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A Study on the Learning Evaluation Model for Learners in the
Metaverse Educational Environment
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ABSTRACT

The metaverse of future education is expected to be an educational environment that can expand the advantages and com-
plement the disadvantages of face-to-face and non-face-to-face online classes. In order to more effectively and efficiently
evaluate learning outcomes based on the learner’s learning activity data in the new educational environment, Metaverse, we
reviewed prior research on evaluation models and designed a learning evaluation model for the metaverse environment based
on models in the field of Human Resource Development(HRD) such as Kirkpatrick’s 4 Levels, Stufflebeam’s CIPP, and
Thalheimer’s Learning Transfer Evaluation Model(C'TEM). This study derived a total of 5 evaluation types and 21 evaluation
factors, including learning, reaction, knowledge, output, and process, as a learning evaluation model in a metaverse environ-
ment through a Delphi survey. The learning evaluation model of this study differs from previous studies in that, due to the
characteristics of the metaverse environment, it is not connected by levels, tiers, or steps as in previous studies, but is con-
ducted simultaneously while maintaining each independent form. The significance of this study is that it lays the foundation
for a learning evaluation model that can be utilized in educational settings in a metaverse environment.

Keywords: Metaverse, Educational environment, Learning evaluation model, Evaluation factor, Learning data
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Table 2. Stufflebeam’s CIPP

Type Content

- Evaluation of the coherence and
suitability between the environment and
educational content.

Context

- Assessment of the achievement of
Input learning  objectives  regarding  the
utilization of educational resources.

- Identification of issues during the
implementation and procedures,
providing regular feedback to education

Process

personnel.

: R - Measurement and judgment of the
Table 1. Kirkpatrick's 4 Levels outputs in the educational process
- Evaluation of the outputs in the
Level Content educational process.
- Product - Integration of results from the entire
- Mea§urement anq evaluauon . of process for interpreting the outcomes of
. learners’ attitudes, feelings, and opinions

Reaction . : the outputs.
regarding the content, environment, and
processes of education. ) ] )

- Examination of learners’ level of Thatheimer®] LTEM< 7]<& Kirkpatrick 494 =2
learning. S ABsstn g Bl X

- Assessment of the extent to which = e ]-'L_ & °. ].-0:] _—h' A 2
learners have acquired the skills, (Attendance), &s(Activity), g<5AF <I2l(Learner
knowledge, and attitudes aligned with the Perceptions), A|2l(Knowledge), <JAF2A AF
learning objectives and the degree of o .

Learning achievement of learning goals. (Decision-Making Competence), 2t & #KTask
- Assessment of the extent of changes in Competence)¥} A% A%<l #o|(Transfer), Ho] &
learners” acquired skills, knowledge, and
attitudes. IWEffects of Transfer) 5 82A(TieN=Z T4 H7}
- Information can be collected from peer mdo FAR=RD IR Y A3k 22 = wply 3
leamors or ofhers, Aot A 1 M_oﬂr | E = H_ St
- Pre-assessment before  learning &, 229l <5, A9 s, A8 gy, @4 g
?Cﬂxpﬂpjjc Tolloved bzcggfggssggufe“;d 5 RE Sgo] @l HxE AR
knowledge in the actual workplace after Thalheimer®] LTEMel thdt ©AE F2 W&
returning to the field {Table 3>3 2t}

Behavior - Information can be collected from peer
learners or others.

- Conducted after 6 months or 2-3 Table 3. Thalheimer’s LTEM
weeks after training.
- The extent to which learners’ job

Results performance  in  the  workplace Level Content
lconmbutes ﬁtqﬁ their organization after Attendance - Participation and completion status of
cammng activities. learners in learning activities.
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- Engagement and performance of
learners in learning activities.
- Measurement of learners’ attention,
interest, and engagement during the
process of learning activities.
- Assessment of learners’ learning
activities, understanding, satisfaction,
practice, and reputation of learning
content.
- Measurement of the extent of learners’
knowledge during or immediately after
learning activities.
- Utilization of real scenarios to assess
learners’ decision-making abilities.
Performance of decision-making
immediately after learning activities or
after a certain period.
Execution of plans by learners and
objective presentation or demonstration
of results.
Task Competence |- Learners’ performance of practical
work and  decision-making  during
learning activities, immediately after, or
after a certain period.
- Ability of learners to apply the
knowledge learned to real-life situations
to improve future education and training.
- Objective proof of learners
successfully applying the knowledge
learned to real-life situations.
- The impact of learners’ learning
outcomes  on  themselves,  their
surroundings, organizations, local
communities, society, and  the
environment.
- Evaluation of learners’ learning
outcomes and their leadership by their
surroundings.

Activity

Learner Perceptions

Knowledge

Decision-Making

Competence

Transfer

Effects of Transfer

Ae Aol e A e vheko 2 A v
B2 B B9 S5A 3% Brh mle <Table
159} 2},

Table 4. Learning Evaluation Model of Metaverse
Educational Environment based on Previous Research

Previous Research
Type Evaluation Type Evaluation Model
Learning Kirkpatric's 4 Levels
Learning Altendance -y eimer's LTEM
Learner Perception
Reaction Kirkpatric's 4 Levels
) Context Sufflebeam’s CIPP
Reaction Attendance
— Thalheimer’s LTEM
Activity
Learning Kirkpatric's 4 Levels
Learner Perception
Knowledge Knowledge L
Decision-Making Thalheimer’s LTEM
Competence

Task Competence

Product Sufflebeam’s CIPP
Decision-Making

Output Competence Thalheimer’s LTEM
Task Competence

Process Process Sufflebeam’s CIPP

3. viEk 2 73] s Wk B9 Ag

A =93 vt 28] 9 B B3y e
3 A3 AT g5 o BRAS WEb 2 38T
S BHANAM Bt A et wERH - oS
37 9] 8t5A; g5 W7} =S <Table 5>} o] 8
#(Learning), ¥H3-(Reaction), #|4}(Knowledge), 4+&
E(Output), I-gd(Process) 5 571 H7t F3 4 217)
o] Hrt alo® AASIAT B e A4 5
7 et 7@*17‘4 ﬁéﬂi T2 A4 598 Prhe= g
=, le NEE, A 5 N BUF FEela A
7t o] 17H 7t fFdoltt EAte s 3
7} $8.& (Table 6>3} 7to] W7} 29l02 AR} 5t
Ak =3 Hrh aglol ik A& <(Table D3 2
=3

Table 5. Learning Evaluation Model in the Metaverse
Educational Environment

Type Explanation

Evaluation conducted by the system in
real-time or post-class based on
learners’ learning activities in the virtual
reality learning spaces, or analysis-based
assessment by instructors.

Learning

System measurement and evaluation of
learners’ learning attitudes and states
based on real-time data stored through
virtual devices during class in the virtual
reality learning spaces, or analysis-based
evaluation by instructors.

Reaction

Evaluation based on tests for learning
Knowledge content acquired through learning
activities.

Evaluation of outputs and assignments
Output produced or created during learning
activities.

Feedback provided in real-time or
post-class based on the interaction in the
educational environment, such as the
metaverse, during the learning process.

Process

AFE 553
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Table 6. Learning Evaluation Type and Factors in
Metaverse Educational Environment

Type

Factor

Learning

Real-time evaluation during learning
activities

Evaluation immediately after learning
activities

Instructor’ s evaluation of learner’s
learning activities

Reaction

Assessment of suitability for educational
environment

Assessment of suitability for educational
programs

Evaluation of learning progress

Evaluation of interaction

Knowledge

Assessment of theory-centered learning

Proficiency assessment of
practical-oriented learning

Reassessment conducted after evaluation

Quantitative  evaluation of learning
progress

Qualitative
progress

evaluation of learning

Output

Evaluation of learning activity outputs

Evaluation of assignment outputs

Process

Real-time feedback provided to learners

Real-time  feedback provided to
instructors

Feedback  provided to  learners
immediately after learning activities

Feedback provided to instructors
immediately after learning activities

Feedback from instructors provided to
learners

Feedback from fellow learners provided
to learners

Feedback provided to operators
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Table 7. Description of Evaluation Factors for each
Learning Evaluation Type in Metaverse

Factor

Explanation

Learning

Real-time evaluation

Real-time evaluation conducted through
the system during learners’ performance
of learning  activities,  assessing

dun;gi\lfggsun S proficiency, learning frequency, learning
success, learning error details, and
completion status.
B . Evaluation conducted based on real-time
valuation

immediately after
learning activities

analysis of data stored during learners’
learning activities immediately after the
activities.

Instructor” s
evaluation of
learner’s learning
activities

Evaluation of learners’ learning activities
by instructors after learning activities or
analysis-based assessment by instructors
using learners’ self-reports, peer reports,
system evaluation reports, etc.

Reaction

Assessment of
suitability for
educational
environment

Evaluation of learners’ suitability for the
virtual world educational environment
implemented according to learning
objectives after learning activities.

Assessment of
suitability for
educational
programs

Evaluation of learners’ suitability for the
education program implemented
according to learning objectives after
learning activities.

Evaluation of
learning progress

Evaluation of learners’ attitudes,
interests, degree of  participation,
positive states, interest, satisfaction, etc.,
regarding learning states based on data
collected through the system during
learning activities using virtual devices,
such as virtual expressions, gestures,
posture, eye movement, and more.

Evaluation of
interaction

Evaluation of interactions and patterns
between leamers and instructors, peer
learners, virtual NPC instructors, virtual
NPC peers, and virtual NPC mentors.

Knowledge

Assessment of
theory-centered

Test-based knowledge assessment of
theory-centered learning content learned

learning through learning activities.
Proficiency Proficiency — assessment based on
assessment of test-based practical-centered learning
practical-oriented | content learned  through learning
learning activities.
Reassessment conducted after a certain
Reassessment period to confirm whether learners
conducted after | retain knowledge, understanding, and
evaluation proficiency in learning content acquired
through learning activities.
Quantitative Quantitative measurement or evaluation
evaluation of of test-based results for learning content
learning progress | acquired through learning activities.
Qualitative Qualitative measurement or evaluation of
evaluation of test-based results for learning content
learning progress | acquired through learning activities.

Output

Evaluation of

\Evaluation of all outputs generated or

18
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learning activity | created by learners through individual or Table 8. Demographics Characteristics of Expert Panels
outputs group learning activities. S
: Evaluation of all outputs generated or g tatistics
ass]iagffllmaluearﬁogu(t);uts created by learners through individual Type Sub-type Number | Percent
and group assignments. Acadeni Doctorate degree 2 25.00%
Process lgi eggc Master’s degree 5 62.50%
. Real-time feedback provided by the g Bachelor’s degree 1 12.50%
Real-time feedback system to learners during their learning
provided to learners | )77~ Professor 1 12.50%
‘ activities. ‘ A Teacher 4 50.00%
Real-time feedback | Real-time feedback provided by the Profession Instructor 1 12.50%
provided to system to instructors during learners’ Stakeholder 5 25.0()%
instructors learning activities. 1 - 20 years i 50‘00(;
Fee(ggalce Zgreor\snded Feedback provided to learners based on Total Careers 6 ~ 10 years 4 50.00%
immediately after syiteyg evaluation reports after learning Metaverse Experienced 7 87.50%
learning activities actvites. Experience Not Experienced 1 12.50%
Feedback provided | Feedback provided to instructors based
to instructors on the system’s analysis and evaluation
immediately after |content after learners’ learning
learning activities | activities.
Feedback from Feedback provided by instructors to 5. ?j _—rL g 374_

instructors provided
to learners

learners based on the analysis results or
evaluation reports of learning data.

Feedback from
fellow learners
provided to learners

Feedback provided by peer leamners to
learners after learning activities.

Feedback provided
to operators

Feedback provided by instructors or
system administrators to learners about
issues such as bugs discovered in content
during learning activities.
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THE 0.00 ~ 0.50, )F4= 0.00 ~ 0.10L.2 4H=5 3
=2

Table 9. Result for Learning Evaluation Model of the
Delphi Survey

Learning Evaluation Cons | Conv| g i
2 1H(12.5%) 0.2 FAENSH ols|TAAE ammg[yp\é u M | STD | CVR | ensu | erge lity
35 89(100% 5 W A HAAol olF 4 s | nce
i ﬂ; ;) XT;LTL ‘f mTr }0]: ]ig Learning 500/ 0.000| 100 | 100 | 000 | 000
Bt '@ Al waks & 4800.0%)0 HZ Reaction 488] 0331 100 | 1.00 | 0.00 | 007
Ui 2-FIwANA e 38 83 FHo) Knowledge 475]0433] 1.00 | 0.95 [ 0.13 | 0.09
AP DL st vhAF 1HS 233 A8 6 ~ 10 Output 5.00{0.000| 1.00 | 1.00 | 0.00 | 0.00
Process 500]0.000] 100 | 1.00 | 0.00 | 0.00
o) A} o) A 4R(G0.0%)2) BRI} o] 7
o3}t ATh
AFEH ST =74 27TH 23) 19
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Table 10. Result for Learning Evaluation factors of the Feedback provided to | 4 ool (42| 100 | 0.80 | 050 | 0.10
Delphi Survey operators
. . Cons | Conv ] i o 3LA o] Bl=xl - ¥
Learning Bvaluation |+ | <1y | cyr Stabi o]¢} Zro] WEtH 2 15 §7 9 S5} Sk Wt
Factor Cns ) erge lity = S -
s | nce 2o g, vk, A, A=, 5 F e &
Real-time evaluation HoT w=5|9 Byl wd 3 o3y W}y 9
during learning | 5.00 | 0.000| 1.00 | 1.00 | 0.00 | 0.00 8= - EHUG. 97h 2o o2 #9497k
activities Qlo g 35 37 8%, vhg 471 8]l A2 57 89l
Evaluation AZEE 2] 291 A 7T 20 = = 21709 HI} &
immediately after | 5.00| 0.000| 1.00 | 100 | 0.00 | 0.00 . giiﬂ o TN 5 & 217kl 7
learning activities o] =EEFH AT
Instructor’ s Hrt 24 Byl 63 2 Hr 29 =5 CVRo)
evaluation of learner’s | 5.00 | 0.000 | 1.00 | 1.00 | 0.00 | 0.00 _ _
learning activities 1002 FA =] el wS 7oA el staxt
Assessment of S 2d 7A] BgAde] dsHEdHa BrhE
Sgéﬁ?gggng‘l’r 4880331 | 1.00 | 1.00 | 0.00 | 0.07 =3 97} mdo] O3 P} 93 St ASE 37
environment £ 5009 & Hazky TFHA 0.0002 AET}
Assessment of Y 29 uhAe] 2] 9] FHolE o] 2
suitability for 5.00 | 0.000 | 1.00 | 1.00 | 0.00 | 0.00 Hd e gz wel s ]T“Sr‘
educational programs A7t 3id QI HFolA dF AdEY 971
E\’alua%?gg?;éemng 488103311 1.00 | 1.00 | 0.00 | 0.07 of I AHI} M3 AT A T AAS HIb
Evaluation of 3 X]}-\—}(KHOWICdge)-ﬂ]' BJ7F 81l g5 F AEE
interaction 48810331 100 | 100 1 000 | 0.07 of t&k §rHEvaluation of learning activity outputs)
Assessment of ° WA T =1 % oa A= - I
theory-centered 5.000.000| 1.00 | 1.00 | 0.00 | 0.00 2 8T 475 U 04330.% AF=F 1AL %7].- £
learning A EFANA AFEHE 3= (Feedback provided
aslzre(;fsig:;ltcyof to operators)& TH2 H7) 48 == Ul 89 & 7}
practicalooriented | 500 0000 | 100 | 100 | 0.00 | 0:00 A o W 46607 A=Yt E3] LA R
“ learning Al A&= = v =wW(Feedback provided to operators)
eassessment — e -
conducted after | 4.88|0.331| 1.00 | 1.00 | 0.00 | 007 & HRDoIA e xejelom dsia gl= AAolv
evaluation skFAtel F-Hsith= AE7F ide] ool AATh
Quantitative Sr2=zlo] BFABE A3 = 3lo o) o >~El
evaluation of learning | 5.00| 0.000 | 1.00 | 1.00 | 0.00 | 0.00 el e 74 T Skld Aekes Axd
progress Ev WA A B g sio] AgE o] FAtelAl
%?a{ga“‘,’egegflo‘ggsos 488(0331| 1.00 | 100 | 0.00 | 007 H%E veue] B RAo ARgL 7lete] Pt
Evaluation of learning 438 FAo) EIFFTHE LB A ASFG oL} o]
tic 475(0.433| 1.00 | 0.95 | 0.13 | 0.09 : o
activity outputs gt dafo] AEZ2AMA 04849 7M=& £FH
Evaluation of 5 =
assignment outputs | 488 0381|100 | 100 | 000 | 007 27} A& ok
Real-time feedback
provided to leamers 4.8810.331| 1.00 | 1.00 | 0.00 | 0.07
Real-time feedback 5 A=
provided to instructors 5.000.000| 1.00 | 1.00 | 0.00 | 0.00
Feedback provided to A e)e APeHA A 1S AT A]2~H)
, : Ao e)S 5 21 <} S
1631252 lfgmeqlately 500 0.000 | 1.00 | 1.00 | 0.00 | 0.00 v T O e AT W e =
ctivitios o] MAHUL o] B 5= 9= tIte 2 wER
Feedback provided to 2 3o AFHI Ytk MEL SAHA ] ngS
mmediately ater | 5000000 | 100 | 100 | 000 | 000 Az, EHlZ, Sz A g, Bk gy 5o
learning activities WHelE Vi et HrF e we A 1S 4
Feedback from ) A 2 Sy Felx = Z2 o] da) A
mstructg;nﬁ)é?:lded to| 5.000.000| 1.00 | 1.00 | 0.00 | 0.00 o] QomE Q2L WS A0l wEh 2o H T
Feedback from fellow 3 & 9= &t <5 Hrt mdo] Qs
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