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QuadKey: A Japanese Kana Character Input Method for
Smartwatches with Four Keys
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Abstract: Recently, wearable devices called smartwatches have been attracting attention. Since a smart-
watch has a much smaller display screen than existing mobile devices such as smartphones, it is not possible
to arrange a full set of useable keys of sufficient size for it. Therefore, the occlusion problem and the fat
finger problem occur, making it difficult to enter characters with smartwatches. Considering practicality of
use as a keyboard, in addition to reducing these problems, it is necessary to have a high input performance.
Thus, we propose a Japanese Kana character input method, QuadKey, that limits the number of keys to
4 by changing the character set assignment of a key by sliding to an adjacent key. Because the proposed
method uses only 4 keys, a sufficient size is secured for each key and the occlusion and fat finger problems are
reduced. Furthermore, the mechanism of changing the character set by sliding to the adjacent key allows one
character to be input with a single stroke, realizing high input performance. Results of an experiment eval-
uate the proposed method as having an input speed of 79.7 CPM and an error rate of 5.78%, demonstrating
its effectiveness as a Kana character input method.

Keywords: QuadKey, Japanese text entry, smartwatch, wearable device, fat finger, occlusion
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3. QuadKey
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Fig. 1 QuadKey.
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Fig. 2 QuadKey input method.
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Fig. 4 Character decision algorithm.
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Table 1 Assignment of characters.
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B 5 HE71—FnNv2s
Fig. 5 Visual feedback.
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@ 5 x5 (4.00mm x 3.16 mm)

BXF—R—= FIZEEEOXF =25, [1~F—%] F
TORTHFERRENT NS,
4.1.2 EERFIE

EERIE 7T 4 v TERICOWTHA R T o7z, &
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FEWCEET4 Yy Y a v oEEEYITo-. 4y a v
AT REE, RO FIETROBEH O F —K— FOFEEZE
WERAT - 72, EBRIIKFN OB 2 EBRBRIET, 4 ¥ —
INVH R EERERT AEEEDVHEZ DL LT 7.

B, ¥y TERIIBWT, ¥y FENTF—ITIERIC
PboLT, ROTFIED DL L.
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4.2 MXFANEER
4.2.1 HEBHR

WFEANEEIZBIT S QuadKey D IEETS & LT No-
look Flick z R L 7. No-look Flick (3 2 DD FFF— &
120REF—THEREINTRBY, 7y 7F—K—F%
N=2 b L7ZAT—= T+ YATDT A X7 1) =97 LF
ANTHRTH D, ERMIZEFEFF—CFFEBINL, B
WTHEF—-CHEZERLTCLLFOANZT). A
~—= N7 x VEFIZHE ENTZARIED, 3O0DOF DM
TG YLFEANTEDLIENSAT— T 4 v F D
BXFANE L THIFFICAERNTH S L # 272, No-look
Flick i 3 ¥— (BHFX -2 % —50H 4 AD72H % —
A= FH A XFEE4LF—) 2HNT27) v 7 T1XF
#ANTAHAHFRNTHY, QuadKey (4 F—%HT1 A
M= Tl XFEANTEFATHL. LoT, il
HXR—OFMIIIZE L AFNE LT, 1A =7 AL 2
TV I ATDEL LPAR =Y+ v FOAINTEHL T
WD HEREET & 5 2 & 55 No-look Flick % M5
& LTHEIRL 7.
4.2.2 BAELAF—FK-F
MELLAY— b Y4 v FORBEY A XL, ¥ v 7HEER
EEFRIS, 2dmmx24dmm ELATI 74— 7)) v 7D
72ODOFEHEEFE LT, 20mm x 16 mm % ¥ — K — N{El
EL7, ZLC 20mmx16mm B &9 EWXNE S L9 I
QuadKey & No-look Flick #3272 (X 6). F—K—
FiE EEBICIERIE 7 «+ — BNy 7 oflg, F—F— F4E
A 6 LT DA T 4 — L OEEERE L. BB,
Ak D No-look Flick IZA~Y— 7+ > D¥ v FHEDSH
MxERELT, BEF—LDd7TEF—ofEz K& L
TWAD, AIIEET L F—KR— F¥ 4 X2VhE iz
[ AR & L7,
4.2.3 BB LU/-HEE
ENZEREVIFERT O BUCH AGEE & 3N o — /32 (BC-
CWJ) OHFEEEY Ak [22] 2> S 4l L 72 450 HFE % FV 7z,
&me LT, e =+— @l I=+=
22)] o [ctwHy |, [ =8 o [Fw] ok ic
HEEIZE N LFEDRY DIRE VDB, FADIH
—OHFET 1 DI A L. FLT, HEIHIZOL 22T

QuadKey No-look Flick
24 24

T~
I~

—10— —10—

6 FEBRHOF—FK—FDH A4 X (mm)
Fig. 6 Size of prototype keyboards.
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430, 53T, 6 LTI AHFEEZ N 150 5,
At 450 HER 2 fild L 72,

AEBETHAT LRI, %503, @A C ), TE
HOC), AT, RERF () DATH 5.
4.2.4 FHEIEE

LFEANEBRTIIATEE L =7 —FE2 g L. LT
ATTHREOFMIBEE LCT10Md 720 OXFEANET
%% CPM (Characters Per Minute) % V272, CPM I
ERREVIIERBITRERE VR A, =7 KOG
BE L TBEEALT =% Tdhb Cerr (Corrected Error
Rate) [23] Z 272, Cerr I LFE AT ERRIZB W TEIE
L7222 & AT CTFECTHEIY 100 28T 72METH 5.
Cerr IZEAVNE VI ERIFRMERE VR A,
4.2.5 EERFIE

EERH #7412 QuadKey & No-look Flick ® AJ) A

HEr I Lz, kI, &% —F— FIZ1REOHK
B 2 30T, A ’“Fﬂﬁ*?ﬁc\/\_&%ﬁ% L7z, E

BRIEFE 23 5-2 B B i HIHT 720
DD F — f—%@%%ﬁfu7/9A ZEIDIRD B PE
L7z, EEEGHEICE, BELAT— MY 3 v FHEEO
FERAMANC SRR SN A HEFEEZ AT L TH 5 o7z, 450 HiE
DOHPSEME R LT ¥ A THIH L7 5 HEE (P35 25 X
T xltyrarkl T, kyarIEIZ3NRED
A=V EBEWTIHIZAE Yy Y a v EEE
fTolz. WFEANEBRTIE, HIREOEFERZLTLS)
7o FELOFERRE 30 HEH L T, ®HEMIZIEAET 150
v vay (750 ik, P 3,750 XF) OFEBRLIT- 7.
Ly a YHTEHELCHATLIHELH L7200, FHL
T1HFEDZY 1L6THATI Lzl A. 150y ¥ 3
YHET R, FREOTINETROF — R — FOFEEEZ1T-
7o EBRIIKFANOEN RERERET, 125 —/VVERH
HEREHTIEBREOLLERVDY LT 7.
LFEATERIZBNT, AJJSINZLFIE 1 LFES
FEHE L CTIEROEEDIRDLFD AN AR, B

FEOIRBOLTFE CTIEM L -AIZHB CRO HEL TR
Enpdbok L.

5. aHfiER

51 #v 7TRE
BEGF—R—FOLTF—% v TR (&LvyiarDL
F—y v THELEYy Y a D&Y v T TE 5T 100
EENTAE) AR T IORT. T —F vy TRII2x20D
F—FR—=F20.3%, 5x5DF—F—FTIE21.1% & Lok
W ZRFERIEDS, F—DBEDBE L %) F—F A XHVRS

HIZONTKIEIZERALTWS, F/2, HEF—FR—-FoHx
F—% v FHENESHE LA, FOTRTHPEMF—
DX —~D % v T THoi.

¥y TERIIFRENIZETOXF—% 5 v 7357250

, BEBMIED 2
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Fig. 7 Error tap rate of each key arrangement.
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Table 2 Results on the final day of each experimenter.

QuadKey No-look Flick

CPM Cerr [%] CPM Cerr [%)]
#1 | 86.7 (4.5) 4.59 (3.7) | 67.6 (2.5) 4.43 (3.9)
#2 | 76.6 (2.8) 6.50 (3.6) | 63.4 (2.0) 5.08 (3.2)
#3 | 78.3(2.1) 6.17 (3.7) | 64.8 (2.8) 6.82 (5.8)
#4 | 84.1 (3.7) 4.93 (2.8) | 62.2 (1.8)  5.49 (2.5)
#5 | 75.8 (2.8) 4.63 (1.5) | 66.7 (3.1)  6.70 (2.6)
#6 | 77.2(3.5) 8.21(52) | 65.3(2.9) 4.15(2.8)
#7 | 795 (1.7) 547 (3.7) | 61.7 (3.4)  6.06 (2.3)
¥y | 79.7 (4.0)  5.78 (1.3) | 64.5 (1.8) 5.53 (1.1)

DUTNVCTHMRIREEDLEE LR VWERTH L. Lo
T, T7—DFHEZTXTHERT S L OF - EORGE
HICELBLDTIELVWEINET L% 51E, TOEEBRICBI
BHLT =4y RO LAEHMM LA I NV—Tar s Ty
b7 4 v — BRI l%%@?%ét%i%ﬂ%
SF D, HMICADL7ZZWF— 12 LT v T 58
Bw, 2><20)3’\*—ﬂ‘5—1\6iﬂ'7)1/—/5/-77‘/ ]\
T4 A —EEOYGEICAEMNTH Y, Fd QuadKey T
bEFETHLEVR D,

5.2 XFAHNER
5.2.1 A7%RE

QuadKey & No-look Flick D %32Ektf 11 & 12 B % Tkl
H (30 HH, 146~150 v ¥ 3 ) OFHATHEES &
OSEY) Cerr 23R 2 (2R Y . FHIMN OB IS EHER 2= 2 7R
LTw3

e B BT 5 288 O T AT1# 1L QuadKey
#579.7CPM, No-look Flick %% 64.5CPM & 72 1), Quad-
Key D139 25152 CPM IF EH VR & %2 D), FH Cerr £
QuadKey 7% 5.78%, No-look Flick %55.53% & 7% 1), Quad-
Key D139 #50.25%1F & @R & % o 72, QuadKey (&
TR 5K E W T &5 No-look Flick 12 R THEERH
TEIHROEIEDERE L, BHRIMAEDS LT
LHIBICE A, F7-, 30 HHEE CORERFMZ & F 20
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ANEE [cPm]

/s
172

72 T L e S e B e B B LA A S B s S s B |
1234567 8 9101112131415161718192021222324252627282930

H (Day)

8 HKHICBI B FH A HE
Fig. 8 Average text entry speed (CPM) for each day.

—QuadKey (ZFE:F{Ll R>=0.99 y=26.9x032)
—No-look Flick (34##ii{ll R?=0.92 y=10.4In(x)+32.5)

PR ARSI 3K 66 5 TH B

QuadKey & No-look Flick D##H D A #EESB L O
Cerr CHEBEENH LDt RELTo 7. AJTHEEIZBW
THEKESS TRt MEZITo72L 25, t(6) = 8.95,
p = 0.00 < 0.05 THEEMIRD LN/, Cerr IZBWT

EOKHE % CHM t EZITo728 25, t(6) = 0.34,
p=0.75>0.05 THEEEIROON L r o7z,

5.2.2 ANREDE(L

QuadKey & No-look Flick ® 1 H (5tv>ay) Z&
DEEERHIEDOTHIATHEEZE 8 IR . OB
i QuadKey & No-look Flick ® AJIEEE % Z N E R
WAL, BRI L 72 DTH B, IO I3 P E R
O(R2HE) 29D 113EV D O &8RN L 72,

1HH, 2HHREF—F—FEHICHE%ED ATHET
HHD, 3SHEPSRBELICENEN>TVWEI0 HED
720 T 5~8CPM & QuadKey DT ) AEV. & F—
A= FOEPHHEE LMD L Tkd/z1 HHOMHE IE
QuadKey 7% 2.9, No-look Flick 7°#) 4.2 TH 5 Z & »
LHMZELICBITAANEED LARIZEND L Z LD
M5, Zhid QuadKey 13 No-look Flick & lb#: L T AN
FEDPEM L T2 OBEANHE L Wh SR EZ NG, L
L, 10 H HL&EA 5 No-look Flick ® F R & b THE=e
e, 15 HHICIE QuadKey 258 WV TR A 127D
L85> Tw&, 30 HHIZIEH 15 CPM 13 &£ QuadKey D13
DL o TWwh. 30 HHE;: . ® No-look Flick O &
(3% 0.056 TZ 7 7Hh 0 b HAMANIH S L HIBITE A
QuadKey O 1345 0.15 & No-look Flick ® 3f&&» 1), 7
F 06K EAERICHLEEZLND.

ZAKRH1Z QuadKey 155 2001 ”Kﬁﬁ)ﬁﬁfj:'ﬁ LTHY
30 HEHDOEET T LAEIAICH 5 T & h 5 B IR 25
Wh T EDMD
5.2.3 I7—XDOZEAL

QuadKey & No-look Flick ®1 H (5tv>ary) Z&
DL T B O Cerr 2F 9 1/RT. K OREHEIE
KX —AR—FD Cerr ZHILEP L2 DTH 5. il
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—QuadKey (&FA{ R?=0.86 y=-0.22x+12.4)
—No-look Flick (#&/:17{H R?>=0.63 y=-0.10x +8.50)

4 L e B B s B B s B

R
123456 7 8 9101112131415161718192021222324252627282930
H (Day)

9 K HIZBITAFY Cerr
Fig. 9 Average Cerr for each day.

®3 WHEAROAHEEEL LT —

Table 3 Input speeds and error rates of existing methods.

YiE% (7ff) | CPM  Cerr[%)] | fii% H g
70w (%) | 90.7 11° SCHK [20]
ZoomBoard  (3EF) | 22.9 5.9 large | SCHK [11]

24.9 2.01 large | 3CHK [12]
34.7 7" SCHK [20]
ZShift (35) | 254 11.4 large | 3CHik [11]
34.6 6.52 large | ik [12]
Flickey (F5) | 24.6 9.48 large | 3CHik [12]
Swipeboard  (¥£5) | 54.7 16.9” SCHK [14]
30.5 6~ 3CHK [20]
ShuttleBoard (2°7%) | 49.2 127 ik [20]
RS0k (k) | 41.8  3.86% | #iE | STk (9]
BubbleSlide  (%°7%) | 44.4 10* s SCHR [19]
No-look Flick (#7%) | 64.5 5.53 EN ]
QuadKey (2»72) | 79.7 5.78 EN

T T 7 LY FAM S 7oA, FHEL72AE * L Cerr DAL ORHLTRE
¥ XEkC & Y ERIABCEIFTEOAR, 1ty ra sl
ANXFH, AVWEBEEL EOEREGVELZAICEER

ORI L RS
L7,

1 HH D Cerr 1% QuadKey 7% 12.6%, No-look Flick
H9.87T% &M 2.7 RA » NI & QuadKey 5E . T
BIIEO [ ADHEEOZE] THilE~N7 L 912, QuadKey
D AF1T7EDS No-look Flick & 0 b 8% -0 BN TV i
VIRREZZ L 29 =S4 bbbz oAb, Tz,
%% — R — FOHILLAHT I E O X 13 QuadKey 23
—0.22, No-look Flick %% —0.10 TH H, 1 HZ & 12 0.12
BA Y PFOENSHE > T <. 30 HHIZIE QuadKey 2%
5.78%, No-look Flick 25 5.53% & & V), 12IZEEO T T —

(R2 i) »Fd 112V d o % 58IR)

Lo
6. EX

ZELW L ) R L MTE R ROATEE L =7 -7
£ 3IIRT. B0 CPM Idu —~F&MmTAHL
728 LTXHEIN D WPM 725, 2743050 CPM IZHRE L
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725D TH5H (WPM x 5/1.79). T D& &LHk[9) 25%
WZT T 7Ry N1 SLFER AT B DI E R D 53T
179 LT ERE L. BEROFMHETEBREIN TS D
DEIARIFFEDEBFLMF IR DL DRI, £ 3 Ofi
EMNGEIR L 222 L7z, 72, W OhDLHT
FERSN TV FRIEROEREE R LT 5. BRI
1, ARG LCNIOREN T W AT #ES X O
I —REZFHL, RENTWELSDDIZT T T7Hh5
FAM o 7ol b LIFEHEL/MEELIH L7z, SCikic &
D EBRMIHRLFHRHEONE, 1y ardizhoAh
LT, ACICHEER EOGMEDTR R b 720 MR I
TELRVAKREPLHELE LTEROBRELT S,

6.1 FUNL—T3>-TryhTaH—RIE
QuadKey 347 Vv—=Ya vy - 77 v b7 4 v —RE
FYEHET A HEELTF—DOBE4DICRETHIET
D1ODOF—H A X2 RKELTHEN)TTU—F %L
2. F oy TEBORKERE, 4%¥— 2x2) OF—FK—-Fo
IRy TERIZ03I%EIFFHITNSliE o7z, S5,
QuadKey @ 30 HHE: R IZB1F 5 Cerr OJEH % 774 L 72
ETAHIT=DELIEATA FHAOEENTHY), ¥ v
FZY U F—DRGEVIE5.78%D ), DTN 0.5%E 5 v
TEBOWERLIEIFEETH 72, TT—DREHTH S
ATA FHAOMENIEAALARICERTL5DTH S
EEZON, BIEOF— I3 L CEIEMICY v F 5 T
ETWVAE, ZOZENL, F—DRE2x2D 421217
QuadKey 3 F — DM LG DB I ->TBY, 5
WANEERTTVWLIENLLF—DEZHS LTH—
FARXERELTDLEV) T TU—FF 7 V=3 v -
Try b T AT —MEEDHHEELETETVD EHEE
T&5.

6.2 AFM%RE

# 3 &1, QuadKey (#M 5 & B L TH @ AT
BB LTWABZEDDD5E. B2, AJEEX7) vy
HRZOWTEL, 7KL 2oL LT
BEORWETHLEVEZDL, ANEETIEZ7) v 7 hHR
R R D572 DD, LI —FIESIEE|KL, IAS
A TRBHRNZEMNLAT— N7 3 v FO L) /NG K
DLFATE LTIE QuadKey DF A I L A% PL# IS
AN TEDLEEZONL, L2L, HBICHBERZLHIC
WHRIC X o THEEFEZ EOENS, FNLENHSHWIIL
C7oMBE O AR >TEY), —E—E0db7-0, K3
DPEDOATEL LBV ZHAMICH LA LIETE
e,

QuadKey D@\ ATIEREDH IO W T TIZE ST
4. QuadKey 11 A ba—212L 5 AN, Aok E
LAF=D2Xx20D4DTHDI L, HEHEIROTY v 7
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HIaAHEETH LD Z EDEAI R BTS2 ZERT
HoHEEZOLND, BRIV XFILDA Mo — 7 8k
BN =V LTHADIENTE, E5I21XFEOAN
CESLFXF—~ADY v F ¥y - ¥y FT v THEMEN 1M
THL7OEEL L TANPREE b, TLAIEA 7V —
Varv--TJry b7y A—HEOLEFHHE LD
DEWPATIORE EREF—%2x2D 4212722 ET
FoOMBEEZHBLR TR, TEOX—DF -7 T 1
YET AR Doz E 2 bNA. B
FOPHLTANTADO—ERIL, B EIROBES R (7
)y 7 HIMEE) BBEINLFEHICL->TEboTLE D
7280, EAICERT A ETRBEOEIRICETOIA LT
IHRELTLEID, QuadKey ZEDT-HEDHETEH F—
Oy v FT7 v T T [ok], £7) v 77T [wEl, L
7)o T[], A7)y T 2B, T7)v s T
[BE| CHBOLDOT-HFIZL o THERIRODY 4 157
WHELIZL WEEZLENS.

7. BbHYIC

A= T4 v FRNTOPRTFANTRE L THF—D
Bx 4D RELZY 7 b7 27 F—FK— FTh5 Quad-
Key ##8%E L72. QuadKey 137 v F ¥ v L7zF =25
BEEEF —OFRICIEE AT A N5 2 L TATIRED LT
WrU B2 AHMAZKZAZICLY), DI 4 X—
T 60 XFTDOANDEETHY, L FE1AMT—ITAT
TEBLLEVI)HMERD. F—0OHE2 421252 TH
F—FRELL, A2 V—Var Ty T4 -
HOY#HEAHD, 1A M= TANTELZLIZLNE
WANMEREER AT B LE T2 FHlIEROEE, QuadKey
WA ov—yary - 77y 74 v —MEESEETLH
LT E, AJIHEED 79.7CPM, Cerr 28 5.78% & 7% 1),
AR =P T x v FOPRLFANFTNE LTHAERNT
HhHTENyroTz.

ApoiE Y LT, QuadKey 1358 30 HH Ol & T4
DRBRDPTETORWIRREDSEHW20, BINDOERZ
FTWEHBEEO AJHEE L © T —REMILT LLEN D 5.
T/, LR ELTOEHLRT, HET74— KNy 7D
HEOWGREEAT ) LB D 5.
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