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ABSTRACT

This study examines the difficulties faced by content experts in the ontology development
process for science education and explores issues encountered in collaboration with
developers. The findings aim to provide foundational data for Al-based learning platform
development. Using qualitative analysis (Lecompte & Preissle, 1993), the study investigates
the experiences of ten content experts involved in constructing a middle school science

'.) | ontology.

The difficulties encountered by content experts were categorized into three areas: entity

%r;’%cak‘;gr setting, relation setting, and attribute setting. In entity setting, difficulties arose due to
ambiguous curriculum descriptions, differences in curriculum interpretation among experts,
a OPEN ACCESS selection of entities related to scientific inquiry, and lack of interdisciplinary understanding.
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Sh52 Al 3k EHES of-&sto] o] Rojx|=d, tiF-22] 7I7HeH Al 2352 F75
E—EilZQ} %71%%} 24 55 TS QAATHKim et al, 2024). ¥F ZRE o) o] SF-2 Ao o5 7
ZE AlFokA] FaL Qlo] g oleks Bl 9] ofn|7h A ™ skA] A AL YA EATHKiIm etal,, 2024). Al
Shs EAE2 AR WARS Y QAo = T2iE A2 Eel gt G5 wake] Al ZSE0] 739 &
& 50| 2 A7E]o] A2 (Kim & Cho, 2022), B2 Wl kg A 2 A7 o] 2 A o] A WA}
Shyo] ol whet H7gst sl AlAaglo] g2 Elof 9lof 7HRl BHEE 9] Shsgo] o] FoiA[A] Zotrhal <
T}GP‘R";E}(Iﬁm etal,, 2024).

NI A5 EHFONMN HZFT kol & o|F0)A)7] Yl = ghadhes A4
715k alatol] thgk 2] A o] & 23k of glojof 5hH, Q1T A 52 ShEA SHYE2] Bt 4 =l
gt 227t A EtslioF gy, wheba] &84 ol A eksiA| wt 2| Ale FEetekal ek = E A ok= |
7Pg B o3t Zlo] 2EZAolt) 2ERAY HePH o v = EAECR Hfn A9 ofn|E ofsfstaL &
°fsh= hE okl tt. 2E=A[of| iRt A o= ui-¢- TR A AJh7} Sof A 22 2 | 5<t
ASAT A AE AIAE] Fpeto] Wt S e2l'd o Bl o] REZ A7} i AIFEE AL JITH(Ty pla-
Leon et al, 2018). ZFE] 28| A 0] 2EZA|= 2|49] oF o2 Ashe o AR EE 8019 =24
Z & gojo] Heolo} 150 PAE EFSITHISO/NEC/EEE International Standard, 2017). THbA] 2 Exlh

A4S FAsL] Qg PAH A2 E AlFoto] AU RS G 0 2 ofsfstal Aokt =22 & 4
1O (Crowder et al., 2020) Al 7|RF 9H58] Sk ZHE o] 712 2k871 2 4= ik
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Lé 2 2ERAE ol85lo] A 2ERA| 15 ATE AASIITL ALY AHE 93t 2224, 2SS

SEZA 5 HEIEA] 952 SHE Zof A7 &ofell o] £ AAIEks ] flg i o = = 8T, 2024;
Park & Chun, 2023; Park et al,, 2023). &= 2A|of| gt A= TF-E S ok A wdlstal AA|eksh=t|
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Difficulties and Solutions Experienced by Content Experts in the Process of Developing a Science Curriculum Ontology

o Xﬂ—J ZEEA g st 1 JEj7tohE 4= Aok ol YubA o 2 3lstolet= shEo|
*1—4 A A FZ2E Yedle 222X w50 2A9] oFet 2 22| G4 @4} 11719 A WAl
]EP(Bussemaker etal, 2017). &&o|ah= SHE P2 A4S F£38} 5= A2 7HdS o] F+= 519 7
]TiJ—]', 0| PAZE - F L5k 11 519 7N E S o] F= TR A S 2 /8 TH(Bussemaker etal., 2017).
SRR AR EH S TR 49 Aolid e E37F Aok, L shs 3 Qb o] 7 dx 159] Wk
o] uf-¢- F25tH, 5k9] 7ido] W AL 59 7I5= ol = k= & YRHAYl 2ERA = THE
Ah(Zouri & Ferwom, 2021). T3+ k5 22| oA 7)id S o] F= 519 7ido] 7 E 4 HgH TA17} of
Uzt 2 70g-S olali517] 5t shaye] M3 A4S o]n|3kal 1tk Zouri & Ferworn, 2021; Piriyapongpipa et al.,
2024),
uf2ba] AL 7|5 BEE SEE 7ol AREE g5 AR LEEA] /S oAl detuS Aot o Eo
SYE9] Bt ofsl =t ofalf {4l of] TisiA] A UL % WAFHE7L S W8 AE7F B a6ttt oFA
THoickee] 2E2A] 7 Ae 7]e AR J9E T Qlom, -8 dE7tete] Aol tigh Ae I
5| o] Fo AL UA] etk 2E= A= ofue] AJEo] ofy e} tlo|g{H|o]A0] FAu} 2| 7ke o QA g5t
Lrjol] mje} oh2A] A CHKim et al,, 2016). ©]of] & Aol A= W8 HE7Pt e A= 2EEAE 7N
et oH o] 25 AL of A A she=A] wfet w k] AllE Fof] ERlsi E A} gt o] A E
HER UEAls EHE oA W& 271 g2 Flstal S E4]Q1 Wit 2E2A] 7ES ¢
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1. AT 23 E 7R 9ot 55t st RLEZAE 76k IPYolA 8 72 W8 H-27F Atolo
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2. AL ZHE 7S 95t 55t st 2 E 2 2| & 75k P oA W18 27t 7| sxtete] EdshHA
Zdeste ol Folo] o, s ARk Foljlvp

Theoretical Background

Definition and Components of an Ontology

SEZA = A oM EA R L= EA] ofn| £ ofsfstal utesh= SHE ZoFE o|n|skl oLt
2790 W 5ok Q1A 3 4 ALAE) Thsfel Wt gl ARE Tt RopollA] 22 ALSE oIk U
E] Aol A 25245 25 ARE-RH 212 John McCarthyE = A3 2E2A0l|A —?3“515 Aol o
3 ofse] HAjo] AL AAES] 2l H o2& TESHS BET} 22 WMol A] Aol 22 71T s
everything that exists, building an ontology of our world” k11 A58+ THMcCarthy, 1980). %%ixl of| that A+
+ A 1990t FHHEE] EishA] o] Foj it £5] 1990t SREEE] 20001 T Z57EA] QIEIU 3

o] &4 A4S ¢t Al9HE Y (Semantic Web) 7HE T} Tdsto] 2| 41S 2 E 2|2 LX25)6h= W of
3l @2 A-=0] o] Fol R ThHebeler et al, 2011). TFYSH 2oke] 2| AS LERA| 2 1501 =t FA A<
I=R=!

F2ol| A alabA ol B2 7kA] thefet e Q] 2E = 4|7 7= QIThAL-Yahya etal., 2015).
LERXo] 74 R4L 75512 5 2%|0] Wejuf ARgshs AFE] dlojo ne} treA) gEsn),
o 2] e} 4R E Al 8o] AR T} ofe] Aol A Table 12+ 7+0] 2]k Q1thNoy & McGuinness, 2001).
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Table 1. Components of an ontology

Term Definition Example

class A concept of an entity, a category Plants
instance The actual entity of an individual element Pine tree
attribute Characteristics of classes and instances Green, narrow leaves
relation Relation between classes and instances Belongs to

dubz o g QIARAE SHAS TS 7HE 5kl 9] ZHAIE ojnlsh= 7'1_%% AN = w5
off AAE 7HE2 sk9f g o2 wafshs HgollM shte] IA-RATEE e Q1A subclass”}F 2 4 )
onz JAet JAABAS Fof EAEA BHoIM oI5 =< O\i]E]E](entlty, o5t lEjE])2he &0l AF
85T A et al,, 2016; Yang et al,, 2024). |2t 5ol x|2h= S0 o5 F/dske Aoy &
T 52 A oleke FEiA EXS 7R B & QIAE AT ol 1] Felj A7} HthMichie et al., 2019). 2
A0 2 WIS o F 2 SATE /A F22] GAV B thar] tiZe] & AdFelM e S
AAHAS BF oke-S 4= 3l AE| ek 8012 ARESINH: Wk & AtolA 25249 4 2
A e E e ES4, PAIR A EH ojul] £4d2 AE|E] o] B} Zlo] & g she AT =(W3C, 2004) 7
of, ‘oju]’, ‘AR’ o] 2 4= Atk

Ontologies and Generative Al
SERAE =HQ A4 2ot e WAIE BAISKL Q7] wiizell, esAt od E 52 AY
3llof sh=A] whesto] 7iRIE Sk F2E AT 4= ATK(Shen & Shen, 2005). =E=ZA]o]| w2} 7
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N EEE B Aol e REZA = WA TS T 4= Utk SS9 A Fo| Aifol 7|RkE#] 4]
F2 mdl 2 shaato] Ayt of| Sof FAeksh 4 QITh SEA|TE Wang et al 2024y SPYE2] 50| A4 &5
gl whet Mgtk 2ol 248 g0l 34 5ol tidt RE2 A& AAlsHL, o & I3 A5 AoekE
o Z&sto] e Aol S A EE =Y 4 AU

Materials and Methods

Research Context

= 9] F22 sk iRt Al SRES ANEsl| flsl Eot Hete] 2ERAIE TSk 2ol A
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Aoh= Ulg A7) ol g2 A E A} Sk Zlojoh & ATtol| M 2E2A1E 7iEdehe WA
2] H}A|(forward engineering) O = G t2-oF HE7Fe] A A Bl Bo] 255 Folf XA AHS
Ao @M Ao SZoA] 519 42502 2EZR|S A 7H= 1A (top-down approach)©] T}, o]
L Eaz|o] Hef g A} 7|EA 7t L35}7] 4 AFE| 2 Mgl HRAle Ay EA|E nlelS 0] 85
= 710 2(Denisova et al., 2022), & &7Lo]] Zolgt W& HAE7FE2 2015 711 w8ty S 7| 2o 2 ofg 2}
glo) Hols 53wt 8- 7|8ko 2 Fig 13} 20| 2524 S Al gtk 2 E2A): <l E-nA-2lE
E|2 B3 5=t (Michie et al,, 2019) 2ol] 9] X3 lE]E| 2 Q& 2 A'2 Hof| 9]2]3} NEIES A} @ 2'2
7gotal L Afo] o] HAIE A oh= FEIZ E SIS
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r-lm
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l' P

QEE] A £SH(HE 24) A M= 2| QIE|E| U £H(CH4 24)
ST T Y=o TS S ORI, % S5O Y]
:: == A}i}q e == =58 % 1504 isChildof S 80 2x0t 7|5
B2 222 7|s 2.1.8.2.4.1 isChildOf =5 7188l Pa 7SS Oldotl, =& 289 Helg
5‘.%‘° Ar§-0}01 S & AT
S50 212 2.1.8.24.1.1 isChildOf
SE7|%9 2R 2.1.82.4.1.11 isChildOf
L ES 2.1.8241.122 isChildOf
5289 ¥3 2.1824.1.2 isChildOf
=2 2.1.824.1.2.1 isChildOf
S40M2| 2| et 7tz et 2.1.824.1.21.1 isChildOf
Sa0Me 529 A 7S 218241212 isChildOf
g4 01824122 isChildOf
A 0]|A{Of ZtH|w of JpR Ot 2.1.8241221 isChildOFf
il B e I e B 2 2.1.824.1.222 isChildOf
25289 =28 2.1.824.1.3 isChildOf
279 715 2.1824.14 isChildOf gdiu 2R} 7| B
| 0| A2 7|3 it 2.1.824.1.4.1 isChildOf EEERED
229 DM M2 7| X g 21824142 isChildOf 5579 7|15

Fig. 1. Spreadsheet form as an ontology development frame

A S0t MENE], 51 ME]E] 9] TAl= Fig. 29k Zo] e, of| A1 x5 84|12 7120} 7|50l

L 55709 72, 55250 By, 55709 750lehe Ut 8.4 5 5t9] el Ejetud o] 5 91
W5 1,2,302 Uehol 2 722 HHICh w3t of2let 3}5) 8452 TRk S ke B9l 2k
52 e g 240 YA ME Hol thA 1,2, 30]eks £442 2ol 319 e el HHFHY of
£ 501 S3A19 &2+ 25 7] SRt Hl2ek= 519l Qe el S 2| EHA fA| 27} FojEnh
SE 7@ Fx0t 7|58 oldstn, 5 289 ¥ e
21§ 2F 2 ALSS0] 4¥E 4 ALk T
879 2297 218241
ZEA9 S579 21X 2.1.82.4.1.1
T22t 7|59l 557|225 21824111
5t2| QIE|E| o 121824112
122259 92 2182412 ia“ L
£5 21.824.1.2.1 " 2%;3_%9'
SE0IMS| Zu| M 12 218241214 \ €22l o9l AIE|E|
Sa0IM9] F2ro] Uit 7|y 218241212 ,,’
ga 21824122 3
A0 Ao| Ztu|w ot 720t 218241221
AN S U O |Y 218241222
§8259° 2% 2182413
5879 7% 2182414
o 2o A2 7| X B8 2.1.82.4.1.4.1
L20| MM 7| 2E 2.1.824.1.42

Fig. 2. Relation of hierarchy numbers to entities
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U8 AZ7Heol ol e REEA = F5 7|extao| AAH oz f sl om, o] IHoj|A] A|Zk5}
E|7] g FE, @77t U FEo] S 79 71eAtet WE 27t Abol o] folE Bl RERAIE 4
7gstelct. durd o 2 RE g 29| 2T AiE-2 AFE Aol =, gt AFEo| olsfist7 o= ojaf ol 3
ou &z A o 2 7ig 7ke] 25 meld 4= Jle AW O E R = SHrh(Liu etal, 2023). A A]FH0]

W5 I O] W82 A A L A, S AR AZASHAA R shgAke] A7) gk 93] HEe} g
AR ARE Ayt 85 430 g AL E AZElSt AR 2 A (Lee & Choe, 2024), 2 EEA] =
A o Ao g 4= it

& AollA] ikl REE A= Fig 32t o] E7] 22 o]=sh<] QNEJEjof| A A|&sto] A of 4

AR AEJE] 2 7HA| & #oju7b= {4 0 2 7 \d & 2 A ol= FEIE o n| Stk

T 3% pra 1e@

CECERY
Is Child Of

=

-
otz o ma 3mapy

Type: PNESLS =
Full Statement: 24| =0 A
Education Level: 07,08,09

m
OF

S

Fig. 3. Tree structure of a knowledge map and representation of each node

Research Participant

E Ao A 7idehs 2E2 A= Hsto|gks ShE 9ol S F7|Hot st wate] Stolehs &
Holl o] glong W8 ME7ta st wS AE7HY @ Aol FHSH wAEo] Fofsieltt. Al
78 akEd S E|A Y ECIA Shs HEE AA 0}71 sl ARk Q1 1k} 7 d o] sk oAl E sHY <]
AA70d} @ 7H ol tisl 525 QIAIsHL Q= W& HE7HE2 A 2leh7] Sl A A 10 o] 2] ws
1Y I A B o] e U HEES qﬂoP@‘E}(Table 2). =3t HopH 2 wata A" Aol 9=
U8 AE7Hs ALl ol witA & FFske g0l wsatyel & l*éoﬂ St 1Rl HE7HEC]
gho] Yol A FES rteliie HH S 7o) mEoll(Kim, 2024), 3kA] 8 7o) & AoA =

Z31A4 SHe A S 7H 24 £EsHE mgol B 4 ik W] t2o|ck A7l Hold
7163 ol EIZL BAJolN ek 7145 R Be HgAkSo] ofn, w3t Al ZUE Y ol 1
8 igick 3t ofe] 7|42} 9108 LERAS FEAIon 1 F A 8 HESE AE s
W40 2 2jelo] o] RojH 0 0 2 Lh§ HE7HE] It AN SHES Sk
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Table 2. Research participant background

Participant Major Degree Remarks

A Physics Education Ph.D. Textbook compilation experience, more than 10 years of teaching experience

B Physics Education Ph.D. Textbook and multiple problem book compilation experience, more than 20
years of teaching experience

C Chemistry Education Ph.D. Textbook compilation experience, more than 20 years of teaching experience

D Chemistry Education PhD. Textbook compilation experience, more than 20 years of teaching experience

E Chemistry Education MA. Textbook compilation experience, more than 10 years of teaching experience

F Biology Education Ph.D. Textbook compilation experience, more than 10 years of teaching experience

G Biology Education M.A. Textbook compilation experience, more than 10 years of teaching experience

H Biology Education M.A. More than 10 years of teaching experience, experience working at a middle and
high school

I Earth Science Education Ph.D. Textbook compilation experience, more than 10 years of teaching experience

J Earth Science Education MA. More than 10 years of teaching experience, experience in writing specialized-
related materials

Data Collection and Analysis

WEIES 7|28 ohe 2ERAIE 50| ol U8 270 =9 =2, ok, AR ate), A1+
st 2k2} 3-6A17H 2-33]0]] A 10~12A1F A 9] 3]0} & ZYsiint. A= 2 =2 d7ge] o
stem, o] I oA Lhir= tiehE B Sg5to] ARSI 7] Aket U8 7t Ate] o] § o) 172
oA 2 W= Bl ol Fof Rt 7IsAtet g M7k Abo] 9] =ol= Al7|A o 2ERAE /dste 2
710l 252219 |2 Hohe g2t Pl whd FEjo) 13} 252 A] 7ido] 1 % o] A AR ®
AlZtefshe 2ol A EAYsHI T thFo] Al = F4F Al 25 ohe A 01]*1 gt 0}91 o U-& &7t
o] =05 &l A s dst3dL, o 47401]*1 7l ke HY A27FAol9] 5 =9
= skt

HE Ame AP AAE 7182 ARESte] HlolElE BASHE A4 AT R R34 24
(Lecompte & Preissle, 1993y 28510 BAI51ATt. AA| /= /4 842 Falst7] ¢ish 7
7sto] e BE e MR ek 84 A2 252 A 15 o BollA A4
ofdio] ko= ol ®&4]Ql A ol2tal & 4 Stk /B4 A2 ol & E7 HFE A4

= =TT e ar
3L, HAHE TS BAE djo]E)E HiFel WA ERathiL, 7 ERol

d
lo

fu o op

Hlolel HAjste] melg o}

U2, 21 ool afdlol 7 Riaf e ol £aoHE 42w Er ol & Gl s L5
o] 37hA) 74 24621 B2, B, 4] |2 AYIo] ok, FAFE) o clolel 2 o1 8 ol a2
BRTS A SLUE o] syl e ol 8 £ 2912 o) iR SIE AfieR 14 39
2 SH9ICk 2 AolA] mlshs ofe}gofzt ofshe BolH eRtE TRk o Box) 4 e

= o

W& 271t el = cldT 4 gle ’E}%}Oﬂ oigh 2/ 5= 2n|aith 13 F5 ] A HHS HF 2
ST A0 2 Ueh= s 0 & Fof 22 & AAISHIT 24k 7Y Foll= HE U 12k 25 3}
HHESIo] HEsHHA F4d8lohs 1ol A wee] gjSro] o] oA A] ehgl=A] A|&4] H

comparative method; Strauss & Corbin, 1998)= A5 AR} = o] Zkx} -8 ZF717He] of

&A1} -8 HE711He] o2 8- o} Taguette Z2HE-S 0| 8510 139} 22} FH S o & A2 WAt HE
sto] BFd/d 2 S sttt Taguette 72 34 7]9]=o] wje} ohA] tigke] wetZ T

a4 719 o] whel2 ThA] A H A} ke 24 0] o] Fo] %= FRlsi 1L

1=

Brain, Digital, & Learning. 2025 Vol. 15 No. 1 45



Son & Park

ol2 Saf gelalgit. £ We) g7} 3 3 We Ulg RS0 kols 2Pl The g He 747
7to] o)z Zpeigl 0B @ Zh7t Hofst Blole] tlojel A T M2t AEdto 2K Al H
32 2285} 5134} 24 7 Fol= of2ige) X Aele v|F0 2 gYslsio] AT o Y
2 WE7} 7ol 2 871219 of el 3} s AeHe, 714 AETlste] Aolol M % 77142 ofe et 62
HRokg SIS}

Results

Difficulties and Solutions among Content Experts

g HE7FS0] B2 E A 712 o2l 8- Tuble 33} 0] 8712 2 Heldt 4 9on] g A
27} 702) 212), 7] 251 9ol g ol 0.2 e AsHAT

Table 3. Difficulties between content experts

Category 3rd Level Coding 2nd Level Coding
Entity Difficulty in Selecting Entities ~ Considerations for adding new terminology not present in the curriculum
due to Ambiguous Curriculum  Ambiguity in achievement-based classification criteria
Descriptions

Differences in perspectives among researchers on the level of functional objectives
Differences in perspectives among researchers on learning objectives
Difficulty in Selecting Entities ~ Some knowledge exists in textbooks but not in the curriculum
due to Different Levels of Differences in perception due to varying textbook development perspectives
Understanding of the Curticulim e need to consider actual test trends when setting curriculum writing levels
Difficulties in defining the terminology itself
Difficulty in Selecting Entities for Creating entities related to graphical diagram interpretation
Inquiry and Determining Level of - Concems regarding the selection level of expressions for finctional representation
Specificity Difficulties in selecting subordinate knowledge elements necessary for exploration
Difficulty due to Lack of Selecting entities that require interdisciplinary knowledge
Understanding of Other Subject  Disputes arising from differences in perception of terminology within the same subject area

Knowledge Lack of connections to prior knowledge
Difficulties in linking elementary school subjects to the national curriculum
Relation Difficulty Setting up Relation  Difficulty in selecting appropriate terms when relationships are needed in learning sequences
between Entities of same-level entities

Considerations for learming sequences in hierarchical entity settings
Difficulty Choosing Terms for ~ Concerns about overlapping or parallel relation between entities
Setting up Relation when the Order
of Learning of Entities is Important
relation Difficulty due to the Versatility of ~Challenges in understanding the essential meaning of terminology

Terms Used as Properties Considerations regarding the clarity of term meanings
Difficulty with Attribute Concemns regarding the specificity of entities

Descriptions to Express Depthand - Challenges in defining relations and expressing entities at a detailed level

Breadth of Leaming Difficulties in maintaining consistency in terminology formulation across different formats

Difficulties with ‘Entity’ Settings
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Difficulty in Selecting Entities due to Ambiguous Curriculum Descriptions
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Difficulty in Selecting Entities due to Different Levels of Understanding of the Curriculum
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Difficulty in Selecting Entities for Inquiry and Determining Level of Specificity
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Difficulty due to Lack of Understanding of Other Subject Knowledge
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Difficulties with ‘Relation’ Settings
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Difficulty Setting up Relations between Entities
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Difficulty Choosing Terms for Setting up Relations when the Order of Learning of Entities is Important
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Difficulties with ‘Attribute’ Settings
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Difficulty due to the Versatility of Terms Used as Properties
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Difficulty with Attribute Descriptions to Express Depth and Breadth of Learning
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Difficulties and Solutions between Content Experts and Technologists
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Table 4. Difficulties between content experts and technologists
Category Difficulty
Entity Difficulty with Curriculum Presented in Year Groups
Difficulty with Duplicate Terms in Each Entity
Difficulty Caused by Programme Errors when Using Special Characters
Relation Difficulty when the Formal Hierarchy of the Curriculum does not Match the Hierarchy of Real-Life Learning
Difficulty in Expressing the Connection between ‘Preconception and Nodes’
Difficulty between Content Experts and Technologists in Understanding Relation Terminology
attribute Difficulty with Visualisation Limitations Based on attribute Length

Difficulties with ‘Entity’ Settings

Difficulty with Curriculum Presented in Year Groups
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Difficulty with Duplicate Terms in Each Entity
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Difficulty Caused by Programme Errors when Using Special Characters
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Difficulties with ‘Relation’ Settings

Difficulty when the Formal Hierarchy of the Curriculum does not Match the Hierarchy of Real-Life Learning
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Difficulty in Expressing the Connection between ‘Preconception and Nodes’
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Fig. 4. Difficulties setting up relations due to term repetition
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Difficulty between Content Experts and Technologists in Understanding Relation Terminology

27| 2 Aol A Z-g7t A ol of £ ZARS 714 Table 42t 0] 4714 2 A2 = .

Table 4. Relation types and definitions used in ontology development
types Definition
isChildOf

Represents a hierarchical relation between concepts when viewed from a classification perspective. The origin is a
subordinate item of the destination.

isPartOf Indicates that the origin constitutes a part of the destination, either logically or semantically.
isRelatedTo The origin and destination are related, but this type is used when they do not fit into the other specified relation categories.
precedes Represents a sequential relation where the origin must be learned before the destination.
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