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Interactive Behavior Research of Pointing Cursors in Virtual Reality Based on Distance Cognition

YU Jia-Wen, PAN Wei-Jie, LYU Jian, FU Wen-Juan
(Key Laboratory of Advanced Manufacturing Technology of the Ministry of Education, Guizhou University, GLﬁyahg 550025, China)

Abstract: In virtual reality, the accurate cognition of egocentric distance and t}}‘e reasonable design of pointing cursors
play crucial roles in the user’s interactive experience and task execution efficiency. Given the extended research of Fitts’
law in three-dimensional pointing tasks, the interactive experiment of pointing cursors in virtual space is carried out taking
the types of pointing cursors, egocentric distance, target-size, and azimuth angles as variables. First, six hypotheses are
proposed. For example, the difference among pointing cursors, egocentric distance, target size, and azimuth angles could
affect the cognitive accuracy of egocentric distance and target pointing speed. Second, the target pointing accuracy and
target pointing time are obtained based on the experimental data, and the change law of the cognitive accuracy of
egocentric distance and target pointing speed is discussed. Experimental results show that in virtual reality, the pointing
cursor and target size all have a significant effect on the cognitive accuracy of egocentric distance and the target pointing
speed, while the target azimuth angles and egocentric distance could only significantly affect the target pointing speed.
The pointing cursor and egocentric distance has a two-way interactive effect on the cognitive accuracy of egocentric
distance and the target pointing speed. The target pointing time of the two kinds of pointing cursors is linearly and
positively correlated with the difficulty coefficient, which is consistent with the extended model of Fitts’ law in three-

dimensional pointing tasks. This conclusion reveals the influencing factors of egocentric distance cognition, which can

O HEE&TH: HEARBIEAIES (52065010); S1ERHT AARRERE S EORHEFERE [2018]1049); StMIARHE TR 2E TR (B FHE 3 [2021] —
% 397)
R TE]: 2021-05-11; A& 24 A [E]: 2021-06-14; K B [A]: 2021-06-21; csa 7F £k H i [8]: 2022-01-24

Special Issue % i&£5ik 9

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8361.html
http://www.c-s-a.org.cn/1003-3254/8361.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008361
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2022 4F #5314 H3 W

effectively guide the design of interactive methods and three-dimensional pointing tasks in virtual reality.

Key words: virtual reality (VR); egocentric distance cognition; human-computer interaction task; pointing cursor
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£ S H bR e AU B RO ER BRI, 7 A A
A2 B HARTE B MT 2 FKT Al (P=0.003<0.05).
A3 (P=0.016<0.05). A5 (P=0.041<0.05), J5 i ff
A4 FIHBRTE B MT 2 FEKT Al (P=0.019<0.05).
A3 (P =0.001<<0.05). A5 (P =0.006<0.05). CH 5
WESE, 7 = 4R MAT55 0, 8 N 7 HARATH MT /N T

fr1) L7 BARP. 340, AL h T A AS (1 H AR

BMT 85T A3 (P =0.026<<0.05). —J5 1 #] EFE
T A5 L B AR S S RN 00, fﬁiﬁﬁﬁ?‘éﬁaﬂﬁ%
4R s OB ARTE AT T R 5, Bk H bR sl B R
B—Jr T, HARALE S A JE % E AT E B
RS AR SRR R B R B AR R AT T
PR AT I AS B AR SRR S R — 7K

WK 9 b B X PR, 18 OB hRRME 5RO iR
BIX H bR TR A MT A XUR 28 B AL (F =22.506, P =
0 <0.05), SCHHER I Hy, BIFAE OGRS H 48 AUE
FERI 2 fEANE B3RO EE R N R E R, RN
SRTEE R

D1 % N BT OLhs 1) B brds S MT B EICT
FERVEATGHR (P = 0.024<0.05), EI4atTs A o

PR 45 cm B9 H FREF, A H R T 6h5 00 B Arde s
. S HOX AL IR R, — 7 TH T RE A TR
TR PR AR A 7 0 SR BE AN [, R R FF bR AR
I BE BS4E AU E AR B R R B AR TS R AE B )
(Chn: fid 55 P B ), 1T A A B SRR PR 2 2R
BT @M%‘éﬁy“ﬁﬁﬁ@iﬁﬁﬁ; 7T, M
iﬂﬂ%#ﬁ@ﬁaf&ﬁ&*ﬁmi HEARTE A A — 8 K EE I R
TaFR e i fig U B B H AR RS, Hog )2 % B F HEAF
T B 1 PR, Tt R AU T O bR A R B H
BRI, B 25 5y 4 il -8 1z 2.

D3 M N EIF b i H brda sl MT B35 KT
FEINFEFF AR (P =0<0.05), A7 WA RTS8 @ Ao
FEESN 115 om 19 H AR, 8 H LR AT 65 4 H bR g
U FE AR Bl A R AU, AR BAT = 4R AT S5
I, T SEBR A 3 PE B E O BE B KT K, H
BRI R BOK, IXAE1F H bRTE A0 MT B 2 BRI K. T
LR R AR TE AN B RO BE BN Y AR,
AR AT =Y Fa AT 550, T8 Se B A% o)) 2 9
A2t B 0 R B O B B K, BRIk H bRdE R
MT AP R K.

FAN, ZHARREME AR KA (F=1.728, p=
0.216). HFRJTALAA (F =0.190, P = 0.939) 7] () H Ar 1k
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B MT ¥570 583 WA 28 BN
FR A _F R SI8 40 BT v 0, 7 VR =4 $5 AT 55 0
H brfi m i B R BCS E DL, B H AR CE T4
RERFOIEE 80 em. 115 em 4L, Ff18 F LR FT
JeAR AT AE By UK H AR CE T8 B 3R 0 PR
45 em Z A X3, FER AT Ouhn 22 5. B H br
JSF L s B R0 BE B AT DA i B AR e s
Hir 5k A, H R & TE R — K = B sk B AR E T
AR AT LA H bR AR
3.3 ETHEREENMUEEITN
HHE Murata S5 2% K€ B Y R TL, d 5 s [
FAR . O IESZAE MK, B R 2 (index of difficulty, ID)
HE, =4 AT HbREE 5 MT EKE ) sk (2).
= (3). -
ID =log,(d/s+ 1.0)csin§ (2)

L]
MT = a+bID 3)

o, d J9AE % R A 5 AR IR B, s A H R R
N, 0 RN ERRTALA, a F b NEKSHL
HENL SR OGRS BARTE A MT 5 1D (R m] )
Bl 10 fros. BRE SO AR T = 4k R SRS
HAr4g 5 MT 5 ID ¥y B 3 &M IEM L R ILF:
MT =0.063+0.290ID, R> =0.832 . JREMIEHT: MT =
0.593+0.1381D, R% = 0.950 ) (R* NHUEILE).

MT (s)
o

25 30 35 40 45 50 55 60
ID

T = BT — R (BT — it (EAEHT)

K10 AT ks AR FEOEAR HARtE 558 MT 5 1D 1)
Lotk [ Y

& EEAOEEE T BT AR B IE A MT 5
ID WAL 43 BN R?py = 0.922 (MTp; = 0.360+
0.1821D); R*p, = 0.903 (M Tpy = 0.340 + 0.2331D); R”p3 =
0.879 (MTp3 = 0.936+0.113ID); % EHFR O FEE N
WABFFEhr 19 HARTE 5 MT 5 ID (90 &40 43 590 -
R*p; =0.937 (MTp; =0.644+0.124ID ) ; R*p; =0.919

16 % it +ZiiR Special Issue

(MTpy = 0.587 +0.1361D); R?p3 = 0.900 (MTps = 0.633+
0.1321D), WK 11 fizR. iIXRIFZHR AT H F VR A
T4 SR ) = 4E 8 AT S5 T

14 ¢
13 |
12 |
Z 11t z '
~ r
< 10}
-
09 | g \
T\
0.8 | -
0.7 ) = [ 1 J
264 § 71 3.6 4.1 4.6
A \ s
: D
- (a) FHHIRALLEER] 45 cm
16 ¢
15 |
14 |
Z 13t
~
S 12t . B
L1t
5
10 |
09 1 1 1
33 3.3 43 48 53
D
(b) B OEEES 80 cm
)
L7 ¢ \ B
16 | > B
L5t § =
= 1§ 225
\:
& 13t n
12 | B L]
L1t
10 I I I
3.8 43 48 53 5.8

D
(c) BFAFOEEE 115 cm
FEATF = BT —— Rt (BT —— 2t (EAIRAT)

K11 & EEOEE T BT R AR

MT 5 ID fR2 1 [a] A
2 1 Bl VA L& 2R R R B T 1D 38 N 3 B0

MT AR, Bl &, 454518 10 AR, MBS 6hr )
HARE Rl MT B8 1D SR TG KRk SR bR, BT
Jebs MR AR R T RE SRR R, & B
PR T AP ChR AR AT ehR 5 1D BILG Eetnlal 11.
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D1. D2 %M F, BT hniil & & rl 2 m T s
FEhxR, vl 0L B AR T4 B I H O EEE 45 cm. 80 cm
AbIsE, AT IEhR I H FRtE s MT B 1D 34K K 1)
HEECR. D3 KT, BALTOEAR/ B LR AT AR U
BERRFRZERAR, B BT B IR A OBEES 115 cm
Ab IS, A% AT 00 AR BUR LR M OB AR 48 55 H bR, MT
B 1D 34 R B B 2 22 S A K

[Rle, 5 7 AE VR AN NS [ o o A = 448 AT %5
() ID VL2 52 mafd FH 2 1 H bR da s MT, RS g 900
TR N Ta SOGhs; A FAAER—BHRTOER Tk
AR = YR AT S ID VLR ZE S A B A 1 H AR R A
MT, WIRCKE H AR B AR B A O EE S 45 cm. 80 cm
Fe A B X 38, FEAE R TR A te mthr.
4 gk

ES NI o TR

(1) VR 1, 8 EOEFR AR HFRA /D B 3RO
R B HEBR BEA e B AR 1 R0 B AR
., ASTEFE SOEFR XS B R O R B DA A A 1 1 5 e
BIARL. BFsALT#A N 2 a b | o O R AR
1 BRI ) DX IR, 4 A R ST AR EAT H bRe
FORTS ) B A O FE R A BB #E; 25 B bRAL TR
RS A5 8] A o B B g XK, ) A 3 P
REFUTE T EAR HEAT H b de sk AR 1) B E A O EE R AN
TR P 5 v A AR K B 3R P 0 R B RN VA
[ERNARS =1 A =R NG

(2) VR 1, FR ek R ARPOER. Bix

b

Ko BARTT LA R B bR i ml A 2 3 R, B |

H B0 B AR, AN R RO AR AR RO
FISZ A Fr AR H AR AL Tl 1A A g EE AN
T ) DX S et R AU T ot b EAT H At
SR R HRRAL TR AN A 2 1 B 3R B
B A BB 1 DX ST, B R LR A AR AT
H AT a5 i B bR 25 AR m o i B ARt s
JSLJR B R H bR KN, IR H bR s B AE T AL AR 00
180°E L i 77 I .

(3) VR 1, PP FE SOGKR I H ARTR R MT 355K
TG PR AL =448 AT S P Y R, R A
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