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AR=bP 7 VBRUOETLY bTALZARBREDAL — b TANA AZHWTHEI NS L
RIAFEREE (L, AL —F AREED) 1I2BWT, YATLA00DERD B2 WIILFHA 7
D7 bRBMTAZePBEINDE D, XFANPERIATANIFEETH 5. L
L, AL — bt AR BRIRICBIT 2 LFANTEOMEERE IZRE T TIfTbhiTwiwn, A=
T, AROHMNB LY 7 —F%2ilkiRN3. £/, KEOEMRS & UAGH LD E
w3,

11 BMs LU 77O0-F

AFFRDHINX, AL — F ARBRICBIT %, ZH X —R— FBIOXFANTEOMN
BB TH 5. ZD7, AL, AL — bTNA 2% FrFEE U7 IR T AT RTRE AR 22 H R
X —FR—FBLUoZEhz AW 2 20X FANFiE (ThumbTrigger %3 X U ScreenTouch
FiE) BERELE. ZREX—R—RFIZBVT, BWEEHLEER2ERT L2012, F—
WXIBET 7N T7 7Ry FDOABRFREND. 2—HFE, ZOF—FKR—FEHVWT, ZBhxy
THDHVEHEE R v FITE D LFEASTES. ThumbTrigger FIEIZBWT, 2—Fik, R
L= TN ROERICFREEL, AL 0nF -t AZE LIErERIREBICTHEE b
VATHZIEOFEANTS. F72, ScreenTouch FEIZBWT, —HF, XL —1F
TAAZADHEEZ XYy FT5ILICED, XFEANT 5.

FIEL 228X — R — FBIXUOXXFANFEZHWT, XCFATOMERERHES 2 72
DEBRETo7z. FERTIE, ZMEX, Av— b7 YEHWZERX —R— RO A4 X25%
< XCFANFE2 FZMFDEH 4 FMFRTB T FEANEZ R 21T o 7.
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AR DOEBIIATOEY TH 5.

¢ AX—+T7 3 VDAEHVWT, AL — b+ ARBBRICBIF 2 ZEHEF—FR— FBXUX
FANFIEEREEL 7.
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AL — b ARBRIETIZ72 &, HMD %2255 L7z AR BBREICBW T, XFANFIEOWED
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M OZEME HHICBEIT 27280, WFDH 2 WIEINETANA ZEH WS ZIEEE L LRV,
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K EMETNVBIUSEHETTAEZHVE Z2IZED, "Y FY 2 AF v I TEREIN D T
B X OHEEZ T 2 # IR 87 HIBEY ZE2: L7z, 8 HEBHITON XX FATI & R 7 D
R 5, HIBEY ZH WX FANZE, &REHIZ 105720 13.19 BiGED A S8 % 50 i%
L7z. HIBEY I, F¥—FR—REQREL LW, HEGEERMED. LHrL, XFASH
LT, BHF—KR—FEHOWEXFANPENLTWS ZEDREN. 2D, K
L TIE, AL — b ARBRIRICT, R EEX —R— FEHOWEXFEANFEOREEHHE
ERAY

IO DI, HMD %2258 L12BRBEIC T FANFEEZFAEL TS, L L, AIFE
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HETS 5.
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WRAC Y ZRABEICT . TOARXA VYT VR T2 —ABHWEXXFANRZA YT
X, 24V INBEERLGE, FEHLTXRA Y R EFINZ. LrL, DA
VR T7z—=RF, NI XTBIIPCEZRLEE T 5. £z, 2—FHE D5 LB MHEEIMK
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Yin & [20] 1%, (EEDOSFVICHIRE N /2% —KR— F ED2—F DX 4 ¥ ¥ FEIEEFE,
BT AZEIWCEDLFEREANTAIRAITIR—ZAT AT LTH S CamK 2FEHE L2, CamK %
AW FANE, A= 73 DAYRIZ Y=V F—KR—FEHWEZASEHART, 1.25
EDOANERETH 7. Ty TV RLBXFINE AT 2 XA TIE, 25GDOATEET
HoT-.

X7y T ANL ZHOEE G AERDENF —R— FEFHEL LS H 5. 1Line Key-
board [21] 1%, QWERTY ¥ —R—FDF—% I{TREELZ DTHS. ZDF—K—FOD
B, iPaAdDA Y RZY) —2F—R—KD40%TH D, HEEEHRIEL. 1Line Keyboard
ZRHWISCEATERER, G520 7 OMERIC, 1 757307 HEETH - 7-.

F72, Li o (2211, BEREIGR F—K— FTHh3, ResType #FEE L /2. ResType 1X, X
TLy b TFANA ZDEHE EICHE SN2 -F DI LT, HENICF—FKR— FOMNER
W53 5. £oT, 2—HE, X7V vy F 74 ROEAICEWTRVEE S HEHRICT, Xv
FRAEY I TE S, ResType T WXL FEATIOREEL, X7V bOAVRIY =0 F—
A= REHOWEGELEART, 135%8#ETho72. T, WHEIF—K—-FEHVWEEED
86.7% ChHo7z. TNHDF—K—RFEHOWIEXFANE, AL — 7L ZEHUCHLE L 72
REICBWTHFEZHNTITbNLE., LaAL, AL—bF ARBRETIE, 22—V AL -7
NA R R UTIRBBIC THESE T 2720, HlEDAICIRE SN2 ATTATEIFF £ L L .

AL —=FTANAZHDT7 A X7V = DORFFICX > TANRER F—KR— REFEL -0
724 H 5. Banovic H [23]1F, EANA LT AL ZOMEIHE FORL ZEBICHIEEEX, 77Uy
IV AF ¥ W TXF %2 AT 572D, Escape-Keyboard 52 U7z, 1 —H1X, K
TroEYIRONIF—DMBEERZIZZLICED, F—R—FNERSTKCANNTES. F
7z, Lai & [24] 1%, BIEZ 0N EDL SREDHAICA bR —2 X852 Ik, ZD)
FCE] D YT HNF % AT T 5 ThumbStroke ZFHEEL 2. ZhASD7 A X 7Y —Ta¥x—
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=1

INBEDRAL — b TN ZHDF—R— FBIUOXXFANTIERX, X—NVOREEBXUF vy
FREDEHEDTANAL ZFHDAZIEEL TWS. A, @EDO T4 ZFHTIERL,
AL — M ARBREZE L, AR ZEHE FICEE L 2P A —R—FE2HWERFICE S X
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EIF RE

ARETI, FERE, 2P X —FR— N7 AV, 200X FANFEDOFLESTE, B&
CANTTEZDBRS.

3.1 RERIE
FEREOFMIILL TO e B TH 5.
e MacBook Pro (15-inch 2019)

— OS : macOS Ventura 13.5
- 7a+tvy¥ :23GHz8 27 Intel Core i9
- RAM : 16GB

e iPhonel2

- 0S:i0S16.3.1
- HEYAX:E72cm x & 14.7cm
— [EBERE 1170 x 2532 ¥ 27 kL

* Unity 2021.3.18f1

¢ AR Foundation Remote 1.4.34-release.O

3.2 ZEh{RAEX—FR—F
KRETIX, Z2HREF—FR—FDL A7V, F—FKR— KA XBIVECEZDRXRS.

321 F—K—FLA7UF

K 3.1I1RT &I, EHEEF—KR— N, ARZEBICEBXN, »OoF—1CWHET 37
N7 7Ry NDABRREND. ZDL A 77 M, Dudley & [25] DMTo7cF—KR— KA
N— a ¥ OR/MEICE T 2 EZEBICTIHRAZIA TV, EF 15T 2717 7Ry b B X
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X 3.1: ZeHfRABF — KR — K.

U797 b 74 VROV IEF—R=FRLA 7Y 2SEC LD THS. ZOZEFRIEF—
AR—=FiE, BFICLZLA 7Y b EERRICHESGERMED. £, F-ITHET 2717 7
Ry MPFRREINTWVWS 728, QWERTY F—HK— FIZENTOARWVWAIRE > TANR I DA
SGRBDITIHoTND,

322 F—R—FHA1IBLVEE

AIFZETIE, ZZHRREF —KR— FOY A4 XE 20K L. A4 XDKENF—K— R,
AR=bT7A2DARXTRFERE LT, BITHMIC0.7Tm O EICHE X4, #it 15.2cm x #
392cm OKREEX (LIE, F—KR—FHAXK) TH3. 7, 4 XD/NEWVF—KR— N,
BATHTANC 0.7m O EICEE X, #E9.12cm x #23.52ecm DR =X (LI, F—FR—FH
A Z/N) THD. ZTOKEXE, F—K—FHF A ZKD60%TH5. ZDHFICUHEEHI,
Yi 5 26] QLo TEDONTF —FR— RORZVH A XBIE/NZI WY A XDEERDF 60%
RI=2DTH5.

3.3 ThumbTrigger Fi%

ZL— b ARBIRICBWT, ARKEROE Z A E X8 2 a[EM0 5 2 A1 T LT, Thumb-
Trigger FiEERE L2, ZOFEICBVT, 2—HX, AL — b FNA 2OHFEIZT, 2&f
Ry F2& D, ARZEM EOZEFREXF—KR—FOFXF—%2ANT 3. 2D/, AL —FFAN
A ZHDLFANFIRHFHAINTWAHE X v 12Xk 2 AN AT, AR KEO—ER L
LTXXFANEETH 3 L E X /2. ARETIX, ThumbTrigger FIEDFEE X A S /5% b

N5,



B 32: "R F Ty X E o THEDIEE & CRBENCACE S N72ERIE A 72 = 7 b,

331 NYERbSYEX>ST

ThumbTrigger FiEZ H WA 5T %X 3.3 1278 5. ThumbTrigger FEIZHBWT, T —H 73,
AL — b TANAL ZOBHOEMCAFEZHBET 22 212&D, A X T ICHsT-F2RB AL —
FTANAZDEHEHARA T ZB LTI ZVRA LI T vF TIN5,

NV R FZ vy X2, MediaPipe [27] W5, b v Frrahs e, K32Dk5
2, AT OHEAMNICDH 2FEDFB X OKBEEIIMIET 23kIEF 7 = 7 M oflE I LS.

332 FSYXUIORBE

NY Ry RV TORER EDZD, b Ty F 22X o THRDOLE & GBI
BEEINLHRAEA T 27 POBRIIH LTI 4 AR V72TV, 79227 bDY v RIT
X3 B R E R L7z,

ZOEERWET 4 VRIE, 1€ 74X 28] THD. TDT7 4L, FEICBITZ /4
ATHEY v ZRBELMEZOEBEDNT Y AZHFHEL, KIDDPRVEBIEZTY vy ZR2H5 S
DDT A NETHS. 1€ T4 VRIZTHOLNDE 2DDNFIRA=XTH DB LBLT femin
WEBELT, BZ58L, fenn 21005 0.1ICHE L. 2RELTHE, AT7V=7 ¢
DEEEENC BT BB NE KRB M, Py RPRELED. —T5, femn BNELT2
TrICkD, BIEERELSRZN, A7V =7 FORBEEINCEITZY vy X2/ NS TES.



3.3: ThumbTrigger FiEZ VLTV 5 12—

ANELIBDORIHDA 7TV 27 MITHUT femin =108 L2 ED 1€ 7 4 VX ZHH LB
D x EREDFERZIK 3412, feminm =018 L7z TDOFEREK 3.5 ITRT.

K25, 1€ 74 NVRIZBITD femin 01 DEEDFTI 27 b DRI, femin 2 1.0D
L ELHNT, BEHERLIE O ->TED, POBEINNINZ b b, ZO/EH
5, ThumbTrigger FIEIZBI 2NV R Z v F U TORBER LDDIZ, B%58 L, femin
201l L€ 74N EBHWEZE L.

333 ANFHE

X 3.6adDkS512, 2—FF AR B FIcRREIN TV AR ERREF—R—FDODAH LW
F—ICANELIEEEQREBICT, HIEZIOMT2 VU TEERITS 22X D XFEA
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5% (M3.6b). ZDXICANTEZDIX, FT7vF Ik oTAELIEDLHICE E
ENTA T2 s, BHRREF—R—RFIZATTHEZ LA PF—IHEHETE I
&b, ATHEMTONS7-2DTH 5.

ZDEE, NELEPER>TVAF—DHFRIINAFIA bIhbZiZ&D, AL7%
WF—IZEBAL ANELIEDRER > TWVENE IR TSR TE 5.

BT DT 2 2 2F %X, I v F o 7 ENHIEDLHE X O 2 BIEIICHlE X
NizA TP 27 POBUTEHAOENHMELZ FEZ Z2ick I h s, X512, 5D
LABMERITDENT AV 2 2 F v 10X o T, AR—ZAANB X USCFERHIFRT 2 HhE %8
L7 (K3.6¢c, d. ZOKEEX, Yi[26] 5725, EERRTA ¥ X 2 —%21To BICSME D
AR=ZAFX =" ANT2DDHBFEITH 2 VWIS ERDPS, ASTNTHWRWEIZY = AF v A
TEEZFE S DI/ e 2SEZWC LD THS. ZOBEICED, AR—ZAF—B X UHI
PR¥—2 W3 REDZRRD, XFEANOREDM LT 206N H 5. HiEB X U/ME%
FOHIT 2D 2 2F ¥ 1%, BIEOLEMEB X UHE 4 BfiCilE SN2 A 7Y =7 S DEESN
D7D, BfEE TE - 2RIt X h 3.

3.4 ScreenTouch Fi&

AEITIX, ScreenTouch FIED AN FHEEB L IFEE R RS, ScreenTouch FiE % W 51k
F#X 3.71ZR3. ScreenTouch FIEICHBWT, 2—HiF, K370 X512, HEZXY FIZk-o
TXFZANT S, HEHZX Y FIE, A=t 7L 2ZHOXFANFRICEZ SRS TY
5 [12,21, 22,23, 24].

ScreenTouch FEIZBWT, 2 —HE, AL — b+ T NAL ADHEHEE X v FT 5. DRI,
HEAND X v FRA ¥ b ORITEHFENAHS S L A PP RIEF —R—- N EET L2
WED, 2—YRF—% Xy LI HEINS.

11



XPETE

xPEFE

-0.004

-0.005
-0.006
-0.007
-0.008
-0.009

-0.01
-0.011
-0.012
-0.013

-0.014

e Z7ANRYVIHI
ZANRYVTE

1600

1610

1620

1630

1640

1650

i1

1660 1670 1680 1690

X 3.4: ferin 102 L7z EDI€ 74 NREFTY =7 MCHEH L HER.

1700

-0.004
-0.005
-0.006
-0.007
-0.008
-0.009

-0.01
-0.011
-0.012
-0.013 |*

c 74 NRYVITH
0% ZANRY VTR

-0.014
1600

1610

1620

1630

1640

1650

i

1660 1670 1680 1690

X 3.5 femin 201 E LI ED 1€ T4 NREFTY =7 MTHEA LR

12

1700



B 3.6: ThumbTrigger FiEZ W XFAN. a) 2—FF, ANLwF—IcAELIELE
N5, ZOrE, F=DPEHEINAL T4 END. b) ANDDIZ, FiezH D T 287
¢) AR—ZAAND7DIcHiEZ M D iF 287, d) XFEZHIFRS 2 72D1/MaZ2 4 b iy

BERT.
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3.7: ScreenTouch FiEZH W TWS L —F,
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F4E  FHERER

3228NC TNz 20D F —KR— FH A4 B X2 DDOXFASIFE (ThumbTrigger Fik
B K U ScreenTouch F£) ZHWTXXF AN R R 2175 fHliER 21T o 7. XFANE X
JIZkoTRoNLT =2 EHWT, XFANEE, 5 —R2FHUBICHKTS I
EDF—FR—= NI A XBLEXFANFEOUREEZFHES 2. £/, SN&E L, EEFHGD
7eDD7 V=1 ko T, 2—=FEV 74, BOETROF M, BXIEXRIEHDIE
M T 21T 7. AETE, ERABTB LR ZENS. £z, EERERITED WM
MRBLUOERE LIRS,

41 EmME

S, HREANORFEB XORERLE S & (BB, FIER 23 %, 2EEH )
THole. AL =T A ZA%ZH Wz AR OfHSEE, HMD Z AWz AR OFHSEES X
QWERTY ¥ —R— FOEHBEEZ, 5B 5 BHAEHT 2, 4811 EEEFRT
%, 3: A EREMAT 2, 2 I EREEMHT 2, 1 2<{fbkkv) ITTHEELL.
ZORER, AL —bTANAL RV AR OERBEE R, 58032, 24531, 1 HH3 EE
L, HMD % f\/= AR O HBEEIC LT, 4402, ZOMD 1/ TO01, 3, 48BN
S5eMEELE. £/, BIELED, QWERTY ¥ —FR— FE2EHM S EE L.

42 EBREEFIUVIRE

ShEE, TREPAVEEL L TRV ERICBWT, o RBICTXFANEZR %
fTolz. XFEANRAZIZE, EBH7 7V 75— a2 rhh4 v A b —)L X7z iPhonel2 % f
Wiz, A —F 74 YOHEEY A XIEME72cm x FX 147cm TH - 7=,

4.3

FEBRICHOWZEMZ, F—FR— A4 X250 (B4 XRBITHA D) x XFANF
152 25 (ThumbTrigger £ & OF ScreenTouch FiE) 65 G5t 4 2DFEMETH S, =
nNENZULTD X S1TRT.

o ¥—R— F¥ A XK xThumbTrigger Fi% (LI, BT 54F)
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o ¥—R— F¥ A /N xThumbTrigger T3 (LUK, ST )
o« ¥ —R— FH¥ 4 XK xScreenTouch F7% (LUFE, BS S&t4)
o ¥ —K— F¥ 4 R/ xScreenTouch F% (LU, SS £&4F)

44 RRXY

FEERICHW R ZAZ1E, RREINLATITRELE LR IERXHEL EMBICANTE2 AT
H3. DL E, FATHITE(S, 9, 10, 11, 12, 14, 16, 21, 22, 23, 24, 26, 29] ¥ [FIFkIZ, MacKenzie
and Soukoreff D 7L — Xt v b [30] BFH L. ZO7L—Xtky bEAWVWD I RITLD,
NEANREB IO —RIZEAL T, W EEEOSVWT—2%2182% 2N TZ 5 [31].

4.5 FHEFEIR

FENTHOWFHMEERE Y LT, SXFAJHEE X Words Per Minute (DI, WPM) [32] &
LT, =7—3%2lX, Total Error Rate (DA%, TER) [32] & UL CafHlX Nz,

WPM iE, 41 LTERSNS. X41HIZBIT 2 TIEEREINCATIEN G5O F
B (AR=2XZ2E&T), BLXUSIE I XFEHPANIN T OREOHEN AT ENLETO
Rl () TH%. o x, I XFHOANZEZERLRWEDIZ, TH2H 1 25K, BB,
WHEEICE LT, 1 DOHEEIZAR—R, HF, BLOMOHIFAREXF D EHTFE 5 F
TH37H, WPM IZEFHOXFEEREIC X > THI 72 D5 0D 1 2HIT2Z212&D
RdDohs.

T -1 1
|S><60><5 “4.1)

TER 1%, 42 LTERERIND. N429I2BIT % INF IZHREMICANTEINZXFD S
b, BIESNRDL oL XTFETHS. IFIANLFOFIBIT 2, Azikok, EIE
ENXFORTH 2. Thbb, 7V—bF—%2M L%, H5WVIIMEICXZHIFRY = X
FXZ2fToEBTHS. CEERINICANEINTELFDI S, ELWFOHTH 5.

WPM =

TER::CfFEG;EIF><Hm%> 4.2)
T/, 2PV T4 BIUOEEARMNCE LT, System Usability Scale (L%, SUS) [33]18
& CNNASA-Task Load Index (DA%, NASA-TLX) [34] D7 > — FEFHWTEH L=, SUS
X, 10JEHOEMICE DRI, EFEDOLI—F LV T4 %2005 100 DRT — X ->T
M 2. ZORAT7BEWNEE L= LY T4 DRV L Z/RT. NASA-TLX I, fBHIE
i, BARER, FREN, 8, 7+—~< 2ABLXET75RA L —2arD6DODHE
Hick bl Xh, FEMRELERZ 0025 100 DAT7 — L2k > Ciliiss. 2o
THREWIEEEEAR ARV Z L BRT.

16



X 51T, BERMOMBOREITEB XM ITICBET 27 > 7 — M & o T, B5EMF2FHE
5.

46 RERFIE

BEMZ, BE2y a v BLXUOATLYy Y a I hrNTED, S5IAREELY Y3~
X2 00T oINS, HFMELEL 3729, ZHDOIEFIET 7Y HBICE>TH
TUR—NT U RAEINT.

%3, BINEE, SLMORRRNC, V2 F—KR— FH 4 XB X EXF AN FEDOHA
BRI, 20k, MYty aryEREBLE. B8ty ar TR, ZNER &KSS
M&FICh o 72 % — R — FBXUOXFANFEHOCEEZH#ERE, RK2 Mo EZR
Bl ZOrE, ZMER, MEEZTMTole LG8, Bty > a v ERT
L, REZE2 Z e TER. | pEOKEE, AFLy P a T, &TILIZ520X
BEREEL, it 10HOXEREE L. &ty > a YEICE 3 2 OREE KT /-,

SE L, FH40HDE A5 x 23T x STDOXE) ZAHLE. 2Ok %, BhE
X, BAEXRLEEPOIEMICATIT S KRN T2y, ANNZT—%BIETED, H
ZVWIEREBIEDOEFICLTEL 2HBIGERTE 2 Z L 2Inx 6. XEiX, MacKenzie
and Soukoreff D7 L — Xt v s D 500 HOXLFEDHF NS T ¥ X LIRKRSN, D1 DD
FE@EL T, BEHLRVESKHKEISh., AFLy > a VT, SEE, ZO5EMIC
B L CHiDES R, SUS BIUNASA-TLX D7 ¥ o — bAHE L. TRTDOEMFICT, X
FANRZ D B Z %%, SINEE, EBET > r— NcbalE L.

47 REBEERELIVEER

AHITIE, ERICK> TR ONEBXHICBI 2 XFANTFEEE XU 7 —ROHE, SUS,
BELUENASATLX DR a7 %ZRL, Mat@OMREZRT. £z, ZOMRILEONZE
RBrelRN2. T2, MOEHEE X4 &4OIENNHICET 27 > 7 — MERERT. &2
B, HaHETicB W, HEKEE 0.05 & L.

4.7.1 NXFATZERE

S e DRBINE D WPM OE% K 4.1 12, BT 554D WPM O F5EIZ 5.56 WPM
(SD=0.70 WPM) , ST ZffiZ 434 WPM (SD=1.33 WPM) , BS %1 16.51 WPM (SD =
241 WPM) B XSS 11.29WPM (SD =2.58 WPM) TH - 7=.

7, 2200%ERA (F—FR— P4 XBIXEXXFANFIER) BENLTHATTEEITHER X
ETHhEIDEFAET 272D, BT EMH&ST &M AEHE (LI, ThumbTrigger Fi%
ZF) B XU BS R4FE&SS SREDfHAEHE (LI, ScreenTouch FikZ&fF) BT $:F&BS 2%
trofAEOE (LI, *—HR— M4 ZKREM) BLO ST HRH&SS FRFEOHAGEDLE (X
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35
301 1
251 ' !

S 201 ° '

[a

= 151
101

4.1: BEMITBT 5 WPM DA,

B, F—FR—F¥ A NEH), TRLT, vararzy ORFSMIBMNFABREEZI T2 2
A, YELIDEEENRLN (F—FR—F¥ A XM p=3.86x1076, XFANTFIEM :
p=795x10"7) .

Rz, ZREND 2 OOBERDOHEAENEHDBATREICHE L RIZTrE I p2fET 57D
2, BEMOMASORIIHLT, EHREDD Z2HAEHLEICHIED D 2 tHE, EREDR
WHAGEDEICY 4 vary Y ORFEMIBMNAMEZ1To728 25, BTREB XU ST RGO
BICHEEEND -7 (p=0.0036 < 0.05) . [AERIC, BS SffB LSS &M (p=4.28 x1077
<0.05), BT %&MB L BS &1 (p=3.05 x 107° < 0.05) , ST &tFE X 8 SS &M (p
=1.80 x 1079 < 0.05) ICTHEEEND - 7-.

DFD, F—R—FH A XN XL R ERICWPMMK T 5 Z ¥, B XU ScreenTouch
Fi & HERT ThumbTrigger FiElZF — R — K ¥ A4 XI2BH 6 THEIC WPM HBERW Z & 257k
EN7z. —7, ThumbTrigger F7£lE, ScreenTouch FIEIZHENRZ &, F—FK— FH 4 XH/)
B0 2D WPM DK IR DTHLTHE Z e hbhb.

472 IS—X

e OEBMNE D TER O EE X 42 1273, BT £/ ® TER O F¥EIZ 18.51%
(SD =5.05%) , ST 4:M1%28.67% (SD=10.10%) , BS &% 5.00% (SD=3.17%) BX
SS 1% 10.45% (SD=3.77%) TH - 7-.

2DODEK (F—KR—FH A XBLIXFANTFE) BENENATHEICHE L KIE T
I3 iiE T 572912, ThumbTrigger FiE5&MH K OF ScreenTouch FiESEM:, F—HR—F
YA ZREMEBEEF—R— P YA ZNEFITH LT, Y 1rary sy OFFSAHEMFIRE
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0.8 "
0.7 ¥
0.6 I '
0.5‘ f * !
||-|_J 0.4 1
0.3
0.2‘4-
0.1 mm B |
0.0 © 0 QO Qo
QT o
.\%‘b- 6\\%- \%‘6- 'b\\%.
Ae) 6((\ Ae) 5((‘

X 4.2: FI2BIF 5 b— &L T —RDIEIGHE.

BiTo7z. TOMR, YELIbEREPRONT (F—FR—FH A XM p=147Tx107% <
0.05, SCFASFER - p=1.40 x 1076 < 0.05) .

R, ThZ2hD 2 ODBEKDOHENEHD TER ISFER MIEThE S EfET 272912,
AEXBRETIINLTZ V- R VRERITo 25, BEEMPROLNZ (p=3.11x 1077
<0.05). 2Dk, R¥7zn—=MIEIC X2 ZENBEIT-7=. ZOLE, vararzy
Y OFFEMIEMAMEZ AWz, ZO/ME, IXTOEGOHAGDLRICTHEREENA N
7= BTE&HEB I STEAEDR : p=0.0085 < 0.05, BS ZefF5B L8 SS LM : p=0.0037 <
0.05, BT &thB XU BS &40 : p=1.22 x 107 < 0.05, B XN ST 5thB X T SS 4414 :
p=8.54x10"*<0.05) .

D% D, TERIZBALT, ¥—KR—F VA XN RZERICTER NI 228, B
& Uf ScreenTouch i & AT ThumbTrigger FEIZF — R — F¥ A XICBH 6 3HEIC TER
MEWZ ERRENT.

473 A—HEYT«

SUS D7 v 7 — MERZX 43 1TRT. EFRMFORa7oFEEIZZRzh, BT &MFZ
59.38 (SD=16.52), ST %13 49.38 (SD=12.52), BS &M1382.50 (SD=6.94) B LSS
251X 75.00 (SD=7.68) TH-7-.

%, ThumbTrigger F1£5&MHEB & Of ScreenTouch Fikseff, F—FR— FH 4 AREMhEB X
OF —KR— FH A RPNEFTH LT, Yol ary yORFSMEMAIREZITo7-2 25, ¥
LHICHAEREPROLN (F—K—FH 4 XM p=0.0040 < 0.05, XFANFEH p=
7.93 x 107* < 0.05) .
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4.3: BEMITBIT 5 SUS O FH(E.

RIZ, FRZEIND 2 ODBEKRDHEIERD SUS R a7 ICHEERIITrE I DEHRET S
72D, ZV— R UMEERIT-o-2 I3, BEENPRONT (p=6.1x10"4<005) . L
ML, ¥F—R—FI A XBIUOXFANTFEOMHEEAICET 2&8:0MAEDLBEII LT
BEEZIARONRD o7 (BT SMHEB X STSMM : p=0.070 > 0.05, BS FHFEB XU SS %
fEME  p=0.438 > 0.05, BT S&fFEB X BS &M 1 p=0.063 > 0.05, BIUISTHREBLS
SS £t/ 1 p=0.069 > 0.05) .

£oT, SUS Ra7icBLT, 2 00EROHEBEMEMICET 2 HEZEIZR D) > 725, Thumb-
Trigger £, ScreenTouch FEE LIRNTHEICR a7 MRNWZ e dib o7z, 24U, Thumb-
Trigger FIEIZBUI NV R I F UV IDPARLETH D00, BIMEB AT 5 DITHE
FHLizlbrEZION5.

T/, F—AR—FIAXRELTH, NEWVWHBERIREWEE L RTHERICZ a7 MK
WZebhol, UK, F—DV AL XN B2 RXyFOYEDHED NS KD
720, ANMLTWF—2EDTHLTDH, HLAZZ2ITR>TVWRVWHLWEIERS X —%
HLTLES 1D EZONS.

474 {EE&TH

NASA-TLX O 7 > 7 — MR EK 4.4 177, &&EOR a7 oFEEfEIZZAZN, BT S5
1% 65.58 (SD=17.02) , STSMH1Z77.13 (SD=11.01), BS X 53.04 (SD=16.70) B
X NSS 1% 57.92 (SD=6.97) TH - 7-.

BEMD NASA-TLX 2 7I2BWT, [EMRME XUESHENTD sz, 2 tKE
WERLB BN ZI T2/ 25, F—FR—FHA X, XFANFEBIOZELSOHELE
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M 80
-
X 60
X

X 4.4: BT HB 1T 5 NASA-TLX O FEHHE.

FIiZBWT, ZhzhBEEZTIR o7z (F—KR—FH3 4 X/ 1 p=0.82>0.05, XF
ANFEM 1 p=0.52>0.05, 2EZKDOHEENEH : p=0.067 > 0.05) .

X oT, NASA-TLX ZBL T, &&MEICTHEEEIZR SN 57253, ThumbTrigger F
EEEUEM, RIS, STRIEPRBIEEAMIE V. ZhUX, MO DB IRNESRICKIE
HEPNRKREPoDeEZIONS. £, F—KR— KA XWXV L THIE
HFAMPEL B> TV, ZHUZ, NERF—F2HITHROBEKLEVWRANBIUOANDZ
FAML =2 avOHBICRERFEEZRIZLbEZONS.

4.7.5 BOEF X

SNEIC, SEFEOMOREHERZE 5B 5 IFFITENTVS, 1 2<{ERLTVRWY) I
TiHfiZ T CTd B o7z, ZORREX 4511”7,

B DR T EDNEMEX, BT 541X 4.00 (SD=0.87), ST %&M1x4.63 (SD=0.70), BS
513 2,625 (SD=1.11) BXUSS 5F132.625 (SD=0.70) THo7=. BOREHEIZOW
T, %73, ThumbTrigger FiESME K O ScreenTouch FiESLMF, F—HR— M4 AREHB
FOF—R—FH A ZNEHITH LT, varary rONEMIENMBREEITo72. ZD
MR, XFPANTFERCOAEEEPR LN (F—KR—FH A4 X/ p=0.19 > 0.05, XF
ANFHER  p=8.47x107* <0.05) . Z4UZX, ThumbTrigger Fi%£%%, ScreenTouch Fik & Lt
NTHOEFHEPERIZE VI EEZRL TV,

¥ 7z, ScreenTouch FiExXHW 255, F—KR— FH A4 JIEIMOREHBICAERICHE LRI
IRV Db olz. T, ScreenTouch FED 1 DD F—% X v FF 2EEEIKRDEH
EDIEF I NI Wd e EZ BN .

Rz, 7V =K UMEETo72 25, AEENAOLNT: (p=6.1x10"1<0.05) . L
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BEDIES

4.5: BRMTB T 2 BDET R (5 BFERHED O M.

ML, ¥F—R—FI A XBIUOXFANTFEOMHEEAICE T 2&4:0MAEDLEII LT
BEEER NP o7 BT SRHEB X ST MM : p=0.52 > 0.05, BS B IUSS %
fFi : p=1.00 > 0.05, BT Z&fF3B KBS S/ p=0.063 > 0.05, BEULSTHRHAEB LU
SS £t/ 1 p=0.065 > 0.05) .

koT, BEEIAR SN 5725, ThumbTrigger FIEICEAL T, F—FR— K44 X2\
VWS, REVWEELHUNTEFENE L BoTWwad. ZiUuX, WPM OFER» 5, XF%E
AT BRI REL BB ONTEIDEHDPEREL7DTHEEZILNS.

47.6 BEMHDIENR

SAEDNERICEE LT, 1071% BS e, 2 1% SS 4, 3 1ild BT b8 & U84 i1 ST 5
ThHote. 7z, 2H%DOBIMED, BT HREZ 2MIGEAT. BSMEDIEM ZEBALHEB YL L
T, EHPEEDICSVIE],, Xy F 27—V EDOATNIZENTWS, 2D ThumbTrigger
FEZBOTFDO NI v XV FORRERNZ o7z RELEIE L. —F, BTE&E%Z 24
WBASIME 2/ D TATIO LT hoBRIC L) CEELE. ZOZeh s, S
&, 2RPCAIT LR TV e 2HEHICF —FR— R A XBKREWFEFLZ e 83bh
%. ¥7z, ThumbTrigger FEDVLT WL T, RERBPAEZEDL DL ZeEZIONS.
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4.6: ZIMNF I L B3 BMDIEN. BBEWNEIEZL OSMELZOIEN ZRATE L 2R
. £, BFEIZOIENZRALZSINEORZET.
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E5E ER

AETE, ERERBIUSMEL DT V7 — FOEEB X 228 ¥ — R — ¥, Thumb-
Trigger FIEDEB L UOREBRICH T @R RR 3.

51 ZRFEE*X—FR—-—FOTH1>

EBEZEOT7 V7 —MIT, F—KR— A4 XOBEHAGERICEHLTE L2 Z 2 2SMNEI,
HELTHDo722I5, [F—K—FH A XBKEVEE, PLEEIEUCZDT, 5DK
X XD ODIEEI LD LRV, TF—K— K4 IR EWEGE, EHE»SIEAHL
TLEWV, RISV H o7 BREDEIENDH -T2, 2D, KREVWF—FK— K4
REMHIZBNT, DUPNIL LAV AR EZHRAT2Ie2EZ TV,

—77, Shen 5 [29]1%, HMD %3 L7- AR BRIEICBEWVWT, BB X7 AT b2
AJRER 28 B % — R — R TH %, AdaptiKeyboard % i\ T2 —HHERZ1T o 7245HR, A
NENZFIEELEF —R— FORBLIOTARY FEEFHAL VL2 EBRLTVS., Lo
T, AL—FMARBRBREIZBVWTHBME IHRELEINTF—FR—FL A 7Y P 2HOWTF
EANT B ED, XFEATIERED M LT Z2AREMEDL D 5.

¥/, 77— bPITHF—FR—FTHA VORUBRRE L THRD L, 4HOBMNED, 1)
H QWERTY ¥ —R—FD k512, TV —bF—DMEDP EIICH->72G0EN) 2EEL
7z. SEIOFHMERRTIE, FISRANENSTZHIL, TV - F—BLUZ XX —%EE
DF—D NMINCEELZ. LarL, EBEi7 > 7 — hTlE, 2 TOSINED QWERTY ¥ —
AR—FRIZENTVWARERELEZDZDO IS REIEN RSN EZ S.

5.2 ThumbTrigger FEDREL S UHRER

ThumbTrigger FiEZHWS Z 2IZ&D, F—FKR— ¥4 XN WEE, WPM O RH
DI ATREMEN B B, £z, IKFE LT, ThumbTrigger %X, AL — bt ARBRBREIZBWT,
ARKBROEZ M L X B 2A[REMDIH 2 L E R 5. 207D, REITIE, EFriTol il
& o TI§ 507z ThumbTrigger FEDHEL L VHEBERZ T
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521 HERME

SR U7 FHEERR T, &K S5 7 OMEREZR T 2. SIEDZ 23, ¥ T Thumb-
Trigger FIEZ W2 5&HICT, 5MMER1T-o72. £z, MADSIMNE D ThumbTrigger Fik
WBELT, MENZ AT TR0 d LKV LEELE. ZHbHDZ ¥ 25 Thumb-
Trigger FIEOXFATIDOMEREE, £ D2 OMERMZERT 2 H 5 WIFEBHBUC DT DM
BIzzrickh, 2oicmbdseHEZX 505, ThumbTrigger FIEICEHA L EHITL S
XFEATIREIL BT S&FI2T 820WPM, STHRMICTITOWPM Th oz, TDI b b,
ThumbTrigger FHEDE D & D SRS F AN DR L ZRET 5.

522 BME L ORFANRTE

4.7.6 HilZ TR 7z K 512, ThumbTrigger FEDENRL T I IBEAEDLD B HKA L LT, »
YRRV ABICFRERTEEPIICEET 2 X80, BZME0EKEICXD,
LWEERHZLZeNEZONS. 512, FEERZEHECDHEANICEZ S & LARER,
A=t 7+ BIUOHMBEDOERIFERD, XDENZFERICKRZ Z LD, ZINEDOT >~
F—hroEEr RSNz, BEROEHFIZED, ATNTHWRHOZEZHR T 2 2 &3
LAY, BUOFEPEHANIOHNTLES oD, EHERNY Mo XV IDH LSR5,
EoT, BMEZLICAR— P74V DARXTOHBAZTR T2 2EZ 5. ZHUTK
D, ZMEX, RELLZEBIZTILFEANTL I TEZLAEMEND 5.

523 EHLBLWEZDER

RRAVIET > — bBXUOERET > 7 — MZBIF %, ThumbTrigger FIED WD I F5 I
B3 2B zEeDd. £/, ZOoDEE%Z D 21T, ThumbTrigger FIEDHEARLE 2 diH
THEIEERERD.

HEBIMNEDP S, TFORBIFARID > TV 2 DHEE 772, ThumbTrigger FiEDFEAE
L%, FMILTWRIRETIIRL, fE2FTCwaREL LT, Z0RED SHEZH
EIEMEZ bV AT Ik, MOEHIBPRLKRE. $ZzhUuc k) FL2ERORTR
T/ NS KR D, HEMNIIZIDR T 25D T, FEEZHEFANCIND 2 Z LD 3K
23] LW EIEMEON. £, HOBMED THB X KHE2MIXT e RANT
FHUREITR S WO EEBEB XY, HoZMEDL S, THizMfE L7 IRER T 235 DR A
TR, Z22030ICFEHEMT, EHICFELoNDIRFEZ e RDENS &
WS [AEDE SR,

I B DEED S, ThumbTrigger FIEDEARLZE L HRLRLEB L T2k D, HHK
PRERTT 2 AR RSN, —7F, BRAtTOA 7L —a gk h, " FEoy
XY UORBEMERLTLES RN ® 2. 22T, K5.1ad &5 CFORZFHNcHT
4B T3, K51bD X510, FizlEisE, FOU L z2TANIAIT 7L % HEARLS

25



5.1: ThumbTrigger FIEDEARZZL DL, a) BIAED ThumbTrigger FEIZ B 2 FDLEE.
b) FD U5 & FHNTHIT 723,

Y33zl ERITOA I NL—Y a UHRIEEIR, XDBEARZRBIZTAY Ry
FUTORERMIFLEEIANT IR TE S0, EHIRBINZ e EZ N5,
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F6E SEDFE

RETE, KFEDFTRDOTEZBND.

6.1 RERBMEDZHKIL

R BT 2 FEROBNE R, HEEN»LHZEL, REVPBEEI OARETHoT. &
B, BMENED 8 N Ve oTeted, Sk, FEBREITIHE, SMERDHENE X O
PRA 72 EBEDSIME ZEBMT 2 Z 212k o T, KD IEMRERERIMTONLEEZ S.

62 ZTEHREDJ—RISIXAFvF—FR—RKRORE

AL — bt ARBEIZBWT, ZHREY - FY 2 2F v F—KR—F2FEEL, XFAND
PHREZIHET 2221k D, KD BOWHERBHERMEONZ EE X 5. BTED ThumbTrigger F
FEERAVBEE, 22— 1 XFANT 2012, BREEEZITD T 28E2T5BRELH
5. ZOEIEX, BBLXCIHEOETCKESEELRIZL TV, LrL, V—FIzXF¥%
F—AR—FEHAWSZZLICED, 2—FZ, 1 DOHGEEL AN T 2D —ERTHEEEZID
I, ANLEWHEEDOY 2 AF v 2/ 2212k, ANTES. 2k, EHERER
BT&E2LEZ5.

6.3 HREODAL—MARBIEZEELI—YREDER

ARIFFRTIX, LFANZRT DADEREERIT-7205, REDOAL — b+ AR BREEZEE L7
I—VHEBEEMT L2 EZONS. SHOERTE, ZHREF—FKR—- FBIUEXF
ANTFIEOHREZHE L=, 5, EBOAL—FTFANAL ZHAR T Y r—3 a v k5t
T2, e LT, 2—H&, ZO7 TV —2arBHVWTAL—FTFANAL B2 HXTHL
WCE2 AR 7Y 27 NIXFNEMNEGT 220 XFEANTE. ZORHVWS F—KR—
FBIOXFANFEZMREE?Z T TR, AL—FARBEICEIDFELTVWEINE 5%
=W EBANCEHET 2 Z Ik VFAET 3.

27



BTE

AMFEOEHINE, AL — M ARBRRICBIT 2, ZHREF—KR—-FBLUSZDF—FKR—- %
AWz 2 OOXFANFEOURERETH 2. MREHED/ZDIZ, A~v— b7+ I25EEL
T2 R — R = FBIU 2 DD ANFETH S, ThumbTrigger F£B & O ScreenTouch
FEEZHWT, FHliEBRLIT-o7. EEROME L LT, ThumbTrigger Fi£lX ScreenTouch F
BT, XFANRE, =7 2—-FL V74, BOEHTKIEL THREIIXFA
HEREPMENZ e 3bhr oz, ¥z, F—KR—FH A APRZIVEEE, DEIWIEE LR
THRICXXFANERE SV Z e bz, ERARB X CEHKEARX T > 7 — hoEE
ne, B F —KR— R B X ThumbTrigger FIEDTH A4 VB DM EITo72. 518,
Dz RAF v F—R—RFOEEBIUEBEORAL — TN ZHAR 7 7Y r— a Y 2RV
T, I—VERZITO>TETDH 5.

28



EAES

AW EHED 212H D, EFSOREEAE, IO—EeE, SEHeEcEZTARIER
CTIEEETHEE L. DL EHV LT T, FRe, EBESCREREAEIIIE, HROED T,
SCHEZIZIU D & LI 0L ZfeE W2 F L. 25612, Mo E X Ot
FEAETRICBE L CZLDIHER2EEZ L, ZZHEIEHOEERL 7.

AVRI 7T 4770 rT Iy IMAEORE, SLETIEIHIETT B TBHEEICK
DE L. £/, WAVE F— 2 0ERICIZF— ¥ I 1B 2 TEAB I UHRXOHHIE Wo
THEICRE S 22 K ORI THL, MIRZERXBVWTHIZL OIS EHEEE L. &L
BEH N L ET. Frg, DAPEEBRICIIR T #15 X OGRS EARMSHIC BT 2 EER
HRIBOTEZL DT FANL RZTHEREBHERICR D L. Z2REIHITL» & B1L
HL BT,

RIBRIC, FEEBICBWTEBMHERCR > 78, 2 LT, ROPEEEEZ X THWER
JRICER S IR L BT £

29



ES U g

ARSI T 2 EE 2 LIRS,
o NRIFAHX
— EREERZE, NPERR, BESOKES. A %R X — KR — FD AL — F 781 R AR ZE

Ml EANDOHEE E310A X777 T4 TSRTLEY 7 27 IEHT 27—
T av 7 (WISS2023) , HAY 7 b = 7 Rl2E42, 2023 4F 12 A, 3 pages.

— EEERRE, NPEER, EESCKER. A — b 74 v EHAWE ARBEICBII AT
MZeh X —R— FOMRERE. 206k 2 —~v>arV¥a—&XAf v R5 7 ay
sE= (HCI206) | [HEILIR2, 2024 4 1 H, 8 pages.

30



SZ Xk

[1]

(2]

Shwetha Rajaram and Michael Nebeling. Paper Trail: An immersive authoring system for
augmented reality instructional experiences. In Proceedings of the 2022 CHI Conference on
Human Factors in Computing Systems, CHI *22, pp. 382:1-382:16, New York, NY, USA,
2022. Association for Computing Machinery.

Juhee Lee. Problem-based gaming via an augmented reality mobile game and a printed game
in foreign language education. In Education and Information Technologies, Vol. 27, pp. 743—
771, USA, 2022. Kluwer Academic Publishers.

SR RS, WE)IME, 1Lt N A L AR % W7 EALEE R O R SR RS X
7 LORE BRI S IR RE Lt a—~v>vayPa—&k A Y& 527> a ¥ (HQD ,
%5 2016-HCI-166 %, pp. 1-8, 2016.

Minghao Li, Xin Feng, Yang Han, and Xudu Liu. Mobile augmented reality-based visualiza-
tion framework for lifecycle O&M support of urban underground pipe networks. Tunnelling
and Underground Space Technology, Vol. 136, pp. 1-21, 2023.

Jumyung Um, Joung min Park, Seo yeon Park, and Gokcen Yilmaz. Low-cost mobile aug-
mented reality service for building information modeling. Automation in Construction, Vol.
146, pp. 1-16, 2023.

Hui Ye and Hongbo Fu. ProGesAR: Mobile AR prototyping for proxemic and gestural in-
teractions with real-world IoT enhanced spaces. In Proceedings of the 2022 CHI Conference
on Human Factors in Computing Systems, CHI °22, pp. 130:1-130:14, New York, NY, USA,
2022. Association for Computing Machinery.

Zeyu Wang, Cuong Nguyen, Paul Asente, and Julie Dorsey. PointShopAR: Supporting envi-
ronmental design prototyping using point cloud in augmented reality. In Proceedings of the
2023 CHI Conference on Human Factors in Computing Systems, CHI °23, pp. 34:1-34:15,
New York, NY, USA, 2023. Association for Computing Machinery.

Wenge Xu, Hai-Ning Liang, Anqi He, and Zifan Wang. Pointing and selection methods for text
entry in augmented reality head mounted displays. In 2019 IEEE International Symposium on
Mixed and Augmented Reality ISMAR), pp. 279-288, Los Alamitos, CA, USA, 2019. IEEE

Computer Society.

31



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Florian Kern, Florian Niebling, and Marc Erich Latoschik. Text input for non-stationary xr
workspaces: Investigating tap and word-gesture keyboards in virtual and augmented reality.
In IEEE Transactions on Visualization and Computer Graphics, Vol. 29, pp. 2658-2669, Los
Alamitos, CA, USA, 2023. IEEE Computer Society.

Chen Liang, Chi Hsia, Chun Yu, Yukang Yan, Yuntao Wang, and Yuanchun Shi. DRG-
Keyboard: Enabling subtle gesture typing on the fingertip with dual IMU rings. In In
Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies,
Vol. 6, pp. 170:1-170:30, New York, NY, USA, 2023. Association for Computing Machin-
ery.

Lik Hang Lee, Kit Yung Lam, Yui Pan Yau, Tristan Braud, and Pan Hui. HIBEY: Hide the key-
board in augmented reality. In 2019 IEEE International Conference on Pervasive Computing
and Communications (PerCom), pp. 1-10, Los Alamitos, CA, USA, 2019. IEEE Computer
Society.

Suwen Zhu, Tianyao Luo, Xiaojun Bi, and Shumin Zhai. Typing on an invisible keyboard. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems, CHI " 18,
pp- 439:1-439:13, New York, NY, USA, 2018. Association for Computing Machinery.

James Scott, Shahram Izadi, Leila Sadat Rezai, Dominika Ruszkowski, Xiaojun Bi, and Ravin
Balakrishnan. Reartype: Text entry using keys on the back of a device. In Proceedings of
the 12th International Conference on Human Computer Interaction with Mobile Devices and
Services, MobileHCI ’10, pp. 171-180, New York, NY, USA, 2010. Association for Comput-
ing Machinery.

Hwan Kim, Yea-kyung Row, and Geehyuk Lee. Back keyboard: A physical keyboard on
backside of mobile phone using qwerty. In Proceedings of the 12th Annual ACM Conference
Extended Abstracts on Human Factors in Computing Systems, CHI EA *12, pp. 1583-1588,
New York, NY, USA, 2012. Association for Computing Machinery.

Oliver Schoenleben and Antti Oulasvirta. Sandwich keyboard: Fast ten-finger typing on a
mobile device with adaptive touch sensing on the back side. In Proceedings of the 15th

International Conference on Human-Computer Interaction with Mobile Devices and Services,
MobileHCI ’13, pp. 175-178, New York, NY, USA, 2013. Association for Computing Ma-
chinery.

Wenzhe Cui, Suwen Zhu, Zhi Li, Zheer Xu, Xing-Dong Yang, IV Ramakrishnan, and Xiaojun
Bi. Backswipe: Back-of-device word-gesture interaction on smartphones. In Proceedings of
the 2021 CHI Conference on Human Factors in Computing Systems, CHI °21, pp. 196:1-
196:12, New York, NY, USA, 2021. Association for Computing Machinery.

32



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Masakazu Higuchi and Takashi Komuro. AR typing interface for mobile devices. In
Proceedings of the 12th International Conference on Mobile and Ubiquitous Multimedia,
MUM 13, pp. 14:1-14:8, New York, NY, USA, 2013. Association for Computing Machinery.

Masakazu Higuchi and Takashi Komuro. Multi-finger AR typing interface for mobile de-
vices using high-speed hand motion recognition. In Proceedings of the 33rd Annual ACM

Conference Extended Abstracts on Human Factors in Computing Systems, CHI EA 15, pp.
1235-1240, New York, NY, USA, 2015. Association for Computing Machinery.

Masae Okada, Masakazu Higuchi, Takashi Komuro, and Kayo Ogawa. Recognition of typ-
ing motions on AR typing interface. In Proceedings of the 16th International Conference on
Mobile and Ubiquitous Multimedia, MUM 17, pp. 429-434, New York, NY, USA, 2017.
Association for Computing Machinery.

Yafeng Yin, Qun Li, Lei Xie, Shanhe Yi, Edmund Novak, and Sanglu Lu. CamK: Camera-
based keystroke detection and localization for small mobile devices. In IEEE Transactions on
Mobile Computing, Vol. 17, pp. 2236-2251, Los Alamitos, CA, USA, 2018. IEEE Computer
Society.

Frank Chun Yat Li, Richard T. Guy, Koji Yatani, and Khai N. Truong. The 1line keyboard:
A QWERTY layout in a single line. In Proceedings of the 24th Annual ACM Symposium on
User Interface Software and Technology, UIST ’11, pp. 461-470, New York, NY, USA, 2011.
Association for Computing Machinery.

Zhuojun Li, Chun Yu, Yizheng Gu, and Yuanchun Shi. ResType: Invisible and adaptive
tablet keyboard leveraging resting fingers. In Proceedings of the 2023 CHI Conference on
Human Factors in Computing Systems, CHI *23, pp. 722:1-722:14, New York, NY, USA,

2023. Association for Computing Machinery.

Nikola Banovic, Koji Yatani, and Khai N. Truong. Escape-Keyboard: A sight-free one-handed
text entry method for mobile touch-screen devices. In International Journal of Mobile Human
Computer Interaction, Vol. 5, pp. 42-61, USA, 2013. IGI Global.

Jianwei Lai, Dongsong Zhang, Sen Wang, Isil Doga Yakut Kilic, and Lina Zhou. Thumb-
stroke: A virtual keyboard in support of sight-free and one-handed text entry on touchscreen
mobile devices. In ACM Transactions on Management Information Systems, Vol. 10, pp.
11:1-11:19, New York, NY, USA, 2019. Association for Computing Machinery.

John J. Dudley, Keith Vertanen, and Per Ola Kristensson. Fast and precise touch-based text
entry for head-mounted augmented reality with variable occlusion. In ACM Transactions on
Computer-Human Interaction, Vol. 25, pp. 30:1-30:40, New York, NY, USA, 2018. Associa-

tion for Computing Machinery.

33



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Xin Yi, Chen Liang, Haozhan Chen, Jiuxu Song, Chun Yu, Hewu Li, and Yuanchun Shi. From
2D to 3D: Facilitating single-finger mid-air typing on QWERTY keyboards with probabilistic
touch modeling. In Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous

Technologies, Vol. 7, pp. 38:1-38:25, New York, NY, USA, 2023. Association for Computing
Machinery.

Camillo Lugaresi, Jiugiang Tang, Hadon Nash, Chris McClanahan, Esha Uboweja, Michael
Hays, Fan Zhang, Chuo-Ling Chang, Ming Yong, Juhyun Lee, Wan-Teh Chang, Wei Hua,
Manfred Georg, and Matthias Grundmann. MediaPipe: A framework for perceiving and pro-
cessing reality. In Third Workshop on Computer Vision for AR/VR at IEEE Computer Vision
and Pattern Recognition (CVPR) 2019, pp. 1-4, 2019.

Géry Casiez, Nicolas Roussel, and Daniel Vogel. 1 € filter: A simple speed-based low-pass
filter for noisy input in interactive systems. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, CHI *12, pp. 2527-2530, New York, NY, USA, 2012.
Association for Computing Machinery.

Junxiao Shen, Jinghui Hu, John J. Dudley, and Per O. Kristensson. Personalization of a mid-
air gesture keyboard using multi-objective Bayesian optimization. In 2022 IEEE International
Symposium on Mixed and Augmented Reality (ISMAR), pp. 702-710, Los Alamitos, CA,
USA, 2022. IEEE Computer Society.

I. Scott MacKenzie and R. William Soukoreff. Phrase sets for evaluating text entry techniques.
In CHI ’03 Extended Abstracts on Human Factors in Computing Systems, pp. 754—755, New
York, NY, USA, 2003. Association for Computing Machinery.

Per Ola Kristensson and Keith Vertanen. Performance comparisons of phrase sets and pre-
sentation styles for text entry evaluations. In Proceedings of the 2012 ACM International
Conference on Intelligent User Interfaces, IUI "12, pp. 29-32, New York, NY, USA, 2012.
Association for Computing Machinery.

Ahmed Sabbir Arif and Wolfgang Stuerzlinger. Analysis of text entry performance met-
rics. In 2009 IEEE Toronto International Conference Science and Technology for Humanity

(TIC-STH), pp. 100-105. IEEE Computer Society, 2009.

John Brooke. SUS: A quick and dirty usability scale. Usability Evaluation in Industry, pp.
189-194, 1996.

Sandra G. Hart and Lowell E. Staveland. Development of NASA-TLX (Task Load Index):
Results of empirical and theoretical research. In Peter A. Hancock and Najmedin Meshkati,
editors, Advances in Psychology, Vol. 52, pp. 139-183. North-Holland, 1988.

34



7 8A FHMEEBRICEVWTAHW:7>9—k

AT TR\, EBREi7 > —1b, XA7% 77— 1, SUS 747 — b, NASA-TLX
7=y BXUOERKT v — N ERT.

35



Al EEgI 77—k

EEREI 7 VT — b

rsato@iplab.cs.tsukuba.ac.jp 7 H V> hEHIDEZ S [
5B #H1L

*NADBEMTY
HWEREID *

E&EE AR

A—JLFRLZ*
BIE% AN

R *

O st

O =t

O mELBL

E&EEAH

X A.1: EBRAG7 > — b-Part 1. EEROFHAZZT7-0%, SIEEHR, AR B XL QWERTY
X — R — FOMBHRBRICE T 2EMIcEET 5.

36



FlEF

O HA=
[OR=E
O @Rz

A=K7 AV B LTI TL v MR ERWCARDRE *
2% 2F—ERESA AK—EREFER, 4BIC—EEEERA

1 2 3 4 5

scgpLan O O O O O soapsvs

HMD% F W fcARDHEER *
2% 2F I —ERERA, JAK—EREFER, 4BIc—EEEER

1 2 3 4 5

2B O O O O O BREATS

QWERTYF—7R— R OfEFRER *
2% 2F I —ERESA, JAK—EREFER, 4BIc—EEEER

1 2 3 4 5

2B O O O O O BAEATS

Google 7 # —AT/KRAT— REXELBVNTLEE W,

DT A—LiF WERFVATARBETEARHN AV C1— I YA IV RERA VI 59T« TTIAT 5305
HRE AR THERSNE Uc. RETROESE

Google 7+ — A

A2: EERR7 > — b -Part 2.

37



A2 RAVETZV—Fb

YRI&T7VT—h
BHEROERICELT, TEBRIRBAZEREVULEY.

rsato@iplab.cs.tsukuba.ac.jp 7 H V> hEFIDEZ S [
58 #ERL

*RRDEHTY

WEREID *

E&ZE AN

BRI *

1 2 3 4 5

2cncoen O O O O O #memhcws

B (OFHREHBUTTHHVIEA) *

E&ZEAAN

R TA—LEIUT

Google 74 —AT/KRT—RZZEFLAWTL I,

D7 A—LlE FERARY AT LAERIEMRN IV C1— I YA IV RERA VIS IT« T TATSIVY
MRE BRI NE Lic, RETRORSE

Google 7 + — L\

A3 BEEBEMED X A7 TIRICFDSMICE T 2o BICE T 2 BRIICHE T 3.

F7z, RSN 2 EERR T 5.

38



A3 SUS7>T—F

SED%RHA *

O #—iK— k¥ XA&ThumbTriggerFi%
O #F—K— K9 Z/N&ThumbTriggerF %
O #F—7K—RH XK&ScreenTouchF %

O #—iK— K9 Z/haScreenTouchF ik

ZOYRFLEUVEUBEWEWERS *
1 2 3 4 5

2<BOBEL O O O O O 2585

ZOVRATLAGTREREERBETHBEBU* 7
1 2 3 4 5

2< ROz O O O O O 585

ZOYVRATLARBRBICEADEBofo*
1 2 3 4 5

2<ROBY O O O O O 2585

ZOVRATLEES DICEMEFIRDOYR— rEBEET 2H0 Lk
1 2 3 4 5

2<RDAEL O O O O O 585

ZOVRATLRH DR BHBEEN L FEF>TWBERBUR*
1 2 3 4 5

2<CRDBRL o O O O O 385

A4: SUS 7 >4 — b-Part 1. 02 —HF vV 7 4 128§ 2RI 5 BREREICCAHE
T3,

39



ZOYRATLATR, —BUHEOBWEIZNEHofcEBofe*
1 2 3 4 5

2¢ROBNY O O O O O 385

EWTWOI—HE, TOYRTFTLAOERAEILOVT, RESENBLEES *
1 2 3 4 5

2¢ROBL O O O O O 385

COVATARETHRVICKWER o+
1 2 3 4 5

2<BOBL O O O O O 385

ZOVATLEESDICBEENH R ERU*
1 2 3 4 5

2¢BOBL O O O O O 385

ZOVRATLEENEDBENCE DT EEERBENH > fc *
1 2 3 4 5

2¢BLBL O O O O O 2385

ZOMBRCE> ez epBniE, BRICERLTIRZEL,

EEZEAD

= S

Google 7 A —LT/NRT7—REEBLBVNTILEZ WV,

ZO7 A=A FWEREY AT AEETERRNIAY 21— YA LY RERA Y I 5974 TTATFIVY
WREABTHERENE L, FETHORE

Google 7 7 —/\

A.5: SUS 7 > — b -Part 2.

40



A4 NASA-TLX7>7T—hk

FRIFT—k -IX\—=hk 1

YR DBBRICREEVERT I LORA Y M EI Uy I LT REW

M - MIEHER
Lol b b b b b B P ]
INEL REW
SFHER
oLl b b b b b b 1y
INE W REW
F1LTLYy Y v—

Lol b b b b b b L ]
L (A
VERRR
ol b b b b b b b by |
Buw AR
Lyl
Lol b b b b b b L
DRV %0
7ZAML=>ay
ol b b b b b b b by
B =1

EOREDHNK - IRKIES (X3, RH3, :#HIZ, LRIZ RB34LE)
ERBELE LD RERBPIUNSTINMUNSTID, BfiTLED
BT, ERSHNROSNELIDKRS SETIN>LTID

EOREOSEFIES (B9, 51<, EY, HiHv3 BEEZHRE) ERBEELR
Ufchy. HEERZ I TURMFYD2TTH, Bo< DTEXLAFEFEP
S5RIFNERDEEATLULD, hIRBTEELD@EIOTLRD

HREOR—ZAPRENRET ZHEEDHICEL ZRHONEREEDERETLRE
M R=REFW>DELTRBDBZHDTLIED, ZhEDES TRBOBVS
DTLIM,

ERIETE (RREBBIEE) KL TRESNICREOBEREE COREERT
EREBVWEITH. BEREOERICEUTEDOEERBEIC COREBRELTVWEY
o

PESERBED L NIVEER - #I59 Bclc, BHN - SENICEOREV-LLS
FAHWHEELBRIFNERD ZBATLD

fERIC, FRRE EB, W5W5, XhLR, HazE0RERUELLD. &
WA, RO BRE TR RUE, UIVIRZEEDRERUIULL
o

A.6: NASA-TLX 7 > % — h-Part 1. 6 DDIEHIZHNT 3[EE%2{TS.

41



FRIFT—hk -I\—k 2

HRIDT—U0O—R (FEEH) \OLDEERERERIEREZI Y Y I LTIV

EEIERE (XRBBLES) KL TRESNCBEORELE LOREERT
{ VESERLEE ’ EREBVWETH BEOERICEULTADOEERBICEOREBRELTWET
H
or
EERIC, AR, EB, W5W5, ZMLXR, HarEEOBRERCELRD &
{ 7ZAML—=Y3Y ’ ZWEE, RO HER KRR RULE, USVIREEOBERUEULL

H

X A.7: NASA-TLX 7 >4 — b-Part 2. Part L IS/RL7Z6 DDIEHD S5, 7V X AICFRE
M52 00HEDEL HOEELEHNTH 20 28RNT 5. ZOERE, @D ITHLTTS.
il LT, MEEAN BXUYX 7592 L —Yay) RERINEESOEBEZRT.

42



AS ZEERET7ZVI—F

SBRErY>VT—h

rsato@iplab.cs.tsukuba.ac.jp 7 7> R ET D E S &
2 H£BERL

*RADHEMTY

WEREID *

E&% AA

ARBRICTHAWADDREEIBMAHF LTIV, L, MI=RbFL *

ik 2431 3fi AL
PEGUN
&ThumbTriggerF O O O O
=
HA R
&ThumbTriggerF O O O O
=
PEP.ON
&ScreenTouchF O O O O

&

RPN
&ScreenTouchF O O O O 2
] =

ZOIBMZICLcBHR (BRTEWEEA) *

E1& %z AA

A8 EEET > — b-Part 1. INRTORFERRZ BT L7zDB, 4 DDERMFDIAN
G 2 EMBLOEBEARZEL TRONBELR Y Z2HET 5.

43



FEFXF—R—RYAX (K& OEESEXR (AV—h7 4V OEHEICHT S+ *
—R—RAEHZEIR) ICEALTRUIEREHDITH.

Bl) F—R—RYAIBKRENE, ~THBERKUR, F—R— Y1 NSV

N ~REERCTK

&% AA

FoR—RFH1Y (RESPRE, LA7VIRE) EHULT, HBRREHD *
FIH. |NBEER "FIcAL) EEBLTIREW,

E&%zAA

LERORAY— N7 4V BIEEQWERTYF —R— R &R T, BRF—R—RNEH*
WTANT BEDEVNEHDRITD. (BER AV— 742V TEREQWERTYF
—R—REFELRVWARZFDOEEZNTLLLEL, )

E& %z AA

RELBICNT ZREASNIFEHICTRLTI LS W,
E&%EAH

S

Google 7 # —AT/IKRAT—REXEFELRVWTLEE W,

ZDT A —LF FERZEV AT ABRIEMAR AV 21— I YA TV RERA VIS F« T TIOT 5305
WRZE A TERSNE L, RETROERE

Google 7 # — L

A.9: EERt% 7 > 47 — b -Part 2.

44



