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Development of a Visualization-Based Web Tool for Korean Traditional Music
Jangdan Appreciation Education and Its Educational Effects
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AR Ak SUL 2 HlEAol A et % AHat 3 U 91312 nlgste] ERIARI 7t CSV Hlojelz
FE3tc). ol Slojoz Hefe A 72k A% A, R Ht Jlerilor FAsklT Hed 7 Sx
S22 7jAS A|Z315to] HIML, CSS, JavaScript= 783t 5] Ago]A2 smstgict. olol e w8 avh
L o] 25IAHS TR T 7 A Hln AR Asslelt A XSS 2, Hek 9% Ax Lol
Ago] BARGE SolelA] HAlom, 3 v BEoAE ARl o A, olelet Aok g 722
A7k H1oh g AXSRe WHalo] siRte] Qo 7 Qalg AdHon Eirks g molwn], A7) 7w
ot o Aol e RsAe BIst Zolet & 4 gk

FHOR AT AZs) S0t HgLs, UAE JE o, 8o & 9K, Aleh 9 B

Abstract  This study developed a visualization-based web tool for Korean traditional music jangdan appreciation
education and quantitatively examined its educational effectiveness. Timestamp-based CSV data were constructed by
marking jangdan transition points and first-beat positions in a sanjo audio excerpt using Sonic Visualiser, then processed
via Python and CREPE to visualize jangdan sections, transition points, first beats, and melodic contours. The completed
tool was implemented in HTML, CSS, and JavaScript and deployed via GitHub Pages. Educational effectiveness was
verified through a post-test-only comparison design with pre-service elementary school teachers. The experimental
group significantly outperformed the control group in jangdan transition recognition rates and demonstrated smaller
mean error values in first-beat identification. These findings demonstrate the educational potential of visualization-based
Korean traditional music appreciation education by supporting learners' musical structure perception.
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L H2e B3] SOk Q1A R4S Agska 7 wekal 8ot 7% ofsle nek
5= gloe aido g ARRE 4= Qth(Tejada & Fernandez-Villar, 2023).

Fobmg ol olajg Walo] e ol 31 9k, AL oFolxl ATEGIAL
HAE 7|& o FEHIAE B8sto] w9t U2 A Ystels A7t A3 S 9l
oh B3] EASS SYRd tfREe) AEH Fepago] XY B Ml A8
Vo) 1% 754E eleh A5l SHET, oS M| 9% Tkt sk
HIAE0] 71K E=9jE]o] YThKim, 2022; Kim, 2023; Kwon, 2021; Park, 2021; Seong &
Kim, 2011; Son & Oh, 2022).

ek Fot 17 W 24 1T FHME D 714 Basto] Ajzsiala Al

L TR o] 2ojA) T Yot TAHOTL Felo e HFHOR AT Ay
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£ E71 QJth(Lee, 2023; Park et al, 2026; Yoo, 2025). B Uo7} HT QlEAs 1 &
71E2 8 58 B4 AtolAe A4 9ol HED W 2o RS A7,
FAA ARmE AAFOEN Fof A WsF 7HsAdS AR SR HolFqt
(Kim et al,, 2025). S| H, o]2fet 552 FtuRoA HAE 7|&o] Joto] 24
F&EstAY Atz Zo] oid @5]8 =ete] olsiE 4ldlolhs WP E &84 &
Q2S5 AJAFSITHHan et al,, 2024).

SHH, 7129] St =of W RoA = 39 S5 F2E olsfisteSs w71 Hsh
WARS] Aol drgolu; S, FHI= & oMY, olETAlelAY B E 52 S4
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Foto] goby ofiit TEE S HiE HE3P] ofele Ro] glel skt
Fo} Q42 ojsishi AP 5 YES AUSH: thoRet @ E7Y Ato] AFe A
olct.

£ Qo)A ARkshe AZsk gote] Bela] 542 whes] MEshe WA ol
o BRIV HA/ 1T A QA 3o QAT A7 FR} P TEoNse] S

2 S it ol Fo) o} ol Bst S Yol 8ote] 72E Al

olef wet 2 A9 BHL otk WETY 1 o] TAGK Ae 4 A
ETE IS ol BT o 1y e WA HIS BT o] ek 53
SofolA o] Hgol YAE 2oL Y el e Hol FB3jol B
F4o) Azl WAST 1 B8H aNE dFSA Aok

B ATE et 22 AT BAE Agsian

RQI ek A2t 24 9 T ofd AAsh L So s

RQ2. et AlZkeh 2 9 mT0) 282 sAte] R} 24 ofat W8 AE
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20 LSS SHAE 804 £ 1 9lo] §71 Eek oJrlE ofsfsle, ot
AR WHSHIES B 18 BEOIch 74 94t FHE Wol S0 553
F2E Ak, PAH BRI A Sl WA Bk B WO ofssict
(Bang. 2012; Jung, 2008). 0|3t 74 ABE Sohe 7154 A4o] ofd el&H] APo=
SE=S S, Sete] 2ot Aot 444 FAl BT 4TS Tk

ot 482 olefst Yukd MRl 44 Slo] 4Bt 199 3o ot
ARYE A A olFHES T B4 Atk Hohe FHe FHo® o
5g0] 2T, skt AQAE 1 9ol 87180 s Sotol] thEe] 24
FAolA] goto] oA AT ASEEAE ALJSHE Ho] FR5CHKwon e al,

2009). ool met = A2 Febe BYER A/ |ET A I Kol QnlE
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FATH= &R o|FfSIE S o|1i= SF HAS Adrh

Wee & 44 oldlls 2FH L ohaAte] Avl Fd 943 dsH A
Adcth S Eom 29 940 72207 Holoh= SIS SRleHA Hi=
ol &AEE HolM HAH Aee FAISIsL S84 S Heg el o=
&g FHeh(Hyun, 2011; Moon, 2009). E3F IHFW &L BE o 59 Uo7t
=94 ol3lE FUstE A YHORE AAIH Fom ST WSIPYoIAME T
ek FH EEol ohdet FoF 848 skl s, g 543 st 7S
QIABIAL, o ou|E AEtal 4% IAYE sk B o R T4 Frh(Ministry

3bo] Het.
2) TSUHOIMS| Bot ZMTS

A okt BRI B4 A%, Faw ) 94 3o BF FHo= AN
o
o

g 19 523 29t F 07 85|11 QtH(Ministry of Education, 2022).
=3 202 714 2o BEIFOIAE TS ool T P4t Uelo] wet
T

$8317 WHESHe SEOR L A Sol4 Sobe Bt Behe
= 1

ESE HotollA = 2o QA4S AWE o, o] A& A= SoHA Jid ¥
ZR83Hh= (Back et al, 1995y 7|8EO2 ka1 glof ot IS4 ] ATt S
- Z83F AUl 7Rk & 4= Qlek AgTe] Hdk= Zoto] 20k 552 QlAsh
71zo] Hk. wpgbA At AHe] 553 @4F wofstal ofsehe A ot A
W50 ZHelE e Zo|git.
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S oAl 49] oFte ZARkE AR ARSI B9 wot SigA 2ok
A RO et Wi} 22 A QAL Ol ofeigel et 53
FoF AL ofd AP FOR Ex HPNH FHL olshshEA BT A4
@] el Bete} sl gof AUTEE nrt YA AR =2 S e

ASIES EL 184 RS A7lo] Fot 242 B At 99

GO QSIS A ol Sob 233 e FRR ol skl

22 2ot 7S B ATEL AR i AHo|A olRojAL 714 49
AR9h 1 AR =0lshe ATSo] 25 0|21 gk 2A] F 7R

SRy BRI AR5 4 =3
ok GRS AP ST St BEESIS S0 N, A A 109
Zro SokA &2 Kt} EAFo7 oLEo]t}(Jeong, 2021;
Jo, 2021). o= =9} o] e mAAES dol S| S50 #2E A= H=
aNE & 7 U= AAREE

HHE SHolA= st cﬂ’%«] ASZHE Aok} oy A& SHoM = daso
TAE WAL Qlof vhefRt Aol AlS= ok Strhs AHaH(Kim, 2025), AAl= A4

oy oLt TR =2 A2t %ﬁ AE 283 UL SEAY ofseet Hole2 B0
28 g E&o] Holu g3l dFE0] QtiHwang, 2008; Kim & Kim, 2018).

S, T D DAY BHE B PHLKS FHE AT Aol 15
A 183 olFo] ool Thed] AT St TEL WolH S0k e
I o] 2 £2-2 21 Quky 8|1 QLo Kang, 2023; Kim, 2024) A1A| 23hAof
A Sohg ThL Sl AATS] WSl S Ho| T A F-40e] Aol ot Qolgke
SO olol 7] olFTh AF HAl A A|EIekYeo, 2021)
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5

QAR GeAE FAAHOE SIS WL 7 ¥ BE FssH Sl e AR
golEz 2elo] | B9LALE olHE 4 YET AZHOZ AL I
i

2. OXIE 718 Atet =9 Adus
1) UM CXE 0o 289 WX 99|

521 SHAMY BRI EL AFIFolTe AAIA AlSRto] = FAH =4
g = AE EAB 10l HAIE rlyolE w7 o

W - Shsy wj2nh)] o2 0] Aol Al &2 2]9lF Z=Th(Hyun, 2011; Ministry
of Education, 2022).

A, QAE nHolE B-83t MY w2 A ASH 20l Eee &
H7ZVA A ofut A=35HA
SHALe] WES S|P } 47t A

A SRS AAA - R eR Xﬂ*ﬁ}ﬂl HH oks U84 Ql SHolA 3—}%1}%
Soto] 2zol 529 W] AXFH Hu] Ao 2] B TS Zo] BHEA
et

4, tiAE vlolS gshe 24HQ ok a4t FHH L2 4 ot ok
AZPH o8 IAER] ke A7E elrole). Wb SR Avfeks BT R o}
o 729} WskE $71A0 R mASo} SH FERE 71 4 gl gick. 53] 4% Fo
NN oA 235 = B5F Ygolu JH7T Fi= 8450] AHZ FESHA| AAH
A AR AgRtez ojojx]7] ol u ghile] Aoyt Aol 249, 712t
Z3} 5 39 ofm|A] AHEe} Aolsto] AAStehE HTte 2= A7 4% AE
Zoto] mEg Hos N & =2 4 QU

A, SkEAHY] o WHAlE 5F HF0IM 554 g R AARITh WA
Argolnt &k 7189 A FAolA sksAke ol siiE 8ske &4 Al
HE7] ot v OAd =5 E-8oPd eEATt T211X4_§ <o BAIskaL vl
She &50] 7ol o 54 #3tE A4 HhRS] SoH 24 A
A SRISHAY, 2419 2ot wdg AARte 7 HAsk= HJ*—!O]
Ao}t HIs2 A= A sS B - Eol= 4Est E-TLO]EHOh, 2026; Son, 2022).
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2) AzEt 7jgh ZEuRo| W'Y ks

X7t} 79 B ARHE got Wlel T2E A7 ARE FAHOR Eefyicks
oA FAAR] A4 7hs/de 7T AR HolA] ¢kl E¥= 9= A4
HAL] AR AANFOEHA Sh5AE Fote] WHE, Wl Ak 5o sigohs 3217

2 QRS 71 ok U Sl B 84 A ol et <
QItk= Zo|tiHiraga & Matsuda, 2004; Jeong & Nam, 2016). A|Z}s} 7|8t ZPATW3-0] WS4

7573 ofeliet At

A, 2o ATk Sote] AAAQ 553} 25 ook o] =22 & 5 YT
Zeh4] 2ok TR B AL Soto] WA TS AAH o AN i
SE I E(flow graph)S B-85FAY, S S (acoustic featureyS HFO=2 3oF <]
35S BoFe 39 2 0 (music flowgram)S A|F6EATHJeong, 2015; Jeong & Nam,
2016). o= S X157} Thes] mgolut FulE HolRl o] XA ¢al, AL
2oto] 583 725 Fobohs S 1R E8E 5 9SS HojErh

A, =2 AlZEt 7|EE AAS] B a/do] B ZsHA Eﬂiuﬂ’% TofollA=
A-grrh Zero] Sobao g AQfP o 91x] E7]o] AX Al A2 E whelsh=
ol mj- Fasitt. ol WA Aok SFolu Aot 7HEE A|AH o R M
AABHE WAl 2 TgollA 2ot AU 25 Bk HEsH Q4GRS F

AR, 2 8% o) o AR S0k AR O ANIE Aol A
L gote] THALE dolelst slold Fet 41, Telw ofv
oM B} g NARAR thSstel QoM FHH R AZsste ARt UL
RIS 1oF: 5] 5 sl Nasigony
o GrHoE olsIHE EE BAF A0 SIS Sl BT 4
o 7Rs 4 AABHEEHKim et al., 2025).
o gere) 7ot AF AFI A whe AZHOR Al AN, S
4el SOMA FAO 1 FEE $XA A el 4 Uk @4l B o)y A5e
£ @50] o927 Y S8 got0] 588 Y0 T8 FUsKe A0 v
¥ AlZeh 7]e S0t AHTRE 4T SO WhsE Foto] 724 42
§ SolX PAHOR SRR SEAE St BHES SEHOR ofaftES
Stk oAl w24 oolg gheck
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M. 93+ 4y

2 As = AT ARES A% A4S Y F =78 Sk oY =S
S8R A ol SR A A7} 291 ofsfof] ojwldt weA avkE A
=R dolich aESS oA AT SANT R Yirol W8 A
0] & oS H|wsk= Wl (post-test-only designyS A1Ei5}3ATE

A7 e DRI SIxIa wRehstito] Afst el o] ZEIAE THF
5 2UTke BUT TRV SRrelsion] alg TR BOPAT hEel 2AAEA
28 94 oI F9F Y% 2 o LY FBL AL SIek W @ ol
K 45 oL} BUT BT} £29) $IL T o] Hgalol, S e 5 )
At o 0] SE4S SHSH B4 BA01M 87 A 7H8=S ALEst
of W& oA YL 5 QU= HAS 7hest §F BASIT

%”H AZst 4 Tt i dA ol Y ARG o R ok AR E 41735}5’— A
HH Jnelg olojAs A 25 7|0 37 US AEste] A 141, A
]’“ A, 71 S BHIARE 7] HlolE = A st ol& HJrO]’z‘i(Python)—E A
2ol A2} 4% TSt on TS "l 7N 34l 55 2EQl F¥H|(CREPE)
£ &-8o19} YA == HTML, CSS, AHEFATH E (JavaScript) 2 A|215ko] Z1E 5|
O] Z|(GitHub Pages)S 53l Hj2Z3}ct
A, F = A A& DAtk DFAA A WSS oH] 2EHARE e
2 AT sAT R et & A BF 4% wpA Eten, At
AZ] A Fa 47 oY B2 W8T 0 S 7 24l SYsHA A&sto]
7 FEAS FESIGI o] & Yo E—‘u:—0ﬂ7ﬂ 712 A $YE 43] FYSHA HAlst
of gete] FFet o] gt 7|22 z

49l of3) 42 W H, EANT 29 wi
WApe] A F419) WEH A4 #%*%, ARl 2L ANDE FASE A7
ot 9 =75 S B8 PAo] $9L 27t Agstdct
GA, A A SAelEk AX) 49 ol § W thoR U ATlA e
e IS XSk AR 224 9(Choi et al, 2007)2) S QA AAH A
ol Btz 4o} ALstEon, oF 353t AL Tlok AR SUS SOHA
AnE qelon e Mg AHI A ke AN R F1sHe Palo = TSI
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Ir

CHAA, 2= 24 @A lolct. $3 5 dlolelE mlopr oz A, Fd 7k vlw
IBM SPSS Statistics 32.0 for MacS &-85}0] 7|54, SHHE 773, 87 37|15 At
ST AA| I HX}= o} <Table 1>3} Zt

e T

<Table 1> Step-by-step research procedures

Stage | Research process Main contents
| Curriculum | Review of the 2022 Revised Music Curriculum appreciation domain and
analysis extraction of jangdan-related achievement standards and core musical elements
Web tool Timestamp-based structuring of jangdan sections, transition points, first beats,
2 development and melodic contours in gayageum sanjo; visualization implemented using
P Python and CREPE; deployment via GitHub Pages
.. Formation of experimental and control groups and homogeneity verification
Participant . . . . .
3 oroanization & | Four sessions of common foundational jangdan instruction — Control group:
%nstruction conventional appreciation instruction / Experimental group: visualization web
tool-based appreciation instruction
4 Post-test Administration of a keyboard-input-based jangdan perception task (jangdan
transition recognition + first-beat identification)
. Data processing usin, hon; descriptive statistics, independent samples t-test,
5 Data analysis P . g using Pyt . P pe P
and effect size analysis using SPSS

At 7HAFa0] SotA g AE MElstyl LR35} 617 oA Sotut wSIAS HE
sttt o) Q3 QAE AH7 |2} tfSela s65PAE 7MY 9 &= ot 7ML
Y A4EE= HA 947 Aok, Atko] WP, w279 Wb 2 E_T’_ A} jro
uhE Thol At M3k shjo] 3208 wjmsle] ¥ 7 Jfuro] 14 QA E AR
ZAA oL &Rt FEH o T 2 QAL T 4 QY2 Jdste rgEo s
ok} WY & 7} AFH7|Z00 (6202-01122RS E1 2ofo] QA2 7F|F
TERITF 9} ‘[6:02-02]Th Rt =30 2ok Bl 2o1F ST 1Rt S 4
°}‘:}’E A-g310] o] AATOIM A 73 i, A A A A4, A
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A719] ola 7t EAF o2 AFE 4= L 5ttt ojo] whet B Ao AE= DA
A 1 @ A A, A v @7F=Ee] wuo] JgS B AR AE FA Hlo]
E](time-stamped data)2 T-3235}5}3ch

2) # AlZst =7 JHUS 9let WEt GlojE 7xa)
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N S P
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A3 713 Q3 HKim et al., 1995).
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201 ofyig Tl AR % ek Az
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(annotation) H|o|E|& A3t F CSV FA|o g =Z3}9ch
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B3, Fwelo} R 1248, HEel 89k o] 9 SU w0 Fls
o MEZAo g2 HoFo] AQofl= 13.0127& - AF - FH || ] ] ] FHE 129
g - 189ha 22 PAo g Po JRE V|FIlHA o]F Fre-F|Re7HA] o]t
Ao 7 AA S e 553} vF R EF ARE ¢Alol wet HlolE 3] v
AXTQ FE(Visual Studio Code) SHFOA ZAsti 1 W-&-L [Figure 1]3} Zth.

TIME LABEL Rhythmic Pattern TIME LABEL ‘Rhythmic Pattern
2317395833 Jinyengio | cungl[|[]]| | |deokftap] | [dung fkung 2317895633 inyangio | dungl | 11111 | deokitap] | [dungl Jxung
13.01270833 | Jinyangio kung| | 1111111 kung|deok! |deok|deok| |deok: 13.01270833 | Jinyangjo kung| | 1111111 kungideok] |deokideok] |deok
24.19508333 | Jinyangjo dung| || 11111]1]Ideok] | Jkung| kung 24.19508333 | Jinyangjo dung| | 1[111111]deok] | [kungl kung
87.13635417 | Jungmori dung| 37.13635417 | Jungmori dung|
4843322017 | Jungmori | dung| Jungmeri | dung|
59.40683333 | Jungmori dung| Jungmori dung|
70.489875 | Jungmori dung| 70.489875 | Jungmori dung|
81.481375. dung| |kung 81.481375 dung| [kung
86.3720625 i | dung| |kung 86.3720625 i | dung| Ikung
90.90172917 dung] Ikung dung| |kung
dung| |kung dung| Ikung
i| dung| |kung dung| Ikung
dung| |kung dung| Ikung
dung] |kung dung| [kung
dung| |kung dung| Ikung
119.762125 i | dung| |kung 119.762125 dung| |kung
dung| Ikung 1244930417 dung| |kung
129.0332708 | Jajinmori dung| [decklkung|deok| [kung] | decklkung|deok| 129.0332708 | Jajinmori dung| [deoklkungldeck] lkung| | deck|kungldeok]
132.2509375 | Jajinmori dlung] [deokjkung|deok| [kung] | deoklkungldeok] 132.2599375 | Jajinmori dung] [deok|kung|deok] [ikung| | deoklkung|deok]
134.4023542 | Jajinmori dung] [deokjkungldeok [kung] | deoklkungldeok] 1344023542 | Jajinmori dung] |deok|kung|deok| [kung| | deok|kungldeok|
136.3368333 | Jajinmori dung] |deoklkung|deok] [kung] | deoklkung|deok| Jajinmori dung] [deok|kung|deok] [kung] | deok]kung|deok]
138.3148042 | Jajinmori dung| [decklkung|deok| [kung] | decklkung|deok| | -/=jinmar dung| [deoklkungldeok] lkung | deok|kungldeok]
140.2800833 | Jajinmori dung] [deokjkung]deok] [cung] | deokfkungldeok| 140.2890833 | Jajinmori dung| [deok{kungldeold Jkung] | deok|kungldeok]
142.2304167 | Jajinmori dung| [deokjkungldeok] [cung] | decklkungldeok] 142.2304167 | Jajinmori dung| [deok|kung|deok| Jkung| | deok|kung|deok|
144.1919375 | Jajinmori | dung] |deokjkung|deok| [kung] | deokjkung]deok| 1441918375 | Jajinmori | dung| [deok|kung|deok [kung| | deck|kung|deok|

[Figure 1] Time-aligned jangdan annotation data from a gayageum sanjo excerpt
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[Figure 2] Visualization of a web-based jangdan perception assessment tool
based on a gayageum sanjo excerpt (Jungmori section)
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[Figure 3] Visualization of a web-based jangdan perception assessment tool
based on a gayageum sanjo excerpt (Jajinmori section)

[Figure 4] Visualization of a web-based jangdan perception assessment tool
based on a gayageum sanjo excerpt (Hwimori section)
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[Figure 5] QR code for accessing the web-based
jangdan visualization tool
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|Figure 6] Jangdan perception test page used for
assessing learners' jangdan perception ability
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4) Prior to the main treatment, both groups completed four identical foundational jangdan sessions on March 16,
23, 30, and April 6, 2026, to ensure group homogeneity. On April 13, the integrated instruction was administered:
the experimental group received web tool-based instruction, while the control group received conventional instruction.
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‘Phase 1” T}A| 9] A3t Q1x]&of gt =7
29)0] BAYHM = .53, SD = 36)°] H|a} Ak @1 Al g% ol x] H]go] ‘rr-’] A
EA UERTH©26.68) = -2.752, p = .011). A O] X*xﬂ Ak 1%44 Aul 4220]
3% QAR o] WE uhE, AT 86%e] ol w2 AA LS HYth

83} 3 7]+ Cohen's d = 9972, ZJl(Cohen, 1988)2] 7]5=0fA] d = .80 0]*8‘% ey}
(large effect)= E-701H, W& FopollA= LREH O =R = 50 odo|d wHH o= A4
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<Table 2> Results of independent samples t-test for jangdan transition perception (Phase 1)

Variable Group n M SD t p Cohen's d
Jangdan Transition Control 15 53 36 -2.752% | 011 .997
Recognition Rate Experimental 16 .86 29
Jangdan Transition Control 13 2.04 .98 1.629 15 617

MAE (sec) Experimental 15 1.49 81
*p < .05

l
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81)0] SARTHM = 204%, SD = QT L 9E Mol o] LhekA|e SAA
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<Table 3> Results of independent samples t-test for jangdan first beat recognition (Phase 2)

Variable Group n M SD t P Cohen's d
Jangdan first beat Control 15 45 26 -2.008 | .054 722
recognition rate Experimental 16 .67 35
Jangdan first beat Control 15 40 24 2.231* .034 .802

MAE (sec) Experimental 16 21 23
* p< .05

<Table 3-0]) wpem 3 vnjet S4 FEA A ARUHM = 21, SD = 23)°]
ERZTHM = 40, SD = 24)2t} S0I5H W 0 x}& LFERFTHA29) = 2.231, p = .034).

oj3e ATt 7] d = 802 T large effect)o] A3, Alztst £} 3wk At
U 245 QIAISHE7ES ol Arht At Aol wHesHeRlo] that R 4a Al
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