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Abstract: We present a target selection method for smartwatches, which employs a combination of a tilt
operation and electromyography (EMG). First, a user tilts his/her arm to indicate the direction of cursor
movement on the smartwatch; then s/he applies forces on the arm. EMG senses the force and moves the
cursor to the direction where the user is tilting his/her arm to manipulate the cursor. In this way, the user
can simply manipulate the cursor on the smartwatch with minimal effort, by tilting the arm and applying
force to it. We conducted an experiment to investigate its performance and to understand its usability.
Results showed that participants selected small targets with an accuracy greater than 93.89%. In addition,
performance significantly improved compared to previous tilting operation methods. Likewise, its accuracy
was stable as targets became smaller, indicating that the method is unaffected by the “fat finger problem”.
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V=23 yORMER, ML VERIESHEE 2oTLE D
Fat Finger Problem [1] D322 % %215 5. ff12, A~— b
T x Y FIEFOMADO/NE E0E, TNHOREDGZE)S
BHETH Y, BEOWEESCANICBIT L HIRIFET 5.

A= T x v FIZBWT, ¥y FEEOREBRELT
MEEE 2y a2 3 Loy sHE L
EFH L7200 MRS T A EBETFEIHS (IRES
TETWVD., FI)b MEEEEFFICHE O/ S WigRD ATIFE
FEPIRT 5T L TR RENTEY 2], Av—
k74 FIZBWT S F IV MEVEQRIEE O M RERHE 23T
bIhiTwa 3. —HT, FIV MMEZHWTKRE REEE
DT OIIEIREERE ST 2LESHY, ZO%4
ISR LCLE Y. /42, —EDOHMIIHT S
REGETEHEIHERWICHETDH 2 2 EPHE STV
5 [4]. TS OMEIE, FV MEEICB B 8E S &
koW Fx Y Y (HE ) Ofir s g L Tn
LIENERNTHLLEEZOLND.

UK LTI A IHERD F OV MRIEIZH VB8 & BE
FIERMOPEICHT A2 A, btk Fofiz
BIEEOPEICEAT 2B EFHOREZIT-oTETW
% [5]. BARMIZIE, ML Y EHEL R HWTR
=T d v FOREERTREICT 5. AFEIIBWTIEE
FTL—HFEAY— b T v FE/PNSHITAIEIZL ST
BN EZRET S, ZORETIHREOFATIZITh LR
WS, A=Yty FRMET - SEEOTETRHICT
EMADHE, TZOHORESICHBI LR 55. DL
FOEEIC X 1S N RES T L RERE D S RE T FEAT
ThH, ALY, FUMNREICBITAEITEEINS W
FFIC, TLOBREERREL T 5. A ITIRETHE L FEE
L2, METFHEONNT + =< Y AMESL -V 74
RO ODOERTFER L7z, EBRICBW T, BEA
Y=Y 4y F TS SN TS & v FHEEIN
Z, BATIFR TR SN TWAB TV MEEE ORE 4T 5
72, RRTIEINGIZOoWTEHRT 5,
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21 AX—bUAYFICHEIEZFIIL—23 DA
AR =P T3y FIIZFOMEDO/NEEHNOLF I V=T 3
YORBENREL, ¥y FEIERAT) LWEOK 60%H5
WKLo THESNTLEIWEBESEKTLTLE ) 2 L%k
HENTWA 6. A7 V=Y a yOxfHE LT, Wenig
DIZEBBRT A AT VA ZBERLCET 2T IVEREA VY
T va vl EMM ST, /o, Av—bT 1y
FOANELTHERY 2 AF v ZFHT 5 FHEIIONT
bIEFSNTWA. Zhao 5 [8] &, MEEL &Y x
A0y EMHALTC2IHEDOY = AF v (13 DRI
LBV AF L UHOFIZLDL Y2 AF %) & 96%D
WECTHET MM B L. Y2 AT vI2L5
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$ % DigitSpace [10] 72 &, HFRUZ & 2 W ORERE & L3 &
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BRAY—= YAy FAREDIED 5 AT)§ 5 TR
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FrRIREL, BFDY v FREL IS EODO ATIGEE
AR L 72 [16], [17]. Xia HIRICEET L5 v FHATN
4 A NanoStylus # B3¢ L, 8L 0 b IEfMELRFRA 74 ~
TERAFIZL[6). /2, NELEMEESETLT T #
3% COMPASS b2 SN TBY, FELFIH LB
by FRENPFHTE R VE ZIZTFF A MATT B
BRTE LT 5 [18]. DualKey [19] (33057 % BN 5 [
28 v F L7828 T A2 L TRARAZ ) — U I2BlT
HTFAMANEFEMR L. Darbar HIZFA~Y— 7+ v
FOMEN LT £ > %275 L 72 PressTact [20] 12 & D,
A=A - Az a—)b - [lEE Vo EEERTTREE L7z,
72, Kerber HIZAY = 74 v FOAL % 57 v a i
L, BT 75— a P NOHIZET A A
N7 4 R L7z [21].

2.3 AX—RMTAYFDOFIVNEE

RETRAY— MY+ v F BT LF)V MEEICET S
f7Ed £ s8N Twb. Guo HIEF IV MEED A THYE
A= 2 —OERNEWHEIZT A Angle Point B & U Object
Point ZHEE L7z [22]. 72, Sun HIEENELE Y FOHh%E
HAWTF IV M EEEZBHIR Y v 7V 2 AF v OFB# T EH
L, AR= 7+ v F2EHE L TWLMOFZT TRAMAET
% Float #I2E L T2 [4]. FV MEEZF VT F A b
ANFEICOWTHHFE SN TB Y, Portridge H D EHE}
DAFEIHAF L TAN T AU T2 lES b FER EVH T
LN [23]. SHLOHFFERFEHEZRT I ERL, 220,
oy TR L CIEMERBIERWREL T 5720, 47
V—T 3 YO L Fat Finger Problem % [A]IR¢ 2 ff P4
LHEMBEFETHLLEZONS.
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AEEZNSCTAIENTENIHITELEEZ LN
L. FITAHRAIFETI, TV MEEICBIF A B(EEORE
it O SPET B TR RE T 5. £, AT
F9E [24], [25] 127 6\, EBRBME IRV LS L MRS
LIRS A, ERENE R LR L 8ET 1T 8
TEMEbBET LI L L LT

2.5 FERBICLIBEEEDRE

Serendipity [26] D & 912, A®—F T+ v FEEELL
FCVZRATXYRATIA VI T 72 a Y DWFEEN TN 5.
DL BT AT TR FTEMT 5 HETH B0
WWERTHAE., IR T, Y2 AF ¥ 247 72125
HESNZHNOMEEIIST 5 Z LA TEIUL, (RIS %E A
ND| EVI)EERA L IE TR 2 ET A LN TE
BEEZOLNAL, HEOYY Yy e ZOIHBIE L
T, Myo Gesture Control Armband [27] ZfiH LT = A
F v Bk LENA N TNA A ZEET S MyoShare [28]
WHIToN 5. 72, Kerber 5 DHIZETIZ, Myo & Hw»
TY 2 AT ¥ ORB#EATV, A= 74y F EORFFT
DAY T aryERELL[29. 22T, AHFETIE
R EEBIERICHW A TR 5.

3. REFE
REFETOREFTELFIHIIOVWTMEZRT. £
T, T—WEAY— b v FEMET LI LI Lo THE
JifzetRET S (B 1O). k0TI MEETIIAY—
Ny F MR S #RETT ) &R 2 P L TR
TEDFETZAT > TW72hs, RETFHEICB W TUIZDREET
TR FEAT SN BES M OFE%E X Shima 5 [3] @
FHERMRIC, ETEAD 4 KFMZT TR EFROHRZM
R TEAEH) 7 AFE THER AN OIREN TR TH 5. 11
FHlaafaw Lz, T—FIERMEE 25 LMok T
DHETHEMR D E, £DHORKE SITHHI L 728H/E=
A (M1Q). 72 zE, 2—=F2HDLHMIKRA »
Y eRBEISEwEBotYh, $TEORMIIA LT
izl 5. REFHEOEETIE, KMEz 1° LLEEIT %
EZDOLEEPOBIEH N RD L. TD% [ o] LHIC
NEAN, TONHFBEEZBR 722 LD M) L %)k
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Fig. 1 Operation image of proposed method.
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Fig. 2 Experimental situation @ and screenshot ®.
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k> % v (LG Watch Urbane 2nd Edition, ¥i#¥ 1 X :
HE44.5mm, JEE 14.2mm, WEY A X 1.38 1 ~ F,
RIS 480 px x 480 px) D A X2/ bETRL, A
<~— by v FOLEN (LT, N4 A) & LTHWE
(X2 ®).
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FIENTHBERIILLTH— VIV L ERR) 2BH S
5. FhEIE, Myo 2251556 N7-fiEE T % 100 Hz THUE
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L, O ® RMS (Root mean square) iz i\ 5. 2
& 8ch MR L, ZOEFHMELHERE L T 5. REMEN
D720, FECEFY) 7L —Y 3y &V, RIEHEE
DEEZHET L. Fx U T7L—Yar3a—¥rhzA
NTW e WIREEZR 10 BT 72 B O 5 & O 4l % 4
e L, MACHEL-MiEEEET 5. BELToOmER
TR I Opx L2 ), RKFHEE (127 x 8 = 1,016)
TILHRMERIE 240 px (WYL & BTG ~EE)) & 742 5.
COHEMT, BEINIHER L CREREZEHT 5.
4. FHEEER
WREFLEOBIE T 5+ =< P AWED D5 A7 %
TeBMBEERETSH . £/, REFEOL-FEY T4
ED7zH, Trr— Mg ER T 261, Ay a—
ERL, REFEEMICET L7 4 — ¥y ZIUERAT
I, BB, EBBINEOKHEIGLNIGE, MEHE LT
FEREE A ML & L CRiEk L7z, EERAROMF I3
WNHTHY, A7 TLITTHIREE L -oTE Lo/

4.1 EBRSNE

FEEBRBINZLE LT, ENAVTNL ZAEFH L2 P
HY, A=+ v FERBIMLTVDERFEL LUKRF
BerE 10 44 (B 6 44, otk 4 %4, 4FG 2128 1%, 11 23.4
) DSEERICBINLT. BEANAVTANA ZAOFIHIEL 30~
216 # H, #8377 H (SD=51.11) THolz. Av—
M4y FEMEHLAEZ EDDHDLERBINEIZ24TH >
7o BEBTNA AEREFHICW) AT, ¥ A7 %470 T
Wiz,

4.2 EBRZZX7J

RERTIE, Sun b 4 1l bo TR T4 V75 A
7 RFER L. BARWIZIE, HBFAZIZBWTERS
FHIZIE, TNNA ZADOEHIIERSNIZY =7 v baRA »
TAYTLThbo7z, EBEEOKTBLUTNA ZADMH
Mz 2 OIRY. EREEAE LT, DTIORY 3EHED
FEOLBZIT- 7.

o RETF

EITEEE HEL v T OEEMAELETH— VIV E)
PTHETH L, PFEREL LTHEOLE %S v T T
LBILETEA YT A VT RETERD,

o TV MEIEFIL

WTEEICE D D — VYV EBE L CTHEDOE I 0% 5 v
FTHIETRA T4 VT %ATH) FhETh A, WITEIE
DZFE, Shima b [3] DFLEEBEIL, T84 A% 90°
72 & SICHAmNEBETH LI ICERE L, &8,
B RET 5720 IRE 2 AT 2T EEL T
T\,

o HIRY v FTiE
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W ZERES v F LTI =7y NOKRAL V54 ¥ T 24T
ATETH L, ZOFFETIIMETEEITH N2,

Z =y hO A4 XI3EHEE 72 5 mid, mid D 2 DK
& & TH5 big, mid D 1/2 DKE ETH 5 small O 3 Fiff
L, 20 AIFATT . mid DA XL, Google D # 1 K
T4 Y [B1]12hE- T, #EEN T 5 48dp (#99.72mm)
LB E9REIL. Lo T, big, mid D244 XAHHA
NI A &7z Lo A X, small BXHA K54~ &7
Ehwnwir A AL s, Dib%, ZORICHETT L5
EEBENT ST T LBRITRGD 25T . Tabb,
3FE X3 A X x 20 3T x 2 4 x 10 % = 3,600 7 — %
(¥ A7 DR, #ZEER) ZEL, SCHV5.

4.3 EEFIE

REBORA VT4 2 7% A7 TlE, FRIZEHRSNE
W2 [TEBRTRLDPODOEMIIEA VT4 2 7 %479 &
VBUREAT -T2, F AL, FEBESINEDS [ Wiz
¥y TTHILIZEoTHIAL, BMENDT v 5 L AE
WX =7y NOREESNS, ¥ AZIZEEY v FRE, T
WV NEEFE, RETFEOMETIT o7z, FBEFETH
HERLETH Y, KBREFEOI AT L IRl
B D pmaiz, BEFEOIERICELT, ¥ v F#ET
XIRORE), TV MEEFETIIIMEE o ORE, i
FFRETEIMERIKAF L TRERLIET 5720, £
VEF LM CRIEERDOENOZBIEA LT, NHFRIFR I 2
BELZWIERS, 10 40EESME4EBICFETIEZ
PR L7, ¥ A7 G, WHEICY —7 v PSERR SN,
EBRBINE IR E SNBETETRA V74 V7 %470
7o IhELIRITE L, 1EATH# Db o 2RI RD ¥ —
7y NOSHEENO T ¥ AMEICRESNS (h—V )L
DILEIZZDTF LR D). &AD20FITIZY —7 v b
A XA big TH Y, KD 20 &AT1E mid, ZFDRD 20 ;AT
[ small & 72 5. FHEICHWAET—% &L TH—7 v b
AR LN, BRITTRA V7140 V7D L - EA % 4
VERSRE, BRITTERA VT 14 ¥ ZIThh o 72 2 Ve
TR & LCEls L7, BA v T 4 v VT ORE, i
VAT BRI — VDT =7y NAICH B0 E ) Ik
L U7z, EEFATIRNG, SemoiRiTid [BadG] i
59T LTS 1 RTHORA VT4 Y IO T 5%
TOME L, DBEOBITTRERTORA 714 ¥ 758
TEHMPSHRITORS V71 Y VT I TOERME L
7z, BT L EBRSEHOIURIEIL, #ESGGOERE S v
F T, BT OERE Y v F T, B0 T v b
EFGE - bwvoZz k)i, KFETHMESZT - 72HKD
FHEICHEL L VI EF T 10 ZOEFSINEEBITR L.
BATERMEAT O BRI, EBRZmE IS LT [EN%HH
W&, ¥ A7 IR BIEES W] KO ERL7.
nB, Kty FANCIEERSNE IS, ToRETETH S
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Fig. 3 Average accuracy (left) and average task completion time (right) of pointing

task.

ER) T THE 2 AT ) R 2 5272,

4.4 TohHh— b BLTA 2 EZE21—-DER

LB A7 THWON SHEEOFEELZNIZON
T, FAZDHT LIBRERSIME LT ¥ — bollEz
I L 7-. 2 2 Tld, System Usability Scale (SUS) [32]
b LD, REBRBICMBIELLT v 7r— M aeEhL 7.
FEEIZ, NASA-TLX[33] #d L L727 v 7 — b &%
L, EBRBMEDRE S A7 TR LIEEARIZOWTS
FAR7o. WtrIc, EBLREZEBLC, £FEICHEL CRM
WieEar f vy Ea—Tmal.

5. RERHER

5.1 BRERE

KA T4 275 A0 DBIEREE (%] OFIHIZOWT
=7y M ARATEICTF D0 3 (F) IR
F. A X big lZBVTETRTOLMHT 8% EOKsEE
PHER ENT2. F A X mid TERBATLREMEOBEESY v FH%
T8EN%DIEE L e 5722 L2 VT, MDOTNTHOEML
FHLEOMEE T IONLL LOKGE TR S 1, REFILETIE
OB% L F DR T E 2. A X small I2BWT, &
By v FIIMEM TREN 40% % TRIY, FI)V MEED &
TEMETIR BTSN ELAAT LE 2. — /T, FILb
BEOFIE LM TIZ 96.5% & MWK R ML TB Y, 2
FPREEIMENGTI3RULEORETH 7. N5 TS
A RTA V2T EhwHA XTO T RA T4 07
MR TH D Z LAURENT-.

CAUTH LT 3 BRGHHT (SInENEHE ; M7 A e
LTy =7y M A X, FEBRGA, BET, fEEAse LT
FERE) ZFEfti L7z, ZORR, AELR 2 ROZKEHEH (4 —
7y A X x EBGN < BETE) [F(4,36) = 7.07,
p<.01]) &, 1ROLEEH (5 =47y b A X x g
&) [F(2,18) = 33.65, p < .01], (TGN x BIEFE)
[F(2,18) =7.97, p< .01] BXY (¥ —=%v bH A X x
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BT [F(4,36) = 5023, p < .01]) DRSS 7z. &
7z, HALERREDOS =7y M A X [F(2,18) = 197.64,
p < .01] &EFEBESEM [F(1,9) = 57.36, p < .01] BLY
BETH: [F(2,18) = 51.15, p < .01] ICHEEDRER S
nr.
2ROZTHEIZOWT, ¥ =47y M A R L EBRGAE, &
Bt L BT, 7 =7y P A XL BETRICENR TR
HH LT 2 ZRGHGT (B etim) 255050 L7z, #hR
DFRTOT—F IOV TIIfHRDE A1 SIS/,
FEEREA EBETEICER L2k &, ¥ =7 b A XS
small DG HEIIKENERAPHE TH 72 [F(2,18) = 3.65,
p < .05]). KEHROHEMENR 2 5HT L7HGR, TSN x
BETEE (ES v F) [F(1,9) =816, p < .05], FBS
B x BfEF (FV MRE) [F(1,9) = 43.60, p < .01],
BT < EBRSM (k) [F(2,18) = 66.65, p < .01]
PEF < EBgt O817) [F(2,18) = 47.09, p < .01]
IZDOWTHERED MRS LT,

EBREM E BT EICER L2 E, 97y P AR
A small DY E IS, HAVEFL L MERSM L OMICHEE
PRSI NI2Z &, FIHEMEIZhA2D L TRETFER
A FEOBELABICNE L COLWREENH S L E 2
bNb. F7, EBEMLERESY v 7B LUOEREN LT
WV MMEORICIIEEENHER I N, Thbb, EEFSE
BB OGE I AEEDIFEIMELS o T LES 72—
T, EBRFMGLIRETFHEOMIIHEEEIMER SN L >
2. INLOERDPS, RETFEIEHIECHTOFH &M
CEEIN VI REENS L EEZONS. XD, £
FFHIMATFEORBELFZIIEEL, ¥—7 v A
AWINEL e o728 LTHFAEBEII D LT, —ED
WM CE D I L ATRBENT.

5.2 {FXEEITIEMHE

PEEFEATIEM [ms] OFHIZOWT, F—4 v A
AZTEIFE0b0xM 3 () [IRT. 9, FUb
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BE L RETHIIBV T, #IESM L AT RO &M
T, A ZXPREVIZEFETRERIEL, T4 X27hSn
1ZEFEATREMPEL o7z, B v FTEITRTOLEMN,
TEATHERM AT 700 ms Kifi & % - 72, REFHIIEES v
F, TUVMMEELELOFEL Y b FATHMAR 2o T
Wiz, BARRICIE, EHES v FERRTH 3T, FLLb
FRIEL AT 15 DR 2 2 L T

CAUTH LT 3 BRGHHT (SInE MR M A e
LTy =7y MA X, EBREN, BETE, iEEARE LT
FERE) 2 M L7z, ZORR, AELR 2 ROEHER (4 —
7y b A X x FERRGM x BIETFEE) [F(4,36) = 5.56,
p<.01]) &, 1ROZLHEMEH (5 =4y b4 X x Eig
%) [F(2,18) = 67.04, p < .01], (FEBasM: x BETH)
[F(2,18) =34.94, p< .01] BXW (#—=7v M1 X x
BETH) [F(4,36) = 16.71, p < .01]) DR sz, &
72, HAEEDOY =5 v M4 X [F(2,18) = 108.10,
p<.01] EEBREM [F(1,9) =192.18, p< .01] BLY
BT [F(2,18) = 85.90, p < .01] IZH BN S
nr.
2RDOEHAETIZONWT, =7y b A X & FEBREMIC
EH LT3 008EFET L 2 BRGHGHT (S WE
W) Z5EfE L7z, ZORE, BES v T [F(2,18) = 36.50,
p<.01] &F MNEE [F(2,18) = 53.96, p< .01] B &
OIRETH [F(2,18) = 17.07, p < .01] 2BV TKHESE
ANHECH o7z, Fz, EBREFLBEFEIEELT
3005 =47y N4 AT L2 2 BRSET (BINMEN
FHE) 2 FEME L 72K R, ¥ =%y YA XA big DHEIS
RHERAPEETH -7 [F(2,18) = 3.65, p < .01]. &
BIT, =7y A XEBIEFEICEAHL T2 D0DE
BREME 2 L2 2 R BT (BB NEE) % FEhL 72
FER, LS [F(4,36) = 67.36, p < .01] &HA750M0
[F(4,36) = 3.88, p < .05] WM/KHEIZBWTZRAEHD A
EThol.

LHAER DR S NIRRT DWW TR E R O A T35
BN L. BROET—FI0oVnTIIfEROE A2 25
a7z,

53 1—H%EUF«

SUS 7 v 7 — FNORREER 4 \IRT. REBRTHW
SUS 7 v — MIsEMDY v — bREOER 10 3HH
THER SN TEY, REIMIZ 100 SiE0o 2 a7 RO 5
N5, SUST 77— boiER, HHEEY v 714 79.254+10.93
B, FV M REIE 42.25 £14.59 1T, RETH:E 58.54+14.68
BHERY, RETHIIMEROT IV M EEL D IZHVR§ <
EiEY v F LI IZ VW eSSz Znsizon
T 1 ERGEGH (SIENGTE) 2FEL7cE 2 hH, AE
LAEDPHER I N [F(2,18) =6.95, p < .05]. Holm #E%
VS ERBEZERL-E A, FIL MNEELIRETE
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* % *
* %k :‘ * f_*‘ % %k % %k
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BT RE| 3
BREFE
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* :p<.05/3 1 i I i ii i
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4 SUS 7 v 7 — FOfER
Fig. 4 Results of SUS questionnaire.

DB THERZEDVHER S (MSe = 124.5602, p < .05),
MExHWAZ L TI—F LY T4 2YETEI EIUR
sz,

F 72, &M x L T Friedman M58 % FE 5 L 7245 5,
QL, Q2, Q3, Q4, Q8, Q9, QIO PHHIZBWVWTHHE
ZEPRO LN (Q1:x%(2) = 14, Q2: x3%(2) = 18.167,
Q3 : x%(2) = 13.351, Q4:x2(2) =15.677, Q8:x?(2) =
16.938, Q9 : x%(2) = 14.812, Q10: x?(2) = 10.606,
p < .01), Q5, Q6 DHEHIZBWTHHEET RO LN
72 (Q5 1 x%(2) = 6.7407, Q6:x3%(2) =8, p<.05). &
S OEHE I L Wilcoxon OFFofF S NEM#RE (B EK
#E1X Holm #ECHiIE) # HIWTEEIKEZERK L& 25,
Q5 [ ZOFMEFETIIEA RIREN L CF LT o TS
L7z, Q8 [ZOFMEFHEIZE THEMEL O H W LK
U7z] OHBETT NV MEELIEETEMICEEEN O N
2. ZOZENS, RETRIIEEE LTEFRELTEY,
PERD T IV MR L B L THREDOHES FEATEE S T w
LI ENhyotz. —HT, QI ZOREFEZFIMT S
WITHBPLEE b 2 TH L LKL, Q412
DEVEFEAFIHT 2 DICHEMROY R — N DS E72 LK
L%, Qo DIHHTIE, BEY v F EREFEMICEE
# (Q5 DIHB X 5% KETHOEER) BREN. 202
EMG, REFEIERELE LTIT LT oTWAEDS, HEE
yy F L L THETDH B 720, Tzt %3050
HCHLI e ghol, TLHb L, RETFIIHEMIC
FETDLI NS ML T TH B L EH S L7 ),
IO RA V5 T2 a 02 THAL T H5ILT, %1
DIL—FIZZITANONDTREENH L EEZHLNL.

5.4 {FEET

NASA-TLX 77— FOfFERZE 5 IZRT. 6 20D
HH O ZNZNIZ2 W T Friedman #5E % £ L 7245 58,
“Mental”, “Phys.”, “Efforts”, “Frustr.” ®JHHIZHWT
BHEEDPHERIN (p<.01), “Time”, “Perf.” OWHHIZH
WTHHEEEDTERIN (p<.05). TNSDHEE T
L Holm % AV 7-ZEILEZ EfiL7/-& 2 5, “Mental”,
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5 NASA-TLX 7~ 7 — F OfEH
Fig. 5 Results of NASA-TLX questionnaire.

“Phys.”, “Time”, “Perf” ®IHHTF IV MMRE(ELIRETE
MICHEEDERENT. 2O DS, IREFEIINEE
DF N MEEL Y KR - BENE T DR WFETH
D, 2=FWF AL T Ly vy 2K LA L HE# -
THHTELFETHALEEZONSL, T2, “Frustr.” O
HHIZDWTIE, p=.0039 £ 7% Y, Holm FETHIELZ p
i (=.0033, % 1EM.OME) & T 5 L FREMENICH S
EEZOND., LoT, REFEZHEYICURTHZ LT
=W AN SN A TTREEA R S 7.

6. EIm

FEERBINE 0 U CEBRBICA vy ¥ — 2 FE i L7
R, [F00 MEIEE I L TRETFEEMH D 29 72097
N5 LB o720, HENVOLLE L L o7] v
IBEREGE. T2, (EROF IV MEEIZOWT [EITEH)
EDPRKEWTZDEES —RIZBIVT LT, X0ERD ]
EVIERLH 7. INLOERDPS, KREGEEES
BV EEICE, BUBMEERELSTA2LD Am AV
TN, HHINEWEEZENE, D0, RETE
DL, EFOMER /NS T B HEXED L & % B
THUREMED D B T EDURE ST,

—HT, MEFETIE HELRBMEEZLL) L35 L0
CHBADTEL], [HWHIZHH LT o LB TIZL
W, TRMEAE 2 BRI R 2R E S D LEE L] & v
IERNH o7z, SAFEEL-LOTIR, REHEEDDS
Myo TR TE AMiBEORNIEE TCOHMZ, HIEE
WHIZIZEI ) Y CTzz, =L o> Tl w3 S H35
oltZzohsd., ¥, HLEBBNEL S [HH
B FLTELRD /22O N— IR T =47y M %@
BLTLIW, MEMMELCLE-/A] taxr b 2%
7z, Soaxy s, REFECBITLBEROIE
RIS ELBERICEH L TA VY IVETFTLVDEN S - 7-
Z LD, REFLEOEFHEFATR D Z OO FLE O E ks 2
MoTW1OOFKRE LTHIToND., Z070, 1—
P & A L 2B OIRBE V& B L 7 Em O E T
VT AN GRS ALENHLEEbNL.

LollFk 4 DSERE L2 EBRICBWTIE, AY—T7 4 v &
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A=+ T x v FOMNBELTHH L2, A~v—}
oy FRMET ASA IR R R BN H B .
— T, EBESNEICHETESICOWTaRALE IS,
TNNAADRKREERESIZL o TENPE L2 HET S
FEBRBINZ TN hol2l20, A~x—b Y+ v F 2T
B HA T BT S ARIIFE CHENE L 72925 & AH R KR IC R
BB LR BEWEEZTWS, Tz, RETFHFIIRKNIC
EHFEEDEVERECERVWFETHL. 200
FROERICINT CHFMEFTY v FRELZTH L ED
HWEAXMESCLTFETHLHAET 1 — KNy 7 OfFn%
FIF L 72T [34] %, =W T & IHMFE % v O
I ST 35 L L b BT 2 LENH L LER
TWa.,

RIS, —ETEICBIT A3 v v BIVEBEIZOVTER
b, AREBRTHWREFERIIIRERIEIIFEEINT
WAPF v VR VEEIZEEI N TW ARV, —FT, &1
VT4 VT ERITIBII Vo ARSI TR ETIE L 7w
BAER, BWWERDL EIF) K720 §58E%
CHEMARBETEADLTLE I HAICE, Syt
BENDLETHHEEZZONE. WIBOHEIZIE, &2
&, P REE ¥ X VR VEREICHIO 2 B ON Y Y o
AFxEFAL, D=V Ve BB SRR T4~
TEMEET D E)DERIBET AL EDVEZONL.
T/, BBEOBAICE, e E, AR oL
A<= N7 v FOWEALT—F ORI X 5 BLBh
27 o 2RISR FEFEDO A W REICT HHERE R &A% 2
b5k,

7. EZAo5NBTTVS— 3>

RIFFETHR O N2 SREFEOICHTREMRE L LT
EZONDLT TV r—a yoflERY.
MDIEEFRIZH T BT /N1 ZDEEE

RETFFEIAT= NI+ v FIIBIFLRTTOA— VI
BEIZTEEICT A, 7221, "IV VT b7 2T %F)
MY 28I, 2—HFIIRATTHII—EvI—v—ILDh—
UNBEIOBREZTAHIENTESL M6W@). 72, Va2
FU TR ORBOERT F)r—va v EBET A &
bIEETH 5.

FFTOERT7 7 X

REFEEF, A= Iy r v F2EELTVEVWAIOF
THZEFL TV LBICOFIATE S, 728 21E, AT
WCREIENT 7)) r—ay (M60®) RHMRT 7)) r—
YaroArza—ViEEEF o2, BEbIZLYET S
V=2 a yOmABBERELIT) 2L TE 5.
KM DS VR E

REFEINSWERMEHT 5720, WHFEIHEON
MEESNIZCVEWIEREDSH L. 2T, Bicht A
NTVWENE)PIZONWT, MMFICITHEAIRETH D &
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M6 ILHTT)r—varofl
Fig. 6 Example applications of proposed method.

WORRLH L. T00, KREEOECIERESTHETH
D, fHEZNAT = FADICFHTE2ZLbTE2 (M6
©).
D FINA X & DEHE

REFHER, A=Y+ FLOT ) r—vav®
BB SRDOZ L, DT N1 AL OiHEEE LG
HEDEZONL, 72 21E, Av—bFT 4 v FEHWT
Philips’ Hue ® & 9 7 A~ — B % BFEMICHIHIT 5 &
EHHETHD (M6@). HEDOFMEH LI LItk
0, HEBONT A= 52KT DTN A Blid 52 L8
TRETH ), HILEDINTG A — ¥ ZALEORETIRIET
HIELTED.

8. F&d

KEgTIE, Av—= b7+ v FIZBTLHERDT IV MMRE
CHWBEITEMEZ BE MO REICEHA T 5 2 L2
Z, hEL T OHEEBIEEOTEICHE T 28D
REZATo 7. RETHEL, BEOTETH L5 v FHE
TN MR L DI FERR AT o 7RG R, BEREZI TR
CHBATRRIC D BERE DB BISE o 72, 72, 22—
)74 QBT T, REFHEIEMCFE T, Lh4%L
MR BRET R CTH D05, XV BIEF % 791~
T5ZETEHLDI—WITZIT AN NS TREMEATRIZ &
nr-.

SENH

[1]  Siek, K.A., Rogers, Y. and Connelly, K.H.: Fat Fin-
ger Worries: How Older and Younger Users Phys-
ically Interact with PDAs, Proc. 10th International
conference on Human-Computer Interaction (INTER-
ACT’05), pp.267-280, ACM (2005).

[2]  Rekimoto, J.: Tilting Operations for Small Screen Inter-
faces, Proc. 9th Annual Symposium on User Interface
Software and Technology (UIST’96), pp.167-168, ACM
(1996).

© 2019 Information Processing Society of Japan

3]

[4]

[5]

[7]

[11]

Shima, K., Onishi, K., Takeda, R., Adachi, T., Shizuki,
B. and Tanaka, J.: Investigating Accuracy of Opera-
tion on Wrist-worn Devices with Touchscreens, Proc.
2016 CHI Conference Eztended Abstracts on Human
Factors in Computing Systems (CHI EA’16), pp.2705—
2711, ACM (2016).

Sun, K., Wang, Y., Yu, C., Yan, Y., Wen, H. and Shi, Y.:
Float: One-Handed and Touch-Free Target Selection on
Smartwatches, Proc. 2017 CHI Conference on Human
Factors in Computing Systems (CHI’17), pp.692-704,
ACM (2017).

Kurosawa, H., Sakamoto, D. and Ono, T.: MyoTilt:
A Target Selection Method for Smartwatches using the
Tilting Operation and Electromyography, Proc. 20th In-
ternational Conference on Human-Computer Interac-
tion with Mobile Devices and Services (MobileHCI’18),
Article 43, ACM (2018).

Xia, H., Grossman, T. and Fitzmaurice, G.: NanoSty-
lus: Enhancing Input on Ultra-Small Displays with a
Finger-Mounted Stylus, Proc. 28th Annual Symposium
on User Interface Software and Technology (UIST’15),
pp.447-456, ACM (2015).

Wenig, D., Schoning, J., Olwal, A., Oben, M. and
Malaka, R.: WatchThru: Expanding Smartwatch Dis-
plays with Mid-air Visuals and Wrist-worn Augmented
Reality, Proc. 2017 CHI Conference on Human Factors
i Computing Systems (CHI’'17), pp.716-721, ACM
(2017).

Zhao, Y., Pathak, P.H., Xu, C. and Mohapatra, P.:
Demo: Finger and Hand Gesture Recognition us-
ing Smartwatch, Proc. 13th International Conference
on Mobile Systems, Applications, and Services (Mo-
biSys’15), pp.471-471 (2015).

Aoyama, S., Shizuki, B. and Tanaka, J.: ThumbSlide:
An Interaction Technique for Smartwatches using a
Thumb Slide Movement, Proc. 2016 CHI Conference
on Human Factors in Computing Systems (CHI’16),
pp-2403-2409, ACM (2016).

Huang, D.-Y., Chan, L., Yang, S., Wang, F., Liang,
R.-H., Yang, D.-N., Hung, Y.-P. and Chen B.-Y.: Dig-
itSpace: Designing Thumb-to Fingers Touch Interfaces
for One-Handed and Eyes-Free Interactions, Proc. 2016
CHI Conference on Human Factors in Computing Sys-
tems (CHI’16), pp.1526-1537, ACM (2016).

Laput, G., Xiao, R., Chen, X., Hudson, S.E. and
Harrison, C.: Skin Buttons: Cheap, Small, Low-Power
and Clickable Fixed-Icon Laser Projections, Proc. 27th
Annual Symposium on User Interface Software and
Technology (UIST’14), pp.389-394, ACM (2014).
Ogata, M. and Imai, M.: SkinWatch: Skin Gesture Inter-
action for Smart Watch, Proc. 6th Augmented Human
International Conference (AH’15), pp.21-24 (2015).
Zhang, Y., Zhou J., Laput, G. and Harrison, C.: Skin-
Track: Using the Body as an Electrical Waveguide for
Continuous Finger Tracking on the Skin, Proc. 2016 CHI
Conference on Human Factors in Computing Systems
(CHI’16), pp.1491-1503, ACM (2016).

Chen, W.-H.: Blowatch: Blowable and Hands-free In-
teraction for Smartwatches, Proc. 2015 CHI Conference
on Human Factors in Computing Systems (CHI’15),
pp-103-108, ACM (2015).

Muller, F., Gunther, S., Dezfuli, N., Khalilbeigi, M. and
Muhlhauser, M.: ProxiWatch: Enhancing Smartwatch
Interaction through Proximity-based Hand Input, Proc.
2016 CHI Conference on Human Factors in Computing
Systems (CHI’'16), pp.2617-2624, ACM (2016).

371



RS 2R

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Vol.60 No.2 364-375 (Feb. 2019)

Kubo, Y., Shizuki, B. and Takahashi, S.: Watch Com-
mander: A Gesture-based Invocation System for Rect-
angular Smartwatches using B2B-Swipe, UIST ’16 Ad-
Junct Proc. 29th Annual Symposium on User Interface
Software and Technology, pp.37-39, ACM (2016).
Kubo, Y., Shizuki, B. and Tanaka, J.: B2B-Swipe:
Swipe Gesture for Rectangular Smartwatches from a
Bezel to a Bezel, Proc. 2016 CHI Conference on Human
Factors in Computing Systems (CHI’16), pp.3852—
3856, ACM (2016).

Yi, X., Yu, C., Xu, W., Bi, X. and Shi, Y.: COM-
PASS: Rotational Keyboard on Non-Touch Smart-
watches, Proc. 2017 CHI Conference on Human Factors
in Computing Systems (CHI’17), pp.705-715, ACM
(2017).

Gupta, A. and Balakrishnan, R.: DualKey: Miniature
Screen Text Entry via Finger Identification, Proc. 2016
CHI Conference on Human Factors in Computing Sys-
tems (CHI’16), pp.59-70, ACM (2016).

Darbar, R., Sen, P.K. and Smanta, D.: PressTact: Side
Pressure-Based Input for Smartwatch Interaction, Proc.
2016 CHI Conference on Human Factors in Computing
Systems (CHI’16), pp.2431-2438, ACM (2016).
Kerber, F., Kiefer, T., Lochtefeld, M. and Kruger,
A.: Investigating Current Techniques for Opposite-Hand
Smartwatch Interaction, Proc. 19th International Con-
ference on Human-Computer Interaction with Mobile
Devices and Services (MobileHCI’17), Article No.24,
ACM (2017).

Guo, A. and Paek, T.: Exploring Tilt for No-Touch,
Wrist-Only Interactions on Smartwatches, Proc. 18th In-
ternational Conference on Human-Computer Interac-
tion with Mobile Devices and Services (Mobile HCI’16),
pp.17-28, ACM (2016).

Partridge, K., Chatterjee, S. and Want, R.: TiltType:
Accelerometer-Suported Text Entry for Very Small De-
vices, Proc. 15th Annual Symposium on User Interface
Software and Technology (UIST 02), pp.201-204, ACM
(2002).

Fitton, D., MacKenzie, 1.S., Read, J.C. and Horton,
M.: Exploring Tilt-Based Text Input For Mobile Devices
With Teenagers, Proc. 27st International BCS Human
Computer Interaction Conference (BCS-HCI’18), Ar-
ticle No.25 (2013).

Butcher, M., Read, J.C., Fitton, D. and Sim, G.: Inter-
action On The Move: Exploring Tilt-Based Text Input
For Smartphones When Walking, Proc. 31st Interna-
tional BCS Human Computer Interaction Conference
(HCI’17), Article No.20 (2017).

Wen, H., Rojas, J.R. and Dey, A.K.: Serendipity: Finger
Gesture Recognition using an Off-the-Shelf Smartwatch,
Proc. 2016 CHI Conference on Human Factors in Com-
puting Systems (CHI’16), pp.3847-3851, ACM (2016).
Labs, T.: Myo Store — Thalmic Labs, available from
(https://store.myo.com/) (accessed 2017-12-01).

Di Geronimo, L., Bertarini, M., Baderscher, J.,
Husmann, M. and Norrie, M.C.: MyoShare: Shar-
ing Data Among Devices via Mid-Air Gestures, Proc.
19th International Conference on Human-Computer
Interaction with Mobile Devices and Services (Mobile-
HCI’17), Article No.48 (2017).

Kerber, F., Lessel, P. and Kriiger, A.: Same-Side Hand
Interactions with Arm-placed Devices Using EMG, Proc.
83rd Annual ACM Conference Extended Abstracts on
Human Factors in Computing Systems (CHI EA’15),

© 2019 Information Processing Society of Japan

[30]

31)
32)

[33]

34]

fiF

Al

pp.1367-1372, ACM (2015).

Gil, H., Lee, D.Y., Im, S. and Oakley, I.: TriTap: Identi-
fying Finger Touches on Smartwatches, Proc. 2017 CHI
Conference on Human Factors in Computing Systems
(CHI’17), ACM, pp.3879-3890 (2017).

Layout — Metrics & Keylines, available from (https://
material.io/guidelines/layout/metrics-keylines.html)
(accessed 2017-12-01).

Brooke, J.: SUS-A quick and dirty usability scale, Us-
ability evaluation in industry, pp.189-194 (1996).

Hart, S.G. and Staveland, L.E.: Development of NASA-
TLX (Task Load Index): Results of Empirical and The-
oretical Research, Human Mental Workload, Hancock,
P.A. and Meshikati, N. (Eds.), North Holland Press, Am-
sterdam, p.46 (1988).

Yu, C., Wen, H., Xiong, W., Bi, X. and Shi, Y.: Inves-
tigating Effects of Post-Selection Feedback for Acquir-
ing Ultra-Small Targets on Touchscreen, Proc. 2016 CHI
Conference on Human Factors in Computing Systems
(CHI’16), pp.4699-4710, ACM (2016).

Weir, D., Rogers, S., Murray-Smith, R. and Lochtefeld,
M.: A User-Specific Machine Learning Approach for Im-
proving Touch Accuracy on Mobile Devices, Proc. 25th
Annual Symposium on User Interface Software and
Technology (UIST’12), pp.465-476, ACM (2012).

%
BHFIRO/MERICONT

EERTHONLT =5 O5HE LT, BVERE &2 TH
MOT7T— 7123 LT3 BERDHGMEER L7z, 2RO
HAVERADHER S N2 BRI OWT 2 RSB & £ L

>yt
<7a

HAEM AR SN ERIZDWT, HERRO

S EITo72. T A1 BIUER A2 TIEFDORERIZON
TRT.

372



BERIEF =R EE Vol.60 No.2 364-375 (Feb. 2019)

] AL HMEROGHHR (BIEFE)
Table A-1 Result of post-hoc analysis (Accuracy).

ZHAFEH D .
3 TEH HEHER F1E 2 X(E
2=y M A XX ERGA (L) F(2,18)=36.67 p<.05
B =5y M A XX EBRGAEET) F(2,18)=45.00 p<.01
BAEFIE FIRGAEX 2 — 7 R A X(big) F(1,9)=1.98 (n.s.)
(FV N ER1E) FEEGAMEX X —7 > b YA X (mid) F(1,9)=16.36 p<.01
TR X #—75 > b A A (small) F(1,9)=43.60 p<.01
FEBREN X HAETFIE(ERE S v F) F(1,9)=8.16 p<.05
FEER G X BAETFIE(T /L ME(E) F(1,9)=43.60 p<.01
K —4y M A X TR X A FIER R TE) F(1,9)=1.98 (n.s.)
(small) BalET 1k X RS- (FF 1E) F(2,18)=66.65 p<.01
BAETIE X ZBREIE(BRT) F(2,18)=47.09 p<.01
L=y A AXBEFIE(ERES v ) F(2,18)=102.43 p<.01
S =7y M A XIXEAEFIE(TF L FEAE) F(2,18)=4.56 p<.05
&=y A AXBEFIEREFIE) F(2,18)=3.86 p<.05
E &S . . . L
e BAEFIEX 2 =5y MY A X(big) F(2,18)=0.55 (n.s.)
(R AP) BAEFEX Z =5y B YA X (mid) F(2,18)=1049 p<.01
BIEFEX X —5 > YA Z(small) F(2,18)=66.65 p<.01

H—0y A AXEEFE(ERE S v F) F(2,18)=114.04 p<.01
B =5y A XXEETIET IV MEE) F(2,18)=45.00 p<.01

. =0y A XAXEEFIEARRE TE) F(2,18)=3.46 (n.s.)
FEERSAT . ‘ . o
BT AN BEFIEX X —7 v R A Z(big) F(2,18)=0.00 (n.s.)
BEFIEX Z—7 YA A(mid) F(2,18)=3.85 p<.05
PEFIEX Z —5 » R YA X (small) F(2,18)=47.09 p<.01
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® A2 HlTRROSTHIE (58 THR)

Table A-2 Result of post-hoc analysis (Completion time).

gfﬁgg v FiE p i
Z =5y M A XX EBRE(FRIE) F(2,18)=18.33 p<.01
) H =7y M A XX ERGEIEHAT) F(2,18)=43.96 p<.01
BAEFIE — R .
- FBREA X X — 4 > b A R(big) F(1,9)=353.40 p<.01
(HEHEZ > F) . .
FEBREMEX 2 —7 v R A ZX(mid) F(1,9) =246.16 p<.01
TR X Z—5 > bW A X (small) F(1,9)=117.23 p<.01
B —77 s M A XX EBRGE(FrIE) F(2,18)=2.12 (n.s.)
Iy Z~Z“y M‘/rz:x%;%ﬁ%ﬁi(bﬁﬁ) F(2,18)=60.11 p<.01
(T M) FBRGAE X 5'%7‘\‘/ kA X‘(blg) F(1,9)=93.51 p<.01
FEBREMX 22— kYA Z(mid) F(1,9)=110.72 p<.01
FEBRGEMEX 2 —7 v R A A(small) F(1,9)=100.39 p<.01
2=y b A XX FERGA(FF L) F(2,18)=89.20 p<.01
T i%z\y k#%x“:w%%ﬁ%ﬁi(%ﬁ) F(1,9) =55.67 p<.01
RET) FBRGAE X 57~6"\y kYA X‘(blg) F(1,9)=5291 p<.01
FEREMNEX 2 —5 > MY A X (mid) F(1,9) =58.02 p<.01
EBRGMX X —7 > b A X (small) F(1,9)=75.59 p<.01
TR X BAEFIE(EHES v T) F(1,9)=5.48 p<.05
Yty Mg % %Eﬁf#ﬂ%fﬁﬁf(%t F%1’E) F(1,9) =43.60 p<.01
(big) %Eﬁ*ﬁ: X EEFIEFRRETIER) F(1,9)=43.96 p<.01
PR FIE X EBRSEMFFR L) F(2,18)=65.74 p<.01
BRAETFUE X RGBT F(2,18)=157.78  p<.05
B =y A AXEHEFILE(EHEY v TF)  F(2,18)=18.33 p<.01
H—77 s N AXBETIE(T NV MRIE)  F2,18)=2.12 (n.s.)
e e SUE B =7y M A AXEEFIEFRE T F(2,18)=89.20 p<.01
(Ff1E261H) BIETFIEXZ—5 v ¥ A Z(big) F(2,18)=99.71 p<.01
BEFEXZ—7 Y YA ZX(mid) F(2,18)=108.33 p<.01
BUEFRIEX Z—5 N YA X(small) F(2,18)=223.53 p<.01
S =7y A AXEIEFE(ERE S v F)  F(2,18)=43.96 p<.01
K=y M A XX EEFTIE(TV MEIE)  F(2, 18) =60.11 p<.01
FEBREAF B =y M A AXBEFIEGRETFIE) F(2,18)=55.67 p<.01
(BRITEM) BUETIEX Z—F v M ¥ X(big) F(2,18)=38.64 p<.01
BAEFRIEX Z—5 » MY A X(mid) F(2,18)=23.17 p<.01
BUEFIEX Z—57 » YA X(small) F(2,18)=19.27 p<.01
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