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How Throbber’s Rotational Velocities
Affect Users’ Perception of Waiting Time
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Abstract: Although the processing speed of computers is fast enough, users still have to wait for computers
to complete tasks or respond. To cope with this, several types of visual information have been proposed as
methods of presenting the current processing conditions of a computer to users when they are waiting. In
this study, we focused on a throbber as an example of such visual information. A throbber is an animated
graphical control element used to show that a computer program is performing an action in the background.
We investigated how rotational velocities of throbbers affected users’ perception of waiting time. As a result,
we observed that the participants felt that throbbers with a slower rotational velocity had a shorter dura-
tion. When the duration got longer (more than 10 seconds), the effects of the slower rotational velocities
got weaker. And, the participants felt throbbers in the rotated condition shorter than in the non-rotated or
non-displayed conditions.
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Fig. 1 Example of a progress bar.
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Fig. 2 Example of throbbers.
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Fig. 3 Screenshot of experiment system.
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Fig. 5 Actual design of a throbber.
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duration in Experiment 1.
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Table 1 Distance among 5 different visual stimuli with 5-sec-

ond duration in Experiment 1.

0.33Hz 0.66Hz 1.0Hz 15Hz 2.0Hz
0.33Hz | —
0.66Hz | — — 0.1038
1.0Hz | — — — 0.1308 [HOI5008
15Hz | — — — — 0.1192
2.0Hz — — — — —
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Fig. 7 Evaluation points for all 5 visual stimuli with 10-second

duration in Experiment 1.
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Table 2 Distance among 5 different visual stimuli with 10-sec-

ond duration in Experiment 1.

0.33Hz 0.66Hz 1.0Hz 1.5Hz 2.0Hz

0.33Hz | — 0.0692 0.1115  0.1308
0.66Hz | — — 0.0423  0.0615

1.0Hz — — — 0.0192 0.1731

1.5 Hz — — — — 0.1538

2.0Hz — — — — —
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Fig. 8 Evaluation points for all 5 visual stimuli with 15-second

duration in Experiment 1.
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2.0Hz — — — — —
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Rotational Velocities
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Fig. 9 Evaluation points for all 5 visual stimuli with 5-second

duration in Experiment 2.
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Table 4 Distance among 5 different visual stimuli with 5-sec-

ond duration in Experiment 2.
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0.33Hz | — — — —
R |~ — — — —
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Fig. 10 Evaluation points for all 5 visual stimuli with 10-sec-

ond duration in Experiment 2.

i¥, 0.33Hz, 0.10Hz, 0.20Hz, 51, FELROIETHE
LU ONZ DL E o T,

HBEDLELETOTORR, ¥ = v 7 2 O5HFGHT (A7
285 IR EE, fEIE AR | CFRRTME) CHEAEDBIZE S
Nn7z72® (F(4,292) = 8.7886, p < .001), Y — FAT 1 v
I EERWCCEERKET>72. AEMPICBILIREOE
E(Y) 1201497 TH o7z, T 4 T RTCOFHBE O
HEZRT. 2005, 5 E VI IRKER T, 0.10Hz,
0.20Hz, 0.33Hz 1337 X 0 b, 0.10Hz, 0.33Hz (3=
JOBEEIZHVEERE LN TWEZEPHLNE 572,
4.4.2 RREREDY 10 DIEE

RIZFREER 25 10 B O Y6 0 Z 2 o Al B O
YR (K 10) #/,R7. 2225, 10 BI2BwTid
0.33Hz, 0.20Hz, 0.10Hz, &1k, JEFEIROMETHE W &K
CoNZ EDWHLRNE LR ST,

HRDLELET O ORER, ¥ = v 7 = D5 (il
SEZKG IR, fEIE AR L SPIRTAE) TR EELE
ganszzo (F(4,292) = 18.1337, p < .001), ¥ — KA
TA v 7 ERAVTEERKEI T 7. KEBICBITAR
FEoES (Y) 1201576 Tho72. T 5 12T XTOHH
i D B 2 7R

ZOFER, 0.10Hz, 0.20Hz, 0.33Hz 13IEFR, 1k &
NDHEZIHEWEIELONTWEZEPHLNE o 7.

© 2022 Information Processing Society of Japan

x5 FER 2110 2B B RO EHE O 2
Table 5 Distance among 5 different visual stimuli with 10-sec-

ond duration in Experiment 2.

£k 0.10Hz 0.20Hz 0.33Hz JEFR
1k — 0.0351
0.10Hz | — — 0.1351
0.20Hz | — — —
0.33Hz | — — —
R | - — — — —

Rotational Velocities
of5lk  mO010Hz A020Hz x033Hz «3EHRTFR
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Evaluation Points with 15-second in Experiment 2

11 FEBR 2 1 15 BB 5 SRR O FH s
Fig. 11 Evaluation points for all 5 visual stimuli with 15-sec-

ond duration in Experiment 2.

R 6 EER 215 BB 5 KM TFHEHEH 0%
Table 6 Distance among 5 different visual stimuli with 15-sec-

ond duration in Experiment 2.

{1 0.10Hz 0.20Hz 0.33Hz JEFR

1k — 0.0649
0.10Hz | —  — 0.1486  0.1027 [HOISHSEN

0.20Hz | — — —

0.0459
0.33Hz | — — — .

gEE | —  — — — —

F72, 0.33Hz 13 0.10Hz £ ) b AREICHVWLEL ST
AR N oV AR ol A
4.4.3 RN 15 WDBHE

RRIIRRREH Y 15 B OB 6 O 2 2o [olfiz# FE O
SPHEHEE (F 11) 2. 2295, 15 L 0w iR
I TlE, 0.20Hz, 0.33Hz, 0.10Hz, =i, JEFRDIE
THEHWEE LSNP E 57,

HRDEL T O OFER, ¥ = v 7 = O5FGHT (Ol
SEAKG L IR, fEIEASKL | CPIRTE) TR EELE
ganizizo (F(4,292) = 25.6182, p < .001), ¥— KX
TA Y IFEERWCESERBEIT-7. REMFICBIFLR
FEoRS (Y) 1201611 THo7z. T 6 12T XTOHIH
MOWMEZRT.

ZOFEFE, 0.10Hz, 0.20Hz, 0.33Hz 3IEFER, Ik &
DNHEBEIEHWEELONTWLZEPHONE 572,

4.5 EE2FEH

EOFTRIFIIC BV TS, FEFIRREIEL Y S lfR L Tw
HAUN=DREEIZHNWEERELLON TSI EPHLNE
ol 512, HHEL TWAEMETH S 0.10 Hz, 0.20 He,
0.33Hz O [ TI3$2/R R 10 # @ 0.33Hz & 0.10Hz 12
HEEAPROENZZL 0D, FNLDI O LM CIdalHmEE
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A EEPR SN Do 7.
5 XEEx3

5.1 EEREM

[ % 0.33Hz 205 2.0Hz OISR E L7-FEE 1 T
1, 58 & 1080 & v ) $7RIERC, IR ARV A TN —
12&, 2F ) 0.33Hz 12D T ERERHAE L 7 5,
W) ZEPHS NI o7z —TF, BlEEE % 0.10 Hz
75 0.33Hz & f%E L 72926 2 TR 20b 53,
INLOMICITAEEESR N Do 7,

TlE, AEN—IZBVWTRLEVEEESNS [[HlinH
Bl MTHz DOTHAH ). £ITC, REEFTIX, FEBi
1 BLUER2D#REE ST X, INHLOEBRTHW T
NCOMEEEEFMEH L, FNHAL—PIC5 2 555
FET BEBREIT o7z, FO0, REBRTIIMVTER S
L ClEndEE (7 k) LIRIERH (2 KHE) @ 2 D% 3%
L7z, RSO 7 k#EIZZF 29 0.10Hz, 0.20Hz,
0.33Hz, 0.66Hz, 1.0Hz, 1.5Hz, 2.0Hz & L7z. —J, &
FERTIE, FEBRL, 2 LRRY, WREHEZ 5L 10HE
W 2okiE L L7z, oML, EEEER Y 7 kHER
B L7720, FERBMEORM T /NS 5720 IRk
BWERZ RS TUENH L. 22T, TOMEIIE-ED
EHENDEWREEIND 5B LU 10 E v FERERE K
WEREE L0 TH 5.

5.2 FEREM

EBRBINE IRFA 52 4 (B 26 44, Kk 26 4, T3
FilF21.05%) CThHolz. INHOBIFIE, EBR1 B LU 2
BT iad ol EBRBINE DT/ A OHE
A X OFEFAIIREIEDT 320 [pt]-424 [pt] (640 [px]-1,440 [px]),
HEMEAT 568 [pt]-896 [pt] (1,136 [px]-2,560 [px]) TH > 729,
FEBIIR N7z A 18— DI 140 [px] (1.01 [em]-
1.18 [em]), AMEIZHY 180 [px] (1.30 [cm]-1.51 [em]), K&
1349 40 [px] (0.29 [em]-0.33 [cm]) TH o7z, AH/N—DJE
WIIFER 1 BLUER2 LR—TH L. 72, fH OS &
i0S 7546 %, Android 776 %4 TH - 7-.

5.3 XEFIE

FERSNNE \ZITFERR 1 L [AARIS, $REFRIEE L7258
JEDED 2 oD 2uN—%fitm L, ELLEaRER LD
AMELTH S ) —MIBEEEAE/K L7z, Ihi 2 O
FREEH T, $RTOMAEEE 218 ) (7T HEOEED
2 D& [FIFICHER 7Cy) ZREERLTH H 9 720, 542347
ol T, Thoo 2RT03RIER, Z2NET
LT U LIZEE S L.

5.4 EERIER
5.4.1 REERED 5 HDHE

F TR AT 5 B OME O 2 Eh o [lfnE O
Wil (X 12) 22,87, 2205, RS o
Y&, 0.10Hz 2% b 48 <, KIZ0.20Hz, 0.33Hz L\ o7z
£, PEREEASEVIEICE W EE SN TneZ &8
o E o7z,

HRDEL T O OFER, ¥ = v 7 = O5FGHT ()
SEAKG IR, fEIE AR | PIRTIE) T EELE
gBIxNn/720 (F(6,306) = 25.8583, p < .001), ¥— KA
T4y 2 EERHCTESERK AT 72, REMICBITDHR
FEoRS (Y) (301497 THo7z. | 7 I2TRTOHH
MWL RS,

Z DFEF, 0.10Hz, 0.20Hz, 0.33Hz 139XT, 0.66 Hz,
1.0Hz, 1.5Hz, 2.0Hz £ ) b AEICHE N ELEL SN2,
0.10Hz, 0.20Hz, 0.33Hz ® 3 50O TRRAEEAENRS
Nhroiz.

5.4.2 IRREEEY 10 W DBE
RIZTRIRFERH 25 10 B O Y64 O 2 210 [lin# E O ~F

Rotational Velocities

+0.10Hz m0.20Hz A0.33Hz X0.66Hz Xx1.0Hz @1.5Hz +2.0Hz

A Xk —&—F+—
-0.3 -02 -0.1 0 0.1 0.2 0.3
Evaluation Points with S-second in Experiment 3

12 FEhR 315 BB 5 KR O T EHIE
Fig. 12 Evaluation points for all 7 visual stimuli with 5-second

duration in Experiment 3.

=T OFEH 35 WIIBU L B OTIYEHIE O 2

Table 7 Distance among 7 different visual stimuli with 5-second duration in Experi-

ment 3.

0.10Hz 0.20Hz

0.33 Hz

0.10Hz | — 0.1181
0.20Hz | — —
0.33Hz | — —
0.66Hz | — —
1.0Hz — —
1.5Hz — —
2.0 Hz — —

0.1346
0.0165

0.66Hz 1.0Hz 1.5 Hz 2.0Hz

0.0440

0.0934
0.0495
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YEriE (K 13) ZR9. 22h5, FREEEAT 10 B0
AL 5 B EREEZ, 0.10Hz 25 b4 <, RIZ 0.20 He,
0.33Hz & Vo 72X 9 12, EHREEASEWIEIZE W & T
ONTWZ EDRHLRNE RS2,

HRDOLELE T O OFER, ¥ = v 7 = O5HsH T Ol
SR MRS, TR AR L SPRRRAE) TR EAENE
ganiz7z0 (F(6,306) = 15.1846, p < .001), ¥— F2&
TA Y IEERCCEERRET>72. KEMFICBITLR
FEOES (Y) 1201576 TH o7z, T 8 12T _TOHK
MO L RT.

COFER, 0.10Hz, 0.20Hz I3& H 12, 0.66Hz, 1.0Hz,
1.5Hz, 20Hz £ 9V &, 0.33Hz X 1.5Hz, 2.0Hz X ) b FH
LIV EE L 5N, 0.10Hz, 0.20Hz, 0.33Hz @ 3 5t
DOHTIIHEEN AN o7z,

5.5 EE3F&®

COFERRIIIBNT, FEF1 L RMRICIRRFRIZ 22D
59, HEEHREE AR A T N— 3 LIREEEEEAYE C 7 B, &
W) ZEDHLNII R o, T2, 5 E W) IR T
i, 0.10Hz, 0.20Hz, 0.33Hz O 3 &4 0.66 Hz, 1.0 Hz,
1.5Hz, 2.0Hz £\9) 4 DD L OMICAEEDIEILEE S
nzz. Zo—7J, 10 B0%4120.10Hz, 0.20Hz © 2 544
13528k 1 & FAEIZ 0.66Hz, 1.0Hz, 1.5Hz, 2.0Hz & O
WCAEBAEPRSN/22%, 0.33Hz 13 1.5Hz, 2.0Hz O 2 5
EOMOARICHREENE LN, TOIEND, %fﬁﬁ
D55 10 1273 A L AIEREEEDS 0.33 Hz DA 1B W
T, ZORENGIL b 2 L DHER SN,

Rotational Velocities

40.10Hz W0.20Hz A0.33Hz X066Hz x1.0Hz @1.5Hz +2.0Hz
r +>— — T X —@ T + d
-03 -0.2 -0.1 0 0.1 0.2 0.3
Evaluation Points with 10-second in Experiment 3

13 %257 31 10 2B 5 SO FHFHIE
Fig. 13 Evaluation points for all 7 visual stimuli with 10-sec-

ond duration in Experiment 3.

=8 EER3:10 I

6. HMEEE

FEBR 1 T, 5 KEEDRHZHEE (0.33 Hz, 0.66 Hz, 1.0 Hz,
1.5Hz, 2.0Hz) #L—HICH5 2 5B xFELL. 20
FEE, [OIEE L SR A TN — | F BRI A L 2 D,
FORBHPRS LD L ZOMREPH BT E LN L
o7z,

FEBR 2 TIZ S 5T W HR#EE (0.10Hz, 0.20 Hz,
0.33Hz) 1k, FERRPL—FICH5 2 2B RE
L72. ZOEE, R 6T, FEFIRPEIE &
DY, MEELTWDEAON=—DAFFICEVEREONZD
EWWHS DL 57225, 0.33Hz LV VSR T o g
TIEHFVEDPEONLNWI E QSN E Lo 7.

FEBR 3 TIEERR 1 B L O 2 THW 23X CTOMERHE
(0.10 Hz, 0.20 Hz, 0.33 Hz, 0.66 Hz, 1.0 Hz, 1.5 Hz, 2.0 Hz)
BL—HIZH 2 2 BE2PA L7z, ZO/E, 0.33Hz &
NIEWATON—L, AEIZHWEEELNTWS Z &%
Lok hos, &5, RESEEEANE W A TN — |3 &R
RIS K 72 5 &0 ) RPRDFERIER S 72 B Ll (R
NI EPHLNE o7,

DED3ODEBHEELY, 2Aa/)N—0 [[fEHEE] &
I—HFOEBIWEELER & ORI, DTl icTed
5.

o [AlHE B AN

ns.

o JRIRIRMAE L 1T L, [[NEEEEED IRV A 1T
N3 EREIRF I S e B ] &) B R AT
FITHN D,

o JEFRRRMILL D BMEIRL TWVWDHATN=DFH

W EELLNTYD

_@F@&ﬁﬁﬁ wxnn—#ﬁﬁ EWEEL SN
5] v EgE, [ CRH TS I % I3 &R
MR 25 ] L) FRERREEEE [15], [16] 12 X > TH
HT&pEEZON. BANICIE, BIEEE2SH I E
T—VREEEE LAY Y bL, #RE L CHMEL S
(%5720, FHLHEMEZRELLEEZLNLINLTH
L. S50, REMAEL 2513, RERBRTELNL

VAT N—=PFEICE LKL S

BT B KRN O FTAMiE D2

Table 8 Distance among 7 different visual stimuli with 10-second duration in Experi-

ment 3.

0.10Hz 0.20Hz

0.33 Hz

0.10Hz | — 0.0440
0.20Hz | — —

0.33Hz | — — —
0.66Hz | — — —
1.0Hz — — —
1.5Hz — — —
2.0Hz — — —

0.1538
0.1099

1.5 Hz 2.0Hz

0.66 Hz

1.0Hz

0.0824 0.1044
— 0.0220

© 2022 Information Processing Society of Japan
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[ [ EE ASIE N A TN — |3 ORI AN C 22 5] &
ARNEDEBEE N Z R, IR L) AR L
TWVWLAUN—DOFPFEICHEE LN 1%, |
I [16] 12 & o THE S M7z [FEFERBEEIROFIR S L7
WAEIEIRRECTIEIR R %, L2V BHLAD T3
EDETLE L TWD L XDORME & &R0, FRRIERAYE
WIFEBEZICBIND | LV IO RRICE o TR TE L.

AW TR L7z AT N =D 4 XE L —FDUFITMK
FLTBY, 2= TLIZES DX AL TW-DIdHEE
THb. EH5OLOHATHZE [11]) TI&, [FEEEE 5 KkiE, $2
TR 3 KUER ARG L OER 1 LRI EL, A=
DRESHNE3Tdem, HME4.86em (R 35%%) L LT
HELTERETTIATo 7205, FORRITFER1 LI13IT
FLTholz. LoT, AuN—DMEHEI T —F DL
LEERICS- R B HEIE, FOH A XX BEELZIFICL
WwWeEZ L5,

KifgenfER e sTzx b &, AunN—%2fiHT 51,
[FHEEZ 0.33Hz L VbW - W Ed 5T, 22—
DFFBIFME V) A MLV AREERT 2 Z L HEEEZ D
N7z, Lo LAERTCIE, Au/N—0[EEES L R
W 252 — O EEFEFBRERIZ G 2 2 5B D W T
ML2HDOTHY, ZOBEOL—-FOHLERLA ML R &
Vo 72 —HFDEEBEIOVTIAL Ty, LoTh
%L, ARWZETIT o L EBRRIIC B ANz — %75, Lo
IV ORNEFBRT LODERET L EPULEE R
5. FTORER, WOI AT PEDDLNGNERVE )%
FHIREBICH L 2—F I L, LWAHZBKTE 20T
Fhawhreifrsnsg.,

LU, ABFFE CIEMEEEE A 0.33 Hz & ) B3 ) A%
HFELWEWIHERICEETFSTLTY, RHBFVEELD
SNz EEE IR E T E e h ol Ldio T, YO
FEEUFRBBOER SN0 EF & EHAL T
WS REDPH L., 2612, EE1~3 TORAa/N—D )iz
WEIXTRTEHERETH 72720, ZOREEHEEZ DRICZE
L2754, T—FOREFMICED &) 2R IHN
LONOMIET BLENH L. T2, AFETIZAT I N—
DREREFRD ) B, [HER#E | v ) ERICEH L7225,
[R&] TR ThEEAm] 2wt BEREBIEL
&, BRI E RS LY, BELAD T2
T, T—HFOREREEICED LD ZLABN L D2 T4
TLELE DA, 72, KFETHW A2 0= 3T T
BT dh o 72728, EOEIZ L7256 8D XD R RHrHE
ENLDNPSRET LULENDH L.

INLORENZET LI2EE, kb —FIZENEELD
BNAATUN=%BOIFHTIENTE, WO A7
DLW O VLD REFLIREEICSH 5 2 —HFIZx L, O
MEHEZERTEAOTITEMFEENDS.
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7. BbYIC

KA TIZEACEO T = A — 3 VAR LIRS
NBATUN—ITFEH L, TOMKEFETDH 5 ik & 1—
FOLBMGFLIFN ORI TAZ L2 HIE L7z,
BARRIZIE, 2an"—oliloB) #S 2 HET o2 L
T, —HFOEBINKRERFHSED X ) I1ZELT 0%
HTHIEEHMEL, T—FIZRdEr-T-LE I LN
A AU N— O [HHREE & BT 2 729012 3 DOEBE 1T -
7. FEER1 T3 5 o OREEE (0.33Hz, 0.66 Hz, 1.0 Hz,
1.5Hz, 2.0Hz) AL —HI252 2B L7z, B2
T & 5BV EEERE (0.10Hz, 0.20Hz, 0.33Hz) o1&
1k, EFRRPL—FICE2 2B L7z, FEFH3 TR’
FER 1 B X UEE 2 THOW T X ToNEEEE (0.10 Hz,
0.20 Hz, 0.33Hz, 0.66 Hz, 1.0Hz, 1.5Hz, 2.0Hz) #*1—
WICG 2 BBy L7z, BRL LT, HEEEINEN
ATUN=PEEIH LKL S, ZOR)FISTEREER 2%
FL e BIZEPHFICHNS L W) ZENH LN E Lo T,

AWMEOERESFTZ AL, AUN—2MHT LI,
FfEEZ 0.33Hz LD bW oL D &F52 LT, 22—
DREEBEME V) ANV AZRT 5 LML EZ S
N, WOFRTPHEDLPGDNER VL) BEELIREILH
HA—HITH L, LHAHAERTE 20T 2w
maEhs.
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