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Abstract: In this study, a model is constructed to predict when a piano learner will pass the assigned pieces
provided by the teacher. Although piano lessons are important for learning the piano, most of the time
spent learning is spent on self-study at home rather than on lessons. However, the learners are inexperienced
in performance skills and knowledge, and they do not know what to practice and how many times before
the next lesson, or how long they need to pass the assigned pieces. Therefore, it is difficult for learner to
determine their own goals for the assigned pieces and to plan meticulously. Therefore, the proposed system
predicts when the student will receive a passing grade from the teacher according to the student’s daily
practice of the assigned piece. The system calculates factors, such as the time interval between keystrokes for
each note value, the pitch correction rate, and the missing chords rate from the performance data obtained
during daily practice of beginners. Based on the calculated factors, multiple linear regression analysis is used
to predict the number of days remaining until the student receives a pass from the teacher for the assigned
piece. The accuracy of the prediction model was 80.03%, indicating that it could predict the number of
days required to pass the exam with high accuracy. The model predicts the date of passing based on the
degree of similarity between the learner’s performance and the goal performance. Therefor, according to
the performance characteristics of each individual, the time of passing the assigned piece can be determined
based on the same criteria as those of the teacher’s instruction.
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Fig. 1 Video camera image at the top of the front.
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Fig. 2 Video camera image of rear right side.
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Fig. 3 Score of assigned piece “Puppy’s march”.
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T IO #4E L7z, H195 101 & S EIEMARICOWT, HER
FHTLIIBIT B KR L EIGO 1 MoEEE ZZ
N7ay b L2 ER 4 1R, HEid s e Emx
%, BEENEIANSE IOI 2 /R LT A, HEliofF 101
&, WINOWERE ORI IO FHE L ) b/hs <, #iil
DEBIEMAFIT 100%TH B, Tz, HEBEIFEEKHE
DO REHOAREIOL L 0 &, HEOAE IO 13/ &
<, BITAEFELD S, ARFEHERT 2 K8 % I ICITE#
T&ETWhHEWnR 5.
4.2.6 FMBXRE=R
MERB\RIEFLRITT L 30E09 5, 25 E
DARITH, FERITROEHOHEEGTH L. KW Tl
ME/NHIC B B ET 3FE D) bIT#EN 1 5T 0%
EERBMEE L TH->TWA, I, 3FIEDI B2
DL EATHIBE LT 235513 1Y 2 i 2 & R & HEC
EB7200THAH. — /T, ZOLHBAFHEDOTILITY
ALTIE, FEREVATOREHE LY, ET#ITEA
EHIT T W2 o720 § 2R R HEN T E 2w,
LEFOHITAHEZADAREHE, BIFRWEZAHITRITT
EWV)RE S LB, BEIEEROADS LA LTLE
. FOR0, BEIOEREO ) B [ ENZTE
TWZawnr] LW EREEZET 2LEND L7720, HHE
RIEFEEZEAL T,

4.3 FHIETIVOIEE & EE

41 H TRz 5 207 — 5 #HAEL, 6% TORk
DITE A e HLEE L CERFOMZEH L, 6%F
TOHBTFHMETVEBELL., FHETVOXZLTIC
Rk T 5.

Yy = b1 +a121 + agro + azws + asry + asrs 4)
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1B [FROY—F ] 1TBU 3 ERIEKE FWEF LN X

Table 1 Explanatory variables and the number of output days in a prediction model

for the “Puppy’s march”.

101 iR T IE R A TOI(ms) FEAERE R | I REEER %0 HE
WiEEE A1 HHE | —0.24 66.3% 177.2 87.2% 50.0% 2.46 H
Wbt A2 HH | —0.55 84.2% 133.1 82.9% 6.2% 1.26 H
WiERE A3 HH | 0.92 94.7% 60.1 100.0% 6.2% 0.21 H
W B1HH | —0.56 90.0% 86.1 95.7% 0.0% 1.52 H
W B2 HH | —0.12 90.5% 85.7 93.6% 0.0% 1.03 H
#wEE B3 HE | 0.98 98.9% 44.4 100.0% 0.0% 0.01 H
WE#H C1HH | —0.63 81.0% 160.2 89.3% 6.2% 1.47 H
WeERE C2 HE | 0.39 94.7% 66.6 93.6% 0.0% 0.41 H
WeERE C3 HE | 0.99 97.8% 56.7 100.0% 0.0% 0.02 H
WEE D1 HH | —0.56 91.6% 53.8 95.7% 6.2% 1.81 H
WEED2HH | 023 95.7% 49.1 100.0% 6.2% 1.00 H
wERE D3 HHE | 0.98 100.0% 44.6 100.0% 0.0% 0.01 H
WEEE1HH | 0.93 48.4% - 97.8% 100.0% 3.90 H
WERE E2 HA | 0.87 70.5% 35.7 97.8% 56.2% 2.17 H
WERE E3HHE | —0.69 87.3% 57.9 89.3% 12.5% 342 H
WEH E4HH | —067 89.4% 50.6 95.7% 0.0% 1.56 H
WEH ESHH | 0.36 100.0% 35.3 100.0% 0.0% 0.65 H
WeEEE F 1 HE | 0.80 71.5% 46.5 97.8% 43.7% 1.81 H
WEEE F 2 HH | 0.89 100.0% 32.8 100.0% 0.0% 0.07 H
= . x 3 [HEMFRO~—F] 2B 2K ETFMieE
¢ ’ * Table 3 Accuracy measures for assigned piece
: R HE “Puppy’s march”.
e suito
e RMSE MAE R?

BB IEEE%)

101 #5{E(ms)
4 HloZE & AGEO K B OFHZE O

Fig. 4 Average of the teacher’s performance and each student’s

performance.

£2 TFWEFVA (4) OELS
Table 2 Each variable in the prediction model (4).

BB DME
by —0.0069
aq —1.10
ao —1.52
ag 2.71
aq —0.0037
as 3.01

FMEFTNVOX (4) ICBIT B EEHER 2 1IRT. £
72, IOz (3 IOTFEMLE, xo (3 & B IEMER, oq (31T
101, x4 (ZHEEEERE IR, o5 3FIERIERTH L.
NEIND y DEFHMCEEEZ DD 5FTORY HED
FUMETH Y, FBHETHISNE., ENENOFHHZ
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/EETI 0.56 0.41  0.80

o RAME
° Rl

HA L7y BE(FRIE)

ER0I&Y BH(ERE)

5 TFlMEE FENEO e v b

Fig. 5 Plot of predicted and measured values.

BidEaL L, FHETNVICAN Lz, AOoF— 7 s
EBRTHONIZT— F ICERRSHT 2 A L 7B OREE
TVORERER 3 1R T 5. ARIFFETIE, FFH E
w7 (RMSE), “FWitxtiage (MAE), vEff (R?) o
3ORNEEFMBIRE L LW, 72, —REEFLIH
DL7FillE s, EBICAKRECICHELLZBKD 70y
FEB 5 IRT. R LIGEBROERT -y »6ELNT
BREFZZWBREL AR LI LD 0THAH, £1h
D [5) B OFHFHETFIVTHALZERY By T
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x4 TWTTLORENGHRE

Table 4 Regression coefficients for prediction models.

A o R R 5L
10T HMlEE —1.10
i E —1.52
i 101 2.71
T o v I e —0.0037
GIFEWC- B 3.01

Hb. FLHOZFDOMDITOENRSUFZHDT -5 Thb.
WeERE E X3 HHIZBWTITREMEREIRE C EALT
Wh, ChoBHmELTE, #HREEIE1IHE, 2HA®
CHIEREEPEFICE Y. 2%, 1HH, 2 HEIZEL
F2HFT VMY, SHHLOATOML THEL TV
CEDNA, FOD, SHEHPOMTFEEYREL -
ZETHEG, —FNICEFEPEFIZOONS L) ITiHEE

LTLEo72b vz 5.

FUETNOEFEHER L BIRHREO—E LR 4 |TR
§. RO FGEOE D o ZHEAEEIIAE KA, DT
MHFI0I THAH. KFEMO X I ICEFX— FAHIE 2B
59 &9 B OWE, BB B O EBE AT A
v, FIE Mot EZ gD, HETL)2ATH T
Behbizd, BETHLH., 200, AHEIHIFTWED
M ED eIl A HE RIESE, AIESHEICEETE T
WENE D WS A1 IOL O 2 DDOMEDEFSEHE
Motz EBIZR LIORT L), MIHEREROMHEE,
FIOIDfEIEHAZE) TEiZmELTwWA, LEAN-T,
T2 2R E S DO IEEAESE &) RO A TIEEEI O &
I 2 P2 2 EIdMEL VW E VR B,

FEBROMERIL, —REZLLBERPEONIZL IR
A, WMH L TWAEMAEFT VS LFE L TH L7120
DR LW EE LI B W TH AN TH L 23055 %
V, SREIICEFE L TWAZ LTIt EIONS, £
DIz, PIOFRER BT DT -5ty MIRETF V%
WAL CHRMEZ BEET 2 L ED D 5.

5. TRIETIVIRIEEER

5.1 EEBH

4 BCREN L -REI A& H P IE 7OV OB R % MRGE
T4, 7T Y IEERE IROFEM LA L, ik
ZOWEBEE G L L THET - ¥ 2 ET L. 201,
JE L BT — Y IS LCEEI L TFME T V28,
BLUHHlix EET 5.

5.2 EERFEM

WEBRE R A R 5 HI, 1 Ha 720 25 4 RIHE L
THHo/., HTLOEZEOHM % EBERHNEOET / #
FIDSHERE L, BHOARTH > TOWEBEI 512 <
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HETE TS LW LGAE, UHTHEZHKTL
TWa., HEE IS LT, METERHEEDO SRR L,
BOFGEICHEBRT IR L TRV, HERHIZIZA 5
THEELOEPNIEGEE, ERGHEOE T ) BlihTiE
N & EZ LT\ B B FIE R O AFEEM L LT
AHN5., WHHEZHEIHEEREDMMETH HHICHET
ED. 25 OFEIHET Lok, FHERET A b & L TR
SHREHELTHO W, ZOBOBEETF— ¥ ZIUEL 7.
BHETLPEHETE WAL, SETE TOWHZE
F=FEMHT AL E L T2, SHERE IIE&R O
TR T RIEBZO B DWW T T ¥ 7 — b & E
L7z, RO T — ZUEEE#, IELHET — 5124
LTPMETVEBHL, #TETOFHHKE LI L.
—fEI, ET I L o TEHED TR, 5 7
O, REOTME T VHREERICB I 2 SHEHED 7 NV
T 247727 JHETE, 4 BIIBWTAKHEEZIT-
VAR aVE - I EINE iR A
REIZBWTHKHEZFE L 72 YT 2 #hfiid 25 F£0
R 5D, MFE TR E LIRSS 10
FLWIHIRELZEED., AHEHEICELTE, 480OET /
HRl & FARLC [RBNE OEFFITET ) 220D T1 A A
DNDORIFHETS. 1S 288 5 V512 % > THREHRO
B, FLREAEHEHELTLEIW] ERRLT, &
K, REREZMOHBM CHELTb b o7, $/2, RY
7 EER A ARG E T T, PR [HE] o
ZLERLTH 5\, IO HUERBRFEOHEIOEZE T —
&L,

5.2.1 WHEBRE

20i%D 5 25 M E CORLELET6 B EL LT
FEBRICEMLTL b oz, KHEE L YT/ OIEERER
E% <, TNFTIKHFRCHEL THEMYZEEEIZIT T
e,

5.2.2 RREHK

AL EEE IR D [4E] 2 MM L7z d o % ff
ML7. B 6 1852 xRd. [fb] el LART <,
FRHABBIZBWTCOHHINL 20, #LPHEW-Z D
HHEMTHL., T, HEEIEFTHEZH M T
D, oObh=v2r, FIFT b, 7 RFIF Y FOERD
HFEVIDBKEEEDTNDLLD, FIFEEICE S THHESE
LRgwv, F7, MAPIZLAOAR Ry RV KNI F 2 MRS
HWIRT 2EH2H Y, 3EOEBRTHM LT RO~ —F
LD ULEITEHSESE . 20728, A% % i
ELTHRAL.

&:!.!I

5.3 FHEFILOBERER

L BT — 2 12T ME T V2@ LA, K5
DE)BAERE RS/, Fho [5R0) A%] OFH»FHlE
TUTHII LY HETH 5. 1ZITTRTOHERE TV
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U [AE] 1280 2 BHIEE L FWET VORI BB & OHERE T > 7 — b OFER

Table 5 Explanatory variables and the number of output days and results of the sub-

jects’ questionnaire in a prediction model for the “Hana”.

IOT WUE | FmiEmsR | f1 35 10T | Befirdfi s | s Rias | k) B HORA | e g0
(ms) IEffREE Feh BT
Wil G 1 HH | 0.20 92.1% 26.1 90.2% 2.0% 0.77 H 60 B %0 2 H
W% G2HH | 0.32 100.0% 18.6 100.0% 0.0% 0.75 H 80 4T, %Y 0 H
WhaE G 3 HHE | 0.82 100.0% 26.5 100.0% 0.0% 0.20 H 88 1 %Y oH
WeEEE H1HHE | 0.20 94.4% 33.8 97.3% 6.5% 1.02 H 50 i, %Y 3 H
Wl H2 HH | 0.67 100.0% 23.4 100.0% 0.0% 0.35 H 70 M ®h 2 H
WEE H3 HE | 0.75 100.0% 21.9 100.0% 0.0% 0.27 H 75 %Y 1H
WeEEE 11 HE | —0.40 86.1% 129.1 91.6% 12.6% 141 H 60 i1, %9 3 H
WEEHE T2 HH | 0.39 100.0% 31.5 100.0% 0.0% 0.63 H 70 5 %Y 3 H
WBr% J1HHE | —0.64 93.0% 43.9 97.3% 7.1% 1.96 H 30 /T ®h 2 H
WEE J2 HE | —0.63 97.3% 25.2 100.0% 2.0% 1.86 H 60 51 O 1H
WEE J3HH | —0.11 100.0% 27.3 100.0% 0.0% 121 H 80 51 Y 1H
WiERE K1 HH | —0.40 25.3% 23.7 28.3% 77.8% 3.23 H 35 5 B 7 HELE
WEE K2 HH | —0.06 36.3% 70.6 36.1% 74.3% 2.46 H 40 5 %Y 5 H
Bl K 3 HEH | —0.01 77.3% 24.0 97.3% 24.3% 2.10 H 65 A %Y 3 H
BebRE K4 HE | —0.09 90.3% 18.6 95.1% 10.9% 1.53 H 70 A5, %0 2 H
HeERE K5 HE | —0.29 97.3% 24.2 100.0% 3.1% 1.56 H 85 i1, %0 1H
WEE L1 HE | —0.81 30.5% 230.1 32.6% 81.7% 2.85 H 30 AT Y 7 HEL R
whE L2 HHE | —0.81 57.1% 105.2 61.8% 60.7% 2.63 H 30 4T 0 7 HEL R
B L3 HHE | —0.26 64.5% 64.6 69.0% 36.7% 2.02 H 60 1 %Y 2 H
WEEE L4 HH | 012 75.6% 54.1 81.8% 27.0% 1.39 H 60 I ®h 2 H
W L5 HE | 0.45 89.1% 43.1 94.2% 12.6% 0.81 H 70 5 %Y 1H
4 B EOWBELAH T LIIHELTHEL T b 072, 4
L EOFERRTI, 5 HEFE L% CTh, HBE 512
§'g BCEDLINILoHETHRT LTS, ZNLENOR
(5 = BREHEBICE L7 ABIIR O L AR, HBE G 4
: . 3HIE, #ibra 0253 0, #ra 1272 OIE, #ibe J
= — | 753 B, HEERE K 575 AR, WHRHEL A5 AT 2.
== : FREFVTHI LR e, ERICHE L DM L
= — T5E, BBORA—HLTWAZ EVhh. PEm [1E]
o | 12 B B AR C & 5 P Zkit: (RMSE) ofif
12 0.76, “FHxEE (MAE) OfEIE 0.65 TH - 7-.
e A F7o, AEIZBWT, FHIETVoORERIT 4.3 8 (4) D
- o T ¥, WRREOH & FFE L CREI [7E] O FHET
- VERESEL, ZOWEOTRNEEZMEEL 72, MEMREED
§ = = AL E LT, #EEDEKEHOTHEFERDO T — & % KR
l=x HILEDEC T NV=TI00T, FrefoT—yL Lz Z
6 g%i%_ﬁ.@ FTEJ @%%&_ 0);)7‘551@@7“—7%?@71_7, ﬁ%V) 10%7‘%}\5—"—

Fig. 6 Score of assigned piece “Hana”.

ZHTEELT, HEBIZTEIZ [FRYHE] 2L ko>
TW5, WEE G, HEE H, WEE 1, Wy J, s
K, #HE L O OMEES WL, REI2B1 5 EHTEZE
B OEREZHL LT JHAICRE e 25, B
BFOTRTOFWBIEAIC [HEE) TEIZREL TV
LR, BB EGEIICRIET 20 Tld R

© 2022 Information Processing Society of Japan

5 &9 % leave-one-group-out & =RHE CHERE L 72 & 25,
80.03% DI 2 H Mz, L7zdS> T, 4 THEELZ:
TUHE TV OMYFARHIIELIL, EesRMICBNTH
—EDHRHUDPROSLN L.

Ul enrs, KR THELAZTFMETVIZE ST
I 2SE T 5 ETOHE, 2TV EHBITORY HE

*2 RPN, HEE HEUC £0.5 HA O RSELEHE L,
WAE A2 DHFPHN T AU IERF & L 72,
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