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Abstract:
observed when people concentrate on the task. It is revealed that duration of experts tends to be

The Quiet Eye, a kind of eye movement, has received attention in recent years. It is

longer than that of novices and training of the Quiet Eye makes people more tolerant to pressure.
However it is difficult to measure QE and there are few studies to investigate the relationship
between QE and pupil diameter. Therefore, we established a simple measurement system of QE
and propose the method to analyze the relationship between QE and pupil diameter by taking
putting golf balls as a case study. Also we compared three training methods for putting and show

the efficient method for QE training.
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HHREIZ 2 1 2R TEI LT ot wab. FlziE,
Klostermann ©Z & D T 7 DINE — 2B \WT I
FHDFHMPIERIHE L 0B QE ORERHAEL, ¥7T

W © FRRT AR TR S 2 7 LRI K
T 113-8654 HACH SO AR 7 TH 3-1

E-main: shota.imafuku@gmail.com

REf NN Z & DSRE ST\ (Klostermann et al.,
2014)[2]. Causer 51> 3y bH VHHICET 20522
BWT, AEIZIERME ITHARTERNZHTRZ S
DR, KORVWHENZRTWSZ 2R A UL
(Causer et al., 2010)[3]. 7z, Vickers iZ& D, /N
Ty RR=ILDTY =20 —IZBWTHHED QE D
FifeheEld, MR A PEBIREL D S RWI EAUR
INTWD (Vickers, 1996)[4]. T3 o DIZETIE, 7
ME L IERBE 2 VAR EE, SREE, RT
WA, TAATEIRRMGI R, TERATEIRS TR AL, TR
BTERHER D 5 D& 925 Z &A%\, Aiff5ETH
ZD5 DORBIZIEHT 5.

QE 2 Z @ L 7-il#Ic BT 2178 b H 5. Vine 513
7Y =20 —OFEIZOWT, WREZE QE 2EHRL
T f8i8 % %\ D & B S D A DRI T, 8 H
flicb7z>CAlfgET>72. ZORE, QE DFE%
T 7R D QE ORI HIFFIMET L D R <20,
Rl e H B D b & 1T 7= 4 BRE & Il L CH AR
R o/ Z &R LTS, £z, BYIRIZOVTH
B2 BB DA ZZ I - HRE LD b @<y, &
SITIRT Ly vy =2 b, IR 2 &5 Rz
BVWTHLVEWHERTHRITHZ L2 /L TWS.
Z OWFERERIE, QEIRIIC Lo ThEBEI L Z &
TE, LVRMOLERIOMHLENRIADSZ LB X
7Ly oy —IZHUTIiEER OIS Z L 2R L
TW5 (Vine and Wilson, 2011)[5]. —7, Kl 5 i3Ik
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RHE 123 LT QE ORI Z 4T - 7228 QE 12 & 28
MEROEEIR SN o72Z 2 RELTWS.
51, FERGEE 2L T, QE OO RTIZEED
BRI BERIIHIHM 2 3E T 2 EDH B & FikL
T35 (KR, 2013)[6]. oD s, QE %%
& U 73— s e, B0 L —~Eorm
EWRARRIC R B EEZO5ND. T DIDITIFRIFER
HIRIZHED K QE Y 2T L DOMLERREIZ 72 5.

RO HMIE, AR—YOEFE A EDdD
Quiet Eye(QE) lfis AT L 2HETHI L TH 5.

ERDEY, TNFETQEIZOVWTOMEIRKTOLN
TWB M, FEHENPFNZED TIE, QE OFHUIFIEI
DWTOWFEIEDR . FIZIE, R OFEIZHNT
EFHIIFE DGR I T VAR,

72, QE & xZ & 2 HPMMTEI 2T LY, HinS
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TEE) &2 R 2RI O W T OEMmIZIZE A X7\,
Z 2T, AW TIZEEREED BB X 55 7%
FHHFE AR EZE L QE 0EFE, BLUTQE
EERBUZIBY AT L ERET 3.
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AL TIE QE Ofti% 5t Tk, B L AR %
GO QE DM FEERIRET 5.

T UDIZE 1 I KRR % (NI TR 9. #ERE D
HE LU TVBHWIEFIEHREHIIELE TH 5 EMR-9 T
HY, WREZIZINTDONRy T4 0T %FT->THS
W, TORFPOBIRT — X 2WETS. X S5IRET
1Tl Microsoft #:® Kinect & 4N A Z & L THIH
L, fEMTH2EEOREOBEELZ1TS.

BT, HHILTHE ST — &, #EF—X
AT HETIVICEAL QFE O %2175, D1,
F—=ZD5HrE UT QE ORe R & BAGRZI O L,
BLUBENYILITETLVEFALULRESEIZ1TS.

Tz, WEEOFE D (XX —OKE) OfFEE LT
A=Ay 7O, BIXOR—ILBHY FIED
SEXZH- B8 T L 2RET 5.

2.2 Kinect ICX 2EET—4% OEE

Quiet Eye(QE) Z&HilS 2 72D 13k T — & L4t
DL EEDME VR BETH 5. Microsoft #1D Kincet
V2 XL 7R SEENA TR ERZHNBEL TE D AR
DEKERETESDZ20S, ZThEMHELEZY A
F ¥ —ABDASE (Ding, 2015[7], Jiang, 2015[8]) AT
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Microsoft Kinect

1: The experimental environment

LN TWB. KI5ETH Kinect v2 ZF|H U TEMEZ IR
352 L %2EET 5. Kinect v2 215 U 7-FEMRH
1Z1&, Microsoft #2424t d % SDK (& £415 Visual
Gesture Builder ¥ W5 Y — V&2 WS, HLEEIZD
WCHHiIT — 2 %252 TH¥E%2T7H>2 LT, VTR
1T LTEERMETES L5145, WHOENIL,

1. JlfHT — X DINE
2. Iz X AR O ¥
3. BifEDMRE

D3ATY T THEING. KIFETIIHEEDFE
8HIZLBINTDNRRX—DIIFT — X Z2HED, ZD
Visual Gesture Builder ZF]H LTIV T DX —D
FEIC g 2RI Z ARk U7z, GRnIES 2 fERk 3 51
Hiz v, BHEKEEEZ LS 272012307 DX —B)fE
% 1. 380 B 58 (take back) & 2. #kH N5 TEIE
(down swing) @ 2 DIZHITTHREZITS Z & & L.
oAz X > T 2 O &S ICEIfERE AT R
5 &S0t BIfEBHiIhTWBaEE, LRI
BEOREEH L T DEFHENRRIND.

2: Detecting putting gesture

2.3 Quiet Eye OEUS

QE & I3 OEMED X 1 2 v TR Z BIFETEIO
ZeREBLTHEY, TOEIHRT—XTHS. £oT



SIG-SKL-23

QE 2T 27203 T — X L BfET — X & X
IS, BfEhoRFEERRTIEEY. 22T,
R T — & L BET — R 23t ) % 72012 EMR-9 &
Kinect # 1 2D PCIZH#H L, TNTNDH A TD 5
BondWEE 1 LIRS TR 21T,

Gaze data E, = {x,, y,, pd,, fi} : Gesture G;
T E B EmE m

Fixation F;

Time t t5; tg;

(a)Gaze and gesture data

Gazedata F, = {x, y. pd fi} : Gesture G;

L E = ol o=
Fixation F;
Time t tg; t5;
(b)Pick up candidates of QE
Gazedata E, = {x, y. pde fi} : Gesture G;
———
Fixation F;
Timet tg; tg,

(c)Select ge;

3: Quiet Eye model

ZIT, BALIZBIIBHMT —X By %

Et - (Ityytvpdbft) (1)

EERT . (m,y) FHEP AR R OBFRALE (BALIX px),
pdy (EEEALE (BALIE mm), f; ZERTEOZ L TH
5. fi 32T =X THY, 1 ORHCERTEI» K &
TW5HDET5. 108U TWSEFTZ 1 [E5D
HRATEIE U, GHIDMAE > TH S5 i FHOEGLT
Bx F, &35 (i>0). 2O, BETEHF »Mi%-
W% t,, Mbo A% 15, £ 95, £/, Kl
LIZBIT2EET— X g 13

1
g:
"o

DEIIZHRT. BRID 2T —% g DHFT 1 A3
LCWBEaHM» 1 RaoEifEERYT. 22T, j2IED
BRETHEEH jFEHOEFEEZ G; L35, T56I1TIF
BIfE G D& - TRk % 1y, , Do 7R % 1, O
E512FKHT B, M3(a) BT ETHMLAEZT —XIT
DWTOHAMTH S, FL v DRI T —
X By, KEIEOFENT O 7340478 Fy,, 7L Tk
WRIBTHRENZZIBAVEE G, THE. ZInoH)
fE G Iz d % QE 26l s 5. 20D QE % ge; TR
T, EFTEG IR > TV AERTEIZ RO, QE
DlERE T5. K 3(b) IZBWVWTIEKIZAR>TWE T
0y 7 OFGTEIIMEM & /b, ZZ TR o720

(occuring  gesture)
(2)

(not occuring gesture)

2017-03-03

EORBITEDEEE {Fj1, Fja, - -
T5.

7ij7"' aF]n} &

BRUTH Fy, ORI dy, AR 3 DX SR LEY
T, R RR & 705 & 5 WERTEI 2 QE &5
5. j—fd:j’)%, djk/ = max {djl,djg, s ,djk7 tee 7djn}
873?5 K 5 fd:/jf*ﬁ??ib ij/ %Eﬂ; Gj L:jﬂ'j—é qe; et
5. K 3(c) It U7z ge; 2779, iR d 2FEERT
BZZTEHLEZ QEEFNMICHDE QE Z2HiL, &
Mr2ats>.

2.4 BT —Y9M

BFRT — X Db, L7 QE O43Hr, BEALRE
EEOEFRET 2T aENAT VI TETIVICEL
0B L CEAFZODHTD 3206745, RAFETIE
MEOHAIZE Y QE O, BhxLaT7ETIVIC
B0 ERT.

2.4.1 Quiet Eye ®O2#1f

AR FEBR TR TE R R S OB IB IR i &2 QE
RO HE L TWL. i BHOEE G (FMRZ L ),
T tg, (2B 2 e (RIBRAI €5, ¥ THRZI LS, )
DR ZR 3 TRD B, £z, BHAREAIZDOWT
1% QE DFIERZ] %2 W5 & K8 X — DiRAT T D LR
MTERWZD, N4 DX DI ge; DEIGRIAIE G; D
BAH A D2 % ke, Z OBIGIEN s; THERZ1T 5.

KPRTED, s, NS WIFEFIAREAR W & %
AT ERIZB W TR, BIBERNE WS 2D
DRFHEIZ DO W THEREMOLE, b OWBREES
DR AR U 72 BR D 2L 2 #EEH I i S 5.

2.4.2 BRI IATEFIICL B9

INETO QE OWFEIZIIEARZRHEE LT
M L7Z25DADR\W. £ 2 TARIFETIEE L D JATHE
9 2Hx A, BV T7EFVENMALEZOHE
19, BATHETIIBHZHE LTT A ATV 11t
RENDFEBEEA MR BOWERED 1 HH7 DE
WEHRE 52, Bl IT7ETFVEHCTREDS
E2fT o7z, AL TIXENE 4 BT S Bk 1 &
FTCOMME 1 2ORYI D 2 LzEfRT—X2DEy b
ED, Bon-EROF—X2y bEFHLTCEN
RVATETNTIREZDET 2 FEE2RETS. 2
DENE ARFIPSTE 1 R WD XA LARVIET
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HEBROER?S, QELBITEEIND XD ITEAT
ETH5. HT5BOEXN%ZX 4125373, BEN
n \fFbN=EE, nfdDF—XXy hAHKEDT
INSIZHLUTENT LI TETIVEEE L CERE
RIGE DT A =R %KD, IREOHE 21T,

Split Latent Variable

n splitting results

4: The conceptual diagram of applying Hidden
Markov Model

REBD &% 4T - T2 RBIFBIREBIZ B 26T — X
IZOWTEY - FEHEfRE L Wo RREE 2L, g
TBHZETHNZEITS.

F7z, AETIIDELUIREDER A E2HWT
AR TR TNV —THOhEE21T5 Z & 2 RE
95, HERL tIZBIFBREE 5, HLD S BHkEER
Sp(k=0,1,2) 95, £/, HET PO S, ©
ERE sf, &5 5. EROESLETY, 7V— TR,
TANETOREKZITS> X5129 5. Esf 13X 5
DEOIZERTE 5.

5 5[

sfr = E:isf3 (5)
DX IZIEHIL U 7R s T, R REBHBR LR, 2
NEANWT NV — T D17 5.

EALEDIH

BB B FMER L IZBNT, BARZTOEDIZHE
HI2BEMENRE L, 22T, KERTIIIEALIZ
HHUZ2MHE1TS. Moran 5% QE HOREAZX L H
5D UKD THE WS DBEAZDEHE DE%
MALTHILTWS., [EAZEND HHEAZZ LT
572 TH5 [10]. AffFETH Moran DFiEE VT
AR RICDOWTHNT 5. 2B, #6155
IBDy 5 1000ms B DEEALED Y% FIFH L7208, AR
RTIEHAITHE S N 2EART — X2 DOV E2 AW S
Zrrdb. n I L—LnnEonigs, AR
SV pd IZIRARTHREINSD.

2.4.3

2017-03-03

. " od;
pa = ZiPh (6)

H ALt iz B BEAREIEE pdey LT HEIR
ATKRITZeWBTES,

pdy - p_d

pdey = x 100 (7)

RO 1WA ECBDOHIZ X 5 127Rd. KERIZEW
TlERO - BAREEDEI 2 L OfiatEEZ AW,
AT,

Gesture: 04

500 1000 1500 2000
Frame

5: Example of pupil diameter rate

3 =5

MEOHAIZIVARETIINYy T2 7¢ QE 12
T2 3 D0FMAEDOI RO LI % 1T - 72 ARERR 3 D
D 1 EERT

3.1 EHRBE

REFEZHNWT, G ER IV T DRE—DF
DM e Quiet Eye(QE) 125 5508 % 3l %
EEREITo7-. RERTIIWRE Z 3EHIZDT, TH
FNOHFHIZDWTLARITRT O RERE TN TDN
X — DI ZE T, A EOR R Z U 72,

A EE O

B A+#E ITHB MG E RE, QEICOWVWTHHX
% #l## (Vine et al., 2011)[11]

C A+AF V¥R — R THERF O % HIBR 3 2 FiH
(Oudejans et al., 2012)[12]

BB, TIIZRTEFEDOIBEIL, 7+ —LXREEIC
BT 205 0AET, FTENIZOVWTIE—UIBE
EHIBWI L EERT S,
FEEBROArYVa—)a2E 1, JIOKTE2X6I12xR
I GHEICIXPIRRG G & % 25 U 7R Tk X —%
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0 K-> THH, ZDMDNX—DEKAE, FkRT—
R, BET—&, NX—DOKEEZELEHL . FHHOWRE
NI 1. EBROBTM, 2. EH LTy T2 710K,
3EMR-9 Z28EE LTy T 1 VI 5K, 4.8y 571V
720 RzGFH, THB.

Z 1: Schedule

Day 1 | Motion Practice for getting
acquisition standard form on
putting
Day 2 | Motion Practice for getting
acquisition standard form on
putting
Baseline Measure QE
Day 3
Test
Training 1 Differnt training for
each group
Day 4 | Training 2 Differnt training for
each group
Day 5 | Retension Measure QE
Test
Rest More than a | rest
day
Day 6 | Competitive | Measure QE
Test

(a) Group A (b) Group B (¢) Group C
Normal training QE training Visual control
training

6: Group and Training

3.2 EREREEE

ERTHESN-EBET—X e @ET—225 QE %
HHL, Bh~LarEeET VX BREDSE], WAL
BOorEIT-72. 85072 QE Ok, BIlhRy
MER7TIIRT. £7-2, DEFER»SHEH U KRG
HLREZH 8 ITRT. b, REBHHEKROSITHMEL
THEHZ2T->THD, XD First, Second, Third D
JEIZRBEEHIRZERNE ., 22T, Bh~vila7ETIL

DOHEE, HER Flrst DIREEDS T RTD I IV — Sz %t
LTRILRAEZERT S L IIES NI EIZEES N

2017-03-03

720 FNENOIRFBIZH L TE S W\ o 72 RE % Bk
T ADNIIFHERBEIPEHENE LIRS ULEbLE THfEE
TEREND .

duration_total - onset_total

(b) QE onset
Group C’s onset become
ealier after training.

(a) QE duration
Group B’s duration become
longer after training.

7: QE’s result

(a) Group A

8: State appearance rate. First state appearance
rate is dominant in Group B after training. In Group
C, First rate appearance state is as high as second
state appearance rate.

QE OFGREIZBE L TIE B 7V — 7 DANEL o

7z. QE OBIAKAIZBEILTE B 7L =TI M EL
mo7zhy, QE OfifRHE O R X, R HAORI &
NE—DEE, AEIZRERMEIEXRD oNRProTz.
HMM T 3IREEIZDE L ZBIZIZ A, B2 V=713 1
REEMZRIIZ 22, B2 B 70— 713 1 REED B
BIREN-72. C 7 II— 7% Retention T A s DERIZ 2
IREESENEWVIRFEIZ A5 72, FIgIc k> TB 7 —
TE DIREALEZ 2D, K=V z2ERLTRTY
LI EL oz BEZ5N5.

B 70— IR L TiF o 723z DWW Tk QE OF;
TR b, FBRAPRELSRI0ENH 55
ERONZ., —HTCZL—7I220TIE QE R HH
BT 23R E Rohihor. M EDZ RS QE
EEBLUINEE LT, BZIV—TIc/LTiro 7,
BEF MR 2 RS CRRRICET 27 — KNy o
EEZDHEPEHTHBLEZOND. REFEE
AWT QEOF— X %25 L, Rkl ofE%z
RTZETEFIHLTIY BRI T+ — KNy 7
2HEZ5ZeDTE, JMoOMREEEE S &R
N5,
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4 5w

% 2 CAMIZE TlX Kinect 12 & 2 BfEZHH & SHER%E
AR OMHREHAIZEE I X A BURREHI A R L CfiiBic
QE %#FHlIT 2 FiEE2RE L. QE 25T 5720
WIEFOHE LR T — X 2D 20BN H 503,
BIEMRH % Kinect IZE B Y 2 AF v —RHTIT-722
LT, WRFIEETTONIEMTH > ZBEOMRE D
FTHBEYEE N, BHIITRAE L DTk o7-. 72, QF
PEBHIZEHZOTBZ N TEL.

E7, [EROBRT — XTI 2 THEALZZ AV, &
NIV ATETIVC K BIREHEN 21T FHEEZEEL
7. T X b EifEhofRE L £ DR E ST S
TEMTE, 1 HEEHTETWSENE S » 28Ul
THIENTES.

EEZ TN T DNEZ—IZBEWT QE Dl #2475 7~
R, REPRICLOMEBIC QE 2l - &S
ZEMTET.

TAEEER 1 T, TN 7REBRE & RRBE LT
QE %Z&FHAI9 2 EER %17 > 72. Kinect 12 & 2EEDIK
HOWEZHEIDZZENTE, X5 ERILO
TE T & BIRIEDENT & > THERFE DIEFRDIRAE
PHIEIZ T ONE ZEPERTE . £/, BirE
ERBEREIZBVWTIXREBO D PN HICERRH B Z
EERINT.

TR 2 T, Ny T a0 v OREOREE LT
A=) &y T OHEEGHIT 55k 21T > 72, i
MOER—INE Ay TR, HERICHE#RZFET
XBHZEDHERTET-.

AEBRTIX, WERE %D TRRLZ X -
7V, TNFNOIEDN QE &8y T 4 v T DRI
52 508 %Ml T 2HBETo72. TORRE, [k
D QE OFIFEDOMZE L RO /IIZE & 57, Fli
[ L DORRDIE L WD R BBUED S DA HATD
ZEMTET.

LEDRERD S, BEL QE OFH - 2 FiED
B ERTZENTE., £72, QE 2EE L7
MY AT LADRBEDZDDFHRBITD T ENTE .

A DFEIER O 1%, JSPS BHTE: 26350207
DO EZIIZEDOTHD, ZZITRRUTHEEZRL
7.
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Quantification of the Datsuryoku skill in the impact for a Japanese drum

A

Tomoya Nakatsuka,

s i

Koichi Matsuda

TBFRNKEY 7 b U = TIERETER
Graduate School of Software and Information Science, IWATE Prefectural University

Abstract: In this study, we suggest Datsuryoku evaluation algorithm for the purpose of quantification of
the Datsuryoku that is the important skill in the Japanese drum. By the suggestion technique, we measure
angular velocity and the line electric potential of the Japanese drum player and evaluate the estimate of the
element of the movement and the Datsuryoku. In the estimate of the element of the movement, we suggested
algorithm using cross-correlation function and DTW(Dynamic Time Warping). In addition, in the
evaluation of the Datsuryoku, we suggested technique with the maximum value of the line electric potential.
As a result of experiment, we confirmed that an evaluation not to depend on the level of the player was
possible using suggestion technique. In addition, we confirmed that we could quantify a part of the skill of

the Datsuryoku using suggestion technique.

1. [ZC®HIC

BIfE, BARTITE & 72 RS IR 03 248 T O TH
R AR DA —T = T L= —THEHELIT-
TWA[). £72, V—2vav7ltnirgTcaEzr
BlY, FIKEORE L ZIT> TWDHEIIES H 5[2].

L2, FIREIEEE O I L - THEERED
BEEARY ,  FEREIIC RO RS O HREM A& S R #12 7e
HZENMERENTWS., £, FIAKEOHGEDH
WIEEBERHE L NLORHE. ZNHDZ Enb,
BUE, MRS OEROFEHZEPRD LN TND.

BENHEHE L WFIAEOHRED 1212, i) &I
EN3H00865. Bl [RFERREOEIZ
BCTH (BAF, £22%7 b)) ETICBO N 2 H
BEThHD. ZOMhETHZ LT, MEOENEL
2D T E BRI o TV D, BRI, B
Ned 5 & TATFNKREICET DN EL 20,
KB DOIREN 2 IE L 72202, FICBE N EEh
% (FOKBHC BN T, EOBX IIREFLINTND)
ELWHZETHD., ZOD, FIREIZRBWTS
FRERFETHDLE VLD,

Loy, AR L7280, BB ENEHEL VS X
NTW5., ZOHEEBITI"->H5. —HIE, HEA
NTRERFZEHLOOBANZTHZ ERHE LW E
WO ZENFETOND. Fi="o81%, BITHEE
OUBLEHETORBLNH L <, IR TR IR
WEWIH ZENFETFLNDE. Thbky, FEEX

T CHREOMEZITO ZLiZsoTLE Y.
A, AN OBMEICEET 2% <fThihTE
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Characterization of tea whisking by Japanese Tea Ceremony performers

Rogelio Isaac Garza Villarreal, Tsutomu Fujinami

Japan Advanced Institute of Science and Technology, School of Knowledge Science

Abstract: We have been able to prove that subtle, small differences in the movements of practitioners of

the Japanese Tea Ceremony are not trivial and thus are enough to characterize the whisking. This

characterization showed that the practitioners follow a path that is where the motion converges to. In

order to produce the movements over this track, the whole arm is needed. We have demonstrated that

coordination is a key element of a good whisking action. By this effect, we have introduced the skills of

the Japanese Tea Ceremony practitioners to the light of skill science.

Introduction

Human beings move all day, every day. It seems
like a trivial subject to most due to the nature
We have the ability to

assess how difficult for us is the movements

of it; it just happens

someone else is doing, to know within a matter of
seconds if someone is better at dancing, for
than

putting this difference’ into words is quite a

example, other person. Nevertheless,
hard task. Pinpointing the explanation behind a
particular motion is not trivial.

Combinations of motions that produce a certain
specific goal, motion skills, are of particular
importance. Humans have created, developed, and
shared physical skills for centuries. People
strive to become better at them, whether it be
playing musical instruments, performing a dance,
or scoring a goal. For many years most of the
secrets of these combinations of movements have
been hidden in a dimension that is not easy to
grasp by common means; they were simply too
difficult to describe
thanks to

information can be obtained from the skills of the

But in the present day,
computational techniques, more
masters and be used for the advantage of new
people that want to learn more effectively or even
get to levels not achievable before. This is why
the study of motion skills is relevant
Japanese people have a particularly heavily
tacit knowledge—dependent way of teaching their
As Kondo [1]

mentions, the mentality is that the body learns

crafts to the next generations.

by doing and that the techniques just stick to the
body. This is especially true in the traditional
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"ways’ of arts that follow a Zen ideology in its

foundations. Calligraphy, flower arrangement,
and karate, among others, have in common the ideas
of incorporating both body and mind into the
practice of their craft. Out of these, Japanese
traditional tea ceremony stands as an interesting
example of tacit knowledge, even being mentioned
as so by Nonaka [2] and Takeuchi [3], who helped
introduced such term. The honing of the skills of
performers of the way of the tea will be our main
focus in this research.

Traditional Japanese Tea Ceremony has been
around for centuries and its practices, along
with the characteristic motions that are related
to them, have not changed much since the age of
Sen no Rikya. 1t has been the subject of a wide
variety of research, from anthropology to gender
studies due to its morphing role in society
through the

attention

Nevertheless, not much
the the

practitioners move or learn these motions. In the

years.

has been put on way

present research we change that.

Motivation of the study

The to fulfill
purposes: shedding more light about the embedded

present study serves two
information in the motion of the practitioners of
Chado (The way of the tea) and to introduce a new
activity to the attention of the skill science
community. Japanese tea ceremony has, by its own
will and nature, retained old teaching traditions
that hide too much knowledge in the tacit domain.
This has made recruiting new students harder as
time goes by, because people nowadays, especially

young people, do not have as much time and
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patience as before. We hope that this research
will contribute to making learning Chado easier
for new people

Motion skill is a field that has been growing
to the of

computational power and the appearance of new

in recent vyears due increase

techniques. Studies have been done in a wide
variety of activities such as playing music
instruments [4], dancing samba [5], and kneading
clay [6]. Which this research, we wish to add Tea
Ceremony to that list with the attention of
attracting more people to research into this
interesting activity from something different
that the social sciences

Objective of the study

Comprehend the

actions of Japanese Tea Ceremony practitioners

and characterize physical
while whisking. And also to find the similarities
and differences between Masters and Novices while

whisking.

Exper iment

For this research, a tool that could detect in
to a fine precision the movement of the subjects
invasive and
In

present day, motion capture systems that rely in

that at the same time was not

facilitated data analysis was necessary

markers and camera arrangements to identify their
positions are reliable enough to be trusted with
this task.

The camera arrangement consisted of eight
cameras VICON Bonita B10 that were
positioned in the corners and the middle of the

optical

sides of a square that was our area of interest
An additional VICON

positioned in one of the corners that recorded

Bonita video camera was

normal images to compare to the data taken from
the markers. This configuration allows for an
accuracy of 0.5 mm that allowed us to look into
fine detail about the whisking of the subjects
We used 9 mm markers provided with the system in
the body parts of interest. In order to process
the data of these markers we used the VICON Nexus
2. 2 package.

With the motion capture arrangement in place
a model was needed to mark the body parts and
collect data. The VICON Nexus 2.2 package has
installed the Plug—In Gait model that provides
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marker position and data analysis options
Although, the model is
mainly focused for the analysis of walking

as the name suggests,

patterns, we found its upper body model satisfied
our needs and decided to use it as is

Exper iment design

Our hypothesis proposes that Japanese Tea
Ceremony practitioners develop a common behavior
of motions as they progress to reach an ideal set
by the grand master. In order to identify patterns
in the actions, we decided to directly analyze the
motions of performers of different skills and
compare them in order to find similarities and
differences. It was important to identify at
least two groups, Novices and Masters, in order
to

practice time. This limits the amount of actions

find whether their actions match their

as novices do not have as much
chado the

we can study,
of

practitioners.

knowledge as more seasoned

Whisking, or preparing the tea, had no problems
with the time it was being observed. The motion
which helps

identify patterns. It is also a fundamental part

is also simple and repetitive
of chado that cannot be found in other forms of
arts or even of preparation of tea. It is an action
learned since the beginning of the education of
the practitioner as without it tea cannot be
consumed. The preparation of a tea takes between
30 to 50 seconds to be finished, which provides
enough time to collect data with the motion
capture tool that can be further analyzed

that it

appeared to be a cyclical action. The hand of the

Another advantage of whisking is
subjects moved in what appeared to be a regular
back and forth pattern above a well contained area
defined by the tea bowl. With this considerations,
whisking tea was chosen as the action of interest
to compare masters and novices and test our

hypothesis.

Experiment Objective

The of the to

characterize the action of whisking of a group of

objective experiment 1is
practitioners. The defined characteristics will
be used to compare the performances individually
Lastly,

in body parts and

and by group of skill. it searches to

identify coordination its
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impact to the action itself

Subjects

For this research, seven subjects collaborated
with us. They are all practitioners of the
Urasenke school. Five of them belong to the Tea
Ceremony Club of the Japan Advanced Institute of
Technology (JAIST) and the other two belong to a
circle in the city of Kanazawa, Ishikawa. They are
into three categories:

separated masters,

intermediates, and novices. Masters are all
certified teachers and are allowed to pass on the
teachings. We consider novices subjects with less
than two years of practice. One subject does not
fit into these categories and has been labeled an

intermediate

Exper iment Description

The experiment was conducted in four different
sessions in between December 2016 and January
2017. Subjects were inquired about their time of
practice and, in the case of the teachers,
teaching the Japanese Tea Ceremony. After a brief
of the

subjects were asked to change into the special

explanation motion capture system,

suits provided to attach the markers in their
For the Plug—In Gait Model

some bodily measures are needed, and were taken

correct positions.

before introducing the subject in the system.

The calibration routine was divided in two
different takes. The first involved the subjects
standing for five seconds with their arms open in
a T shape. The second take started like the first
one but continued with 30 seconds of free movement,
although subjects were encouraged to move their
joints as much as possible. This calibration step
is necessary to conduct the experiment. When the
system recognized the markers automatically, the
data collection started

Subjects were asked to prepare a bowl of tea
while being recorded by the motion capture system.
Each subject was asked to produce bowls three
times. In order to reproduce the action as close
as possible, each time subjects were asked to
perform the motion starting from taking the whisk
from the floor and ending with presenting the tea
bowl to the guest

Results
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To analyze an action it is essential to identify
the body parts that are most relevant to the
it
was clear from the beginning that the right arm

movements observed. In the case of whisking

was of importance, but whether other sections of
the body of the subjects also moved when preparing
tea. In order to identify the relevant time series
to our research, we observed the positions of all
the position markers in the upper body

The right arm of all subjects was the body part
with the bigger variation during the chosen time
frames, with the standard deviation being bigger
than 3 mm in most cases and sometimes even
surpassing 10 mm for the RFIN marker. The other
arm contrasted as most subjects had a standard
deviation of under 1 mm on all the markers
This
because it is used to hold the tea bowl so that

positions in all three coordinates. is
whisking is easier to perform.

We had identified that the right arm moved and
the left did not move without checking the data,
but it was unclear if the back had any role in the
action of whisking. The posture and balance of the
and for
All

than a millimeter of

column are important in Tea Ceremony,
whisking they appear to be under control.
subjects present less
standard deviation on the markers on their column.
The same can be said for the markers in their chest.
With this result we arrived to the conclusion that
they do not move enough to make an impact or
the

particular manner.

characterize whisking action in any

The head markers are the only body part that has
bigger variation in the three axes. Nevertheless,
as the thorax does not move, it means that is a
motion not related directly to the whisking but
rather small adjustments to better perceive the
The result of this

analysis leads us to further look into the motions

contents of the tea bowl.

of the right arm as our area of interest
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Masier & Transvarss Plans

40 |-

Frontal Axs

Figure 1 Position of the RFIN marker in the
Transverse plane of a Master

The position of the RFIN marker is of particular
importance to our research. It sits roughly on the
top of the whisk and is can be considered the
guidance point of it. It is also the point that
practitioners see while whisking and the one they
consciously control. For this reason, we will
look at upper body positions in general and the
changes in position of RFIN in particular to check

differences between Masters and Novices

The motion capture system provides data for the

absolute positions of the markers in the
reference frame of the room it is calibrated in.
All data is inmillimeters. In order to locate the
most relevant data, we have selected time series
of 500 frames of length in each case that
represent the most stable action of whisking of
each subject. To compare the actions of different
subjects, we will analyze them by planes in the

next subsections.

Frwioin H Tiomfvarss Plane
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Frontal Axs

Figure 2 Position of the RFIN marker in the
Transverse plane of a Novice
The transverse plane is defined as the plane

2017-03-03

that divides the body in two that is parallel to
the floor. In the coordinate system used by the
VICON Nexus system, a graph in this plane is an
X vs Y coordinate representation of position.
They correspond to the Frontal Axis and the
Sagittal Axis respectively. This is the plane
that is
practitioner when preparing tea. It is the only

perpendicular to the view of the
plane that gives them information about the tea

present status and their progress 1in the
preparation.

The Master group of subjects present similar
characteristics in their plots. They are diagonal
lines with a significant positive correlation.
This indicates that the whisk is more likely to
travel on the same line as seen from the top of
the tea bowl. The Novices and the Intermediate on
the other hand, have no path to follow. We can
observe that in Figure 2 that shows an erratic

compact motion about the center.

Mazaer 5 Fromisl Plars

Lh

“Wartical Axis

10 0 oo A e &
Figure 3 Position of the RFIN marker in the Frontal
plane of a Master

The frontal plane is defined as the one that
divides the body in anterior and posterior and is
perpendicular to the floor. In the coordinate
system used by the VICON Nexus system, a graph in
this plane is an X vs Z coordinate representation
of position. They correspond to the Frontal Axis
and the Vertical Axis respectively. This is the
plane one would see if standing in front of the

person performing, as the plane name suggests
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Merdion H Fronial Plans
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Figure 4 Position of the RFIN marker in the Frontal
plane of a Novice

There are more similar plots in this plane, when
compared to the one in the transverse plane.
Novices H have predominant vertical paths that
contrast with motions of the other subjects.
However, they are not as dissimilar as the ones
in the Transverse plane. The intermediate has a
compact and regular pattern that is closer to the
group of the Masters than to the Novices

Mzt 5 Saginial Plane

Lh

“Wartical Axis

Wl

B 40 ]
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Figure 5 Position of the RFIN marker in the Sagittal
plane of a Master

The sagittal plane is the imaginary line that
crosses the body from back to front, dividing it
in left and right and thus is perpendicular to the
floor. In the coordinate system used by the VICON
Nexus system, a graph in this plane is a Y vs Z
They
correspond to the Sagittal Axis and the Vertical

coordinate representation of position.

Axis respectively. When looking at the performer
from the side, we are looking at this plane
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Figure 6 Position of the RFIN marker in the Sagittal
plane of a Novice
Masters have a stable path in this plane. So far,
the masters present the same characteristics and
seem to have similar tendencies, in line with our
although

not definite to make conclusions. For this plane

hypothesis, which is a positive sign,

most subjects seem to have an identified path that
The back and
forth action of whisking is responsible of this

they stick to in a regular basis

as it dominates the influence on the position of
the end of the whisk over the position of the hand
itself.

Repetition in the action

The hand and
therefore the whisk travel in a back and forth

Whisking is a seasonal action.

motion and are limited to the area of the tea bowl.
After we identified that the Masters follow a path
that is mostly a straight line in three dimensions,
it was of interest to see how the time series
itself to better

auto

compared to
We
correlation function to each data set with 300

behaved when

understand the action. applied an
lags to identify possible repetition in the time
series.

All the time series are clearly non stationary,
but this can be tolerated for the qualitative
interpretation we are giving to the plots. They
have a tendency to zero as the number of lags
increases, indicating that the more time passes
all the subjects change their paths even if it is
slightly. Nevertheless, there are considerable
differences in the behavior of the plots for the
and the Novices

Masters, the Intermediate,

As for Masters, the time series of all three

coordinates are similar to themselves if the lag
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is small. This correlation decreases with bigger
lags. The result indicates that, although there
exists a small drift, the phase remains more less
the same as the amplitude of the sinusoidal shaped
function decrease by the same rate of change. The
maximums represent when the lagged signal is in
phase with itself in n lags before, where n is the
value in the horizontal axis. The minimums
indicate antiphase. We can say that all Masters
have a constant frequency along all the axes that
result in similar plots

Novices, on the other hand, do not present the
same characteristics in their plots. Although the
Vertical Axis time series presents a repetition
in this group as well, it is not the same for the
Frontal and Sagittal Axes. We cannot say that
their motions repeat each other, with some of the
subjects not having a stable action.

Masters seem to have a better control of their
Frontal Axis than their students. The more
experienced the practitioner, the more evident it
is that their motions are cyclical. Nevertheless,
all the subjects present a decline, whether it be
slow or fast, to converge with zero. This can be
attributed to the small differences in movement
in the human body and is expected to some degree
It does not clash with our notion of a path that
is followed, as not all movements are made with
the same amplitude on the same exact spot. It is
worth remembering we are measuring in a domain in

millimeters, so small variation is expected

Phase analysis of joint angles

So far we have looked into the position of the
RFIN marker in the three dimensional space. The
fact that different body parts seem to move little
or nothing at all when compared to the right arm
lead us to believe the whisking action is defined
But
marker positions are not the only data that can
be obtained with the Plug—-In Gait model. The
angles in the different joints in the body can

solely by the movement of the right arm.

also be calculated with it. In this section we
will look into three joints in particular: the
shoulder, the elbow,

The shoulder angle has three degrees of freedom

and the wrist

as does the wrist, but the elbow can only be flexed
or extended, so it is considered to have only one.

This result with seven angles to be analyzed. They
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are all calculated relative to the plane in which
the joint operates, so the position, body shape
or orientation have no impact in the analysis
This means we can directly compare behaviors of
the joints between subjects

Out of the seven angles that we were analyzing,
shoulder flexion was identified to have no
significant variation in the window of interest
This means that the arm does not travel back and
forth,

most of the action. The other six angles, however,

instead remaining at the same height for

present a sinusoidal pattern consistent to the
whisking action. With this information, we will
discard the shoulder flexion angle since it does
to whisking

not contribute

Anghe vabues for Masier 5

L T T ]
Frams

120 13 O

Figure 7 Angle values for a Master

The plots in Figure 7 and Figure 8 are examples
of a 100 frame sample of the time series for all
the angles. The lines are moved in the vertical
axis in order to compare the behavior between them
rather than the individual values. Wrist angles
have a bigger amplitude than the angles of the
shoulder and the This the
characteristic we found that was consistent among
all the subjects

Masters have two different patterns of time

elbow. is only

series, with them being in antiphase. Master S in
Figure 7 has the most consistent and stable motion.
She has a period about 20 frames and not only the
motion has a constant frequency but also a
constant amplitude. Wrist angle amplitudes have
similar values, as well as the shoulder rotation,
abduction, and elbow flexion. Maximums of the
wrist group align with minimums of the other three
angles, indicating that all the angles have
extremes at the same time. All her right arm moves

at the same time.
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A difference again can be seen in the Novices
between themselves and with the Masters. Novice
H, for example, has a consistent motion in the
wrist but lacks any significant movement in his
shoulder and elbow as can be seen in Figure 8. This
means that he controls the whisk with only his
hand and not the whole arm. His wrist extension
is also smaller compared to the other subjects
which is reflected in a small area of motion in

the RFIN plots

Angia in dogrens
- 1:'._

470 480 400

450  4m
Frams

420 430 M0 B0

Figure 8 Angle values for a Novice

Hierarchical Clustering

In this section we analyze the coordination
between the different motions in the arm while
whisking. For this matter, we selected analyzing
the phase of the motion of the angles considered
in the last section. For each subject, we selected
a sample of 1500 frames and recorded when the
peaks of the motion of the seven angles occurred.
This data would allow us to show groups of actions
that are similar and differentiate them from

others at the same time.

Mlasaer 5
s0l-
T
&k
s
40
3k
0
10
== 1 7 1
W Do W Aot WER E Flex 5 s 5 oot

Figure 9 Dendrogram for linkage of a Master
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For linkage we have used the hierarchical
of the
As for the number of

method using the average Euclidean
distances between points
clusters, have used an inconsistency coefficient
cut off value of 0.9 for the identification of
groupings. For representation, we have chosen the
dendrograms to show the hierarchical binary
cluster and have drawn a horizontal line where the
clustering is optimal. All the calculations where
conducted with the functions already included in
the MATLAB package

has been discarded as it does not contribute to

The shoulder flexion angle

the motion as demonstrated in the last section,
so the analysis was done only on two degrees of
freedom for the shoulder, three for the wrist and
the elbow flexion.

L 1 [

W Do W Aot WER E Flex 5 Aok 5 Abd

Figure 10 Dendrogram for linkage of a Novice
In Figure 9 we see an example of the clustering
All Masters and the
subject present a two

of the motions of Masters.
Intermediate cluster
configuration with the same members in each group.
The wrist angles are more likely to be in phase
with each other and the combination of shoulder
abduction, rotation, and elbow flexion are in a
different phase. The pair of wrist deviation and
wrist rotation have the least distance between
them compared to other pairs most of the cases

This is in line with our findings in the 100 frame
This the

is maintained throughout the whole

widows previously analyzed. means
behavior
action of whisking.

on the other hand,

clusters and much bigger distances between links

Novices, present three
with at least one of the angles having a different
cluster. In the case of Novice H in Figure 10 the
uncoordinated angle is the shoulder abduction.
Even though there are only three clusters for him,
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the distances between points are much bigger when
compared with the other subjects, thus indicating
that the groupings are more stretched than other

cases.

Conclusion

Masters and Novices have different overall
behaviors while whisking tea. Although the action
might look similar to the plain eye, the motion
identify the subtle

differences. We have been able to identify that

capture tool has helped

only the right arm has an impact on the action of
The back has

deviation and thus has no contribution to the

preparing tea. no significant
motion. We have identified a path that performers
follow to produce tea. This track is an imaginary
line that the practitioners develop through time.
The Masters have developed the skill to remain in
the

consistent,

going back and forth in a
We also identified

that Masters sometimes move outside this track,

same Sspace

stable matter.

but consistently return to it. We also believe the
more the subject has practiced, the narrower this
path gets. The Masters use the whole arm to
produce the movement of the whisk in the bowl.

Novices on the other hand do not present the
track and ramble around a point and have no back
The

characteristics similar to both groups. She has

and forth motion. intermediate presents
not developed a narrow, constant path in which the
whisk moves, but has developed the consistency of
using her whole arm at the same time as the Masters
did. The main difference that the most seasoned
practitioners have converge point and she does
not.
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Body representation forming process in beginners of Shorinji-Kenpo acquiring a skill
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Abstract:

We had five beginners practice this skill for 4 week (until forming body representation) by using
"Tenchi-ken Dai-ikkei" as a learning task. We executed an experiment by using "Tenchi-ken Dai-ikkei" as
a learning task. We had five beginners practice this skill for 4 week (till forming body representation). We
focused to analyze on the difference between early and slow learners. It was suggested that it is important
not to set the achievement goal to be too high without sticking to the fine degree of completeness in order
to form the representation of this technique quickly.
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The influence that fingers tapping with different rhythm has in Visual-Spatial
working memory
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Abstract: working memory, visual-Spatial working memory, finger tapping, rhythm
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Analysis of the difference of bowing between expert Erhu player and novice
player by using surface electromyogramng
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? School of Knowledge Science,
Japan Advanced Institute of Science and Technology

Abstract: The goal of this paper is to find the difference of Erhu’s bowing between
expert players and novice players. Erhu is a two-stringed instrument created in China.
It is much different from other string instruments such as the violin because Erhu’s
stick is located between two strings. In this experiment, I ask the subjects to play four
songs that are very simple so that even the novice players can learn them quickly.
These songs include some of the most basic actions in Erhu’s bowing, such as
up-bowing, down-bowing and string change. Electromyogram is attached on eight
parts (M.thenar,M.felexor carpi radialis, M.biceps brachii, M.triceps brachii,
M.deltoideus, M,supraspinatus. ) of the subject's right arm.

I found the difference between expert players and novice players after analyzing the
average amplitude and using FFT analysis method. The muscle activity is usually
more stable in experts than experienced players, and the experienced players present
better stability than novice players. The M.thenar ,M.felexor carpi radialis and

M.deltoideus have the clearest difference between expert players and novice players.

31



SIG-SKL-23

L TERETHTRTHIENE LY, £ 2l

Novice players always put unnecessary power in those muscles, so it can be said they
are tense when bowing. But I could not find a clear influence of the M.felexor carpi
radialis, M.biceps brachii, M.triceps brachii and M.deltoideus muscles in the bowing
action and thus found no difference in between subjects. Then I found that both
experienced and novice players usually put more power in M.thenar when they are
up-bowing. And I also understood that expert players’ muscles have activity pattern
when they change the stick, they always use the M.thenar at the first, and then use the
M.deltoideus and M.felexor carpi radialis sequentially but novice players do not do it.
Even experts have their own customs to play Erhu, so it is difficult to decide the
correct activity of muscles by only looking at 3 expert players in my experiment. It is
necessary to increase the number of subjects and analyze their characteristics to know

the correct activity of muscles.
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Going with Embodied Skills
-Extending Body and Mind-

PN ARG R

Takahito Horiuchi', Masaki Suwa®

VB EFRBR R FBIEOR - AT 4 TR
'Graduate School of Media and Governance, Keio University
? BB AR R O
? Faculty of Environment and Information Studies, Keio University

Abstract: Embodied meta-cognition, which is a cognitive method to verbalize one’s body feeling and
thinking, augments learning embodied-skills. The first author is a track and field athlete specializing in
decathlon. Through embodied meta-cognition, the first author has been training for about 1.5 years.
Consequently, the first author has become sensitive to motion and evoked body feeling in daily lives. We
conclude that learning embodies skills with embodied meta-cognition extends even the outlook on skills.
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Task-specific effects of whole-body coordination balance training “slackline”
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Abstract: The purpose of this study is to reveal whether a whole-body coordination balance training
“slackline” has task-specific effects or generalizability/transferability of adaptations to other tasks. As a
first step, the current pilot study investigated its task-specific effect with a few data. Once-a-week training
partially improved a task-specific balance ability of participants. We discuss its limited effects and
individual differences on the improvement of balance ability and slacklining performance.
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Attempts to identify dynamical systems behind physical movements
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Abstract:

For learning actions from observation of others’ physical movements, often one need

to identify how the movements would be generated by the others. By seeing a physical body as

a dynamical system, we set our problem to identify the dynamical system from observation of

movements. In our attempts for this problem, similarity of movements are measured in relation to

a fractal dimension of movements — an invariant under some types of transformation.
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A Study of Learning Support Tool for Novice Learner using the Drawing Process

Model
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Abstract: Drawing is one of the basic skills in learning art, it is a necessary skill for beginners to master.
The acquisition of skills by individuals is difficult and is acquired by correct repetition. The purpose of this
study is to build a drawing learning support system for beginners in a network environment. The student
can obtain evaluation and advice from the tutor without being restricted by time and place. In this paper,
from the geometrically specificity of experts' drawing process data acquired with the digital pen, we
examine the drawing process model and describe the drawing learning support system.
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Research on design creation of architecture in renovation of old traditional house

- A case study of old traditional town house in Kanazawa City -

i 12
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Abstract: In the realization of a sustainable society, the use of old wooden architecture has been focused

on.

This research focuses on case study by one researcher based on practical work on architectural

design and design, from an internal viewpoint reflection analysis was conducted. We report design issues

and design view in wooden architecture.
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