Senior (9.3%)
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- Economics (5%)
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Table 4. Survey Questions for Metaverse Learning System

Category Survey Questions

1. Age:
Baclﬁrgund 2. Major: (Please specify)

3. Year: [J Sophomore [] Junior [] Senior

Previous Educational Experience:
- Have you ever used metaverse or VR-based
education? [ Yes [J No
- On a scale of 1-5,
- How satisfied were you with your previous
learning experiences?
- [ have found metaverse beneficial in the
past.
- 1 have previously enjoyed using metaverse
Learner for learning.
Profile - Metaverse has improved my learning
experience in the past.
Learning Preferences (Likert scale: 5):
- I prefer self-directed learning.
- 1 enjoy team projects.
- | am comfortable using technology for
learning.
Learning Motivation (Likert scale: 5):
- 1 strive to achieve learning goals.
- | enjoy trying new learning methods

1. Immersion (Likert scale: 5):
- The metaverse learning environment felt
realistic.
- 1 could deeply immerse myself in learning.
- Learning in the metaverse was engaging.
2. Interactivity (Likert scale: 5):
Experience | - I could easily interact with peers in the
Evaluation metaverse.
(Post-Survey)| - Interaction with instructors was smooth.
- Virtual environment was effective for team
projects.
3. Ease of Use (Likert scale: 5):
- It was easy to use the metaverse learning
system.

Learning
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- AFEHLEEI =54 ATE Ads -
Category Survey Questions Category Survey Questions
- The interface was intuitive. - It was easy to use the ITS.
- There were no technical issues during - The interface of ITS was intuitive.
learning activities. - There were no technical issues during
4. Learning Motivation (Likert scale: 5): learning activities with ITS.
- Learning in the metaverse increased my 4. Learning Motivation (Likert scale: 5):
motivation. - Learning in the ITS environment increased
- Game elements in learning activities my motivation.
motivated me. - Personalized feedback from ITS motivated
- Visual confirmation of achievements gave me me.
a sense of accomplishment. - Visual confirmation of achievements
5. Learning Outcomes (Likert scale: 5): through ITS gave me a sense of
- I understood the learning material better in accomplishment.
the metaverse. 5. Learning Outcomes (Likert scale: 5):
- It helped me achieve learning goals. - I understood the learning material better
- Metaverse learning was more effective than through ITS.
traditional methods. - It helped me achieve learning goals.
6. Improvements: - Learning with ITS was more effective
- What improvements would you suggest for the than traditional methods.
metaverse learning system? (Please specify) 6. Irw}qkalrovements: u .

- What improvements would you suggest for
the Intelligent Tutoring System? (Please
specify)

Table 5. Survey Questions for Intelligent Tutoring System
ITs) B A7e dolel 4L weh 29} ITS 7]0 8
- ; & AzEle) 87 wvE RO Bk 9
tego urve estions
= 1. Ag = 3 TRl S ARESERTE ol 2l HlolH 3]
. Age: L e
Background Info | 2. Major: (Please specify) AAs 7 A2E sty 29 UEE, g 571 7
3. Year: [J Sophomore [] Junior [J Senior oo 3t A FEA =2 boEE A2, T 5)o)
Previous Educational Experience: - =ela 1 29 = =
- Have you previously used an Intelligent HeE FHE AlzE Al Fad 7= A8E A
Tutoring System (TS)? [J Yes [J No T Aolt}
- On a scale of 1-5,
- How satisfied were you with your
previous learning experiences?
- I have found ITS beneficial in the past. 3.4 dlolg] &4
- I have previously enjoyed using ITS for
learning.
Learner Profile - ITS has improved my learning £ A7re] dlofE 242 2 HolE ek A3 Hlol
_ experience in the past. G w warstel, e A%k A% FEY A2
g e e e WISl tistise) St AT VEE, S 57
- 1 enjoy team projects. Haojo| nx= Qe 30T Hrlsts § =3
- 1 am comfortable using technology for _
i < Tk 7 EE -9 HolEE S F A
learning. = = THEX = © na
Learning Motivation (Likert scale: 5): 28 7to] Hlmw BAL A SR
- [ strive to achieve learning goals.
- I enjoy trying new learning methods
1. ITS Learning Environment Effectiveness
(Likert scale: 5 ‘ 34.1 %A folg BA
- ITS helped improve my learning
performance. w
A - Personalized feedback from ITS was &2 HelHs F2 AE A Ao} 9 3t
earing benefical. Hole & Eadtth. HE 2} AvE Python o
perience - clearly showed my learning progress. =
Evaluation | 2. Interactivity (Likert scale: 5): < TSt EAHEUAT Fa 24 7 ]‘ﬁ—o—i“ 7]
(Post-Survey) | - Feedback from ITS was immediate. & B, A48 B4 =8 g8 -4, 181 B4R
- Interaction with ITS helped understand the " (AONO’VA)O] /\].é 5;011:]_ A
learning material. = -
- Feedback from ITS contributed to my & EAE AR 29x9] AFEATH EAF
learning improvement. _ - _ = _ _
3. Ease of Use (Likert scale: 5) z7] S5 FHE 8o, T AILE AR $9 S
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Table 6. Overall Survey Scores and Statistical Analysis for
Metaverse and ITS

Metric Metaverse ITS t-value p-value
Qeral 45 43 123 022
ore
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Satisfaction Scores of Metaverse and ITS Groups
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Figure 5. Satisfaction Scores of Metaverse and ITS
Groups
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Table 7. Summary of Qualitative Data Analysis

- _ Metaverse Comments ITS Comments
= =0 } =0 Fls
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Al & X Z /\E Z‘] A o by 3 5} < Vi
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Qo “Thake]l AF A A AAE AL = AR Y arming ; ; armning
g ]’ /] 1:']‘ Oﬂ 1 = ]i 2u= 0]'\_ /\7(1 = Experience expeﬂrlll:tr)ltillg; a real pace enhanced my
LA P20 AFATE v, 78 24 understanding (12)
HZAlo 3t B }1: o) QB FAE=O “o] ..o [Felt isolated due to lack
e =gl 2. - =Y E_ Interactivity Collaboration with of interaction with other
Ul 94 Ze7t A ot 94 Sl B2 4o peers was smooth (18) students (8)
I R iy A B o R i Experienced
ITS 189 IJMEL "hxd ylutmy o] ak= Technical Issues disconnections due to aﬁn‘i@sﬁﬁ X)a?oiﬁblgﬁ
:’-“\:'f-/] -]' g =T A ®m o *‘4—*1“’]’ 7H pu —1‘1:1 poor internet learning (7)
AZ AFS AR O FYTL & YL W) T & connectivity (10) e
S « . Need for more stable | Would like to see
s 1= 3 ]LCL ul—o =0 I
=l Bt = oY efsl=rt FebT AL B Sﬁigfzsgﬁe;?r internet connectivity | enhanced interaction
ok 2y, ITSe] 4538 Q471 BEsis A P 12 with other students (10
Table 8. Comprehensive Evaluation of Metaverse and ITS (Intelligent Tutoring System)
Aspect Metaverse Intelligent Tutoring System (ITS)
. - Provides highly {MMErsive learning experiences using | _ Lacks immersive features compared to Metaverse.
Immersion VR/AR technologies. - Primarily text and interface-based.
- Engages learners deeply with realistic simulations. Y
N - Eacﬂltates real—tlme interaction and collaboration in a| _ Provides real-time feedback but limited in fostering
Interactivity virtual environment. cer—to-neer interaction
- Enhances teamwork and social learning. p p )
o - Can offer personalized experiences but depends on the | - Strong in personalized learning paths and feedback
Personalization . . : ;
design of the virtual environment. based on learner’s progress.
Flexibilit - Offers flexible learning anytime and anywhere through | - Flexible in terms of access but relies on structured
¥ virtual environments. paths and modules.
ment - Highly engaging due to the interactive and game-like | - Increases engagement through adaptive learning and
Engage nature of VR/AR. tailored feedback.
- Requires high-end devices and stable internet
Technical connection for optimal experience. - Requires reliable internet access but generally has
Requirements - May face accessibility issues due to hardware lower hardware demands than Metaverse.
constraints.
- Can provide detailed analytics if properly integrated. | _ . . ,
Learning Analytics | - Tracking might be more complex due to diverse Offers robust tracking and analytics of learner's
. ° e . . performance and behavior.
interactions in the virtual environment.
Scalability - Scalability can be challenging due to the high resource | - Highly scalable to support many learners with

demand of VR/AR environments.

relatively lower resource requirements.

Instructional Support

- Enhances teaching with immersive simulations but
requires teachers to be familiar with VR/AR
technologies.

- Supports teachers by providing detailed insights into
student performance and areas needing attention.

- High initial setup and maintenance costs due to VR/AR

- High initial development costs but potentially lower

the nature of the environment.

Cost technology requirements. maintenance costs compared to Metaverse.
- - Increases learner motivation through engaging and - Personalized feedback helps maintain and boost learner
Motivation . : . o
interactive experiences. motivation.
Satisfaction - High satisfaction due to immersive and interactive - High satisfaction through effective personalized
learning environments. learning paths and progress tracking.
Feedback - Feedback is more indirect and less immediate due to | - Provides immediate and specific feedback tailored to

individual learners.
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Table 9. Post-Class Survey Results for Metaverse and ITS

J— Metaverse Group ITS Group
P (Mean + SD) (Mean + SD)
Effectiveness 46 £ 05 43 + 06
Ease of Use 4.2 £ 06 45 + 04
Immersion 48 + 04 39 £ 07
Satisfaction 45 + 05 42 + 06
Motivation 47 + 04 43 + 05
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