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AND THE FUNCTIONS ASSOCIATED WITH THEM. FIRST COLUMN IS 

THE OBJECT IN THE VIRTUAL ENVIRONMENT. SECOND COLUMN IS THE DEFAULT 

FUNCTION ASSOCIATED WITH IT. DEFAULT FUNCTION CAN BE MANIPULATED 

DIREC1LY. LAST COLUMN IS THE TOOLS THAT CAN APPLIED TO THE OBJECT. 

ALL BASIC INTERACTION TOOLS CAN BE APPLIED TO THE DESK AND THE 

DRAWER OF THE DESK CAN BE OPEN AND CLOSED WITHOUT ANY TOOLS. ARE NO 

DIRECT MANIPULATIONS THAT CAN BE DONE ON WALLS, £"L'.J\.1'-'. AND CEILING ONLY 

PAINT AND MAGIC WAND CAN BE APPLIED TO 1 
2: OF SUBJECTS PARTICIPATING IN THE EXPERIMENT. CONTROL 

GROUP USED THE CONVENTIONAL VIRTUAL ENVIRONMENT AUTHORING TOOL AND THE 

EXPERIMENTAL GROUP USED THE NEW DESIGN OF VIRTUAL ENVIRONMENT AUTHORING 

TOOL. 

3: P SCORE AND SCORE OF PARTICIPANTS IN THE CONTROL GROUP. 

DATA FOR THE CONTROL GROUP IS OBTAINED. 

4: P SCORE AND SCORE OF EACH PARTICIPANT IN THE EXPERIMENTAL 

GROUP. 1 MISSING THE SCOREANDSUBJECT MISSING BOTH DATA. 

BETWEEN P SCORES AND IT SCORES. 

CORRELATIONS < IS IN BOLD. 

6: "-'U'R.I'\~L''''' MATRIX OF P AND IT SCORES. 

SCORE AND IT SCORE FOR THE CONTROL GROUP. BETWEEN P SCORE 

AND SCORE FOR THE EXPERIMENTAL GROUP. THE SIGNIFICANT LEVEL IS P < IN 

BOLD. 

7: OF T-TEST ON IT SCORE OF TWO GROUPS. SHOWS NO SIGNIFICANT 

DIFFERENCE < BETWEEN THEM. 

8: OF T-TEST ON P SCORES OF TWO GROUPS. IT IS NOT SIGNIFICANT AT P < 

TABLE COURSES 

INFORMATION OF PARTICIPANT 3 OF PIN APPROACH PROTOTYPE GROUP IS MISSING 
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WE CAN ASSUME THEY HAD NOT STUDIED COMPUTER GRAPHICS OR 

MODElLING AS THEY WOUW NOT HAVE BEEN ALLOWED TO PARTICIPATE IN THE 

FOR EACH PARTICIPANT AND THE MEAN AND STANDARD DEVIATION FOR EACH 

11: RESULT OFT-TEST. WHICH IS SIGNIFICANTLY 

DIFFERENT ATP< 
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environments without the physical dangers. An example of this is radioactive emergencies 
[92]. 

(i) (ii) 

Figure 1: The screen shots of virtual environments. (i) This is the screen shot of 

first-person shooting game - Quake 2. (ii) This is the screen shot of a monastery 

using Genesis 3D, built by D. Nunez, eve Lab, VeT. 

Virtual environments, hence, are believed to have a great potential in many areas. 

In terms of technology, there are two basic classifications of virtual environments: 

• immersive virtual environment 

• non-immersive virtual environment 

Immersive virtual environments require specialised equipment. Normally this equipment 

includes a head-mounted display (HMD) and one or more trackers. The HMD gives the users 

3D view of the environments. The trackers are attached on the HMD or the user's body. They 

give the system the orientation and position of the user. In this way the participants are 

isolated from the physical environment and included inside the virtual world, and thus a sense 

of being in the computer-generated environment is experienced [92]. The main disadvantage 

of immersive virtual environment technology is its cost. 
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Figure 2: Head Mounted Display (HMD). It is a V6 Head Mounted Display 

manufactured by Visual Research. 

3 

Non-immersive virtual environments are a common alternative. The most popular type of 

system in this category is the desktop virtual environment. It uses an ordinary desktop 

computer system interacting with standard monitor, a mouse and a keyboard, or perhaps a 

special-purpose input device, such as a 3D mouse [92, 99]. Brooks [11] and many other 

researchers, [34], have quoted from "The Ultimate Display" by Ivan Sutherland [88]. 

Don't think of that thing as a screen, think of it as a window, a window 

through which one looks into a virtual world. 

Several researchers [11] criticize desktop virtual environments as: 

1. they do not block out the physical environments 

2. virtual objects are not presented as life-size 

3. desktop virtual environments do not provide the illusion of immersion 

However, among all virtual environment systems, desktop virtual environments give the best 

image in terms of resolution, contrast, clarity and colour gamut [36]. 

It should be noted that this is not intended to be an exhaustive classification and there exist 

many other types of virtual environment display technologies, such as: projected virtual 

environment, Cave Automatic Virtual Environment (CAVE) and augmented virtual 

environments. Full classifications may be found in [34] and [99]. 

Our research, however, focuses on desktop virtual environments, not only because it is 

inexpensive, but also because there are some successful applications of desktop virtual 
environments, such as 3D games, or flight simulations. Despite the disadvantages of desktop 

virtual reality, it was reported as the most widely used virtual reality (VR) system in United 
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instance, in Alice l
, there are three tabbed panes in the main window - Open Scene, 

Animations, and Events panes (see Figure 3). The "Open scene" pane is for viewing the 

setting of the virtual environment, the "animations" pane is used to start the animation, and 

the "events" pane allows the users to add events on objects. The users, thus, need to change 

between windows (or panes) for editing the virtual environment. The action of jumping 
between windows might confuse the users [30]. 

.~ • _ 1 I •• _ --=-...... . _ 

" 
( 

,'- I 

Camel1l Controls 

\+~ 
~. ' .e;:, 

Figure 3: Alice authoring tool with multiple windows. The left two windows are 

for painting the object, a rabbit. And the two right windows are for simulation and 

setting the properties of objects and the scene (the larger one) and the camera view 

(the smaller one in the foreground). Once the left-hand-side windows are closed, the 

colour change will take effect in the camera view window. 

1.3 VR Authoring Tools and the Sense of Presence 

The use of multiple windows means that the experience of presence in the virtual environment 

is interrupted and the feeling of presence in virtual environments cannot be maintained. This 

1 Alice is the most developed of these systems and hence will be used as the main example of a tool for 

novice users 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6 

presence. 

presence 



Univ
ers

ity
 of

 C
ap

e T
ow

n

7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

8 

mam~IUI<lt1C,n user mtlertllCe 

Lhalptler 5 - The i"r.:!Selllce 1<''<71''''''''1'''',,,, ... 11' 



Univ
ers

ity
 of

 C
ap

e T
ow

n

9 



Univ
ers

ity
 of

 C
ap

e T
ow

n
to 

measurements 

in 2D 



Univ
ers

ity
 of

 C
ap

e T
ow

n

11 

a cornpulter' 

are: 

1. presence as 

2. presence as 

3. as 

4. presence as 

5. as actor 

6. as as actor 



Univ
ers

ity
 of

 C
ap

e T
ow

n

L 

2. 

3. 

In 

same, 

as 

is 

to measure pr€~sencle. to 
c1elJelllc1e:nt on 

12 

are as 

as: 

to some 

are to 

one is an 



Univ
ers

ity
 of

 C
ap

e T
ow

n

constant across our nnunnrr, .. rn.u."pnlt" to ensure it not 

interact with, 

13 

For 

if 

response time. to 
the more a person has over 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

measurements on 

The most f''''' .... l1'''nt 

scores 

more prE:sellce 

one to seven, 



Univ
ers

ity
 of

 C
ap

e T
ow

n
easy to use 



Univ
ers

ity
 of

 C
ap

e T
ow

n
Prf~Se][1Ce ME~aSllrelmelrlt Used 

se(;tl()n, we pre:sellt 

in 

as 



Univ
ers

ity
 of

 C
ap

e T
ow

n
to are: 

1. can to are 

2. IS 

3. 

on It 
can go. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Worlds in Miniature 

in miniature" 



Univ
ers

ity
 of

 C
ap

e T
ow

n
Figure 4: The world in miniature (WIM). The world in miniature is on top of the 

life-size world [87]. 

20 

As WIM is attached to the users' hand and it is separate from the virtual environment - there 

is no explicit mode required for changing between WIM and the virtual environment [87]. 

However, it forces splitting the display real estate between the original environment and the 
miniature copy [48]. In addition, it is difficult to select, and manipulate objects especially for 

fine-grained manipulations as the entire environment is scaled down into a hand-held size 

[48]. 

WIM allows the users to interact with object directly - either manipulate the actual life-size 

objects or manipulate the objects in the miniature. The metaphor is quite intuitive and easy to 

understand because it uses direct manipulation and it requires little learning. The metaphor, 

however, cannot maintain the sense of presence because working with two different worlds 

emphasizes that the world is artificial. Additionally, the users need to hold a clipboard or 

some kind of prop for WIM [87] which is physically different to the miniaturised world and 
hence reminds the users that the world is not real. 

Voodoo Dolls Technique 

The "Voodoo Dolls technique" was proposed and implemented by Pierce et al [61]. This 
technique allows the users to interact with objects that are beyond one's physical reach. Dolls 

are hand held, transient objects; they are replicas of the objects in the virtual environment. 
The user creates dolls to represent specific objects and the dolls vanish once they are no 
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longer needed. The users use two-hand interaction - the dominant hand works in the reference 

frame defined by the non-dominant hand. In Figure 5, the soldier on the left (non-dominant) 

hand is served as a frame reference for the right (dominant) hand; while the right hand moves 

closer to the left hand, instead of moving in the physical location of the right hand, the pin 

(held in the right hand) is moving closer to the soldier. In such a way, the users can move two 

objects related to each other easily and quickly. For instance, if one wants to put a lamp on a 

table, one creates both objects and holds the table on the non-dominant hand and the lamp on 

the dominant hand. Now placing the lamp doll on the top of the table doll causes the lamp to 

be moved on the table in the virtual environment. 

The Voodoo Dolls interaction technique allows direct manipulation of an object by creating 

miniature copies of the object. This method does not require any other physical objects, such 

as a clipboard in the WIM technique; and it gives the users an illusion of interacting as if in 

real life. However, the miniature copies of objects have different properties when they are 

held on the user's right or left hand [61]. This feature might confuse novice users since they 

might not fully understand the concept of the metaphor. 

Figure 5: Voodoo dolls technique. The user can use both hands to interact with 

dolls. The non-dominant hand defines the frame of reference for the dominant hand. 
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2.2.3 Command Based User Interface 

Although the most natural way to interact with virtual environments is direct manipulation, it 

is necessary to have some other indirect interaction methods. Mostly it is because some tasks 

cannot be performed with only direct manipulation. For instance, to add text to a virtual wall, 

one needs to select "add text" instead of writing on the virtual wall by hand. Designing non­

command user interfaces is thought to be the next generation of user interfaces (for both the 

traditional user interface and virtual environment user interface), user commands will not be 

completely eliminated because not all tasks are suited for direct manipulation [9]. 

One possibility of issuing commands in virtual environments is the use of voice-recognition. 

Using voices to give orders is the usual and most natural method in real life; hence it should 

be appropriate in virtual environments as well. However, the users need to learn the valid 

commands and accurate speak-recognition is difficult to achieve [9, 36]. 

Menu-based commands are the alternative approach and overcome the problem of forcing 

users to "recall" commands - it is much easier to recognise them [20]. Menus in virtual 

environments are called "virtual menus" in [47]. The menus are used to store selectable 

options in user interfaces. They allow the users to perform some tasks that are difficult to 

specify by direct manipulation. In general, the principles for designing useful virtual menus 

are consistency, feedback, natural mapping, and good visibility [36, 47]. 

(i) (ii) 

Figure 6: Floating menu systems. (i) This is a floating menu system (for immersive 

virtual environment system) implemented in [10]. The titles of the floating menu are 

always visible. Selecting a menu title causes the menu items to drop down. (ii) This 

is the floating menu from a first-person shooting game (Quake 3). It is used in 

desktop virtual environment system. 
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Figure 7: The mode per system approach user interface. This interface is one 

example discussed in [81]. The knife switch object is able to switch the mode from 

mention to use. 

24 

"Mode per object" is another way of using modes. It allows different objects in the same 

application to be set in different modes (see Figure 8). This means that there will be multiple 

active modes in one environment [46, 81]. For instance, one button can be edited while the 

other button is executable. Furthermore, the approach is normally used with affordances, so 

that one can know which objects are in design mode and which are in execution mode. The 

advantage of this approach is that the users do not need to switch between modes once the 

mode of an object is set. Besides, it is possible to use the rest of the environment even if some 

part of the environment is being edited. 

There is no evidence showing that one approach is better than the other; and whether the 

approach is appropriate depends on the purpose of the virtual environment applications. In 
this research, we will investigate the mode per system and the mode per object approaches in 

our virtual environments. We hope that we can conclude on the appropriate method for the 

types of virtual environments. 
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Figure 8: An example of mode per object application. In the Macintosh OS-X 

dock, we see different applications in different modes (active, suspended and un­

launched) 

2.2.5 Design Usable Interactions in Virtual Environments 

25 

In virtual environments, the users are surrounded by the computer-generated world. The users 

are part of the interface. Human-computer interaction, therefore, is an important issue in the 

research of virtual environments. As more and more virtual environment applications are 

moving from academic research to widespread use, appropriate and useful interfaces are 

necessary [9]. Several common problems, such as disorientation, perceptual misjudgements, 

and difficulty finding and understanding available interactions [28], are thought to be a result 

of user frustration and low usability of a virtual environment [36]. One reason for the lack of 

attention to the user interfaces (UI) is that the interaction designs in most virtual environments 

are done in an ad-hoc fashion [96], and the fundamental principles of UI design are ignored 

[9]. 

There are some suggestions to improve UI design for virtual environments. They are based on 

real world experiences, using techniques from other disciplines, and using 2D user interface 

design principles, as discussed below. 

Using Real World Experiences 

As discussed previously, virtual environments are similar to our real life experiences - one is 

involved in the environments and one can interact with life-like objects. It is, therefore, 

believed that the ways of interacting with real objects in the real world can help in designing 

interactions with virtual environments [28]. These physical interaction methods are easy to 

learn and understand since they are drawn from the physical world. Additionally, it should 

give a greater sense of presence since the interaction methods are natural [42, 97]. Some 

examples of natural interaction methods are voice recognition, and gestures. However, as 

discussed previously, it is difficult to implement these interaction methods. Furthermore, these 

interaction methods are highly dependent on hardware and software [28]. 

Using Techniques from Other Disciplines 
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Another design strategy is to borrow the ideas and techniques from other disciplines. The 

ideas and techniques, such as affordance [28], and colour coding [28], are important to good 

user interface design. There are some ideas that can be learned from cinematography since 

these techniques have been researched in order to make the viewers more focused on the 
scene [28]. 

Affordances are one good strategy that originated from industrial design. Affordances imply a 

certain action that one can act on an object [50). Well-designed affordances help the users to 

understand how the objects work. For instance, a button affords to be pushed and the door 

handle affords pushing or pulling as shown in Figure 9. Again, virtual environments mimic 

the real world and in the real world, affordances work well. 

A. B. 

Format & print) 

(i) (ii) 

Figure 9: Examples of affordances. (i) Different door handles affords different 

actions [23]. (ii) Buttons used in computer systems. Both of them afford pushing 

[23]. 

Using 2D User Interface Design Principles 

The last approach is to use 2D user interface design principles. These principles should help 

ill designers to design usable and useful interface. However, there are differences between 

conventional user interface and the virtual environments. 

The difference between working in a conventional computer environment and 

working immersed are analogous to the differences between a craftsman at a 

workbench and one moving about a worksite wearing a toolbelt [48]. 

Due to the differences, the conventional user interface guidelines are believed to be only 

partially applicable in 3D environment applications [15]. For example, WIMP (Windows, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

",,.,,,-on,·,,, we cannot 

It is not 

we can is 

In 

presence, we are most 

of 

u...,.~<u..,..., the awareness of user 

Another reason is that some pnemJll1lena, 

VIrOnlments are not COlflSl,ael~ea 

There are pros cons for 

to our we 

into two 

is 

it is 

to measure presence 

it not 

,... .... .,"',,'" of cornm:ana user interfaces in 



Univ
ers

ity
 of

 C
ap

e T
ow

n

28 

are some a"',iVll" are not pv"., .. ",x,", to nplr1"n1"1'TI 



Univ
ers

ity
 of

 C
ap

e T
ow

n

am:normg; ttlen~tolLe even nOln-exp1enc:mc:ed 

1J"""atl"'" it is Cleslg;neCl to easy to use for 

we 

to create a 

is now 
ease 

a 3D environment. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. 

2. users can oynaIIU'~aIl.'ll ..,.,nn,1Hl source 
current state mcreI1t1efJltall) 

3. user can use a F. ..... "' ... '-' 

are: 

to restart 



Univ
ers

ity
 of

 C
ap

e T
ow

n
(i) (ii) 

Figure 10: AJice authoring tool. The objects can be moved with mouse directly 

clicking and dragging on the objects in the scene. (i) The user can interact with 

objects with the control panel at the right hand side. (ii) The "start" button at the top 

of the window allows the users to start the animation. The animations are specified 

using Python. 

3.2 Problems in Alice 

31 

The three ways of interaction in the Alice program, as mentioned above, are easy to use [4]. 

However, we are concerned about some problems which may cause by the three interaction 

methods. 

The problems are associated with presence and usability. They are: 

• disruption of experiencing with presence 

• unnatural interaction methods 

• the problem of "mention and use" 

In the rest of this section, we will discuss the above problems. 
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experienced [86]. Additionally, the users can learn the interaction methods more easily 
because of their naturalness and the consistency with real life experience. 

Propertie<; - (ommandButtonC3" 
Save Files -. 

: Do you wcYlt to save this file? 

• W" • • • •••••••••• • .• ~ .• • • 
.~-.. .. .... . ..... . . .. ....... . . 

: :Q Yes . ': ::: ::::: ::::: No : : : : j
. . . . . . . . . . . . . . . . . .. . 

. .' \; . . . . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(i) 

Save Files - ~ 4 x 

Do you wri to save this file? 

(ii) 

Figure 11: An example of mention and use. (i) The user interface in design mode 

(mention). The property sheet of the button is displayed. When clicking the "yes" 
button, the user can edit the text of the button. (ii) The "save files" window is 

executed. Clicking on the "yes" button results in saving the file. 

Mention and Use 

Virtual environments may exhibit some problems that occur in 2D user interfaces because 
they are a special kind of direct manipulation interface. In Alice, we have identified a problem 
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0 ~ 

I Add Label I 

Figure 13: An example of Tool approach application. The button, labelled "Add 

Label" is used as a tool for changing the label of this user interface. When the 

button moves on top of the user interface, the user interface is set to this mode. 

When the button is removed from the user interface, the mode is set back to 

execute. 

3.3.3 "Mode per Object" Approach 

37 

An alternative to the tool approach is adopting a mode per object. This approach allows 

different objects to be in different modes, meaning that there will be multiple active modes in 

one environment. The details of "mode per object" approach are presented in Section 2.2.4. 

An example of using the "mode per object" approach is in Marsden [46]. A screw is attached 

on every user interface component. One can unscrew it to edit the user interface [46]. Figure 

14 is a screen shot of Marsden's interface. Thus in one environment some interface 

components are in design mode, while some are in execution mode. This approach relies on 

affordances and in the example, a screw is shown on the comer of the interface component to 

indicate mode. This screw affords to be screwed and unscrewed - indicating whether the 

interface component is currently editing or not. 

In virtual environments, it sounds reasonable to use the "mode per object" approach. For 

instance, in real life we can write on a paper (mention) while the computer is running with 

some programs (use). The difficulty of this approach are visual cues indicating state because 

they consume some space on the virtual objects. Additionally, these visual cues would 
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diminish the sense of the presence as users are aware of the artificial visual cues which appear 

on the virtual objects. 

Figure 14: Marsden's user interface. When the screw is in, clicking on the buttons 

causes the function of the button to be triggered (as the left-up window). When the 

screw is not in, a property sheet appears, as in the right-up window. One can add, 

delete, or modify buttons on the pane, and one can "use" the buttons as well. 

Additionally, the screw of the children of this user interface component appears. 

3.4 Summary 

In this chapter, we have described Alice, a 3D interactive authoring tool. We are interested in 

Alice because it is the kind of virtual environment authoring tool which allows the users to 

experience the virtual world as they construct it. Furthermore, Alice can be used by users of 
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Thus the users know where to find the toolbox when it is needed, and time is reduced in 

searching the entire virtual environment for the toolbox if it is located at a fixed position. 

Figure 18 (i) and Figure 19 (i) show the toolbox, 

(ii) 

Figure 18: The screen shot of the tool approach VE (a). (i) the toolbox is circled. 

It is in a fixed location relative to the users. (ii) After the users walk, the toolbox is 

still at the left-bottom comer of the screen. The tools arranged in the menu appear 

while the users click on the toolbox. Tools will disappear while the users close the 

toolbox or while the users walk in the virtual environment. 
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which is circled, and it is placed at a corner of the screen. Moreover the toolbox is a small box 

at the corner of the users' view frustum, and it will not block the user's view. 

While the toolbox is open, the tools appear for selection. These virtual tools are represented as 

buttons and arranged in a virtual menu, shown in Figure 18 (ii) and Figure 19 (ii) . In Houde 

[29], the different shapes of the mouse cursor are used as an indication of the action 

performed. In our work, we follow this method - once the desired tool is selected, the shape 

of the mouse cursor will change accordingly. For instance, while the "paintbrush" is selected, 

the mouse cursor will change to a "brush" shape. While the toolbox is closed, the virtual 

menu disappears automatically and the shape of the mouse cursor changes to default (i.e. the 

arrow shape). 

The interaction method of the tool approach VE (b), which is shown in Figure 19, is the same 

as that of the tool approach VE (a); however the scene of the virtual environment and the 

number of interactions are different. 

(i) 

Tools .' 

(ii) 

Figure 19: A screen shot of the tool approach VE (b). (i) The scene of the virtual 

environment is different from that of the tool approach (a). 
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shows the popup menu and the second window (editing window) for editing objects. When 

the editing window is closed, any change in the editing window, such as changing in the posi-

(i) 

(ii) 

Figure 17: The screen shot of the conventional virtual environment. (i) A popup 

menu appears when the users want to edit an object, e.g. the chair. The popup menu 

consists of the interaction options. They are: Paintbrush, Magic wand, Pitch, Spin, 

Roll, Move rightlleftlup/down, and Move closer/further. (ii) The window on top is 

the editing window. In this window, only the interested object, the chair, is 

displayed. Besides selecting colours, three ways of rotation are available so that the 

users can paint the part that is not visible at the initial state. 
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indication that the drawing is in process. Therefore, to pin an object and then edit it is the 

metaphor we use in the virtual environment. 

As the metaphor required, a drawing pin is provided in the virtual environment. The drawing 

pin, similar to the toolbox, is placed at the left-bottom comer of the screen and it is always in 

this fixed location. The drawing pin will not block the users' view and it is always available 

despite of the users' position (the system re-places the pin in the object so that it is always 

visible). 

Figure 20: The pin approach virtual environment. The drawing pin is at the 

comer of the screen (circled). The chair is pinned and the pin attached to the chair is 

in a different colour from the drawing pin at the comer. While the chair is pinned, 

the users can still invoke the basic function of any unpinned object in the virtual 

environment. 

To pin an object, the user simply drags the drawing pin and drops it on the object. To show 

that it is being edited, a new drawing pin will appear and attach on that object. A tool list then 

appears. The user can choose the desired tool and apply it to only that object. The users have 

to unpin the object in order to use the object, even when there is no tool mode set for that 
object. In order to avoid confusion between the drawing pin, which is always at the left-
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bottom comer of the screen, and the pin attached on object, we use different colours to 

differentiate class from instantiation.(shown in Figure 20) . 

We have provided visual feedback to indicate the currently active mode of the pinned objects. 

While the mouse is moving over the pinned object, the mouse cursor will change the shape 

according to the status of the object [29]. Further feedback is provided via the texture on the 

pins, which are attached to the objects. The texture on the knob of the drawing pin will be the 

same as the active tools. Figure 21 illustrates the idea of changing texture of the drawing pin 

to indicate the currently active modes of the pinned objects. 

(i) (ii) 

Figure 21: The texture of the drawing pin, which is attached to objects. (i) When 

the object is in the paintbrush mode, the texture is changed to a paintbrush. (ii) The 

object is in the move mode, and the texture on the pin indicated this. 

4.5 Summary 

In this chapter, we presented four virtual environments that we have built. All four virtual 

environments will be used in the two experiments (two per experiment), discussed in the next 

two chapters. 

We first described the interactions and modifications allowed in the four virtual 

environments. The basic interactions are: move in the image plane, push and pull (move in the 

direction perpendicular to the image plane), three ways of rotation, paint where clicked, and 

paint the whole object with one mouse click. 

We then described the four virtual environments one by one. The first virtual environment 
uses the multiple-window approach. The multiple-window approach is the most commonly 

used approach in virtual environment authoring tools. There is one window for use 
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room at the start of the experiment. The users are required to move all objects from 

the storage to the living room through the door, which is the thicker line between 

two rooms indicated by the arrow. 

69 

The task is to arrange the virtual living room according to the image in one of the virtual 

books. The users need to move aU the furniture and objects to the other room (the living 

room), through the door. There are three books in the virtual environment. The books contain 

the images of three different arrangements of the room. There are three channels on the TV. 

On each channel, there are four images of the particular arrangements from different 

viewpoints. The three books are marked differently at the back. One book is marked a "L", 

one is marked a "1" and the last one does not have a mark. The users are asked to find the 

book with "1" at the back, and arrange the room accordingly. The task description for the 

experiment is in Appendix F. 

Figure 23 shows the arrangement of the room which the users need to make. The top view of 

the room is in the book marked "L", and different viewpoints can be found on the TV. 

We use the living room and storage room scenario as this is a real-world task familiar to 

users. Additionally, compared to manipulating some boxes, manipulating virtual furniture is 

more realistic. Be placing instructions in books and on the television, we ensure that users are 

required to perform "use" actions in the environment - if users were give the plan on physical 

paper, they would not need to "use" the objects and hence comparison of the two interaction 

techniques would be pointless. 

Figure 23: A set of arrangements of the room. The left is the top view image of an 

arrangement in a book and the right is the corresponding side view in one channel 
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Magie wand 

Plch 

Spin 

Roll 

Move Rlgtt.t.eMJplDown 

Move Closer~urther 

There are seven (7) options in the menu that you can choose. Selecting any of these options 

will change the appropriate editing mode. 

Editing Mode: 
Another window with only the select object will pop up for editing. Any changes on the 

object will change on the viewing window only when the editing window is closed. 

Paintbrush 
This allows you to change the colour of the selected object. 

Choosing options 

There are 4 operations that you can do in this sub-mode: paint, rotation 1, rotation 2, and 

rotation 3 (see above for more details). The chosen one is indicated by a rectangle around the 

text. To choose other option, simply click on either the text, or the image. 

Paint: 
Three sliders (red, green, and blue) are shown on the right hand side of the editing window. 

These three colours are the basic components of all colours. The number under each slider is 

the percentage of that component used. 
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Red 

Green 

Blue 

I 

o 10 20 30 40 50 60 70 80 90100 
a====~ro)=======::! 

I • 

o 10 2D 30 40 50 60 1D 80 90100 

For example, the colour shown in the circle above the sliders (which is brown) is blended 

with 77% of red, 46% of green and 25% of blue. 

However, when you close the editing window, only the change in colour will result in the 

viewing window. 

Pitch 
To trigger this action, you need to click on the object and hold. Then if the mouse moves 

downward, the box will be rotated in this way: 

and if the mouse moves upward, the box will be rotated as 

fil·,·. 

- ...•. . . 
.I' 

Spin 

To trigger this action, you need to click on the object and hold. Then if the mouse moves 

right, the box will be rotated in this way: 

@.I 
L.:.J;I 

and if the mouse moves upward, the box will be rotated as 
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Roll 

To trigger this action, click the mouse on one object and hold. No matter which direction 
the mouse moves, the box will rotate in the following way: 

Magic Wand 
This allows you to change the colour of the whole object with one mouse click. See Paint 

section for how to use different options in this sub-mode and how to select colour. 

Pitch 
Pitch is the only tool that you can use (see paint section for details), and any changes in 

position will result in the viewing window. 

Spin 
Spin is the only tool that you can use (see paint section for details), and any changes in 

position will result in the viewing window. 

Roll 
Roll is the only tool that you can use (see paint section for more details), and any changes in 

position will result in the viewing window. 

Move RightJLeftlUp/Down 
This allows you to move the object up/down and right/left in the scene. To trigger this action, 

the mouse is clicked on an object and holds. If the mouse is dragged left, the object will move 

left and the same for right, up and down. 
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Move CloserlFurther 
This allows you to move the object closer to you or further to you. While the mouse is clicked 

on an object and dragged downward, the object will move closer to you (it will become 

smaller), and upward, it will move further to you (it will become bigger). 

NOTE: 
In this scene, walls and the floor cannot be manipulated at all. And the floor is not able to 

change colour. Therefore the menu for room will only consist of paintbrush and magic wand. 

The gravity is not simulated and objects can collide into each other. 
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It is possible to change view of the scene. To do so, a left-mouse click allows you to move in 

the room in a predefined route. 

A left-mouse click and drag rightward will move you from A to C. A left-mouse click and 

drag leftward will move you from A to B. The arrow indicates the view that you will see. 

A toolbox is provided for editing any objects in the scene. By editing, it means both 

manipulation (move, roll, etc) and change colours. There are two ways of changing colours -

using paintbrush and using magic wand - and there are several manipulation tools - pitch, 

spin, roll, move up/downlleftlright, and move closer/further. 

To start editing, all you have to do is click on the toolbox (which is situated at the left bottom 

comer of the screen). A floating menu will appear with all editing options. Simply click on 

the desired option to select. 

99 
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However, while the li~t of tools in the toolbox is shown (the floating menu is shown), you are 

not allowed to mo~e i~ the room. In order to change view, you need to close the menu -

simply by click on the)( at the right top comer of the floating menu. 

The following is the aetails of how to use all these tools. 

Paintbrush 
Paint brush allows you to change the colour of the selected object. 

Red 

Green 

I I 

o 10 20 JO 40 50 60 70 80 90100 
~=~I¢l~==:=J 

I I 

o 10 20 30 40 50 60 70 80 90100 
~ ~~========~ 

o 1020 JO 40 50 60 70 80 90100 

Three sliders (red, green, and blue) are shown on the right hand side of the editing window. 

These three colours ~re the basic components of all colours. The number under each slider is 

the percentage of that ,Gomponent used. For example, the colour shown in the circle above the 

sliders (which is brow,n)is blended with 77% of red, 46% of green and 25% of blue. 

Magic wand 
Similar to paint brush, however, magic wand changes the colour of the whole object with one 

mouse click. 

Pitch 
To trigger this action, you need to click on the object and hold. Then if the mouse moves 

downward, the box will be rotated in this way: 
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Q1 
l.:.J;I' 

and if the mouse moves upward, the box will be rotated as 

Spin 
To trigger this action, you need to click on the object and hold. Then if the mouse moves 

right, the box will be rotatep in this way: 

and if the mouse moves upward, the box will be rotated as 

Roll 
To trigger this action, the click the mouse on one object and hold. No matter which 
direction the mouse moves, the box will rotate in the following way: 

Move 
This allows you to move the object up/down and rightlleft in the scene. To trigger this action, 

the mouse is clicked on an object and holds. If the mouse is dragged left, the object will move 

left and the same for right, up and down. 
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Move closer/further 
This allows you to move the object closer to you or further to you. While the mouse is clicked 

on an object and dragged downward, the object will move closer to you (it will become 

smaller), and upward, it will move further to you (it will become bigger). 

NOTE: 
In this scene, walls and the floor cannot be manipulated at all. And the floor is not able to 

change colour. Therefore the menu for room will only consist of paintbrush and magic wand. 

The gravity is not simulated and objects can collide into each other. 
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