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Development of Al Convergence Instructional Design Model
Based on Essential Questions
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ABSTRACT

This study focused on developing a design model for Al convergence classes based on essential questions centered on Al
elements. First, in order to select Al elements, a study in which big ideas related to Al education were presented was
analyzed. In addition, essential questions were developed for each element in consideration of McTighe & Wiggins' seven
characteristics of essential questions. Finally, an Al convergence class design model was developed so that the developed es-
sential questions could be applied to the class. The validity was verified through two Delphi surveys. This model is expected
to aid teachers in the process of designing Al convergence Instruction.

Keywords: Artificial intelligence, Al, Al elements, essential questions, Al convergence education, instructional design model
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Table 1. 7 characteristics of essential questions

characteristics Explanation

Essential questions are open-ended and

They are open don’ t have a single, final, and correct

ended
answer.
Thought Essenti‘al questions are thpught—provoldng
provoking and intellectually engaging. They also
promote discussion and debate
Require Essgnti_al questions call fqr hjgher—order
higher order thinking, such as analysis, inference,
irking evaluation, and prediction. They can’ t be

effectively answered by recall alone.

Point toward

big Essential questions point toward important,
transferable transferable ideas within disciplines.
ideas
Ra%se Essential questions raise additional questions
additional and spark further inqui
questions sp quiry.
. quulrg Essential questions require support and
justification e )
justification, not just an answer.
and support
Recur over Essential questions recur over time. They
time can and should be revisited again and again.
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Table 2. Research methods and procedures of this study
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2. BExtraction | - Analysis of Big Ideas from the collected data )0 3l 7+
of Al elements | - Selection of Al elements t7d-2 Table 33 2.
v
3. Table 3. Delphi survey target
Development | Developing questions that align with the seven
of essential characteristics of essential questions . Career .
questions Experts Position (vear) Education Note
2 Al
4 - Development of a lesson design model based A Professor 20 Doctor's CbEIlli\l/ler%en e
Development | on the ADDIE model Degree Pr Ofca on
of a lesson - Verifying enduring understanding through i . Essor
design model | essential questions B Educational % Doctor’s Al education
v r&seardler Degree work '
- . - C Educational % Master’s Al education
. - Delphi survey with 9 Al education experts researcher Degree work
s'sﬁg)m st : 2023.12.18~2023.12.24. = cationdd esers T Al educaion
Y 2nd : 2023.12.28.~2024.1.6. D 23
researcher Degree work
v E Teacher 18 Master’s Al education
6. Deriving the Deriving an Al-integrated lesson design model Degree work
: fmalwnlgn based on essential questions focused on Al F Teacher 4 Master’s | AIEDAP Master
P elements student Teacher
v Master's | AIEDAP Master
| - - — -~ G Teacher 4 student Teacher
- Analysis of results and drawing conclusions i Teacher 6 Master's | AIEDAP Master
student Teacher
| Teacher 8 Master’s | AIEDAP Master
student Teacher
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Table 4. A draft of Al elements and detailed content

Al elements The details AK2 | ACTUA | AED
Al mimics the human
problem-solving
Problem & | process and explores _ _ °
Explore for appropriate
solutions to solve
problems.
. Computers use
Sgcnsmgﬁfn sensors to sense and | @ ® o
ogm recognize the world.
Al creates models to
Re;_resentat represent the world
ion & @ o O
: and uses them for
Reasoning reasoning.
Data exists in many
forms and can be
Data .& used for decision O [ } [ }
Leamning
making and machine
learning.
Al and human
Natural interaction mimics
Interaction the interaction L o o
between humans.
Al can impacts
Social society in both
Impact positive and negative L o L
ways.

== Meaning of symbols

@ : Directly presented in previous research

O : Presented as some related content in previous re-
search

412 Al 92 4 2247 A& g

AARE 67FA1] Al a0 whE 2dA A& A
W) Al 848 22 AR5 37114 7Heted
© McTighe & Wiggins= 2827 ZAE9 EHL 7
7HAE nestah MdE EdA AE-L Table 59
2t

Table 5. A draft of essential questions based on Al

elements
Al elements Essential questions
Prodem & | - How does the problem definition process affect
Explore problemsolving?
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- AFE LSS =24 ATE A4E -
- How does the difference between human and Instructional Design
machine intelligence affect approaches to Model for Elementary
problem-solving? Al Convergence
- Is the search process essential for Education[18]
problem-solving? A study on the
- Do sensors accurately perceive human efficient
experiences? dataset-based Master’s
Sersing & | - How is the world as perceived by a computer 4 | Cho Eun Mi(2023) instructional design thesis
Reaogrition different from the human world? model for artificial
- Can computer senses expand or replace human intelligence
experiences? learning{20]
.| = How does Al represent the world? Development of
Ion Py - How does Al handle uncertainty? Instructional Design
) - How is the logical proposition created by a Model for English Doctoral
€ machine different from the way humans reason? . Speaking Classes 1 .
- - - 5| Han Ji Hee(2023) . dissertati
- What is the importance of the various forms of Using Al-powered on
data in decision-making? Chatbot in
Data & - How is the learning process of Al different from Elementary
Leaming that of a child? School[19]
- How will neural networks bring innovation to data 6 Ohn Jung Duk Understanding by Domestic
processing? and 3 others(2018) Design[11] books
- What new communication methods are emerging Jay McTighe, Understanding by
during the interaction between machines and 7 Grant design Ascd, Foreign
humans? Wiggins(2005; Essential book
Netural - How is the way a computer understands natural 2013) Question(10, 12]
Interaction language different from how humans understand
language?
- How does a computer perceive human emotions, 2 ATFEES BASk ‘Al 84 T4 BAA AR
and how does ﬂus‘nnpact oomr‘rmmcamn?‘ 718k Al g3t 429] A4 28° < skl om, ADDIE
- How can Al contribute to solving global issues? 2= = o1 A
- What impact does Al have on individual privacy B2y 7|25 o B 28 EA 5 AA A
Sl | andidentity? 4 Aol glof B WS mE sk Aotk 2} B
- Whose responsibility is it when problems arise - o lag == o
from Al judgments? A Y82 olsisA] wSag e = 45 AAle A
7} RYE T2 519tk Table 72 Al 84 F4 22
2 A& 7N Al % 7 AA 23 EOJOWJL Table
413 Al 84 T4 $AH Aw 7 AL g7 $U go) dgaTe] BHE 2AE TS
A 2y
, Table 7. A draft model for designing Al-integrated lessons
Al 84 =4 BAA AR 76k 0% 2= A : .
‘_M s vdd e 7 AL E Totj‘ = based on essential questions focused on Al elements
A 2R & N 98 el Al 24 2 o
A, 89 =8 T4 o) dTEL BAY Ay 2 Phase PO The detls | 1] 2| 3( 4] 5 6| 7
AR AR 3 ‘Al w8 AH w A 280 o] A Analysis of teaching
45 A& # e T Eﬁ”ﬂ ° [ goals for Al integrated | O| @ O @ oo
g A& 7HE Table 63 o] AAsAh Needs classes
Analysis | Analysis of the aspects
of understanding desired O o0
Table 6. Research on essential questions and Al education through the lesson
X . . Analysis of Al elements D
instructional design model Analysis of essential
Task questions o0
No. Researcher Research topic Source AnalySis [Analysis of educational
. o o000
Kwon Sung Yeon Domestic Analysis content (tasks)
1 and 11 ADDIE modell23] books Analysis of learner
others(2018) 00 dlarqcteﬁstics related to, ®| @ ®
Development of Al integrated classes
9 Kim So Yeon Instructional Design | Academi ALﬁaI;ﬂneg Analy&;ﬂ(;f pror flamng o 00 [ I
and 4 others(2022) | Model and Checklist | c journal ¥t abilities in
for Al Education[1] Analysis of interest and|
or ucaton attitude towards Al oo |06
) A Development and | Master’s integrated classes
3 | Kim Ye Seu02) |y ppfication of 2ADE | - thesis Evironm|  Analysis of the | ®| @] @] ®
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Prase P75 The detals 2| 3| 4| 5| 6| 7 hase [ 2T The detals 2| 3| 4] 5
educational environmen achievements through
ental | Analysis of SW - HW ® OO deepandsustamed
Analysis | Analysis of school ° ° inquiry
support environment Reaching a tentative
. Destgn of behavloral conclusion
Learning| learning objectives [Assessing each student’s
Objective| considering aspects of e 0 0 0 0 0 inquiry and responses
Design | understanding desired Learner | Supporting learners ® O O O
through classes support | Technical support ® O] O] O
- Design of assessment Evaluating the level of
ot ETSOOEHIE tools to confirm enduring o oo o oo Learner jachievement of learning| ol o @
Desi understanding through performa|objectives and enduring
en learning objectives nce understanding
)esign of Al dlass assessme| Providing feedback
.| Content | content suitable for nt through evaluation ® O
e Design | achieving learning o o Clo e i results
__| objectives (WHERETO) Effective
g "OXetection of instructionz] | Evaluating the
Method methods for achieving [ IR ) [ ) nof effectiveness of essential O
Selectio learning objectives questions
Selection of media and nt Tools
Media | tools for continuously Effective
and Tool |recording and checking [ ) [ ness
Selection| learning objectives and Evaluatio .
essential questions n of el;;;/aluaung thef
Development of mpleme o cpio| | EfTECHveness o e |O
assessment tools to ntation instructional methods
Assessme ‘ N nal d med
it Tool | Confirm enduring L) o0 Methods an a
understanding through and
Develop . > L
ment |leaming objectives Media
Development of essential Satisfacti
. o o
] questions on
Instructio Evaluatio[Evaluating and reflecting]
nal | Development of nand |on the satisfaction level] | ® ®
Material | instructional materials o 0 0 O o0 Reflectio|of Al integrated dasses
Develop for use in dass 0 on the
ment ] ] Class
Besdias Learning | Production of learning Decidng on the
et Matenql mater_lals r_eqmred fo_r o o O oo continued use of
Productio|class (including essential Overall | . ional materials
n_ quesﬂons) Evaluatio and the program, o o [ ]
Leammg . n correcting problems
[Environm|  Preparation of the thr .
- . ough evaluation
ent | leaming environment [J -
Preparati(SW - HW) for Al dlasses| = Meaning of symbols
on ‘ ‘ @ : Directly presented in previous research
Conducting fomative AT AHH oz AANE NEYE 2mD
Ipil evaluation of . .
ot Test] instructional materials O : Presented as some related content in previous research
and e lowed by revision and * |® HAATAA Q5 ATE GO AT DL Jul3h
Revision ’ .
completion of final
materials
Introduc_:ing essential
questions at. the ® ¢ 4213 dsto] 2A 4§ EFFE WSCWR)
beginning of the lesson
[Encouraging a variety of] o o
student resposes = ATE 59 NLE Al 84, B HE, F
Reviewing students’ - -
Impleme| Cass | responses and the o0 4 AA B S vtEo R 1A Aol 2ALS A6
ntation [Execution|_questions themselves %{E}.
Introducing new
information and oo dato] A A3 Y B E HIE(CVR)
Wﬁzﬂé&fgﬁg@d o Table 8, Table 9, Table 103} 2t} Al 8249
Concluding with o el e 282 A58 o UE W& R HEE Al
outcomes and
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Table 8. CVR for Al elements(Ist survey)
. Repres
de?lmt Proble Se entatio | Data & | Natural .
g& . Social
. mé& Recog n& Learni In‘gerac Inpact
tion 5 i nition Reason e tion
ng
1 1 1 1 0.778 | 0.556 1

Table 9. CVR for Essential Questions(Ist survey)

Sensing | Represen
Podlen | "¢~ | me | Dmma | N | sodd
Fuplore Recogniti | Reasonin | Learning = Impact
on g
1 1 0.778 0.778 0.77 1

Table 10. CVR for Al convergence instructional design model
based on essential questions centered on Al elements(Ist

A27E AdE -

Table 11. First revision of Al elements and detailed

content
Al elements The details A2 | ACTUA | AED
Al mimics the human
problem-solving
Problem & | process and explores B B °®
Explore for appropriate
solutions to solve
problems.
. Computers use
RSZC H(?ngﬁfn sensors to sense and | @ o o
e recognize the world.
.| Al creates models to
Rep(r);clszcman represent the world °® PY O
- and uses them for
asanng reasoning.
Data exists in many
forms and can be
Data .& used for decision O [ } [ }
Leaming making and machine
learning.
Natural Al interacts naturally
Interaction like humans do. L L L
Al can impacts
Social society in both
Impact positive and negative L L 1
ways.

survey) == Meaning of symbols
@ : Directly presented in previous research
Analysis Design Drer},eell?p Irrgggll]en m}gggaen O : Presented as some related content in previous re-
search
1 0.778 0.778 0.778 0.778
432 BAA AE 13 oA 2 +4
4.3 12 d3to] 2AME §3 13 4 Al 820 B3 F5E 94 2 4 Ak g5
2t}
4 14 o)A 2 73 N colm

AL AL 84 13 &4 5 AR, A, BFE B sol WA AFA

Al g0 B8 FFE oA % 57 AL e 5 CIEhS Bk T MAs. we 7170, 2
2}, g 8o tiil Al #EE §o= A3

AR, cAms S oA delesh Aue) g FA TEAS AT ol Al A 34 Al o
gol7t EASCl AgHAT Wep gk wyg 0 AP0 Aadchomed wA B BEL 24
‘Aze) B oA ‘tlolEle}t Tg o7 £} i ofd FHS PAEIRT & Sl e
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7k} Q17F Aolo] AEALS wHIsE ' B ‘Al o] T A BdA AFo] ‘olo]’ 9 ol ==
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Table 12. Final draft of essential questions based on Al
elements
- Essential questions
elements
- How does the choice of search algorithm impact
the process of problem-solving?
Problem | - What differences in problem-solving
& approaches are made by Al and natural
Explore | intelligence?
- Is the search process essential for
problem-solving?
- Do sensors accurately perceive human
Sensing | experiences?
& - How does the world perceived by Al differ from
Recognit | the human world?
ion - Can computer senses expand or replace human
experiences?
I?‘Eg;%?]e - How does Al represent the world?
& - How does Al handle uncertainty?
R : - What differences exist between logical
easonin - .
o propositions created by Al and human reasoning?
- What is the importance of the various forms of
data in decision-making?
Data & | - How does the learning process of Al differ from
Learning | that of humans?
- What innovations will artificial neural networks
bring to data processing?
- What new communication methods are
emerging during the interaction between Al and
Natural humans? ) '
I .| - How does Al's understanding of natural
nteracti .
on language dlf_fer from human language
comprehension?
- How does Al recognize human emotions, and
what impact does this have on communication?
- How can Al contribute to solving global issues?
Soci - What impact does Al have on individual privacy
ocial . g
Tmpact and identity? o ‘
- Whose responsibility is it when problems arise
from Al judgments?
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Table 13. Final model for designing Al-integrated lessons
based on essential questions focused on Al elements

Phase MECM e detas 4 5] 6
Analysis | Needs |Analysis of teaching goald O| @] O| ® [J

=4 (274 43)
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FELES] =82 A2H A5 -
for Al integrated dlasses Development of
Analysis of aspects of assessment tools through °
understandmg desired o o o essential questions
Analysi through Al integrated centered on Al elements
VSIS classes Instructio
IAnalysis of Al elements tq nal Development of
be taught in Al integrated ° Material finstructional materials for| e Ole
classes Developm| use in class
Analysis of essential o o ent
Task questions Leamning | Production of learning
aste ] ] Material | materials required for o le
Analysis | Analysis of educational ol ol ol ee Productio | class (including essential
content (tasks) n questions)
Analysis of learner Learning
chara;teﬁstics related to [ ) Environm|  Preparation of the
Al integrated classes ent | learning environment
Learner |Analysis of prior leaming] ° ol o Preparatio| (SW - HW) for Al classes
Analysis ahilities in Al n
Analysis of interest and - -
A Conducting formative
a_ttitude té%“gnb Al d i Pilot Test evaluation of instructional
Integrated dasses and | materials followed by °
Analysis of the o e Revision revision and completion of|
' edllcaﬂqnal environmen final materials
Environm| Analysis of SW -HW Throwing essential
ental_ related to Al integrated (I} questions centered on Al
Analysis : dlasses elements (Throwing key
Analysis of school support ° lquestions at the beginning
environment of the dass to stimulate
Design of behavioral students’ interest and
. learning objectives thinking)
Learning IS
B dering aspects of
Objective ﬁi&%ng o o oo oo Facilitating student
Design : participation (Encouraging
through Al integrated 1apaton v
dlasses various reactions to lead
- active discussions)
A Design of assessment toold
to confirm enduring Reviewing student
nt Tool ) o0 0 0 O 4 :
Design uqderspandng; etchtirough reactions and questions
€aming objectives (Analyzing students’
Design of Al dass content] reactions and reviewing
Content | suitable for achieving o ol el oe questions)
Desiz Design learning objectives Class  Providing new information
(WHERETO) Executioniand perspectives (Offering
Instructio Selection of instructional Impleme additional information
nal methods for achieving ° ® ntation related to essential
Method Jearming objectives questions to deepen
Selection learning)
Selection of media and Drawing provisional
tools for continuously conclusions on essential
Media and recor_ding apd checkmg questions (Encouraging
Todl learning objectives and ® students to generate o
Selection essential questions, outcomes and draw
Selection of SW - HW to provisional conclusions
conduct Al integrated through continuous
classes exploration)
Essential . Evaluating students
. |Development of essential i :
I%lesﬂon questions centered on Al ol o m(ﬂwduaﬂy.(Evaluat]Ig
velopm each student’s exploration|
l ent elements process and responses
Den\sn(t)p Development of individually)
assessrent tools to .| Providing individualized
nt Tool . : Learning
confirm enduring ® o0 support for learners
Developm derstandi f Process ) hei o| O
it un rstan ng tMOug Support according Fo their
learning objectives understanding and
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application levels of Al . Repres
Providing technical elaélmt Proble Szn&sm eniatio | Deia & | Netwrdl | ¢ .
support needed for Al | ®| @ O| O| © " me Pg n& | Leami | Interac | 00
integrated dasses cnggﬂ Explore m%.cgf Reason ng tion P
Evaluating the level of ing
achievement of learning 1 1 1 1 1 0.778 1
objectives and encuring | | ®| ®| ® | ® ©®
Assessme understanding
nt of Providing feedback P
learning (through evaluation restilts Table 15. CVR for Essential Questions(2nd survey)
achievem Evaluating the level of Al Sersing | Represm
ent level i i
learning adnevemsnt PYIPS Problem P taton & | Data & Natural. Sociel
through gssentlal & R iti | Reasoni . Interacti
questions Explore ecogms Egi | e on i g5t
Fffectiven] < 8
. 1 1 1 1 1 1
. Evaluating the
EVALRL | ffecsiveness of essenial o ol o
Assessme questions ; ; ;
ot Togls Table 16. CVR for Al convergence instructional design
: model based on essential questions centered on Al
Effectiven|
elements(2nd survey)
fmplenre E a?s i Evaluating thy
ntation |Evaluatio valuating the . . Develop | Implemen }
7 effectiveness of oo 5 Analysis Design T e Evaluation
Instructio finstructional methods and 1 1 1 1 1
nal media
Methods
and Media|
Fatisactio 45 27 Asto] 2AE B AT 53
n
Evaluatio |Evaluating and reflecting
nand pon the satisfaction level off | ®| @ 221 dto] AL Ad AUF o2 Y& B E H|
feflection) Al integrated clases S(CVR)O] Sr& FE9 Al 840 *AA2e] e FE
on the
Class Zk87 o] MEVF As AuE A, CAlE I
Deciding on the continued B A Ay e AFRAS FIrL = ‘A= ol7le
Overa]l USeOf- Cﬁonal ]:l‘]'L——OJIL. -E“}%E \_E}- E‘ AI:. _\_L‘,/]
Ol | Ceras and e | of ol of | 0 AEAEe Rl A2 e 4EAEE B
I s 2 $4ske Aol o Adxgrhe 9] glof olF
evaluation A5t Table 178 Al 84 2 A F Yo H=
= Meaning of symbols gloln], 24 AR 9 5 A/ gL 13 S
@ : Directly presented in previous research ol Table 12, Table 130] & Z<kolt}h
A= i) o 1o .
O : Presented as some related content in previous research
Table 17. Al Elements for Al Education
4.4 22k Fgto] zAF Y& Bl HI&(CVR) Al darerts The details | AKZ | AT | AD
Al mimics the human
17 st =4S B £48 e vgos . proble-sotving
- - - Problem & | process and explores
ZARgE 22F dato] A g B E HIE(CVR)S Explore for appropriate B B ®
Table 14, Table 15, Table 163} Zt}oh2-3} 2ol = SOlUtiOHEl to solve
_ _ roblems.
£ 23l 9lof W B Hlgo] A2l 0778 —
] . mputers use
=23y g =)t A=HAnh RSengng &1 sensors to sense and | @ o o
ecognition .
recognize the world.
Table 14. CVR for Al elements(2nd survey) Representati Al creates models to
represent the world
on & q hem f o o O
Ressyring and uses them for
reasoning.
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Al elenents The details AKL2 | ACIUA | AED
Data exists in many
forms and can be
Data & used for decision O o o
Learning making and machine
learning.
Natural Al mimics human
Interaction interaction and o ([ ®
interacts naturally.
Al can impacts
Social society in both
Impact positive and negative 1 g L
ways.
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