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AA-23F AFAE 5% = ZIF(CASIM) At
A Cognitive-Adaptive Sight-Singing and Ear-Training Integration Model
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Abstract  This theoretical study examines how traditional sight-singing and ear-training, focusing on repetitive
mastery, exhibits certain limitations in building long-term musical schemas by overlooking working memory limits and
cognitive load. To overcome this, the study proposes the Cognitive-Adaptive Sight-Singing and Ear-Training Integration
Model (CASIM). By integrating implicit learning, predictive coding, and embodiment mechanisms from cognitive
psychology and neuroscience, this unified model dynamically adjusts interventions based on learner proficiency. Initially,
multisensory scaffolding is introduced to prevent working memory bottlenecks and distribute cognitive load. Subsequently,
this scaffolding is gradually faded while desirable difficulties, such as interleaved practice, are strategically implemented
to stimulate the brain to actively resolve prediction errors. Finally, learners achieve true musical independence through
deliberate practice guided by a newly developed metacognitive self-diagnosis rubric. Presenting a 15-week curriculum
scenario, this study suggests that sight-singing proficiency is a product of neuroplasticity cultivated within a controlled
cognitive environment, thereby proposing a hypothetical framework to guide future empirical research.

Key words: sight-singing and ear-training, cognitive load, predictive coding, embodiment, desirable difficulties,
metacognition, CASIM
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I. A&

2ot 8ol glof A FeL AZH 7159 ol AR 4¢z PRSI W
Selt 2912 7|52 Waksie WaHel 7|2 Eeolch et At Sof Al
sfe] wlopgel WA Boka, LS B ARHE BAEL A B A7) F
2 Wt glol HEH PAjol pBe UrhChenette et al, 2022). T FHE olFE
AR S BRI TASS 55 2o Heto] wiAlE BHel &4 Ao}, Tl
Wa2rg MEAos Seirn W it IAE 9] L F94 E0) 24 o
SKL 9lek. 271 ZloF 8 o mRolH AuiE WA S sk gAe fojul
% 910 k(Grey, 2020), TSRS AHHE Fio] o] ZAE 7| A = olgt o)k
e g YA Ak olefet AEA T2 WAL St B ARl 12 B

27 goto] TS Wwishe Zolehs GRSl o] Fulakt T ol
290 28€ “2okd X 34o] okd Hg us|7] o] HEA & S} glon,
s ofalsl | HTks WrlHel 4ele] wio

A ek oleigt Sl B4 te] e WAolRt el o] oRch S sie]
39 At Bee BelE TEo® Qlalsis @ALS X|2stu (Ham,

2016), 71714 Wl Fujste] ol Holg SEsHE S S B Basks

Aefo] Algehs SHEAl FE3taL Ql=H(Park, 2022), o= 2= AT S5 B9
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71&9] BHE S4 E¥o] 7141 FFE o]ofAl= H AE Hol= 2 8%
bo] ¥, B3] AR17]olo] RFShe vhelat AAH AkE B
23 04 A9 5 U AE HLL Bes| AT Sl HBA 432
oo &4 A= 54 o] ofth ol= AAIZIC R QJYE]= gt HlE ARE
o ol JAlz AgstL, olF RAste] Al 7]o g HEsof ke 119
E5EA9] Q1] IA|o|thBaker, 2019). £3] FA2]-2AN. Comelius)2} B 2-2(J. Brown)2]
4% 7L 98 B AN SAe] D710l oA 35 RS FEAE A
SFtH(Comelius & Brown, 2020). ©]52] ko]l W2, 3 W Sle= 319} 5 A%
w8 BT ol AR, Wt U Kool gol YAlY APt B 27
oAM= Bt FolsHA Ast=lom, & 221 Ale]ofl BA|4] AJoA-go] IEE ]I
& WM =50] 0|52 IA7} sk WAIA Fstof ofs] A=, 24471 &3

AT ol RolAE M 558 SI ATOR RS Tus] ojdh

ESH A7 (absolute pitch)o] ofd thFIE9] A7 relative pitch) SHEAFEO] A
olEiE B RO o BL QA wetg AT, o EE(. Leipold) 2
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MRI oq?oﬂ ‘I}E% *oh‘ﬂ%u i%x}%%—g A o SPAFS|IFG) 22 2H171Y
A58 Leipold et al., 2019). =, A 2
201 A% 39 oA B8 e O

ANLS TADHY E]-(Pomerleau—Turcotte et
020, AU B S de] 4910 G 25t A5 o] e
ujet mjelof ofe} 8-S AL FhsAo] kot olelet A2 BEre SIx¥e} o BN
At} 2. Swellen= A7HS] 2411719 &Fo] A= o] Qo] It 22| Fo]
2711t F4& AsfRith= o224 EUE AL (Sweller, 1988), 2€ 9= o&
Spto] S TAZE QUK Ha1E 3 A1) BN ulesh WAy Rt

W5 A1) HlEgol MEEE S Ral, A7lul 740 Floleks 20 Balm
T-ESFATHSweller et al., 1998). ©] 38 A|Al= o] W= A HHo 2 SYE|QITH Sweller
et al, 2019). QIA|F5} o] BF 2o W50l 285t Al = AN E H7d o=
S5 QIck. vl Bae, 2004 ot A7) M8 A A8s] BASA ke QA
o] Sy 4TS AYACE AN Bst T 3] SISl U T
AR AR FSE ] M| WS XS BF k. o]t Wk ofl =, Y&
55 B84 AF7t FA0] 8FE0] AR R IESE fEtks A ES U
I He) a7et pRAos 15 BB 9k

FeHon W ARAS B8o] JEe WA sl el Lok A 3
o] oz}, got Hu Az FYolH ek 2I|el0] gt AAalE W
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A2k ST 9 5 Ao A AA-HSY AHLe BY T 2P AL
54 @3} MEY A9} vERIA] A7} Atk REEle RS AR RS HYstuA
ek olefat AAIE o2 YL FF sk WA IS do $9d A% A7t
old XA Wl FASIL AWLE oA AAsk HeXol it Ttol etz
A9 m2EEQle AFFhs HolH 54 9o Adr
I. A+ ¥4

2 A7 A 1 IPgolA ke AR ¥ A2 siastal 711
2o 27/ B4 B /A DAANRE £55] A5 HeHE £ 4R 9
|24 B WPEL St

A, F = o= FHEA|AA(Web of Science), 2332 (Scopus), Aro]5L
Q13 (PsycINFO), HH| =(PubMed), S HAH|A(RISS), §H=8h=7d E(KISS) & =
W) 2.8 B4 HolEMlolAS S8sigitk 8l 74 19IEL B giro) o 2o
A4S (sight-singing, ear-training)S 7]& %0 & A3}, o]o] Agst Qx| st
O Z2 A QA F-SKcognitive load), S F- 5 SKpredictive coding), A4 5K embodiment), ™E}
A](metacognition) & WA} £l = - FiE £ TS
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S, B910] 414 7152 2 204 oluje] s QX efsk, A1), ot waat
Bobo] SRA} Shx] =E} HetEA A7E UXow sk tht X3t o],
20Ege, oriojold, Hojd ofzlel 5 £ Ao o2A B olF Bl oj2
o] 93 gA2= - Frjo] WeHe] T £, 1T 9] Sheler W shatys)
RO Wy A)7]9} GAlo] Rt astsich. 53] g audiation) T AZHEE

=
S8 71A1S AFT 4 AFGYSHIMRI, EEG, MEG) BAL FH 02 HFstel
7o) T Bge sRstas stk
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1. ko] FoMA o HE XM2[et X2 HIFALIS

d
0

33t A=A 34 shs 71AE AYal Atk(Poulin-Charronnat & Tillmann,
2024). Zrto]o](M. Rohrmeier)2} H|F-AFE(P. Rebuschaty= 291 HA] ¢1oje} nlxrA| =
1e= 2o AACH, RS2 34 S BeS A ik SREd A
7ro] o] &2 vl oz o BARE YEH R FE5IAL ZFE 3T (Rohrmeier &
Rebuschat, 2012).

olefst PR HE Wk 27]% e JeshA) LeRit AEZAS. lenischke) 9]
YuHEEG) Aol = 5] SolEzx} ok EANH 0 BT 3heg
SRS W o 7] &= AvF B4 HH(Early Right Anterior Negativity, ERAN) FH-g-2
BTk lentschke et al, 2014). o= HAH T8 QoI 971e] M7k YA 2} B
59 BA% HES AW 24 U 514 1) FHS s wolzt wa
2YHB. Tillmann) 29 AFoA= Ax|7F E4JE SRS 594 AJEALL A
7ol st A 241 9A|5kal 91-8o] EHRI=] Y rHTillmann et al., 2008). o] &2t

2 FA e 9RA K4lo] K] 7] 719 MESD So Auht Q3 AusHA
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2014). 9% oo} eof whaH, QITHY M= 5AQl FE 8417} ol e} FUgle]
vlefe] ehe dlEst S5 MY AElol
Ento]ofo} IS, Koelsch)®] A= &2 IA] IFgo] £AA 0 R o&3 7|H9|
IS &S| stoh(Rohrmeier & Koelsch, 2012). = WHSHE 29H4 BAE HIE O
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2 thgo] SohE S} PEL SRPAOE ] STt wok U4 JPA o= U
| Y2t 4157k o] o2t i A9 ol 257 BAske, o] Kk AJolA] ERAN
oL} BYUA] SHAMMNE Lehaeh Fok(S. Kumar) 919] $4 913t 2 (DCM)
A A F2 5 ol A] olefet ASA ol Fasht doldre AR 7
S19iTHKumar ot al, 2011). 3, $AL Sophe] ARHLL 8o 5Y F s5How
BESSH= 2] ohlek, w7k S0t Were vl the Anlg BY

sfo] 2719l9] AR SHE HAHe TEe] AskE BEQ Aotk ol
A7t ZuAe} ge) HY7Iohe AU T Sore] A WL Tordt > Uee

=]

=
HolF: A% 2AZ A

3) 84X gl ¥7| 7|9k +H Sust

294710k Bl AAREOR HPH T ofEEl got st ARl HeoR Qs

_—

SfehHE Quetel eolAle] HB Hel, = SHe F3t 7|o Fust o] WA
ofck. ¥l B4(S. Van Hedger) 910] otz 8k 170] w2, o] Gl Elols 54

259 AYHEAH) 0571 B S/, SEE AL 1 Fohe
o] f-oJulslA FAaok= A2 & YEFFTHVan Hedger et al., 2015). ©
74401 §42g Berale Aol ozl 2ot 7ol S T2 - BAVE 7
el A7) 71908 Faslohs H gt Jd2 T2 AR o= A
A w7} o 7 S8 2o R Qs dal, ols] sk S0k Adg B
AT 4= A=F A7171d%= HF o= ol

o Uolrh An} 28 BAGIA St Al] A7 GAE Th SR B 7]
ANZYSHTMR) 7WH-2 ohs5 UI-8-9] o9} Al32t 7]99] 38 A= 2=
B %37 QJch(Fabbri et al.,, 2025; Gao et al., 2020). o= AL S o| T7|FQ1 ZH4
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8L AQ]|0] TRslE st A MBS XYL 7k AL e Ho}

3 o5 HdS Aoshe Hekd dEfo] 7]Hksta] A A Eojof ditt.

Al B3R QRO EYF 4Ag7t gl oA E dHEE Bl &

%%"o}é}ﬂ‘/}, S 279 25 W50 E molst: WY 582 7|2& Aot
= £o| m=d, WH2 EAUY A& HolZ JIHAY
8% 7193z FHEEI T Gordon, 1989). o] Aol 2 ojulE
Fostal, BAH 2l olsfish, do 2 HE ZoFs 554 2R S5k 11k
Q1A THole}. Tt BEE. Pla) S 129 rjolold AAAMMA) 3083
ssalo] A R71S $E5H, AVMARH Al4010] 24 7]o] AA} A= Sjol}
T8 4%H A7) 98-S HUaATHPh o al, 2022), ol Ao olgHe R
Z7 71931} FEEEHE o] A0 R S5t A= oAs] wsiE HAdS
AAfeH, B A7 EEO] A =g QK v Aol = oftt.

},]/K] A]%ﬂ‘é‘:}— Ofl:rl—‘_z'-_Q_ O]Fﬂo]— ]H 2 _o X:| A]/\J-’O]ﬂ-‘— 7HLﬂ__§ A= O]’j— O]q
IFEA(S. Martin) £]2] ECoG(X] & 1)) A2} 30 &=(S. Herholz) 2]2] MRI $A+o] W=,
QI7to] FohE M50 8 A f dojuks 9] 43t sidS AA ks A4
wo] s} vie- FASHA S =IH, 92 ool AA| 4o Fujas 9 AIREE E4go]
T7h o] A1 AlsE Y-S 91619t Herholz et al., 2012; Martin et al., 2018).
o= Ugol /442l ¥do] oyt B4 4dE = AW 5Y 59 A WAl
7A8H 12 AdS uigith

2) i &zto| M3l HZI-ZIZIQE HEQTO| £

W gollAs A7 o g8t oYzt 5 vd® st SA /495 I
Aol =W ok AT U Fe-E w9 Hut 2Fo] Aot £&EM, HEE
%= (supplementary motor area) Z H-2&%3] Zl(premotor cortex)°] AA| 4TS £ WHT}
g 75HA EAStE= k4 Igo] YEPATHGelding et al., 2019; Gu et al., 2019).

o] B a2k>-3 (M. Reybrouck)?} A7|0FH] Q(A. Schiavio), 18]1L TFA(P. Maesy= 0] TARS
Aske AR} A5 5519 T A A3t (Maes, 2016; Reybrouck & Schiavio,



204). 20} QA= Weke 1Y ZjTolAe Aofuks Zo] ofjeh, AR} H2tat 24
gJo] U B4 Sl WAL ulololA(. Myers) 919 ATE $FHOZ 22E
X And 55A9 A4 2L S EH 37 A20) Aot 95d P
U7 2212 BB Myers ef al, 2020). F, A Sote] WAL Bed) Azd B
Aol oheh, A welet &5 Algee 1*401 %9 AT F2AeF Pl

3) S EYQ| MAst M HA 7|29 LIEHZ FY

i35t ‘Hﬂg EH—?‘ﬂ. 2l

o]-22tL(M. Frey-Clark)] =& Aol E}E@, -’F
22| S(anchory A5k 2t NSt
St}(Frey-Clark, 2017).

L A Boisvert, 2019y= 57127t 2HALS] 4 HEE FAUISH FIA7IA]
FRHAL Hou, ol o9 A ok tide] @71 S7olzhs AV ot Wi 4
A AZA] G714 QA F=2 S FHE Sk CASIM HPoM= 7] vhde S5
S o]& A7) A1 | Zo] SHofA Aot ol UEhd A o= d&HY, ol FF
A5 oz FFEoloF & 7Hdolt:. wEhA 7189 E84 A Al Q&SR
ths, ZF 7127F Ald A% 2474 7150l Jigt A1E IAZF HEEA] SRt ojof %7
ARl 35 7|t &= Ut} Yo|ZEE(E. Wakefield)@F A|AAK. James)= A H
D3 5 4-74] OFE(T 2007 79l 47152 W ofg) 7o) 47152 Z7ke] Sae
#AR|o] AL TEAZ] F IMRIZ Z45}9ITH Wakefield & James, 2011). 71 23} T 5
A 27 o]F st de2 719 she AN 2 o] AgAsk=glon, 4
NAME 25 SHAIPCOY A S FSFIMTG)7L oFs oAM= 5 &5
FHoll clsh AA A2 BhE 95 ST (PoCG)7H B/dokE et AR gl
A GeERE MTG 84318 57157} 4183} oo BAfo 2 AFES B ok
ou]g Ay 454 a4e AUE AT AT, o] 47157t S Y WA
7] ;{] 0;—1: _%/U—XJ E;q—o]oq L X-]oﬂ/\—] ]1_ ﬂE A]— }x] 0;—1: A}Xlx% 57\11:1]—0 o h=4
£ H74-95 VEYZA 75 & 9don A 47157 49 SAIAE A4
A 715 4 9les JHdon Rue,

ol 7157k AA2o] Qo] OFZIN. Aoy} AN THEAT B FAE 4
ST oJulatthArco, 2026). %3 oM AZiekR)H k) SHste] A
o HQvle] ARG TR, $715E 249 218 AAH ool 7AH

1 = =yl AlAA - 254
7153 Ae Al s78el FAIS
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a1
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ek MR SR. Bjork)Sh B8 I(E. Bork)9] AT BALE 0]2S 719e A Fwat
Q1% 7z Bejstol oleist WEA W49 XA FAZ AHTcHBjork & Biork, 1992),
S NS WA S PAL AT FEOR QoG ST TIPS U B
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JEu o H2, o]t BRI oj# g9 mgjo] WiHog
& FISAA A FAA o N (affective filter)= #0112, 417}
AR FHEEE 8 5 Ath= Aol Th(Krashen, 1982). Q1] 0
AA LA T ShE5AE A Felo] R <y 5718 AASITHH
27ut /8 A S4to] gicth webA CASIM 23 ShoflA] wAk= T4 <l
TS 7Fashe o IR ¢, T Z2EF g A siEAEA A sk
Aol 0 7= S sl £Fo| ofe, X AHWo] 55X CE A /e
st 7] 71992 A Whe Aolar A A A5 Q1A
Ao Aystal Aok QAR A3l Mg greA] Hasfjof gt o] A
A A 9 24 7IA7F A3E o H2A SRRk =2 QIRA Hof SoflAk HHeHA]

S
= i
R A AR A& 4 Y HH GEde Sus k.
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SiA] Hgkolct &Y AT (P. Telesco)

Q= mole A& 7] IAAE Bl o] AIF Et 22 FHoME FHsk=AIE HE
oF

Fotylon, AR5 TEH G337](d = 037-044)7F o] I
Al = 0500 FTHe HE AR 2o PME UAE Adel KA FeHE
dEld oz AAsHict

S}, M. Wellmann)#} A28} Z(A. Skillicon) A= #chiix] giTtof|A] 2 9j5l9]
HEEAQ] Q1 o] ©edt 7] 719 S ol SRR 9 BRS S0l i
e M2 o] 2@l Ho| H&g voFH O R &QIrkal JFEFTH Wellmann
& Skillicorn, 2024). 5, A& 2 WARY Tobert FES A% S35 TA0A
Hloluh, s AR BHstete WS Bl 4819 S AWE: 554 T4
O & ZHEojof gk

3. =it sy AAHES: T4E Set FY| 719 Silst
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(Katz & Wischeart, 2025). A% BH, 2% 712 BAL 81, 15 744 B4k a19] A A4S
Hligt Ay, 8k 3% 5 ANE

9] o}
FEEH et AFE B o o529 AFollM [lof skat g AdE 7] Aol

o= B¢ A Alolol] M= o] Thedl digolAle] ES BS ofgiA BE,
o] T w7} Wzrlo] TrA Thulo] OJEs) 7]} wchie] Q7] HRolck
webd AHS TS T Wl 11 ARKS ol ks TS F1 1EE Q%S

Nste 2AE= GASloF K| 47] 719 Bste Ieisre & ek

AR ole] W, B2 chg MR A Yk Ao) 73 skl Fu 450
HUBS Sl ATk UA] A RS vl W] 432 Holelrk, HE(L Nemch)
9= 25992 IO T8 S, ALY WA S, B £F o] 22 53
W7} 8458 ] TSIt Nemeth et al, 205). 3 25 Fol 78 9] 5ol o
B9ROM 24 W A AT FAHE A S 2Ado] B stk 25T
e oleid WA Si%9] o)o] A 2H1710] SIHWMOT TR Leprteit
Aolu, 483 MAL R WA ho] ulef Z7hAel o5 Bolx] glgket.
WA} S Aol B GBE Alo]o] nlA Aol A|4H08 vwstn
2= JART. R 24, U, U5, £ S48 LAstel AT o, Kk 2
2ok 820 AR £ o 5] WEsA B, Aol ojm 2o ueto]
FolA|Elehe el BT 4 ol A4eHy WEYe 718 & Uk

5. QIX|Fot Ol21te] S8 A HO|=2 S& z|Xs}
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Note. The cognitive intervention percentages (%) presented in this diagram are not based on empirical statistical
data; rather, they serve as a heuristic measure and a conceptual guideline to visualize the application
of cognitive load theory’s ‘scaffolding fading’ principle within a sight-singing and ear-training context.

|[Figure 1] Dynamic intervention curves of the CASIM model
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Phase 1: Sensorimotor mapping

* Cognitive goal: Prevent working memory overload and establish basic multisensory chunking

* Key activities: Full implementation of Curwen hand signs and physical conducting, blocked practice,
explicit reference tone provision

* Cognitive intervention: Embodied scaffolding (100%), Desirable difficulties (0%)

* Evaluation method: Teacher-led immediate and passive feedback

{

Phase 2: Predictive coding activation

* Cognitive goal: Break away from the illusion of competence and ignite the brain's active predictive
coding mechanisms

* Key activities: Fading of piano hints, enforcement of pre-retrieval, and interleaved practice

* Cognitive intervention: Dynamic intersection of embodied scaffolding ( | ) and desirable difficulties

(H

* Evaluation method: Initiation of error recognition using rubrics and cross-validation via peer feedback

{

Phase 3: Metacognitive automation

* Cognitive goal: Establish perfectly embodied audiation and achieve true musical independence with
unfamiliar scores

* Key activities: Exclusion of external physical cues and instruments, in-depth sight-reading of scores
with high intrinsic load

* Cognitive intervention: Embodied scaffolding (0%), Desirable difficulties / deliberate practice (100%)

* Evaluation method: Comprehensive rubric-based self-diagnosis and independent analysis/modification
of training strategies

|[Figure 2] Flowchart of CASIM educational application phases
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<Table 1> CASIM sight-singing metacognitive self-diagnosis rubric
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Evaluation | Level 1 (Cognitive Level 2 (Partial Level 3 (Syntactic | Level 4 (Automation
domain overload / novice) |chunking / developing) | prediction / proficient) | achieved / advanced)
Completely loses the
. Maintains the tonal .
sense of the tonic when . Perfectly audiates the
. Frequent errors occur context even In K
accidentals or leaps . . o harmonic context of the
. . during leap intervals, unfamiliar scores. .
Pitch & appear, leading to a . L score without external
. but the sense of tonality | Partial pitch errors . L.
Sense of | collapse of tonality. . hints, retrieving
tonali Working memory is | be recovered if an | occur, but the overall accurate pitches
vy & o external reference tone | flow of the harmonic . P .
depleted due to (piano hint) is provided roaression is Predictive coding is
decoding notes r progn fully automated.
o preserved.
individually.
Consumes all cognitive Errors occur in either | Does not lose the basic | Perfectly chunks pitch
g.n pitch or rhythm when | sense of meter even in | and thythm information
resources on pitch . . . . .
. . focusing on one complex rhythmic | multisensorily, enabling
Rhythm & matching, causing . . . . .
s component, exposing | division sections. Minor | visual decoding and
Meter thythmic division to s . o
o the limitations of rhythmic errors are | vocalization to occur
collapse and failing to . . . . .
L . concurrent dual-task | immediately recognized | simultaneously without
maintain a basic pulse. .
processing. by the learner. delay.
Becomes flustered . .. Internal speech is
. . Recognizes the error | Even when recognizing . . Pe .
immediately after - activated immediately
. and stops, but an error during .
making an error, . \ . upon looking at the
Error . mindlessly sings again | performance, does not
stopping performance . score; errors do not
management from the beginning | stop and self-corrects

& Audiation

or habitually pressing
piano keys to passively
check the correct
answer.

without analyzing the
cause, relying on
mechanical repetition.

within the meter
through the tonal
context.

oceur, or are
unconsciously corrected
the moment they

happen.
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<Table 2> Metacognitive self-diagnosis and training modification rubric

Key diagnostic
result

Self-prescription and training strategy

Metacognitive cause analysis
g Y modification

[Reintroduction of embodied scaffolding]
Isolate the failed leap section and actively use
Curwen hand signs to distribute cognitive load
to visual and sensorimotor channels.
[Reinforcement of pre-retrieval]

Strongly audiate the main chords (I-IV-V-I)
internally at least three times to establish a tonal

Scoring level 1-2 | [Excessive intrinsic cognitive load &
in pitch & Sense | Predictive coding failure]

of tonality Working memory is overloaded due to
(e.g., Deviation | processing notes individually, and the
during specific | brain’s predictive model (prior) for the

1 h 11 .
eaps) next note has collapsed anchor before checking with the piano, then
vocalize.
[Load reduction through selective attention]
Scoring level 1-2 [Multiple information processing Min.imize intrinsic load by ignoring pitch. and
. bottleneck] reading only the rhythm perfectly using a single
in thythm & . . »
Meter Extraneous information overload syllable (e.g., “Tah”).
occurs due to the simultaneous demand | [Embodied scaffolding]
(e.g., Collapse of . . . . . . .
fempo) for visual decoding, pitch generation, | Strongly reintroduce physical conducting or

and meter maintenance. foot-tapping to transfer the burden of rhythmic
computation to the motor cortex.

[Enforcement of deliberate practice]
Scoring level 1-2 | [Illusion of competence & Active | Completely ban the use of the piano and conduct

in error retrieval failure] practical transfer training by singing to the end
management & | Mistaking a short-term increase in | without stopping, even if errors occur.

Audiation retrieval strength for true learning, | [Introduction of interleaved and spaced practice]
(e.g., Mindless |showing a tendency to unconsciously | Rearrange the training schedule by randomly

repetition) avoid cognitive friction. mixing the failed measures with pieces of

different keys and meters (interleaved practice).
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<Table 3> 15-week curriculum scenario based on the CASIM model

Cognitive Metacognition &
Week | Training phase | intervention | Educational goals & Core training activities gm.
. 2 Evaluation
dial setting
[Embodied [Goal] Prevent Work@g memory overload
. and embody basic pitch sense. .
scaffolding] .. .. . Immediate and
Phase 1 [Activity] Explicitly provide reference tones .
Week . 100% . Co corrective
(Sensorimotor . and progressions via piano. Mandate Curwen
I-3 mapping phase) [Desirable hand signs and physical conducting for all teacher-led
PPINg P difficulties] £ns and py N feedback provided.
0% notes. Focus on blocked practice with short
stepwise progressions within a single key.
[Goal] Break away from the illusion of
[Embodied | competence and induce active neural Teacher feedback
Phase 2 — Early | scaffolding] | prediction. begins to decrease.
Week | (Predictive 60% [Activity] Gradually reduce the range of |Induce students to
4-7 coding [Desirable | hand sign movements. Provide piano hints | independently
activation) difficulties] |only for the first note. Introduce leap recognize error
40% intervals of a third or more and increase the | sections.
difficulty of rhythmic division.
[Embodied |[Goal & Evaluation] Attempt to sight-sing | If achieved,
Midterm check | scaffolding] |an 8-measure melody by only looking at the | completely fade
Week (Critical 50% score without piano hints or hand signs. |scaffolding from
8 intersection [Desirable | Conduct midterm evaluation by checking if | Week 9. If not met,
point) difficulties] | an initial accuracy of 75-80% is achieved and | partially maintain
50% if ‘self-correction’ abilities are manifested. | scaffolding.
[Goal] Maximize cognitive friction and Full
[Embodied strengthen universal chunking abilities. implementation of
. [Activity] Fully introduce interleaved practice | the ‘Metacognitive
scaffolding] .. .. . h
Phase 2 — Late by randomly mixing major/minor keys, self-diagnosis
Week . 20% . . .,
(Chunking and . various meters, and leap progressions. Enforce | rubric’ (from
9-12 [Desirable |, . I . .
transfer) . . pre-retrieval’ by requiring students to audiate | Section V1.4).
difficulties] |. . L
internally before any piano reference is given. | Conduct peer
80% . .
Apply post-class spaced review and pre-sleep | evaluation
audiation for sleep consolidation. concurrently.
[Goal] Establish perfect audiation and [Final evaluation]
[Embodied | achieve true musical independence. Final evaluation is
scaffolding] | [Activity] External cues 0%. Independently | replaced by the
Phase 3 0% analyze and sight-sing unfamiliar scores | student recording
Week | (Metacognitive | [Desirable | (sight-reading) with high intrinsic load, such | their own
13-15 | automation difficulties / |as atonal pieces or frequent modulations, | sight-reading
phase) Deliberate | using only internal speech. Consolidate performance and
practice] long-term memory through systematic submitting a
100% spaced practice and pre-sleep TMR (targeted | self-prescription

memory reactivation) protocols.

using the rubric.

Note. The cognitive intervention percentages (%) presented in this table are not based on empirical statistical
data; rather, they serve as a heuristic measure and a conceptual guideline to visualize the application
of cognitive load theory’s ‘scaffolding fading’ principle within an educational environment.
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<Table 4> Week 10 lesson plan: Interleaved practice and pre-retrieval

Classification | Training phase /

. . Detail hi . L
/ Time Item Cognitive mechanisms & Detailed teaching/Leaming activities

Transferability

Learning * Maximize cognitive friction and advance universal chunking abilities
.. & Interleaved e . .
objective . (Maximizing interleaved practice & Pre-retrieval).
practice
* Smartphone voice recorder, CASIM Metacognitive self-diagnosis rubric
i heet.
Materials Equlpme.:nt & Shect . . . .
required Educational | ¢ Three 4-measure sight-singing scores (Score A: G Major, Leap-oriented;

resources Score B: d minor, Stepwise-oriented; Score C: F Major, Mixed
meter-oriented).
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<Table 4> Continued

Classification
/ Time

Training phase /
Item

Cognitive mechanisms & Detailed teaching/Leaming activities

0-10 min
(10 mins)

Combating
forgetting &
Spaced practice

[Delayed retrieval practice of previous week’s assignment]

* Sight-sing one of the challenging melodies from Week 8 or Week 9
from memory without looking at the score.

* Teacher intervention: Do not play any reference notes on the piano. Even
if the student makes an error due to forgetting, maintain a ‘Desirable
silence’ for 1-2 minutes, encouraging the learner to actively recall
structural cues and reconstruct the musical schema from its foundation.

10-30 min
(20 mins)

Pre-retrieval &
Interleaved
practice

[Randomized interleaved sight-Singing of scores A, B, and C]

* Present scores in a randomized order (e.g, A — C — B) to prevent
mechanical repetition within a single key, forcing the brain into a
process of ‘discriminative contrast.’

* Enforced pre-retrieval: Strictly prohibit vocalization immediately upon
receiving the score. Mandate 30 seconds of internal speech and audiation
using only visual tracking.

* Teacher intervention: Withhold the piano during the first attempt;
provide the tonic only afterwards for self-verification. Even if an error
occurs during singing, do not interrupt or provide the correct answer;
strongly encourage the student to sing through to the end of the phrase.

30-45 min
(15 mins)

Metacognitive
self-diagnosis

[Rubric-based objective monitoring and peer feedback]

* Pair up in groups of two to record each other’s interleaved sight-singing
performance using smartphones.

* Listen to the recordings together and utilize the ‘CASIM self-diagnosis
rubric’ to independently analyze, categorize, and objectively evaluate
the root causes of errors (e.g,, ‘working memory overload’ vs. ‘thythmic
information processing bottleneck’).

* Teacher intervention: Refrain from directly pointing out mistakes (e.g.,
“Where did you go wrong?”). Instead, pose metacognition-stimulating
questions such as, “What is the cognitive science principle behind losing
the sense of tonality during this specific leap progression?”

45-50 min
(5 mins)

Strategy
modification &
Assignment

[Deliberate practice via individual self-prescriptions]

* Based on the prior rubric diagnosis, students write and submit their own
training strategy modifications to address their specific vulnerabilities.
(e.g, “Since the predictive model collapsed during the d minor progression
in score B, I will temporarily reintroduce the downward curve of ‘Curwen
hand signs’ as scaffolding in next week’s prescription training to distribute
the cognitive load.”)

* The teacher cross-validates the submitted prescription and assigns the
final individual spaced practice tasks meticulously designed to link the
sleep consolidation and TMR principles to actual practice (e.g.,
recommending specific intervals between sessions, such as a light
10-minute review within 6 hours post-class, internal audiation right
before sleep, and the first retrieval attempt the next morning).
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