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Abstract: In current augmented reality systems, the most popular touch input method suffers from
inefficiency and occlusion. To address these challenges, this paper proposes a novel text entry method that
combines gesture keyboard with an imaginary keyboard, where users draw gestures in a transparent area.
First, we verified that it is feasible and practical to use an imaginary keyboard in an augmented reality
environment. Second, we conducted a user study to evaluate the performance of three entry methods:
touch, gesture with visual feedback and gesture without visual feedback (the method of this paper). The
results show that the average speed of the proposed method can reach 16.95 WPM (Words Per Minute) ,
which is 6.92 WPM higher than touch input.

Key words: computer application technology; human—computer interaction; augmented reality; text

entry; gesture keyboard

W75 B #3:2023-01-07.

ELWB - HRAKR IS LW H(61872164) ; 7 M FH & JE 2110 H (20220201147GX) 5 H Je i 48 FE AR
Tl 45 2 4 300 % 45 9% B (2022-JCXK-02).

EEE A M E&E1981-), 5, B8z, W+ MR 455 5 &0 . E-mail: yeyx@jlu.edu.cn

BEMEE A2 (1983-), 53 RIHUR W4 WF58 07 1) : AWLACH . E-mail: smh@jlu.edu.cn



% 114 HEE,F BAETREPATRAEEG T BT - 3275 -

0o 51 F

Fifi & 1 5w B S Sk 31 =X I 7R 4% (Head—mounted
display, HMD) i ]RU~F & i 5 8, 1 58 Fn 78 G BE
D1 E R RIS E R A S AR 5 ) 5
HARH . 5 FHLA L, HMD A7 5 % K/ PR
il , B 0 15 B 1P 0T Oy T A0 58 B H R AT
e N S R I XE B /N T
SCAR i AR R 3 e 3 e b AN R Y HRAES
faf RE A% $  — AN R Oy XA R, H
[P, B IR £ (W HoloLens ) B3R /7 3 i 3k 3 4
il AR FE AR B B R ) JF TR R A ik AT ik
PO T4 B R LR R
PP A G i AT SROCR AR, IF B 3k
R sh e K B ) R AR R A R R S T BU
95000 WAk BAREE B TR R L K A
DX B, 35 U5 e 25 (0] 327 BH HL A] BE 23 3 4 4 3 R
55 5 B 45 FH P ek JR) R B B 0 8 L X P AT
A Bl ST B 3 R I B R ] LR 0 A L e =
RS R R R L N T A

AR SCHR T 0 IS b — R L Y SCAR B A
Jr 2K TR AR ARG S ARZS S . H P ERAR
B 09 375 BH i HE Ry — AR AT U B A, R IR
TR TR B R TR A A . fETR
SR AT R AR ARG S TR A R AT
M, 2 535 BAE 7 HE AR YR s H bR S B
FRTEMALE . 5B RV, W S 5580
DA 0 i [ 4SS 2 RE I 7 (6 B A SR Al 52 56
SERER T FRIRBIM S HET 128535
HOERLT Rl AL R T S AR TE A
BT B 3R 7 TR L . S5 R
F W], OF ¥ B 4 i) R 10,03 WPM (Work per
minute) .17. 46 WPM F1 16. 95 WPM. T ¥4 A
()5 A A% S8 8 R 0% A BRI IR
A TG 5 B i A Y LA R S B R i A
PERE AT M WA S

ALY FE TR S (1) 38— P 7 {3 AR
£ Lol F R AT AR (2) 51— T
SEH, DAE B JC 058 BB A% B0 T 7E AR B A
13 3CA S A BE F7 5 (3) 3 Py A 7 20 10 S 3R e
BEVPAL o A SCHR A R 3 B B [ R
AR 1Y

1 METAE

1.1 HERIEPMIEBAN

B 5 3 5 B S 4 R 9 H 3535 K, T T 3 o
SR ) SCAS B A B AR (0 B 9T A 7R K

X BT ot A AR B A R R AP - 9 Bl
Ry 25 G A Rhdg 7 2l ks ) T
FEHNR A T ST RER A A VAT TS, 4
R (0 4 o 25 1 Sh ks o BIER E] T 13. 68
WPM F1 14. 6 WPM, 7€ fii A 4 68 F1H P 4K 56 7
T T oAb JE 3% 25 1 07 i . SR, HMD B 78 1%
R REAE P AE = kR SRS B b il s A
1 48 ) i A £ Qs i A B RN BB, R A B I
FIAR P B AR B (H X AT R R J& HMD ##E 47 3C
A K A e Gl =

Grossman %5 ] FH 15 & ) 17 14 firh 45 4 % 1
TR AT R R R T
94,5 — A ERAE P A b B AR 1 R B
BB TR B AR T R ik
JRH TR, PR 20 S 5, i A
KF|T 8. 73 WPM, X A5 B R B AT
iy N7 OF A PR LR & i R, B R
Bl 1 42 o5 o (R AEURER 95 75 22 T 2 I B AR OB

You SRR YR RS Ol — 4 Y PR
£ N o 5= R S B D0 B A N [ B e 7 =
] DX 3 o FH P AR R BT B S B 8 A 7 2 T
T A Hinl o PR R X T R AR
PO B Ay I AT 3K 3] 4. 67 WPM 9. 72 WPM,
ER % B AR T R P AL 2% o 0 B ) 27 2] g2
B TR T BRI T A R/NZ BN Y
FAY i F AT A IR RS T HAE
AR

25 e N R B R B S v ) — AR I SO K
AT R Lee 5506 57 B 4 43 B8 5B 32 (0 i 7
HERL— A7, IF 4 P B i =3 (8] 4% 8O 3T 305 43 Ry
3ANKIR . P e fE A XK B sl dE B i A Y
FoRE SR JE I A X 9] A AS Bl B P X LLE
INF BRI SR, 1] 5 7 20 21 A 8] X AT 46 R 4% D RE .
Xk AN 9. 95 WPM.,

Sridhar %X F 2 6N R T —Fh
Z F48 T H % A0y 2, R [\ 46 40 il 0 s ih #
FERIASTR BG4 A bk St R EZ 242 A
SHBE Al ik 22 WPM.,  AirStroke! ™ $i fit — Fh X T+
T A SCA AR o A TR 4E 5 HAL T



- 3276 - FHRRFFROL F R)

% 54 %

RS LB/NG RS BT FR A4 R AR
X, IO RS 7R 2 b B2 ) R E AR A
FETFH8 58 s i A A T 07 45 52 i A S 3k 5 i 3k
i) o ST 4R AR LB T T3tk AT 7 L A W
By S [ 5 P 2% A BUEE AT 5K 11 WPML,

Palm Type " ffi F 4k 15 FH F F % AE M3 B 5
SHEAE P Bk e S B O TS R A
AL AR P A I T F8 0 07 B e S . S 2
R A TTIA 7. 66 WPM., R, 45 HP i A Y
T3 s — et B M I A% IR B A, LA Rk
FAOIF N K i L P AR RO R b R R R
SE LA
1.2 BRERT

XA R PR R, 2 58 AT
B R WAE BT #E AT 7S (B 52 B R BE T, S oA A S
Tt A K AT A AT AT PR R T 2 5 R -

Li % 3 T — Fh g i P 1 1n) B Ar A9 22
HEAR, 2 53F5 0] LL5E A 3 6 F1 23 [\ id s, 78
DL B 5 v i R 2 2R 08 6 g 1) P51
(R DX I, 7 fih e PR A 7 S ER AR I TE A T A
ST AR,

Yan S5 R RE T 43 [ I8 H1RT A 44 JR R 3
FhRE 71, WF5E 1 JCHR H A5 R A 09 T AT PE A0 AT A
FH P 8 % J0 200 1 B0 35 BORE % 42, W] LU AT S0 b
KRz Bl et sg B EE I v 0 fe P I Y B
T 55 N2 B IE o

Gustafson 25" & i1 T —Fh B A8 B , RS
5EABA NG E ST # T W g H .
JAA] ARG AR 4R B B — > Z4E T, O B
A 58 2 0 A, e T b s ) R RN G 4
FH PR AE T T v 22 1] o 28 1) < 44 R ] B3R AL R
B3R 94.5% 0 Lin &S0 T BEAE JC L A S 15t
(NG O i s NV BEAT s L = T
AT AR H e Jo % fih 5 S5z 1t 385 I e o 67 B A 7
PR R0 X o3 /NVE B s

Hotstrokes ™ & $& it 5 & 71 Jmy , 1k 2 5 & 0%
20 A H G fi 458 A AR G Shy LS A BB L G o
il AR BEATA . 1z N RS T WA
PG PERE , LU AL G R MR S A 3 B A
P B ) T 43 %,

BackSwipe ' FI T 2 5 # X} i 5 45 4 B
fIICA2 , 52 3 AT AE F- L8 AT 2 007 8 2 1 1) 5
ST AR AW TV o % R AT LA RRGEUH A

7 A (R SR, 1 A B S ] . SRR AR AR
BT RAE S AL A AT T BRI AT H S Toe

2 oML SE B A T S e A

ARSCE TRV — FRE T iy AR AR B 2 A
a5 m AT 2, B R R i A RCR
WEEY . 5Z D588k g A XM
Fo, T3 AT WA F 0 TR, R —
ANELS W, IR, S 55 ER R AL
R A 5 A BRI R s i TR B
fii FH S e 6% B8z M T3, F- 3 A AR 12 4 i2F DA
18 B R EE AR AN FE— A AR R A R T
T E AT R IR B, 2 5 AT L
B35 i A T B b UL R ) B R
2.1 HAHLE

ARSCET T AN E 1 R B S AR R % 5
DA BB 43 4 B - (1) I3k X 8k, 7R T 1k e O
0 H A5 45 d AR SE 3 i o8 A 5 (2) SO
HE , Rl O AN ES s (i1 51 3%, B
T AT AR G50 (O RS, 20 cm X
10 cm A9 375 W] fisk 452 X 3l (T 5 8 2 ROSE, {SGAAE AT
W), B2 535 T35 A8 BT AT AR g
A TSl 5 (5) M 5 g, LS m) by B0 i B SOA
HE T N 2S5 (6) & 22 8, mT I T & a8 B0 A 2 i A
N

Kl 1R T 25 35 76 i A B i) < the” B 22 1l
0 FH, 255 5 BN 7B T EE L

@-eat disturbance in the force

9 three tie tire time

Delete

o Submit

great disturbance in the force great disturbance in the forcd

great disturbance in great disturbance in

K‘hf: i (] ':‘5-.

great disturbance in the force = great disturbance in the force

great disturbance in the great disturbance in

three tie tre time

o

E1 REHS
Fig. 1 Interface layout



% 114

R E,F NBRILEREPATRALEN T RMAT X - 3277 -

B, TR Al A L BT R A IR R
1t B bR B3] B h R e BT AE AL B HRE T 16 45
B o LA A HGR R kT R A R RE Y SR
PRE BB I SCAKE TR 3 BRI — A
i i 155 1 81) 2 v ) S Al A3 T R A SO AE
E 32 456 f 3 3 1) P 25

2.2 WL

h TR S5 E T AR AT O
75 8E 5 5 ABLH P B — 8, ’ATE T T —
WS R ZERA LT B (D TS 5% 2
A e 1 7E TS0 S5 01 BT T2 B 3 Ao
B ()RS 5 E AT N BOE (il 5205 5L
W) IEAE AL i — 24T
2.2.1 SEE BRI

RMMKEFIET 10425, Hh 745
P, 3Bt CEER 218 . TESS5H YN
QWERTY % #£: i i # .

B A1 d FH Hololens 2 1F Ay ¥ 5% B 52 3% 4% 9047
Sl — 45 #5 3 AMD Ryzen5 5600X 4b BH 2%
(9 3+ 3 FL 78 Unity 2019. 4. 22f1cl ¥ CEIF %
L/ QLo
2.2.2 LI

TE3G 5 B SE A BE T 7R 2 5 35 BT 50 em &b
BT —1 20 cm X 10 cm By 375 B i 555 X 8, 5 1
RSB 25 E BRI ATE R X -
T5 JE R i BRI B — AN TP A B A S 0 A fih
BXEL L IFRE R s A . 2 5 FE R
ST RE SR Hb s o R v R BT I A R
26 ) [ R R R 1T AW A R AR A 3 3]
4, 0 S 55 MA AR A, S5 5 755K
56 v Bk E SR 58 A 100 A4S BRI 3k 2 B 3] R DA 3] 4
HEEPLER W . BH S5 E WL KAFE S0
min. & 2 iR, 25 % IEAE A iE “dawn”,
A s B R A R oR
2.2.3 SEEREER Kb

Pl 3 d 7 T AR A S o A A S A 3 1 1R AR 4
SR Ay A, 5 A A B A X R A s 5 A5 LA [
(00 2 5 B, Tm) B 303 T A e B A 458 R B0
FAEE 3T L FE AR D . B 3H AT LUE 45
A Fi 5 O A B G AR fE QWERTY A 5, X %
B 2 55 5 R A% 8 T 06 S5t 1 25 1R T, [l A2 A gk
B A O B DUEE P BF AR Y T
SLIBURY/B: R &= X[ B o L VA g 1] FTaE VAR Y 12

n

- et et e 8 et ety

1
Delete

Submit

. ’ -
2 MXBR(BEEEERETFEnlMNE)
Fig. 2 Pilot study (The participant was pointing at the

position of letter n)

3 AU EREHEMNRERBUESR(BEEYD
HE A b X i 57 )
Fig.3 Imaginary key position distribution with 95%
confidence ellipses (The black boundaries are

the touch area borders)

B 3t 58 i 5 SR . AR SRR B — A AR
T X458, 2 5% DR Y AR O R S R
S LA R 7S BB S A L, & R T I
T DL T BEAT R A B
2.3 MREFH@AAN

TS AR FC AR R R A T AR R 2
St I, wR o LR ) T AT AR AR R A A
TG i 4R I 8 £ 5T B T A A I A Y
SCo FLURAE T 3 A A v DA O B A R DN
R A ol S PR BIR A, A 10 3 SO 4l T 9 ) =5[] A
R A G . B A15% T SHARK B L,
LA SC A AR AR 04 SR A T — b 22 a0 T 3R
ol Ak, DATEE IR e R A6 T S O T Ak A
M# B FHREA

TEXS F- A7 DU BC Z A/, 75 Sk A T3 ¢
HOR AR 100 4~ 28 B A, 17 SR8 59 1k 50y 31
NP BB, s R e S T ) BB
BUR S0P TS R X T SR



- 3278 - THKRXEFF

(T % k)

% 54 %

Hh Bt AR AR, 0B A 5 T [ AT R R R 1T
W R Gk T T A A S R U
B T 2 oy 3 4 b BR8] BT 35 5 B R0 R L
2 R, TPl AR AR TS G T A A R R A A 4R
B T — B, MR T 2[R B R AR O 100445
Mo Bl AR T B this” 78 FORFE T L HOR ARG
LR T s 751

FCUc, PR e 2 e A R A B A i A )
A H R AT Z2 58 T8 U R e U AR FRATE i
TR T 5 g R AR T 55 ¢ 9 3 2 6] T 4 A A
FIGE AR AR A R 2 5 DB R 4 b i BR] . DASRSE B
H B A 2 AR (5 0 A ) R B A A X R R A
(B, A0 2R A B B P A T — S R T B Y R, DU
B Z B 38 0 %07 1T DU it BAT H [T Bh
FIZE SR B 1 BRG] A 2804 L 2 3 3 4 )

AR T ARSI AR AT B T 24753 3
BT A AE . AT g A
P g 5 5T w BB T3 2 9] AR DT JE R
Dape(gs 1) o A5 T3 g RN 2 16 LE 9 A7 B 1
T T v B NG S AT A — Ak, IFR T LA

(a) IANFH

(b) ERFESE

(c) BARF &
B4 BEiF“this"FBEF5

Fig.4 Gesture point sequence of word “this”

J5 0 S ) A A RSB IR B B B 4
37 B 5 KR AR 24 X 37 3 % T gk 47 T
Sy R R R 2 DL o M
A T g 5 A o BB T ¢ 10 0
IR B B8 Donion (g0 ) o0 BEAR T3 2 5 B4R 3 8 o
BT g SRR P % 5 K G B B R
I o A K5 5 SR DA R R AL . R R A P 2
TES A, T 5 06 T ) WO R L BT
DA ] T B AR T, A A5 A A ) 7
R
B 5 285 4 T R 43 R0 o V405 3 T 38 g A
AL 02 W] (9 S VSR B D (g, O N
D(g.t)= D g 1)+ D g. 1) (D)
R (1), 3% 5 i A T34 g 1 4 36 0 i) 7
PO AR £ 69 DC B0 A i, 45 R HE AT TH R R L B
14l 44 7 1 203 O AR IR 45 5 R D(g, 1)
97 /N ) S £ P85 0001 A 2]

3 LI KAk REVEAL

RILHAT T —W S HHEPRIE, LT AL
dr A A R Y T AR TS R
Pl A 3R AT AP RE . A R BT
AT T T A — B0 B A B
TEFRLE L AEE . AR A L THEHW:
(D)xF 3 Ay eI, PEAG T3 A 7 X
AH L T AR A MR B4R T (2) B E T
P S i F i A B AT AT DL S A 15
1) T 4t 1 B X LG

Bk o A 2 S, FRATTRE A T B
O F 5 L QWERTY 4 4545 Jey HE 51, il T F
BT 50 em A, B8 K /N 50 em X 30 em.
AT 46 B 5 e 58 B, AR R T X R R
SERDATBEATR A o A L B o T A A O 2 S
5 JE B B 5t i T i 2L, R R STE T
B A5 4 35 Y i 45 DX 3 v A 45 A B A 1
Y s S I G IS o i A/ R S D7 P N L DO W 1}
AR F AR S W E 5 s, B S d AL T
AW R T AR
3.1 XBARMEE

SEE MR R AR S 12 4 2 5% Hd 10
LB 28T P FER R 23.5% kS
WALK . A2 5% HEHHNQWERTY 4 fii
M. /S EEGRMALRAHEHLE, A



% 114

HEE,F BAETREPATRAEEG T BT - 3279 -

raindrops keep falling on my head

we have enough witnesses
e W

Bs5 mAHNLEAXNRAERS

Fig.5 Interface layouts of two comparative methods
S0 R T 5 0 S 0 A () A A AT o
3.2 ZWigIt

SCHR M T A AR R PO BT . SR
AR TG, Bk 2 5 & AT 15~20 min (9 FYI 25, 24
AL A A 38 B, LA K 3 R A R AR Y $ AR
A FRIFE AL Hir . 253 4 # HoloLens2
B, 48 500 T Sk W0 1 1 5 59 RO B2 B R AT
LHEA  EIINGB B i 5 , 25 35 5 4k 2
PEATIEA SR o BE g — i A 30, 2 5 H
BEOR A 10 A TR SR AT PEAN IX S8 R R
MacKenzie £ 35 8 P BEHLEE Y o B Fh A Dy
ARG, S5 FH T EARE 5577 208060 B
SE B NASA-TLX [l ", 75 0~10 B9 Fil P4 X5
PTT R B AT ORI RS SR R AR BRSSO R
YT RERE 6 D J7 45 th FWIESr . A S 5E
HEAT 58 B LI R F S FERT 70 min, BEASSIH R
TR 3Ci AT ) X 12(Z 5 %) X 10(J i) =
360~ T KU
3.3 FESH

K H WPM (words per minute ) f i SC A< fi A
(1 o HE
T’_1><60><é (2)
s [ TR g A 05 BB I BE 5 S hy g AT P
N fa], B R s o

MNZ 5 EAE T H—ADFRIH R, % B F)
Z: 55 % 75 i A0 9 A5 ] TR AR A AT
P TI L AT 5 R, &1 X0 Jd i 46 vh J i
AR RN — SO [ R BRG] 0 2 KR A —

WPM =

R 5T
K FH BUEE 1% 2R TER (total error rate) ffif &
BN TN OE s SR

TER=NCER +

X 1009 3
C+F % (3)

. MSD(P, T)
NCER =
MAX(|P[,|T])

FH : NCER F K 4 1F 4% 1% 2 (not corrected error
rate) ; P W HIR FRF TS 5E M AT
MSD P57 58 1 2 48 BE 20 s MAX R 5 7 75 H2
FBE 1 S5 KA 5 F R 088 FH A I i v 85 C Sy g A\ A
HEL

NCER 38 i {ff FH 2 45 5 25, B4 A ) Ik 0
e A FAF R B NERAE R M 8 2 5 E AT
FHHBRFEAFRNREREE . TERZENCERM
R b AT B R A R S AR A RO [
B, 856 T SCA S A b 8 b R 22 J5 o o i 1
S
3.4 XWHER

S v R A S T AR B 1) 0
225y BT LB TE BT A di A 20 B SRS RCR IR
Bonferroni £ 1F #F 47 % A 77 =X 10] (14 56 HE 54
3.4.1 Wy AEEE

WE 6 s, A AR 10. 03 WPM,
AL E B 5t T Sk A 0 S 17, 46 WPM,
T B2 5t T Fdan A 09 2438 16. 95 WPM,
Ty 2553 B 45 2R o 3Rl A 7 U A B 2
(F,.:=443.559,p<<0.01) . WX iR, G
NSRRI e W S I
Bt e p<<0.01, L5 S : p<<0. 01) , A M3 S5 15t
5 A 2 %A 22 5 (p=0. 211) .

" |
1
=

RIEHA

X 100%  (4)

,_.
ot
9

HINEE/ WPM
5 o
Wi (=)

_.
i
=

=
W

EURER | THIERM
FHBA  FHEA

Bl6 3FMEMANTXBIEMNEELLE

Fig. 6 Entry speed comparisons of three entry methods



+ 3280 -

-

HRKFEFFH(OI FR)

% 54 %

3.4.2 HERS

W 7 PR, s i A AR 2,380,
A L S5 T S A B R R R 2. 75, T
P S 5t T i A B - SRS DR R 3,06 %0, T 2
S RTES R R 3 AT AN AEE W2 R
(F,.4,=0.558,p=0.573) . Xt tbe Ml ke 0,
A 3 W P g A 7 3K 2 D) N A A 3 M 25 S (O
i ARG IS S48 p=1. 000, &5, o i A F1JC L
W R p=0. 876 , 47 L4 S 1t A1 JE M 5 S 5% < p=
1.000).
3.4.3 ZHARE

WE 8 iR h 25 % %t 3 Rl A Jr X 4
Gt 4 A B At Re B R RS 5 E I E
WL P A 8 1 A0, Ay 5 I 43 BRI T A e
T 203 BT R R e B AR5 5K (F 55=35. 796,
£<<0.01) Bf [ 753K (F, 55,=9. 110, p<C0. 01) Al #%

10

8 F

N
T

SERFETER/Y%
‘

T

N
T

(=]
T

AUERE  EUERBR
FHEA FHEA

B7 3MBMAAXMERELE

Fig.7 Error rate comparisons of three entry methods

RN

10
= AHA
= AR
ol o= AL

TR B ETRR 0 E TR B tEaR S /R BITEE
8 3IMBWAFTXNZTEFWIELR
Fig.8 Interactive experience comparisons of

three entry methods

K Pk fiE (F,..,=23. 222, p<<0.01) 77 I 17 16 i &
PEZE R O LU AR X T B RS K B[]
T SROFI 3% AP B X = 00 PR A, S A S PR
T i AN ERAEAE B Mk 25 S, A 0 AR S 5
TR T3 AESC B ERFEAE2E 5

4 GPRTTE OoR Sk T AR

e, SR A RAE W T S AR T AT
A RE 7 T, A G A S5 A T S A o i) i
SiE A 7. 43 WPM F16. 92 WPM., 5 LLAE B9 0F
UM L, PR TS A 7 R R BT e
M, ZRHAME -, WK 8T LIE T H A A RE
B ZE W S 5 FH AR B KE Bl i 7 oR B8 SR
AT 455 e it fa) o [FBF7ESL R v, K2 S
S5EAMH SR AT R AR AR S
F5 BB B SR | LLGE A 2 ok 1 R R

FLUR, S5 25 SR B T JE L i I T F kA
By AT AT o AR TR D7 T A S 15 R TS AR v
Tt 1 T S5 A\ 2 I AH B, 33 156 BH U /0 B 57 1) 1 0
13 LT A5 i F i AW PERE . A B IR EG
e, To A B R B R 0 5% 0 R EE A LA e R 1
LR EXER, KRS 55160 I 2 Bt
{7 2 1) 5 A 50 et $E A 25 R T P 2k
BB, X — U T SR 2 5 B AR
FEVRE AL b ]2 B A R O HE AT SCAR B A Y
4518 .

FE AR TAE A, AR X 0058 B 5t stk 47
BT, TR AE ek KW S T ik 20 e
), IR i 15 1) ) 1 R i AR i T
2 BRIV B I PR . o] L1 A 2 e A
B WA 23 1], R 32 249 o0 b i H o 5] o 7 14 T 40
PO 33X A2 R R W] LB ST 1 J7 1]

5 4EIRE

AR SCHR T — o 3 T 4 i B A 85 1 i Y
SCARF A A, Z 58 (e BUE AL 2 ) TS
g B TR] ik R T A% G e AT AT 1 A
X ) B A 05 T S P A TR . Gl i — T
S WIE T 2 5 8 R AR DO e S Bt AR T AT
AR ATRENE . LUk, CEE B Kl b, FRATTOT
K T P TS S AR L AR U5 2 5 B B AR (9]
e ial o fo e, PPA T R A AT PR BT
i AN RO E B T A 3RO Pk fE . 4h



%

IR M P A TR AR & 0 F ATk

3281

RFE, JOW B R R T A O B AT LGk #
16.95 WPM, 5 M e miif L #2255, &k
JIT A, 2R AR R — s A5 L S A TR B85 S Y )
BT R T R B R SO A
T2

S E Wk

(1]

[2]

[3]

(4]

[5]

[6]

(7]

[8]

LuF, Davari S, Lisle L, et al. Glanceable AR: eval-
uating information access methods for head—worn aug-
mented reality[C]//2020 IEEE Conference on Virtual
Reality and 3D User Interfaces(VR), Atlanta, USA,
2020: 930-939.

ZOM, AR, VA S LT BT 0 R L
FCAGALT] TR A T2, 2022, 52(8):
1881-1888.

Qin Gui~he, Huang Jun—feng, Sun Ming-hui. Text
input based on two-handed keyboard in virtual envi-
ronment[J]. Journal of Jilin University (Engineering
and Technology Edition), 2022, 52(8): 1881-1888.
Hincapié R J D, Guo X, Moghadasian P, et al. Con-
sumed endurance: a metric to quantify arm fatigue of
mid-air interactions[C] //Proceedings of the SIGCHI
Conference on Human Factors in Computing Sys-
tems, Toronto, Canada, 2014: 1063-1072.

Lages W S, Bowman D A. Walking with adaptive
augmented reality workspaces: design and usage pat-
terns[C] //Proceedings of the 24th International Con-
ference on Intelligent User Interfaces, Marina del
Ray, United States, 2019: 356-366.

Lee LH, Lam K'Y, Yau Y P, et al. Hibey: hide the
keyboard in augmented reality[C]//2019 IEEE Inter-
national Conference on Pervasive Computing and
Communications, Kyoto, Japan, 2019: 1-10.
Pourchon R, Léger P M, Labonté -L.eMoyne E, et
al. Is augmented reality leading to more risky behav-
iors? An experiment with pokémon go[C] //Interna-

tional Conference on HCI in Business, Government,

and Organizations, Vancouver, Canada, 2017:
354-361.
Xu W, Liang H N, He A, et al. Pointing and selec-

tion methods for text entry in augmented reality head
mounted displays[C]//2019 IEEE International Sym-
posium on Mixed and Augmented Reality (ISMAR),
Beijing, China, 2019: 279-288.

Elsayed N A M, Thomas B H, Marriott K, et al.
Situated analytics: demonstrating immersive analytical

tools with augmented reality[J]. Journal of Visual

[18]

Languages & Computing, 2016, 36: 13-23.

Liverani A, Amati G, Caligiana G. A CAD-aug-
mented reality integrated environment for assembly se-
quence check and interactive validation[J]. Concur-
rent Engineering, 2004, 12(1): 67-77.

Grossman T, Chen X A, Fitzmaurice G. Typing on
glasses: adapting text entry to smart eyewear[C] //
Proceedings of the 17th International Conference on
Human-Computer Interaction with Mobile Devices
and Services, Copenhagen, Denmark, 2015: 144-152.
Yu C, Sun K, Zhong M, et al. One-dimensional
handwriting: Inputting letters and words on smart
glasses[C]//Proceedings of the 2016 CHI Conference
on Human Factors in Computing Systems, San Jose,
USA, 2016: 71-82.

Sridhar S, Feit A M, Theobalt C, et al. Investigat-
ing the dexterity of multi-finger input for mid-air text
entry[C]//Proceedings of the 33rd Annual ACM Con-
ference on Human Factors in Computing Systems,
Seoul, Republic of Korea, 2015: 3643-3652.

Ni T, Bowman D, North C. Airstroke: bringing unis-
troke text entry to freehand gesture interfaces[C]//
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, Montréal, Canada,
2011: 2473-2476.

Wang C Y, Chu W C, Chiu P T, et al. Palmtype:
using palms as keyboards for smart glasses[C]//Pro-
ceedings of the 17th International Conference on Hu-
man-Computer Interaction with Mobile Devices and
Services, Copenhagen, Denmark, 2015: 153-160.
Yu D, Fan K, Zhang H, et al. Pizzatext: text entry
for virtual reality systems using dual thumbsticks[J].
IEEE Transactions on Visualization and Computer
Graphics, 2018, 24(11): 2927-2935.

Li F C Y, Dearman D, Truong K N. Virtual
shelves: interactions with orientation aware devices
[C]//Proceedings of the 22nd Annual ACM Sympo-
sium on User Interface Software and Technology,
Victoria, Canada, 2009: 125-128.

Yan Y, Yu C, Ma X, et al. Eyes—free target acquisi-
tion in interaction space around the body for virtual re-
ality[C]//Proceedings of the 2018 CHI Conference on
Human Factors in Computing Systems, Montreal,
Canada, 2018: 1-13.

Gustafson S, Bierwirth D, Baudisch P. Imaginary in-
terfaces: spatial interaction with empty hands and
without visual feedback[C]//Proceedings of the 23nd

Annual ACM Symposium on User Interface Software



[19]

(20]

(21]

[22]

[23]

3282 - FHRRFFROL F R) % 54 %
and Technology, New York, USA, 2010: 3-12. [24] Gustafson S, Holz C, Baudisch P. Imaginary phone:

LinSY, SuCH, ChengKY, etal. Pub—point upon
body: exploring eyes—free interaction and methods on
an arm[C] //Proceedings of the 24th Annual ACM
Symposium on User Interface Software and Technolo-
gy, Santa Barbara, USA, 2011: 481-488.

Cut W, Zheng J, Lewis B, et al. Hotstrokes: word-
gesture shortcuts on a trackpad[C] //Proceedings of
the 2019 CHI Conference on Human Factors in Com-
puting Systems, Glasgow, United Kingdom, 2019:
1-13.

Cut W, Zhu S, Li Z, et al. Backswipe: back-of-de-
vice word-gesture interaction on smartphones[C] /Y
Proceedings of the 2021 CHI Conference on Human
Factors in Computing Systems, Yokohama, Japan,
2021: 1-12.

Zhai S, Kristensson P O. The word-gesture key-
board: reimagining keyboard interaction[J]. Communi-
cations of the ACM, 2012, 55(9): 91-101.

Macleod C, Ide N, Grishman R. The American na-
tional corpus: a standardized resource for American
English[C] /2nd International Conference on Lan-
guage Resources and Evaluation, Athens, Greece,
2000: 1-4.

learning 1maginary interfaces by transferring spatial
memory from a familiar device[C] //Proceedings of
the 24th Annual ACM Symposium on User Interface
Software and Technology, Santa Barbara, USA,
2011: 283-292.

Kristensson P O, Zhai S. Shark2: a large vocabulary
shorthand writing system for pen—based computers
[C]//Proceedings of the 17th Annual ACM Sympo-
sium on User Interface Software and Technology,
Santa Fe, USA, 2004: 43-52.

Mackenzie I S, Soukoreff R W. Phrase sets for evalu-
ating text entry techniques[C]//Chi'03 Extended Ab-
stracts on Human Factors in Computing Systems,
Fort Lauderdale, USA, 2003: 754-755.

Hart S G, Staveland L E. Development of NASA-
TLX (task load index): results of empirical and theo-
retical research[J]. Advances in Psychology, 1988,
52:139-183.

Arif A’ S, Stuerzlinger W. Analysis of text entry per-
formance metrics[C] /2009 IEEE Toronto Interna-
tional Conference Science and Technology for Humani-
ty (TIC-STH), Toronto, Canada, 2009: 100-105.



