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ABSTRACT

Objective: We proposed an effective 3D menu manipulation alternative with a usability test. This was performed in a 3D
environment with 3D menu and control manipulation methods. Background: As 3D stereoscopic displays became generalized,
various 3D applications were being used not just movies, games, but also mobile contents and advertisements. However,
when a user interface was designed in a 3D environment, it was lacked that a clear standard and result of an efficiency and
usability as like a 2D environment. Method: We implemented 9 kinds of 3D menu types based on 3D menu hierarchies,
menu layouts and dimensions. And we extracted 3 representative control types in a 3D environment. We performed usability
evaluation with full factorial design for 27 menu alternatives with 2 types of menu manipulation tasks. In this condition, we
measured the performance time, subjective discomfort and eye-fatigue. Results: A control type had the significant effect,
and the effect of menu types had the different result depending on given tasks. Conclusion: This experiment showed the
interaction of menu and control types depended on 3D menu manipulation tasks were significant in a 3D user interface
design. Therefore, as a purpose of a 3D menu manipulation task, 3D menu types and control types were should be considered.
Application: We supposed this result was should be applied in a 3D menu contents design.
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Figure 1. Floating and Spin menu
(Dachselt and Hiibner, 2007)
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2. Methods

2.1 3D Menu taxonomy
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Figure 2. 2D menu representation type
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Figure 3. 3D Hierarchical spin menu
(Gerber and Bechmann, 2005)
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Figure 4. Block, Cluster and TreeCube menu

2.2 3D Menu design alternatives
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Table 1. Menu alternatives

Menu type Menu hierarchy
Pull-down
1D Pop-up
Stack
Pull-down
2D Pop-up
Stack
Pull-down
Pop-up
Stack

Linear

1D Rotary
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Figure 5. 9 alternatives of 3D menus

2.3 3D Control type alternatives
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2.4 Experimental fesign
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Figure 6. Tasks of 3D menu manipulations
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Table 2. ANOVA results of simple navigation task
*: Significant at o. = 0.05

Source DF F p-vaule
. . . Menu type 2 418 | 0.02"
2.5 Subjects and experimental environments -
Menu hierarchy 2 2.72 0.75
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" .
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Figure 8. Performance time of control types

Figure 7. Experimental environments
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3. Results .\
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Table 3. Performance time of simple navigation task

(sec)
Menu type hilg/r[glclily Control type | Time
1 1D_Linear Pull-down Ray-casting 6.22
2 1D_Linear Stack Ray-casting 6.58
3 2D_Linear Pull-down Ray-casting 6.81
4 2D_Linear Stack Ray-casting 6.85
5 1D_Linear Pop-up Ray-casting 6.99
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Figure 12. Performance time of the interaction
(menu type, control type and menu hierarchy)
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Table 4. ANOVA results of complex navigation task
*: Significant at o. = 0.05

Source DF F p-vaule
Menu type 2 1.56 0.22
Menu hierarchy 2 102.88 0.00"
Control type 2 654.52 0.00"
Menu type * Menu hierarchy 4 23.68 0.00"
Menu type * Control type 4 19.16 0.00"
Menu hierarchy * Control type 4 13.76 0.00"
* 1 ¥
I;/I(ejr;:llt'[r}(f)};% ple\/Ienu hierarchy ] 4.09 0.00
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Figure 13. Performance time of control types
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wlele] 71 AlaAhe e Source DF | F | pvaule
Menu type 2 11.40 0.00"
3.3 Discomfort for menu manipulations Menu hierarchy 2 4.65 0.01"
Control type 2 44.92 0.00"
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Figure 21. The means of menu hierarchies
v A WA TR w5 dE #4947 [Figure
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Figure 22. The means of the interaction
(menu type and menu hierarchy)
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Figure 23. The means of the interaction
(a menu and control type)

3.4 Eye-Fatigue for Menu Manipulations

2] ot BAREA ) [Table 713 o] #9)
FFE 0.1 71O WA} Wi AE TR F Fjul
folg Ao Etor] wEAes §23 2olF uol

Table 7. ANOVA results of eye-fatigue for menu manipulations

*: Significant at o. = 0.05
**: Significant at o = 0.10

Source DF F p-vaule
Menu type 2 2.76 0.07"
Menu hierarchy 2 1021 0.00"
Menu type * Menu hierarchy 4 1.67 0.16
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Figure 24. Results of menu type
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Figure 25. Results of menu hierarchy

4. Discussions

4.1 Results of dependent variables

[Table 8]& &38to] T st A5 B, Task
9] FYoA= AEEZHWA o] /M & FikE EO]‘:‘ e
ek 74 2 Ao ) WiAE

ol 4% 2D 5}% ol dAwtA o7 F3sh= Multl—taskmg

00('
_IE
]o
N
rlr

3o] ¢l= Simple Navigation

Task®] -9+ 434 vwAZTTEZ} FolskA] &= A
© 7 YegA 9, Complex Navigation Task?] 7%= |
FAZSTEANA =& Fikg vehdie A& & F 3
AHEY EHES] A9 wlwEa g F%ko] UﬂTr AZE
Ho}t A yepd AR Kol vwe] Ao JEFs wE
T AoR s = Qlrk ¢ke] @401]/\1 UrE}WE 2+47d

oxv ;sa
kol

Table 8. Significant difference between dependent variables

Simple Complex | Discomfort

navigation | navigation for menu fiiyelle
task task manipulations (Fg)
) (F) ¥
Menu type v @) v (14| ¢ (276)
Menu hierarchy ¢(102.88) ,/ (4.65) ¢(10.21)

Control type

¢(534.08) ¢(654.52) ,/ (44.92)

v (15.04)
v (334

Menu type
* Menu hierarchy “ (673) “ (23.68)

Menu type v @5y (19.16)

* Control type
v 39|y (13/76)

Menu hierarchy
* Control type

Menu type
* Menu hierarchy |y (6.57) |¢#  (4/09)
* Control type

gelx]s Ao oy

[Table 915 ®W BE F4WS4o)|A Ray—casting ¥
o] £ WFE AR AT A EEEolA
& dets XY Multi—taskingd} WEF #3o] @
2 1x9_43¥_Stack_Keypado] W2 EHE J5 who}
Multi—tasking@} ®ME] F3jo] W& Ao Keypad W
2] gigt 3 A7 Hog Aow HArt

Simple Navigation Task®] 4%+ v #lojol- ®W2a]o]
AFo] L& gote i A= A%k Complex Navigation
TaskellX&= A3 Holokxo] 52 A5 AAste] vy
,] gﬂ ] ]_;% Hg—)_\}o] Multi— taskmgjq_ umzaﬂ;'l /\aﬂoﬂ 01
FE = 43§ b A=

o VYRR S ZF vl 59 Pull-down %2
o] AL AEE é—’Fg Hof 3D F3te] Zlo] (Depth) & At
&sh= Aol w9 MREE TURYIE AR wddrt
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Table 9. The best alternatives

Simple navigation task Complex navigation task

1 | 1D_Linear_Pull-down_Ray-casting | 1D_Linear_Stack Ray-casting

1D Linear Stack Ray-casting 1D _Rotary Stack Ray-casting

2D_Linear Pull-down Ray-casting | 1D_Linear Pull-down_Ray-casting

AW

2D Linear Stack Ray-casting 1D Rotary Pop-up Ray-casting

5 | 1D_Rotary_Pop-up_Ray-casting 1D_Rotary_Pull-down_Ray-casting

Discomfort for menu manipulations Eye-fatigue

1 | ID_Rotary Pull-down Ray-casting | 1D_Linear Pull-down

1D_Rotary Stack Ray-casting 2D_Linear_Pull-down

1D_Linear_Pull-down_Ray-casting | 1D_Linear_Pull-down

AW

1D Rotary Pop-up Ray-casting

5 | 1D_Linear_Stack Keypad

4.2 Proposals for 3D UI Design

7oA i kY] ol w3 AEe] g 37HA] HE
Ray casting *40] 97F4] wlir Tt Rl A
Aoz Yo, Hand Motion 213} Keypad
739 it} Taskell W& 3 3e] xfo]7} &A1
t}. 3D g ellA] Selection task®] 79~ Ray—casting 34
o] Go—go technique WKt} ET= Bowman, Johnson
and Hodges(2001) &] A7~ A2l dX|gir}

Complex Navigation TaskollA+& W7AIS T2 &
go] 34 YelFd 2™, Simple Navigation Taskol4+= |
7o wlsdAlel digh o] e AE & o itk

ol#]3t A= o5 S0, 3D TVelA Ad olsolL} Ad=
A T 7hsh vl 20 A Hlwe] Bl 2l
gk GUI tARl el s 718 T8k e stefof shH,
Al FAol} A AE 22 52 Hlw A o]## Taske]
A% 2D A oA g} rRVIA R HiFASTERE M 58
sHA g steiof dths ARES oWt

HhAe, =9 IR0 SHoA 13e_¥3 _Stacke] &
S AR B EEEE HATH 12k Wlwe}l Pull—-
down WA KT A4 BEHEE ] Wo] ZIth= Zlo7g
vERsth wekA 3D GUIE tixle 4o &4 o
AT A AL B2 E Hasks ¢ Sl TRRelo]
Fosttta & 4 k. o) 3D Displays 238l
Alaf|ok k= Taskd A%+ 12 w72} Pull-down %
o] ARgAFEANA ¥ =2 HKEHS VAT & 4 S A
olm, AU} 2 wE ¥ES Q7skE w2 e

>

2244 79 Sta Bl v 82 5 9l Zlolth
3D vlirE AAE o aesfop & ARFo® A, Task
7b @29 TaskIA 5348 TaskIAE Azt & 210]

3B, A BEEE S8 A8 Fold Rex

J2EE pelste] 209 o] AN Holshd & 4
Q1Aef) vistel gztslEler & lolc. whAute.z AHaAel

G AEEAS) g Pefsiol @ A0, %%

A& ol A= Ray—casting W2o] &
Ray—casting ®19] el Object7} ZFAY % Object

of 7}elA A& AF 2Zo] FErhE Aol 2k A9
73-¢- Ray—casting®| Keypad®th EHE7} 4 yelto
ng A Fof wlirell M= Keypad WA1S Le{shs A
o] £& Ao ForE)

Select Task?] o]g]e] &AS AU AHES Ed, 5
sk Task® 7d-$-olli= Ray—casting W4 2t} Hand-
motion Wo] ] Eth= A 237} 91O P & (Bowman
%, 2007) Ray—casting WS WA o a&&e A
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% A2 A7t A ANEE A %%@rﬂﬂ U= B
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Zleolv AEES AAlsk= Aol vkEAslt(Bowman
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