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ABSTRACT

A common way of organizingVindows, Icons, Menus, and Pointers (WIMP) interfaiseto

group tools into tool containers, providing one visual representation. Common tool containers
include toolbarsand menus, awell as more complex tool containeydike Micr o s o f t Oof fic
Ribbon, Toolglasses, dnmarking mens. The location of tool containers has besmdied
extensively i nslavw ehiclpgogetns selsciion tjnbdweverf seléction time

is only one aspect of user performance. In this thésisow that tool container location affects
other aspects ofuser performance, specifically attention and awarendée problem
investigated in this thesis that designertack an understanding of the effects of tool container
location on two importanuser performance factors: attention and group awareness. My solution
is to provide an initial understanding of the effects of tool container locatidmese factorsin

solving this problem, bevelogd a taxonomy of tool container location, aodrried out two
research studieS.he two research studies investighteol container dcation in two contexts:
singleuserperformance with desktop interfaces)d groupperformancen tabletop interfaces
Through the two studies, | was able to show that¢oatainer location does affect attention and

groupawareness, artd providenewrecommendations for interface designers.
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CHAPTER 1

INTRODUCTION

Although first developed nearly 30 years ago, most consumer computer interfaces are still based
on the Windows, Icas) Menus, and PointgiVIM P) interfaceapproachof the Xerox Staf34].
There are many reasons why WIMP interfaces have become so common, including bemg easi

to learn than texbased interfaces and ofiieg direct manipulation toolg!8].

A WIMP interface is made of multiple windows, eaaimtaining icons and menus specific to

that application. Each of the items represented in the menus or by the icons is known as a
graphical user interface (GUI) tool, and these GUI tools are how users are able to interact with
the application. Most work iWIMP interfaces is done through the use of these GUI tools.
Common examples of GUI tools include the bolding tool in text editors, the paint fill tool in
MSPaint, and the navigation buttons in web browssegFigure 1). GUI tools must have a

visual repreentation, and often have a lald@blre 2a), an icofFigure 2b), or both (Figurec

Arial -z -|A W) A4
I U - she x, X' Aa-|[ &~ A -| g. €« =2>201C M 5% htp://www.google.ca/
i

Font

Figurel - a) bolding in MS Word 2007, b) paint fill in MSPaint, ¢) navigation buttons in Chrome

'{ﬁa\?l! H __' EI j_ —
| il -
—‘/’l Home Insert Page Layout References Mailings

i

j il Times New Roman 12 - A A4
Pastel I BH ~ abe X, X° Aa~ ajvév

}' Format Fainter
Clipboard [ Font [

Figure2 - MS Word 2007 Ribbon: d)ome tab, b) italics tool, and c) format painter

To help organize the interface, these tools are often stored in tool containers. There are many

exampes of tool containersncluding toolbars, menus, and variations (e.g., Micrbst 6 s Ri bbon
1



A tool container groups multiple GUI tools into one vistggresentatiomnd often allows tool
activation viasimple selectionse(g, a mouse click)for example,common examples of tool
containers are toolbars and hierarchical me@tise more complex tool containers are common
in the HCI literature, including gestural interfacescls as Marking Menupt2], and bimanual

technques, such as Toolglas4és].

Regardless of the structure of the tool container, tool containers store GUI tools ttypiczdly
be activated via a simple selection. In common computer environments, this selection is a mouse
click, or a tap of a finger or stylus on a towsdnsitive display. To distinguish between other

selections that occur iimttehreacud ernd s vidrolkd p sxd

Since they have a visual representation, tool containers must be displagect@m Common
computing environments provide users with relatively large workspaces. Most users have large
displays (at least 1024x768), and tmdlisplay environments are becoming common. To make

use of this large workspace, current applications often display tool containers along the edges of
the screenKigure3a ) |, attempting to maxi mize artHaes. ar ea
Other gplications offer moveable floating containeF3gure 3b) that allow users to define the
location of the containers. These allow users to organize their workspace to best support their
work, including moving these tool containers to a secondary displajirdh common tool
container location is a useefined popup locatiofFigure 3c). Popup tool containers conserve

the most workspace real estate, because they are hidden from view until needed. They, however,
require a mode switch before tool selectioas be made.

Figure3 - a) MSWord Ribbon, b) PixelMator floating palettes, and ¢) MSWord 2007 popup tool



The choice of locatiofiora t o o | container affects a useros
that container, and when togelections occur several times during a tds&ationmay have a
substantial effect on their overall task performance. One well known effect of tool container
location is the effedhatdistancehason tool selection time. For example, researchers hagd

F i t taw ¢§the proportional relationship between the distance to a target and itstovitith
movement time required to acquire the targetmodel tool selection time in GUI applications.
Movementtime, however, is not the only considerationpefformance, and previous research

has not considered other factors affected by location.

One example of the effect of tool container location is that of attention. When working in
computer applications, users have a point of focus. This is typically gbgit of interaction:

cursor, stylus, or finger. Tool selections that are outside of this point of focus require users to

shift their attention away from their workhen make a selection, anfihally return to their
workspaceDesignersstill do notundestand the attentional costs of displaying tool containers at
different locations outside of this point of focus. For example, would it be better to have a nearby

tool container on a secondary display, or a more distant totdinen on the same dispajn

Figure4, t he user wishes to change the brush size
main display). InFigureda, the brushes palette is far on the same display, arigune4b, the

brushes palette is close, but on another display.

Figure4 - Change brush size while drawing house's dbbe brushes palettes:
a) far on same display, b) near on another display

3



A second example dfow tool container locatiomaffects performancevolves situations where

a gioup of peoplevorkstogether in a shared interface. One important aspect of effective group

work is group awareness; interfaces that do not provide good awareness do not effectively
suppat group work[32]. In the realworld, tables are often used for group work, and locations

on the table have conceptual meanings. For example, tools in the center of tlaeetddadaght

of as fAawod toolsoin each of the userso6 wor ks
We still do not, however, fully understand the effet displaying tools in these locations has

on the ability for the group to accomplish coordinated work. For exampheugl moving the

tools closer to each user malgedections easier, it is not clear whethier other userarestill

able to maintain awar enes spersonatvarkspaces!| sel ecti o

These two examples illustrate two important aspettsser performance that stem from tool

container location, but about which we have little understanding: attention and group awareness.

1.1 PROBLEM

The problem investigated in this thesis is that there is a lack of empirical evidence showing how

container locton affects user performan¢earticulaty, attentional costs and group awareness.

1.2 MOTIVATION

It is important to build a better understanding of how tool container location interacts with other
performance factors such as attention and awareness beriliget this knowledge, GUIs

cause errors, confusion, and breakdowns in coordination between users.
Attention

Interactions that occcata user 6 s p oi nt addtionalaterdianal costs) bevause | i t t |

usersare already focusing at that locatidmol containers that are displayed outside of this point

4



of focus require a visual shift from the workspace to the container and back again. This is a
costly operation, because it may break a wuser
already been accomplisgtd in order to resume working. Also, the visual shift to the tool
container requires additional visual search time, as usersvisuatly acquire the tool container

displayed at some location out of their point of interactiarthis thess, | investigate these two

attentional costghe cost ofshifting visualattention andthe cost of visual searches.

There are dter potentialattentionalcontext switches other than visual shifts caused by
container location that will affect user pmance. For example, displaying a tool container on

an external touchscreen requires a large visual shift, but also requires users to switch from
regular indirect mouse input to direct touchscreen input, and back again. This attention switch
between usig two different input types can cause mode errors, as users may be caffosed
which mode they are in.

There are already consumer technologiesexistence that make these problems.ré&alr
example, external touchscreen monitorshitp://www.mimomonitos.com) and touchscreen
laptop trackpads Hittp://www.sharp.co.jp/mebius/products/pcnj70a/index ptimth afford a
touchscreenhat could easily house tool containdBecauseahese technologieaslreadyexist, it
is importantthat we understand how these additional context switches affesfperformance

before widespread implementation because users may be confused by their use.

Thus, not understanding how container location affects attention and performance could
dramatically a®t ct a wuser 6s tool selection performanc

errors, and causing users to become frustrated.
Group Awareness

The tools designers provide to users must support both individual work and group work; thus,
there is a tradeofhetween providing powerful tools for individuals and powerful tools for the
group. Although we know awareness is important for effective collaborative worktilwdo

notfully understand which factors affect group awareness.



One factor that has not bedooked at is that of tool container location. For example, in

coll ocated tabl et op apbpawithataisplaging & tool soatainerniro w by
place,att he user d0s interaction poi ntWjththesein-pldiee opt i
tool containers, howeveyy s er s may fi nd it di fficul tThet o st a
lack of group awareness makes effective collaboration difficult, causing collisions and repeated

work, and requiring additional time and effort to coordinagegroup work.

Thus, not understanding how container location affects awareness could dramatically affect a
groupds ability to stay aware of each otherds

work, and so hinders their ability to work tolget smoothly and naturally.

1.3 SOLUTION

My solution is to provide an initial understanding of how tool location affects attention and
awareness, through empirical and theoretical evaluations. In the individual case, | want to show
the effet of tool containedocation onattention and tool selection performance. In the group
case, | want to show how container location affects awareness, demonstrating the tradeoff

between providing powerful tools for the individual and powerful tools for the group.

1.4 STEPS TOTHE SOLUTION

Three main steps were carried out for this solution: a taxonomy of tool container location, a

study of how location affects attention, and a study of how location affects group awareness.
Develop a taxonomy of location

The full set ofpossible tol container locations is very large, so it was necessary to group
locations into different categories to reduce the numbeposkibilities | thus developed a

taxonomy of location, described @hapter Three This taxonomy organizes tool selection

6



techhiques by their visual representation location, and outlines performance issues that arise
from these locations. | used this taxonomy to describe three conceptual locatiolas€inrside
workspace, and outside workspace) which | then used to creaezltimgues studied in Chapter
Fourand ChapteFive.

Study the effects of container location omttention

The first study looked at the interaction between container location and individual attention. |
looked in particular at Hplace techniques and theiccess method. | develop#deein-place
techniques, one in each of the conceptual locations from the taxonomy, and compared their

performance in an experimental study.
| found that there are substantial effects of tool container location on indiaiieation.
Study the effects of container locatioron group awareness

The second study looked at the effects of container location on group awareness. | looked in
particular at awareness in a tightlgupled task, and the effect thie demands of thiedividual

ongroupawareness.

First, | developed a technique for each ofttiveeconceptual locations in the taxonomy. Next, |
compared group awareness costs among the three tool container locations, as well as among
differing individual taskdemandsin an experimental study. From the results of the study, I
showed that container locati@oesaffect group awarenesand confirm thapublic locations

offer better awareness thparsonal workspaces
Provide design recommendations

From my two studies, Ireatal a set of recommendations for designers of GUI applications. |
provide recommendations for two contexts: individual work and group work. These
recommendations allow designers to create more powerful tools for individual work, and also

tools that carffectivdy supportgroup work.



1.5 CONTRIBUTIONS

The maincontribution of this thesis ithe new understandingf how tool container Hects
attention and group awareness, as described in Chepterand ChapteiFive. From these
studies, | created design ocgsmendations for individual and group contexts, providing

actionable recommendations in the design of tool containers.

There are several secondary contributions of this thesis. First, | developed a taxonomy of
location (ChapteiThreg that was used to pumy work on tool container location in context.
Second, | comparedhree in-place toolbar access techniques (Chapteur), and provide
empirical results of the benefits and drawbacks to the different access techniques. Third, |
developed and tested a mbvnput device and technique (Visual Trackpad, described in Chapter
Foun. Fourth,l provide an experimental environment where researchers can investigate effects

of tool container properties on group awarer{psssented in Chapter Five).

1.6 THESIS OUTLINE

In Chapter o, | outline the related research and products which will form the foundation |
build upon in this thesis. | begin with an overview of tool containers and selection techniques, a
discussion of how location has been studied in the past, ast fuith overviews of attention

andgroupawareness.

ChapterThree introduces a taxonomy of location, which divides the design space for tool
containers into three conceptual locatioasd provides contexor the investigationof the

effects of tool container locations on user performance.

Chapter Four presents an evaluation of thréeolbars, displayed in each of the taxonomy

locations, and presents empirical results showing the effects of toolbar location on attention.

ChapterFive presents an empirical study of three toolbar locations, and presents empirical results

showing the effects of toolbar location on group awareness.

8



ChapterSix discusses the results from the two studies, and outlines the design recommendations

that stenfrom them.

Finally, Chapter Sevesummarizes the work completed in this thesis, the contributions it makes,

and work that should follow on from it.



CHAPTER 2

RELATED WORK

This thesis is concerned wigroviding additional understanding of the effects of tool container
location on individual attention and group awaren&ssthis end, there are four areas of interest

in the research literaturEirst, it is important ¢ place the discussion of tool cairters in context

by providing an overview of existing tool containers and selection technifjgésw in this

thesis that the location of a tool container is an important factor that must be considered when
developing GUI applicationsThus, the second sectiomlescribe how location has been
investigated in the past, providing context for the taxonomy in Ch@ptee Third, | provide an
overview of attention, and how it has beewestigated inHCI. Similarly, an overview of
awareness, inctiing the types and how it has been investigated in the past, is presented in the

fourth section.

2.1 CONTAINERS AND SELECTION TECHNIQUES

In GUI applications selectionis often referred to athe combination ofpointing and target
acquisition In most applicabns, users indicate which item they want to select by first pointing
at the item and then invoking the selection (often, this is a mouse @islelection can invoke a
command ¢ommand selectiof23,29,36,50) or canpick a tool to interact in th workspacetéol
selection[48]). Each item that can be selectadhether it is a command or a tod,called aGUI

tool. GUI tools havevisual representaticrandareaccessed with a simple selection

Often, multiple GUI tools are grouped into tool contagmek container always has an associated
GUI tool selection tdmique. This is often a simple mouse click, but there are other more

complex selection techniques, including bimanual interacfibhyg3]and gesturegt2].
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2.1.1 Containers

A tool container is a GUAMrtifactthat groups multiple GUI tools into one visual representation
There are many examples of containers in the liter§dut€,12,22,23,29,36,43,54,56,64hese
can be grouped by aspects of their visual representations: static visual representations, movable

containers, and hidden (popup) containers
Static visual representation

The firstgroup of containers ithose withstatic visual representatianThesecontainers have a
visual representation on screen at all times, and their representation location .isTved
common examples of static visual representation containers are static t¢dphags50]and
linear menug4,12]. These containerare common becaughe list of posible commands is
visible and thusare easy to use and easy to learn for begirf@éfsMost GUI applications have
one or more toolbars their interface for example, sed-igure 53). Also, airrent operating
systems €.g., Windows, Mac, Linux) have menus associated with their applications (displayed

in the application window or at the top of the screseeFigure5b).

= Untitled 1 - OpenOffice.org Writer = = = = Untitled L - OpenOffice.cng Writer =@ B

4 (e Doas Form 5 oo Windo  Hed X File Edt View Jnsert Format Table Tools Window Help
e Bas w & B @m-v h2E B EEE L) W ] FECAL B @m-v h2oE

e | Default =] Tires New Romin =2 (= B S U |E|Z=3m ifife< & e | Default = | Tirnes New Romn =l n = BJF U |[E|Z 3 m ifife4E

- EEE S YR @@l hdesedTeles f5 - 108 Y RO BEENS U-BE- @5 @l kesendTies §5 MR

sx@wymy X

R R R L = O ES PERr IE R REP LR R FRRE AP REPE R I R I € AN TR A

wWmw
wWmw

‘ This is a text document ‘ This is a text document

Pagel /1| Default | Emglish (Canada) |INSRT STD | |* OBRM | e hd @ 100% Pagel /1| Default | Emglish (Canada) |INSRT STD | |* OBRM | e hd @ 100%

Figure5 - OpenOffice; a) stacked toolbars, b) menus along top of window

Although toolbars and menus are common, they are slower than wibes advanced
techniques, such as keyboard short¢dt§. One reasoithey areslower is that they areften
displayed along the edges of the screen making them thestatéingets to reacthowever, all
standardmenus are not created equallynfenu displayed along the edge of the screen will be

faster to select from because it legsentially an infinitéargetwidth in motor spac¢l].
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There have beeseveralattempts tomprovestatic tool containers-or example, @it menus[62]

offer recency or frequencybasedayoutof items and have been shown to be faster than regular
menus [62]. Even simfe toolbars have been modifiedMicrosoft Office 2007
(http://office.microsoft.comhas introduced new toolbar called the Ribbomhe Ribbon is a

tabbed basedontextuatoolbar, and replaces the previous menu system

The Len#/ouse[71] is atouchscreen attached to the top of a regular m(aesd-igure6). The
authors in[71] testedLensMouseas a directouch tool paletteln their study, the tol palette
displayed was statianaking LensMouse a static visual representation cwedhowever, this
technique could easily be used for dynamic containers: contextual tools, for example, that change

depending on which item is selected in the workspace.

Soft Scroll Wheel

Soft Buttons
(left+right click) -

Touch Display —

Tilted base for
better viewing
angle

Figure6 - LensMouse prototype (frof71])
Moveable containers

The second type of tool containey those that are moveabl®oveable containersave a
dynamic dsplay locatonThey can be moved cl| onakengthemdaster user
to use[47]. Moveable containers also allow usergl&dine the location they want to display the

container, allowing users to organize their worksgadsest support their work.

A common moveable container is a floating palette. These are common in CAD, drawing, and
image manipulation applications because users only need access to a small giotkien
available commands at a tim&hey are also used in other applications, susltcatextual
Inspector windows in OS ApplicationgseeFigure?).
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Figure7 - Inspector windowon right side oMSWord for Mac

Another type of moveable container is one that is controlled by another input dewice.
example,Toolglass[10] is a bimanual interaction technigue that makes use of a second input
device oper at adminmtyhand A Toslglassocentainsosheets GlI tools that

are selected wusi ng .The sheetsaam trrénsparehty offerngaan type bfa n d
interaction cakd a seghrough interfac¢10] (seeFigure8). Studies of Toolglasses haghown

they are efficienf50].

e

Figure81 Exampleof Toolglass sheeh) the workspace iteifa house)
b) fill-tool skeetmo ve d by t {daninanshandd dick throughblue colorwith the
cursomoved by t he us madifying wirkspecenitanmbelownhtize rshebet

The last set of moveable contaimes those that are not explicitly moved by the usestead,
these containers follow the point of interaction (the cursor or stylus) sataaways closéy.
13



The main motivation for this typeasdadscribed loyl I s

Fitzmaurizeet al [22], which are monotonoushen switchingrequentlybetween tools

An example of following containers afeacking menu$22], menus di spl ayed abov
point of interaction. Users can move within the menu without moving the containevhbunt
the stylus makes contact with the edges of the menu, theimenmovesith it. Fitzmaurize et

al. [22] found thattracking menus were goddr panning and scrolling in large documents

Anotherfollowing tool switching technique is PieCurd@3]. This moveable container is based
on Trackingmenus in that it displays a radial menu above the cursor; however, in PieCursor, the
movement of the cursdrighlightsone of the options in the menA click then selects that menu

item, and draggingerforms that operation (for example, zooming or panning).
Popup containers

The last group of containers is popup containers. These containers are hidden from view, and
when a modifier key or gesture is performed, the container is displayed. There aypdwof
popup containers: those that pop at a fixed screen location and those that ygo@bove the

current point of interaction.
Containersthat popup ata fixedscreen location

The Springboar36] is a popup menu on tablet PCs that is displayed ibdttemleft corner of

the tablet. tis location is constanas itis always displayed in the tool lagaon

Visual Trackpad15] is a direct touch popup toolbdeveloped for study 1, andgsented in
ChapterFour. A trackpad is used as a regulaouse, ané mode switch displays a toolbar on the
trackpadés touchscreen, allowing for direct i
toolbar on another devidee., not the main seen) and thus does not pap above the cursor

The LensMousg71] is implemented similarly, but does not use a trackmadrdirect input;

instead, the physical movement of LensMouse provides indirect input, as with a regular mouse.
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These examples of popup containers appear at the same screen leaaliotime they are
activated They can appear at the same locafmmconsistency, such as the Springbof3€], or

because of physical restriction, such as Visual Trackpa8] and LensMousg§r1].
Containersthat popup around the point of interaction

The next group of tool containers are those that pgpabovet he user s poi nt o]
(either above the cursor, or around the stylU$)e most common popup tool containers are
context menusin current operating systems, these are typically aygul after a rightlick

occurs. A context menu contains comndm that are appropriate for the item clicked, and

selecteccommands only modify the item that was clicked.

Above-cursor popup toolbars also exist. For example, in Microsoft Word 2007, highlighting a
piece of text and per f orenisplay a@olbarhustadove the text a n d
(see Figure 9)This toolbar contains commonly used text commands, such as bold, fonts, and
bull eting. Anot her example of a popup tool bar
Cursor[15]. Once a modifier key is depressed, a toolbar appears above the cursor, replacing the
system cursor with a shadow cursoseld control the Isadow cursor and make a selection from

the toolbar, which hides the tdalr and replaces the system cursbine clickaroundtod-based

graphical interfacg9] is another example of an abesersor popup toolbar, but uses two mice

and two cursors.

. N
. - oo
JE@ FICEE ) Documen #l - Microsoft Word
S Home T e s S T @
“51 M Times New Roman MERIIEES = 5 iE| AP’ % A
-qu\nxgvahx,x*uﬁfm%%é -
Paste = - = ol Quick Change Editing
- || A dar AT [~ {4 | Styles~ Styles~ || =
Clipboard & Font 5 Paragraph & Styles &
Times New ~ |30 - A" A7 A <
|B|f EW-A-EEi=-
Text
L L
Page:10f1 | Wordss1/1 | <Y  English [Canada) UEE BER Eg -
\

Figure9 - MSWord 2007 popup toolbar
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Pie menug12] (see Figure 10and a modificatiorof them, floating pie menys6], are another

type of aboe-cursor popup tool containeAlthough pie menus could also be implemented as
static visal representation containdi?], typical implementations of pie (or radialjenus are
abovecursor popups. Aese menus arrange the menu items in a circle around the cursor instead
of in a linear list This arrangement allows each element to be selected with the same effort, but
in different directions (as opposed to linear menus, where the access time is proportional to the

number of items in the menl2]).

Figure10 - Exampleof anadvancedolor-selectionpie menu

The Hotbox[43] technique is an abowaursor popup tool container. It contains many different
types of containers within it, includingodal dialogs, menus, radial menus, and marking menus.
The Hotbox was implemented for theD 3animation and design application Maya
(http://www.autodesk.compue to the large number of commands in the applicatwar200
[43]), the menubar system previously employed was overloaded and cumhei$mmeew
design, the Hotbox, enabled quick access to commasegd commands via series of marking
menus, and made access to other commands still available through varioushetidars
displayed within it

Optional visual representation

There are other tools that papp abov e t h ebutthsse todls arecoperated via
gestires Theysupport expert usage by not displaying the tool contairieeifjesture occurs fast
enough.The tool container can still be displayed if the user paf@ees specified period
[29,42,54]
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The three tool containers described in this section are based on marking[4#&nAsmarking

menu is a popup radial mehuh at appears above t hé42ueeandts poi
of interactionis the location of the stylusitemsfrom marking menus are selected by making a

mark in the direction of the tool to select in the radial méwarking menus can be linear or

hierarchical 73], and should be no larger than 8 items 2 levels deep or 4 items 4 levels deep

Two containers based on marking menus Rl@vMenus [29] and control menug54]. A
FlowMenu is a hierarchical marking menu that includes commamd @araneter entry in a

single gestureThe first mark selects the command, then following marks stdegbarameters

for the command. & example, when the first mark selects the zoom command, the next mark
selects the zoom levgb4]. Control menus are similar lowMenus except they include other
interface elements to select the parameterskihg the zoom exampl#om above, a control

menu may display a scroll bar that can change the zoom level, instead of requiring users to enter

a numerical value, as witlowMenus

In conclusion, a tdocontainer has two main role$he first is to display the availboptions
that can be selecte@ihe second is to allow users to make selections from tNext, | continue
the discussion of tool containers loescribing different selection techniques employed by

examplecontainerdrom the literature.
2.1.2 Selection technjues

The main purpose of a tool container is to provide a way for users to make command and tool
seletions from the available itemd&Jsers select items from tool containers using a selection
technique Selection techniques can be grouped by their sefeatiechanism: simple selection

or gesturs.
Simple selections

The overwhelming majority of selection techniques employed in current systems are simple
selection techniques. These selection techniques can be grouped into threeutgoesticks,

direct taich taps, and the selection of one item in an area.
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Cursorclicks

Cursorinput is the most prominent spatial utpmechanism in current systenursors are
generally controlled by input devices such as mice, trackpads, and trackballs. These devices
provide relative 2D inpytallowing users to position a virtual carsat any point on a 2D screen.
Many of these devicgsrovidemultiple selection methogsanonically knowras leftclicks and
right-clicks. Many tool containers (e.g[5,10,15,22,23,25,48,56fctivate a tool when users

performasingle leftclick on an item
Direct touch taps

Another form ofsimple selection occurs in direct touch systemsh sisctouchscreens atablet
PCs. In these systes there is no mouseo users enter spatial 2Bput via their finger or stylus.
Simple selections occur via a tap on the screen at the location user® wiaite aselection.
Examples of containers that have this type of selectiofiar&5,36,71]

Selection of one item in an area

One limiting factor ottypical cursorinput or direct touch inpus the speed at which a user can
move the point of interacti orslaw,Tdiscussecexpieed h a:
Section2.2.1, however, many researchers have attempted to increase human performance by

selecting using areas instead of po[Bis

The first example of this type of selection technidgiarea cursof39]. Area cursors define a
spatial region on the screémat is controlled by the mouse&his area is larger thathe single
point of regular cursorsand so makes seleati@f very small targets ei@s. There is confusion

of which item in the area that will be selected, however, when targets are densely packed.

A second technique, Bubble Curgar], expands on the idea of area cursors but instead dgefine
the areadynamically. Bubble Cursatynamically divides the entire screen istlectionregions
such that one item is in each region at all timiésus, Bubble Cursor increases thaivation

area of each target, instead of modifying the activation area of the cursor, aseaitbursors
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Gestures

In contrast to simple selection techniques, which either require a mouse click or a direct touch
tap, some selection tedljoes accepmore complex inputOnecomplex input type is gestures.
Both the HotboX43] and marking men{42] containers accept gestural input.both cases, the

gestures are directional marks that indicate the direction of the item the user wistlestto

Another type of gestur al selection teMadicni que
Mouse (http://www.apple.com/magicmougge/a n d i n Mi c r o sfieef grototype s ear c
multitouch mice[69]. These gestures are not directly tied to a tool container, but some of the
gestural selections dolset items from tool containerfor example, the-8nger left swipe on

Apple laptopsi s known as the HAbacko gestur e, and w
invoking the fAibacko but iibamd&bsinthisadantexd.ppl i cati o

2.1.3 High-level models of selection

F i ®law,dliscussed irBection2.21, is a lowlevel model of selection. There are, however, a

few highl e v e | model s of s el e c t-stabtenmodelj kegstrodedel n g Bu.
modeling (KLM), and GOMS (goals, operators, methods, and selection, ralsugh none of

these models considers selectimyond the issue of movement time

Three-state model

The firsthigh-l e v e | mod e | of sel ect i-state mpde[@l} ehetfukb d 1 s
threestate model assumes a hover state, such as that present wbasgdsnteraction. A sub
set of the full model is presentedrigurell, andformsthe basis of this discussion.

Mouse up
(selection)

Cursor Highligh
movement Mouse ighlight

down

Figurell - Buxon's threestate mode(simplified, based orjl11])
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This model was created in order to provide a way to compare different task mesnptseand
match them to correspondingly capable input devidd3. In Figure 11, state O represents

regular mouse cursorawement, whereas state 2 represents a-alckdrag action.
Keystroke-level modeling(KLM)

KLM was designed with one goal i n mind: népr e
takes an expect user to perfor mJ[l3]. Tgeimodeh t as k
assumes that a task can be split sets made up dive operators: K (keystroking), P (pointing),
H (homing), D (drawing), an®l (mental preparation)The total time required toomplete a

task, without errqris the sum othe operators required to accomplish this task.

Card et a[13] also provide a series of time estimatescdmmmon tasks. For example, a pointing
operator takes about 1.1 seconds and a keystroke takes the best typi€l.@®@#conds to

complete.
GOMS

A third main model of highevel selections GOMSi Goals, Operators, Methods, and Selection
rules[38]. In this model, goals can be thought of as the task to accdmibiis exampledelete a
phraseor insert a wordThe operatorare theactions that need to occur to accomplish the goal
for example,click a mouse buttoror move the mouseThe methods ar¢he sequences of
operators that occur in order to accomplisfpal i for example click mouse (select beginning
of word), move mouseh{ghlight word), press deletf¢he three operators together accomplish the
goal delete word)Lastly, the selection rulegutline which of the methods will be selected to
accomplish a goal for example,you can delete a word by the method outline abovdyyo

clicking at the end of the word and hitting the backspace key multiple f88ks

There are many variants of GOMS  lheir discussion is osgide the scope of this thesBOMS
has been used in different application domains in order to model the performance of an expert
doing work in thoseapplicatiors, in orderto find bottlenecks in the processes offered by the

appliation.
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2.2 LOCATION

For this thesisl aminterested in how the choice of location of tool containers affects individual
attention and group awarenebsthis case, location refers to the physical location of the visual
representation of ¢htool containersyhich includes the screen on which it is displayed as well

as the location of the tool container on that screen.

Other than the location of the visual representation of a tool container, there is also the physical
location of input to the systerihis becomes importaim orderto distinguish direcinput from
indirect input (se&ection2.2.2below), as well asadditional factors described in the taxonomy

of location presented in ChapfEnree
2.2.1 Location and performance

In order to evaluate and c@are user interface designs, HCI researchers have long attempted to

create models of user performance.
Fi tsLasv O

One model of user performance that has been particulsefult o HCI| slaw [2F4i7]t t s 6
F i sltaw éstimates the movement time of a selection (MT) with respect to the distance to the
target(A) and the width of the target (W):

DY & ® aé¢'@ — 2.1)

with a andb being empiically-determined constanfd7].

When applied to ¢Law provides twbo empontant abservafonst [irst,6the

smal | er a presentatsis insidesaucantairfer.ee . , t h eW)ttheloriges g wi dt |

wi || take to select. Second, the farther a |

interaction (this distance is called the amplitude of movement, A), the longdrtakei to select

a tool from it. One important observation is that this distance, A, is entirely defined by the

locai on of the tool container and the | ocation
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F i t Law @vasoriginally developed for 1D reciprocal tapgiriasks[20]. Fitts and Peterson
further extended this work to discrete tapping tajgkd. Subsequent research has extended
Fi sltaw @ 2D selectiongn computer environmen{g7], which hasprovedquite useful for
HCI researchlt has also been shown to hold for many different input devices, includeng
mouse, touch, and eye ggzé], and has been used to evaluate and compargy fimteraction

techniques.
In-place tool containers

F i & tasvgorovides an important atacteristic for tool containerskeducing the distance

between the current point of interaction and the tool container will reduce the time required to
select from itsot o o | containers that are displayed abo
pace containerso) wild.l be faster to select fri
the interface This observation is not novel, and has been the motivating factor for many
techniquedrom the literaturg10,15,28,29,43,50,71]

Representationlocation and awareness

As noted in Section 2.1, tool containers have a visual representation, and the location of this
representation can affeaspects of user performance. For exampiee et al[55] investigated

three representation locations in a tangible learning envinonrre their study,they built a

digital tabletop system to teach children ahtbt behavior of lightThe tabletop was augmented

with physicallytangible objects, such as lights and mirrerkich affect the virtual environment.

They define three feedbacepresentation locationsliscrete, cdocated, and embedded, defined

as completely separate from the tangif@a a wall display) adjacent to the tangibi@n the

tabletop) and within the tangiblédisplayed on a screen attached to the tangibés)yectively.

The authors found that awareness was negatively affected by the discrete location, because
awareness fA...becomes a hard task in thbds co
ev e ns56]s 0
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2.2.2 Reach

Reach refers td¥é the maximum extension of the arm at which the user can perform a
ma n i p u [63].tIn tlisncontext, reach is a physical manifestation of the direct manipulation
interface When provided with indirect input, this limitan is often no longer valjdbecause

indirect input is not | imited to the physical

Reach is important for a study of locati@pecifically inmulti-user direct input applications,

becauseeach defines the area whéoel containers could be displayed fach user.
Direct input

Buxton defines direct input devices as fdAdevic
s u r f[al¢. énother words, direct input, by definition, implies that the input spacettend

display space are overlaid.

Examples of direct input includ®uchscrees and stylus input in Tablet PC3he point of
interaction for direct input is the physidateraction point. That is, the interface location where

the physical contact occurs is also the location of the virtual point of interaction.
Indirect input

The converseo direct input is indirect inputndirect input implies that the input space dhd
display space are distinft1]. Indirect input typically offers a virtual embodiment as feedback

of where the point ointeraction curremy is in the workspacedne of the most prominent input
devices, the mouse, is a prime example of indirect input; the physical action of moving the
mouse moves the puiof interactionthe cursorpn the screen

Reach in userinterfaces

One limitation of direct input is readb7]. I nterface el ements that ar
physical rach cannot be interacted with without physically mgvaround the space&ome
interface elements may not be reachable at all; for example, a wall mounted display may be too

tall for children to reach elements at the top of the display
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Reach is not oftean issue for indirect input. Whereas direct input has a physical limitation (e.qg.,
arm length), indirect input can access any element in the intedaeaelementson another

display located in a different room!

Within singleuser applications, reach riarely an issue. Singleser applications are developed
specifically for one, often stationary, person and so all elements can be displayed within easy
reach of this person. In muliisplay environments, some elements may be physically out of

reach of thaiser, but this is often mitigated with the use of an indirect input device.

On the other hand, when muplie users are working within the same interface, reach can be used
as a signal to the ownership of that itf#]. For example, if one user places an item within their
reach but outside of the reach of the other users, this may be a sign of the user taking ownership
of this item Some systemssuch asTractorBeam[51] and HybridPointing [25], attempt to
mitigate the problems with direct input on large displays by providing direct and indiratinnp

the samenput device
2.2.3 Splitting the interface into areas

Researchers have investigated two different metlobd$ividing a shared interface into parts.

The most common method is territoriality, which defines areas on a tabletop display to be used
for individual work and other as for group workAnother method follows the workbench
appr oach, whhpgraetionts loetion degendérd: a stroke in the cutting area will cut

theartifact whereas the same stroke in the drawing area will draw a line.
Terri toriality

Tables a@ commony usedto organizeindividual work andto support collaborativevork tasks

[60]. Due to the important naturef tables in the real world, interface designers have been
interested in augmenting reabrld tables with digital displays and input devices. Scott et al.

[60] state that digital tabletop applications should model real wiatdes becausedigital
tabletopscans upport Ad...the interaction skills peopl

at traditional tabl eso
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Thereare many open questisin digital tabletop designdut one aspect of the real world does
appear to transfer to digital tables: territorialifferritoriality has been described as the
partitioning of a physical workspace into territor|é8]. Each territory supports certain kinds of
collaborative work. Scott et g60] have shown three types of territories: personal, group, and
storage. Territoriality has also been igtigated with respect to readh.[67], the authors found

the Reach Envelope model correctly predicted that the tabletop surface would be split into
regions defined by the reach of the users: anethsn the reach of a uselefinedtheir personal
workspace, whereas ardasyondthd i mi t s of edefinédthelggoapwbrkspacee a ¢ h

Another project that partitions the workspace is Café® but in this case they use multiple

i nput devices and displays. I n this system, 3
allowing for the personal workspace to also be privakere is also a public space, a tabletop

display, where all users can interact together.

The workbench approach

|l nstead of defining areas on the tabletop wit
Modal Space$18] uses the workbench approach. Areas in the shared interface define the tasks
and operations that can occur in that area. Users can move a document into ondaxfaie

Spacedo perform the actions that are valid in that location. This view of splitting the interface is

documenicentered, instead of useentered.

2.3 ATTENTION

Attention is a topic that all humamsnatelyunderstandi At t ent i on iprecess bfe ¢ o0 g
selectivelyconcentratig on one aspect of the environment while ignoringloe r  f2hihn g s o
cognitive psychology, teention is currently understood aa broad array of phenomen
Researchers often divide attention into five typesused, selective wstched, divided, and
sustained70]. In this thesis, | arspecifically interested in focused and selective attention
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There are at least two input channels to atbenmnodels: visual and auditoiyluch of the initial
research into attention focused on auditattention[14]. In this thesis, | anmterested in visual
attention.In this section, | first describe the different types of attentiocusing on the two that

are relevant to the work in this thesis: focused and selective attention.l Nexte to a more
specific kind of attention, visual attention, followed by a discussion of visual search. | conclude

this section with a discussiaf attention in the HCI literature.
2.3.1 Types of attention

In this thesis| aminterested in how attentiois affected by tool containerssgiayed at different
locations.To o | containers can be displ aylsdpoimiser t h
often rekrred to as the focus poift0], andattentionat this location is called focused attention.

When users make alsetion from a tool container not displayatitheir current point of focus,

users must shift their attentiontoh e t o o | c 0 n This shifteequires uders © fotus o n .

on a different part of the environment, and this type of attention is caledtive attention.
Focused attention

Focused attention requires a conscious and sustained effort to attend topamtiomof the
environmen{70]. In visual attention, the center of the arét@raded to is called the focus (see

Figure 12). There is a cost to maintang attention to the same location, sadthe sustained

attention requiredy a nightwatchmar{70]; however, itisinsi fti ng oneds atteni
problems occur, such as being interrupted and forgetting previous informatiovathatlid [3].

Voluntarily moving oneds attention from one f
Selectie attention

Selective attention requires attention shifts from one channel or task to di@6ih&n attention

shift incurs an attentional cost on users, asdttention is typically thought of as a limited
resourcg70], more expensivattentioral shiftswill af f ect a us enoré@ Everpasr f or m.
one attempts to focus on one area of the environment, attention may betamttivehifed to

other areas.For example, hearing footsteps coming towards you will draw your atteintion
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the book you are readingn this example, the twetimuli arein different input channels: the
footsteps are auditognd reading the book is visu&venthough the footsteps are in a different

channel, you magtill shift your visual attentiofrom the book to the direicin of the footsteps.

The power of selective attention can also be demonstrated by the example above. If the footsteps
are regular, youmay assume it is a runner and not bother to look over; however, you may look

over at the footsteps if they are accompanied by calls for help
2.3.2 Visual attention

There are two related models for visual attention: the spotlight model, and the model that

supergdes it, the zooftrens mode[70].

Visual attention is split into two stages: in the first stage, the entire scene isgaae parallel,
and in the second stage, attention is focused to areas of the scene in a seria]f@khidre
area ofthe environment in which the user focuses (Begire 12, the focus) is where most
information is gathered from the environmenArtifacts that appear in the fringe are pre
attentively processehat is,processed before users consciously expend ¢7io}), but the user

may not be consciously aware that they have gatteery information from this area.

Margin

Figurel2 - Visual field of selective visual attentio
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2.3.3 Visual search

Vi sual search i s nan effort to detect or | oca

search field i FOl.wusetscarkoous anronealempentiow of & set of distracters
using selective attention, and focusing on this element requires first acquiringlehent
through visual searchN/isual search is one of the core activities in typically GUI applications

[24], as users are required to sdafor the graphical element they want to interact with.

Researchers have used the response time (RT) or accuracy as measures dichtiva gdisual

search task if70]. When the element users are looking for is dissimilar to the other elements in
the search set, the RT is essentially constant: elements that are different from the distracters
around it @ p oes,making the seach task tavid ¢the aher hand, when all of

the elements are highly similar, RT increases alnmostitly with set siz¢24]. This suggests

that visual search is a serial process, since users must look at each item individually and decide if

this is the item they are searching for or not.

Treisman and Gelade suggested that visual attention has botkattentive aspect and a
conscious attentive aspect. The feature integration tHé8fystates that complex objects are
first interpeted preattentively by their simple attributes, such adour, shape, and motion,
creating a set of feature maps representime items in the environmemiext, focusing on one

particular area of the environment allows a user to consciously interpmethvely are looking at.

Visual attention and visual search have been investigated in HCI, typically in menu[48&rch
and icon searcf24].

2.3.4 Attention in HCI

Attention and cognitive load are often motivating factors in much HCI research,
10,23,28,29,40,41,42,A8Attention is often not defined, simply relying on the colloquial
definition of attention that Bpeople intuitively understand.

Some models of attention and human performance do exist, includingRA{ZT, Eye

Movements and Movemén of Attention (EMMA) [57], and Executive Pr@ssinteractive
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Control (EPIC)[6]. These models of attention have been used to study visuahseauser
interfaces[24]; however, in this thesis, | amot interested strictly in visual search, but in the
attentioral costs of switching attéion, which requires visual search to acquire the target that

visual attention is switching 1o
Shifting attention

One model of shifting attention has been proposed by Plumlee and[¥8arén this research,
the authors investigadeéhe time required to compare two items that were not necessarily visible
at the sameitne, thus requiring the users to scanlizoom to view the two item3hey proposed

that the time to compare the items is:
Y Y B 6 0O (2.2)

where S is the setup time before the comparison, v is the number of switches between the t

items, B is the time spent switching between the two items, and D is the time spent at that item.

According to this model, we can reduce the comparison time by reducing the number of switches
between the two items, reducing the time to travel betweetwib, or redaing the time spent at

each itemApplying this model todol container selections, | anot interested in D (that is, how
users collect informtion from the tool container)n this thesis) look at reducing B the time

spent between thieems

2.4 AWARENESS

In this section, | turn my attention to one important aspect of collaborative work: awatleness.
first define awareness and different types of awareness that have vedodet in the CSCW
literature. Next, Imove into a discussion of woto measure awareness, and conclude with some

factors that affect awareness in collaborative tasks.
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2.4.1 Definition and types

Similar to the idea of attentioawareness is something that everyanderstandsiNe are aware
of the other cars on the road, of ckids playing in the backyard, and of those foepst
approaching from behind usjoWwever, in the CSCW literature, there is debate radothe

definition of awarenesd-or example, Schmidt makes the case that awareness is not a single

idea: there arelotfo t ypes of awareness, or as he writes
when we in CSCW nees®dheawanr gdledaswvasfe what ?0
Awareness has been generally accepted to be

which provides acdne xt f or vy o (16]. ltovasnorigeally stusdied tinyethnographic
studies, including subway control roof85] ard air traffic control roora [45], and has more
recently moved into the experimental laboratf3y,37] In the CSCW literature, different types
of awareness have been defined and investigated: situation awareness and wavkapaoess

are the two main typesf awareness.
Situation awareness

Situati on awa ftodhemisute cagrsizantehrequirédutg operate or maintain a
s y s t[&.mMuch of the research into situation awareness is based on atimmeaV studies in

aviation
Workspace awareness

In this thesis, workspace awareness is the most relevant type of awareness. Workspace
awarenessh a s been def Hotlecho mesntithredeupst andi ng of
interact on wi t h a s H3]rlteirdc Iwpél ekaentp flappendng in the workspace

inside the temporal and physical bounds of the tasktha he gr oup [32]sandcsar r yi n
workspace awareness includes both awareness of the state of the workspace itself, asewell as th
interactions withinti[32,37]

Ha et al [33] degribe a type of awar@ss called awareness of actidwvareness of action is a

part of workspace awareness, since the interactions with the shared workspace can be considered
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with respecto each action each user takes. In this thesis, interested iratype of awareness
of action: selection awarened¥hereas awareness of action could include interactions such as

drawing, selection awareness includes only the GUI tool selections that occur in the workspace.
2.4.2 Measuring awareness

Awareness is difficult tomeasure directlyOne approach is instead to measure the lack of
awareness by observing conflicts with the aspects of work that showddpperted by good

awarenesf37].

Much previous work has attempted to measure awareness byetompime and error§33].

Fd | owi ng Gut wi n[3082]aharaGterieatiam bf evorlgs@aawareness, Hornecker
etal [37 descri be that Aficl ashes, xawple$ of sai lach af
awarenessT hey cal | these negative awareness 1in

influenceon anot her [B7her 6s actionso

2.4.3 What affects awareness?

and
di c

With a general understanding of what awareness is and how to measure it, researchers have

investigaéd someaspects ofvorkspacs that affect awarenesdn this section,| describe two
aspects that have been shown to affect awareness: presence and input type.

Presence (collocated or remote)

Collocated teams use social cues and social dynamics to coordinate collaboratiy@5wik
The affordances that are so natural in the collocated setting are not availaisteibated (or
remote) workspaces-or this reason, much work in CSCW has been in suippgodistributed
work [e.g.,32,66] In this thesis] am interested solelyn collocated applications, and focus on

understanding awareness as a baseline before attempting to augment distributed systems.
Input type

Ha et al [33] compared mice, stylus, and touch input in a collocated tabletop application. They

found that input type (direct inpatr indirect input) affected awareness of action: direct input
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(touch) provided faster response from other users, showing that direct input was better than

indirect input for awareness of acti¢a3].

Other researchers have shown that input type affects awarenesxafple, Hornecker et.al

[37]f ound t hatérteosuwclht e dn piunt niior e positive indicat
also caused more inference than moudeased inputThey also note that although touch input

causé more interference, the recovery from these collisions was faster than with mouse input,

suggesting that the physical actions afford more fluid recovery from collisions.
2.4.4 Tradeoff between supporting group work and individual work

In multi-user applicationgjsers often switch from working individually and working as a group
[31]. Humans can only effectively attend to one thing at a time #¢ention irSection2.3), and
becausepplications must support both the individual work and the group work, there is then a

tradeoff between supporting the individual work and the group work.

One important aspect to supporting effective group workipgparting propegroup awareness
(see awareness above); however, steobniquesvhich are powerful for individual users, such
as keyboard shortcuts, do not provide good awareness of the action to othelS3L$&s
because the physical movement is small, and there may be no obvious changenktpacs.

There is also aimportantissue of supporting the transition between working as an individual
and working as a group. This was one of diesignguidelinesof digital tabletop collaborative
desigqn proposed by Scott et §b69]. In this thesis, | do not focus on effectively supporting these
transitions; instead, | provide a baseline for performance in an awareness task, wiadspro
context for future work in augmenting collaborative tabletop systems to better support group

work.
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CHAPTER 3

A TAXONOMY OF TOOL CONTAINERLOCATION

Tool containers are a common way of organizing an interface by grouping tools into one visual
representation. Most WIMBtyle GUI interfaces make use of tool containers, with common
examples including toolbars, contextual windows, and menus. More coroplecontainers can

be found in the HCI literature, such asarking menus[42] and Toolglasse$10]. These
containers have some properties which differ from simple tool containers like toolbars and

menus for example, they may use gestures or Imoa input.

It is difficult to compare different tool containers because of their various properties; however,
all tool containers sharene property Tool containers must have a visual representation, and

thus, tool container location is a common propartong all tool containers

To organize my investigation of tool container location, | propos@xanomythat compares
three conceptual locations {place, inside workspace, outside workspace) against various
performance issigseand propertiethat affectthe performance of tool containers at each of the

locations

In this chapter, | first describe the three conceptual locations and how | define a workspace. |
then describe each of the performance isanéspropertiesand how each affects tool containers

displayed in the three locations.

3.1 THE THREE CONCEPTUAL LOCATIONS

There are three conceptual locatiomBeretool containers can be displayed:glace, inside
workspace, and outside workspace. In order to describthitbe conceptual locations must

first describe how | define a workspace.
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3.1.1 Workspace

Workspaces contain the tools we can use, as well as the astifidcts (such asdocuments,
images). A workspace can be a dynamic concept, but we often think of a workspace as the area
in which we are intercting In computing environments, the workspace is limited to the
available screen spac€his means thahe workspace cannot be extended outside of the main
display to the walls or the floor unless there are additional displays there; however, wtgch par

of the available screen real estate are part of the current workspace?

Most current computer applications are designed for sungge, singledisplay, mouse and
keyboard setups. In these applications, the application windomhich the user is curreht
working can be thought of dse workspace. A typical task in this type of environment is word
processing. The worartifactthe user is working on, in this case the document, is in the center of
the workspace with the tools stored along the edgesddieen (se€igurel13).

T2 Untitied 1 - OpenOffice.org Writer =B %8

File Edit View [nsert Format Table Iools Window Help

T-EBH= B-¢ B- BEH-v H2EETL @ T 1 8

8 |Default 0 [ BJfU|E==s Tt A-Y-2- 0018
o = i+ @B % @ |l IndesandTobles §5 -1 &g BN,

D NN N N N R R T R R P U

This is a text document

. User's workspace

Pagel/1 Default English (Canada) INSRT | [STD | [* [&i] e L4 @/ (100%

Figurel3- OpenOffice window showing tools along the top, workspace in the center

Another type of computingnvironment is one where multiple users are working on a shared
display. These displays are often horizontal, forming digital tabletop environments with users
distributed around the edges of the table. In this situation, the workspace of an individigl use
often not the entire display. Territoriality describes how users partition a displagergonal

workspaces and group workspaces (Sgerel4).
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Storage territory

User A} Personal Group territory Personal || UserC
territory territory

Storage Personal Storage
territory territory territory

User B

Figurel4 - Territoriality divides the table into territories

For thesingle user, dualisplay setups are becoming commonplace additional display can

be included in the workspace by extending the window over both screens. On the other hand, this
additional display could be a separate workspace, say containingaih@ient. For multiuser
tabletop applications, the wuserds workspace
however, two users could merge their workspaces together, creating a larger workspace for the

two to perform some collaborative task.
3.1.2 Locations for tool containers

With the above discussion of workspace, there are three conceptual logatidnish we could

display a tool container: iplace, inside workspace, and outside workspace.
In-place

An in-place tool container is displayeéartheus e r 6 s p cactiontinsiadeftheirn workspace.
Accor di nglLaw, thesd~contatnersdshould be the fastest to select from because they are
cl os est s tuoentgointl af éteractiorin-place containers are often popups, such as
right-click context menus, but they may have static visual representations as well, such as

Toolglasse$10].
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Inside workspace

The secad conceptual location is inside the workspace. The most common examples of these

types of containers are toolbahgerarchical menusnd floating palettes.
Outside workspace

The third conceptual | ocati on I s onott vweyde t h
commonly usedas a location for tool containgerand is typically only used as notification of

system events, such as popups in Windows from the system tray.

3.2 A TAXONOMY OF TOOL C ONTAINER LOCATION

In Table 1, | present a taxonomy of tool container location. This taxondimides tool
containers by the conceptual locatioims which they can be displayed: iplace, inside
workspace, and outside workspatle taxonomy also describes seven performance issdes an

tool container properties that affect user performance for tool containers displayed in the
conceptual locations. Each of the seven performance issues and properties are discussed in this

section.

Thetaxonomy provides context for the two empirical stisdn ChapteFourand ChapteFive,

as well aguture work, described in ChaptSeven

The table rows have been split into two parts: performance issues and optional tool container
properties. The first part lists four tool container performance issussotcur with all tool
containers: visual shift, visual search, occlusion of the workspace, and association of tool and
workspace. In the second part, | list three properties that some tool containers have: popup,
bimanual interaction, and the locationiteraction. All tool containers are affected by the items

in the first part, whereas the items in the second part only affect some tool containers (for
example, only some tool containers are popups, but we can compare all popup techniques in the

three caiceptual locations).
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Tablel - A taxonomy of tool container location

In-place

Inside workspace

Outside workspace

Performance issues

Visual shift

-Smallest visual shift

-Medium visual shift

-Largest visual shift

Visual search

-Easy to acquire the
container

-Clutter may make this
difficult; e.g, to select a tool

in stecked toolbardirst
requires users taacquire the

toolbar before the tool

-May require acquiring
another device

Occlusion of the
workspace by
container

-In-placecontainers obscure
workspace near the point o
interaction

-Floaing containerobscure
workspace, away from poin
of interaction

-Statictool containerseduce
usablescreen reagstate

-By definition, do not
obscure the workspace

What workspace
object does this

-In-placecontainersare often
contextual, andnodify the
selectedtemin the
workspace

-Associated with this
window/application

-Owned by user who owns

-May notaffect the
workspace at alle.g, the
Start menj

tool affect? )
the workspacémulti-user -Owned by many users, or
-Owned by user who owns setup) no one(group tools)
the workspace P group
Optional tool containers properties
-Fast selection
Pobu “Modal dialogs -These areftennotifications
pup -Most popup techniques us i e.g.,IM notifications
this location
-Commorly, use non -A tool can be selected withh  -NDH does not occlude
Bimanual dominant hand (NDH) to | NDH, possibly parallelizing workspace
interaction position the tool; occlusion a task but could cause -Keyboard shortcutare the
by NDH occlusion most common
Direct- Occlusion from the Direct- Less likely that Direct-No occlusion from
Location of interactiondevice(stylus or interaction will cause interactionde\ice

interaction (direct
and indirect input)

finger)

Indirect- Does not require
clutching

occlusion

Indirecti May require
clutching to acquire

Indirect- Displayed along
the edges of scregamovides
infinite width containers
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The three conceptual locations allow us to distinguish between different performance issues that
may occur with tool containers displayed at these locations. The following discussion takes each
row from Table 1and describes how this performance issuectdteserperformance of selecting

a tool from tool containers displayed in that location. | also provide examples from the literature

of techniques that exhibit this user performance issue.
3.2.1 Visual shift

Users have a pointf anteraction in the workspac&his point of interaction is also called their
point of focus, because this aften where users are lookingo select a tool from a tool
container, users must first visually acquire the tool contaiftez.visual shift required depends

on where the toatontainer is displayed: the farther the tool container is from the current point of

focus, the longer it will take to shift visual attention to the tool container

Tool containers displayed-jplace require a very small visual shift, whereas containeptagied
inside the workspace require a medium visual shift (assuming the workspace is relatively small)

and containers displayed outside the workspacellyrequire the largest visual shift.
3.2.2 Visual search

Related to visual shift is the issue of visuahrs@. The visual shift occurs first, followed by a
visual search of the newly acquired workspace dnethis step, users searttte newly acquired

areafor the correct tool container that contains the tool they wish to select.

Tool containers displayedver the current point of interaction require little visual searching
because the tool container likely stands out from the auditacs (i.e., it is easy to see a toolbar

over a text document because it looks very differes¢eFigure15.
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Figurel5- OpenOffice with iAplace popup tool container

Tool containers in the second location, inside workspacgiire additional searchingspecially

when the application has multiple tool containers displayed around the workSpaegample,
Figure 16 shows an application with multiple toolbars anchored to the top of the application
window. To select the highlighted tool, users must first acquire the correct toolbar, and then

select the correct item within it.

2 Untitied 1 - OpenOffice.crg Writer le[@] = ]
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Figure16 - OpenOffice with one tool to select from stacked toolbkmsgathe top

39



Tool containers displayed in the third location, outside workspace, may not even be displayed on
the same display as the workspace. For example, in LensNidlisend Visual Trackpafil5]
(Figurel17), a toolbar is displayed on an external direct touch input device. These tool containers
require users to acquire a separate input device before they can select the correct tool. Whether
they are displayed on ttlsame display or nptheystill require a larger visual seartiiansimply

searching within tb current workspace.

Figurel7i Selecing a colour from palette in Visual Trackpad prototype

Note thatthe visual searchliscussed in this sectiaa not the search required to find the correct
item inside the tool container. Regardless of the location of the tool conthmeisual search
for the correct itemnside the containes the same. The issue of creating toohtainers such
that itens are easy to locate insitteemis outside the scope of this thesis.

3.2.3 Occlusion of the workspace by the container

Since a tool container must have a visual representation, there is a chance that it may occlude
some of t tkypace] Bowevér,ssome areas of the workspace are likely more important

than others.
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In-place tool containers, by definition, occlude part of the workspace that the user is currently
interacting with. The workspace area around the point of interactiorbomayegral to the task

the user is trying to accomplish, and so obscuring it may be costly for users, causing them to
forget their current task.

Tool containers displayed in the second location, inside workspace, can be of two types: static

location or moeable (se&igurel8).

Figurel8- a) static inside workspace toolbar, b) moveable inside workspace palettes

Examples oftool containers with &static locationand that aredisplayedinsidetheu s er 6 s
workspace include toolbaesxd menus. These tool containers do not occlude the workspace, but
do reducethe available screen reastate for the workspace. This is one motivation for using
popup tool containers instead of static tool containers: the popup tool containers freerseme s

real estatevhen they are not in use

Examples of moveable tool containers that are displaygdet h e  wverlespadesinclude

floating toolbars and palettes. These tool containers do occludepsotaef the workspace, but
because the locatioof these tool containers is user defined, users can organize them in such a
way as to maximize their wutility for their ¢

occluding important parts of the workspace.

Outside workspace tool containeryg,definition, do not occlude any of the workspace.
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3.2.4 Association of tool inside the container

A tool stored in a tool container can have three effects. First, a tool can have an immediate
workspace effectFor example, a user can highlight some &adthenclick the bolding tool, or
selectc@@it from an aPBeaudnd, atadl cam affécisthe werkspace action that will
follow it. For examplea user carselect the circléool and then drawa circle. Third, a tool can

cause some global system effettch asvhen usergaunch an application from the Start menu.

The location of a tool container can indicate to the user how the tools contained within it are
associated with the systenn this thesis, | aminterested in two aspects of association:

workgpace item association, and workspace and user ownership
Workspace item association

Contextual tool containers can be located in any of the three locations, but the most common
contextual tool container is the-place popup tool container. This is likdigcause uplace
contextual containeraremore easily associated with the workspace itemttietaffect. There

are, however, examples of contextual tool containers displayed inside the workspace. A recent
example is th&ibbon in MicrosoftOffice 2007 (seeFigure19). In most usage, the Ribbon is a

static tabbed tool container, but when certain items are selected in the workspace (for example, a

table), contextual tools are displayed in the Ribbon (such as adding and deleting rows).

LrSH]

[l L m I
1of1 | Words:0 | &% English (Canada) (B8R = = |0, 0] o

Figure19 - Contextual table tools ithe Ribbon (MSWord 2007)
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Examples oftontextal tool containers displayed outside of the workspace are LensMoijke
and Visual Trackpafll5]. For these tool containers, it may be difficult fornss® know which

workspace item is going to be affected by tool selections in the costabesrause there is no
visual link between the tools in the tool container and the workspace item it will be affecting

Workspace and user ownership

In addition to kowing which workspace item will be affected by a tool, there are two other
association issuetlsers must knowhich workspacehis tool container is associated wignd
which users caaccesghetools inside théool container.

The first issue is thaif workspace association. In most modern operating systems, users are able
to run multiple applications at the same time. In addition, these applications can have multiple
windows open. For these situations, the question of which window/application eotdgalner

affects becomes important.

Tool containers displayed-place and inside the workspaaee likelyobvious: tools withirthe
containersshould affect the application andorkspacethat containthem Tool containers

displayed outside the workspaca&n cause confusion for users, since there is no link between the
action of selecting the tool antheact i on t hat could occur i nsi
However, since manty o o | cont ainers displ ayaredotfioationsor de t h
global actions, they are not associated with any window/application. Designers should be careful

to distinguish between toothat can cause global effects, such as launching an application from

the Start menwand workspace tools that are displayed outsidbeoworkspace.

The second issue is that of user ownership. In rudér applications, the location of a tool

container can indicate which user has ownership of this tool container. For example, tool

containers displayedip |l ace and i n spacteshodd ba ewaad dysthatwser; &ther

users should not attempt to access tools from this tool container. On the other hand, tool

containers displayed outside of the .Geupr soé wc

tools consist ofhose toolghat have global effectsuch as closing the applicati@ndtools that

every user can access Dbietshaedteasb6t owned by any
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3.2.5 Popup tool containers

A popup tool container has two modes. In the first mode, it is hidden from viese. &modifier

is activated, the container is in the second mode when it is displayed on the screen.

Popup tool containers are quitenamon[15,22,29,36,42,43,56]0ne motivation for using a

popup tool container is that the container does not require any screen real estate until users need
it. This implies, though, that users must remember how to activate the popup. As the number of
popup containers increases, iaynbe more difficult for users to rememitew to activate each

of the containes, and which container contains the tool they are searching for. For this reason,

most GUI applications offer only one type of popup container, often adiightcontext menu

The most common location for popup tool containers-@ace. These popup tool containers are

fast to select from, because users dondét have
point of focus) far. They are often contextual in the séinaethe popup contains tools that will

affect the object selected in the workspace (for example,-clgikt context menus)Tool

containers displayed outsides s er 6 s wor kspace are typically wus
example M clients may popp a notifcation of new messageat the edge of the scre@figure

20). These are different than the tool containdiscussed so far, but thetifications share

properties of regular tool containers: they have a visual representatibogntain items thatre

activatedby simple selectionsMany of thesdM notifications open a chat window when they

are clicked, and also have a dismiss item (typicatlppse buttoh

:
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Figure20 - IM notification outside worksace
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Popup tool containers displayed inside a wuser
above. These could be used as notifications as well; for example, in an IRC client, notifications
could appear in the client list when a friend sends a messagbem a new client joins the

channel Another example o& popup in this locatioms a modal dialog, such e Sa v eor as 0

A Pr dialdg o

3.2.6 Bimanual interaction

Some tool containers can be used bimanuallyich is to sayin a way thatmake use of both
hands The most common way to offer bimanual input is to control the spatial position of the tool
container wi tdéminanbhhand arsl enaké seleatians from the tool container with
the user 6s domi nan fl0])hhaweder, @ther. tapl contaihatisat ltygidally s s e

do not offer bimanual input could be used witbth hands. For example, ort@ichscreena

(7]

tool bar i1 tem coul d b-dommmant hand are éctions i the werkspasee r 0 s
occur with the userds dominant hanfaexanple,i s c oL

selection of a tool and workspace activatimeurringin quick sucession

In-place bimanual tool containers may cause occlusion of the workspace by tdemio@ant
hand (or by another devicaswith Toolglasse$10]). Insideworkspace bimanual tool containers
reduce the occlusion from the rdominant hand, as these tool containers can be displayed near

the edges of the workspace where the-dominant hand rests.

Outside workspace bimaal tool containers are not very common. One example of this type of
tool containeris an externakouchscreerthat houses a tb container. For exampléhere are
external screenthat also accept touch inp(tittp://www.mimomonitors.com/)Tool containers

could be displayed on this external touchscreen, and tool selections could occur from it with the
nonrdominant hand. One technique that could also belong to this category is keyboard shortcuts.
Although a keyboard does not actually display 4, tthe keys can represent GUI tools from the
workspace. For example, clicking Ctrl+b in a word processor often accesses the bolding tool
from the menu or toolbar. In this wakeyboard shortcuts can be considered to be bimanual,

outside workspace, tool ctainers.

45



3.2.7 Location of interaction

The location of a tool container offers two types of locations. First, there is the location of the
visual representation of the tool container. Second, there is the location of interaction when
selecting tools from the tboontainer.

It is important to make the distinction between direct and indirect selection mechanisms. Direct
input implies that the location of the interaction is the same as the location of the visual

representation of the tool container. Indirect inpube opposite: the locations are not the same.

Direct input in a tool container may cause occlusion of the tool container and surrounding
workspace by the interaction device (finger or stylus). On the other hand, indirect input typically
offers a virtualembodiment, such as the ubiquitous mouse cursor. This embodiment causes little

occlusion of the tool container and workspace.

Direct input is only affected by the three locations with respect to the occlusion of the workspace
and tool container with thenteraction device: iplace has highest occlusianside workspace

has the potential for occlusioand outside workspace hidre least potential of occlusion

Indirect input, however, does have additional issues in each of the locatigriacénindiret

tool containers can often be selected without clutchiingt (s, moving theénput device without

moving the orscreen cursor), whereas inside workspace and outside workspaameranay

require clutching to acquire. Another important observatiohasinside workspace and outside
workspace tool containers may be displayed along the edges of the screen, thereby creating
infinite-wi dt h t ool c o nstLaw im eéSection 2(2<]) e Although inplece tool
containers are fast because they are cio§aite width tool containers are fasécause users do

not have to worry about overshooting the tool, andcan access the tool container with one
large ballistic movement. This is the reason why Mac OS X menus are considered faster than
their Windowscounterpart$l], a c| ai m s sipap (covéred dSettign2. El) t t s 6
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3.3 CONCLUSION

In this chapter, | proposdethat the location of a tool container affeaiser performance of
selections of the tools from within it. To begin investigating how location affects tool selections,

| first describé the concept of a workspace. | then outlined three conceptual locatigriade

inside workspace, and outside workspace) where tool containers can be displayed. Finally, |
describedour performance issueand three tool container properti@ad how tkses aspects of

tool containers are affected whigrey aredisplayed in the three conceptual locations.

The seven issues described in this chapter conaany of the design decisions behind tool
containers however,there are likely other performance issukat are affected by the three

conceptual locations.
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CHAPTER 4

IN-PLACE TOOLBARS AND NDIVIDUAL
ATTENTION

In Chapter Three | described a taxonomy of tool container location and how different
performance issues and tool containempprties are affected by tool containers displayed in the
three conceptual locations. As described@ettion3.2.7, tool container location has two parts:

the location of the visual representation and the location of interaction.

Accor di nglLaw, tool delectionssfrom #place tool containers are faster than from tool
containers displayed at either of the other two locations in the taxonomy. kh#pter | am
interested in providing an understanding of the attentional costsmé&ée todbars, but not
necessarily those witlin-place visual representations; instead, | am interested -plage

interaction tookontainers.

An in-place interaction (IPI) tool container is a tool container that allows selections to occur
without moving thenteraction point from the workspacghat is, users can keep their place in
the workspace while making a tool selection, and then can immediately continue their previously

halted taskl call these types of selection rdigisk selections.

One example of enid-task selection is filling an area in a drawing program. A user notices that
there is a small white patch in their drawing, so decides to fill it in witledhaursurrounding it.
This requires that the user select the area, then choose the fill toloua palette Static, and
even floating,colour palettes require users to move their point of interaction (i.e., their mouse
cursor) from the white patch, select@our, and return to the area to be filled. Reacquiting

area is a costly operatiomspecially when the area to reacquire is small.

As can be seen fromithexample, the ideal solution would be a tool container that provides in
place interaction selections, so that after the selection, the current task can continue without
having to reaguire the area of the workspace. Although there are many tool containers whose
visual representations are-ptace, there are not mark| tool containers. Keyboard shortcuts

are one way to provide this type of interaction, but there are reasons why rkkghoecuts are
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not ideal for example, theyequirethat users to remember key combinatioasd can provide

only alimited number of shortcuts).

One observation is particularly important here. Even though these selections mugtide® in
interactionsthe tool containers do not necessarily have to be displayadas.

The taxonomy presented in Chapiéireeoutlines some of the performance issues that could
affect performance dPI tool selections. Both visual shift and visual search are relevahisto
discussion, since the location of the tool container does not have toptecén These two
performance issues of tool container location directly affect the attention required of the user,
specifically visual attention. Since users can only focusnat point at a time, tool container
locations other than iplace require users to shift their visual attention from the workspace and
back again. The shifting also requires users to search the newly acquired area for the tool
container they are searchifgg.

Providing effectivdPI selections, then, requires answers to the following questions:

1 What are the attentional costs, in terms of visual shifts and visual search, associated with

each of the three conceptual locations in the taxonomy?
1 What is the d&ct of access method on attention?
1 What are the attentional costs of switching between indirect and direct input?

To answer these questions, | designed thrgaaoe interaction tool containers, one in each of
the three conceptual locations of the taxogoMy designs show that it is possible to dedi@h

tool containers without necessarilisplayingthem in thein-place location.

| then ran an empirical comparison of the three techniques and compared them to static toolbars,
the most common implemeniat of toolbars. | found thatusers performed faster tool selections

from thelPI tool containers than static toolbars for aedk selectionghe access method for the

IPI toolbars is an important factor of user performarael displaying a tootontainer on an

external input device was not as expensive as expected.

49



In this chapter, | first describe the threepiace interaction techniques and discuss the design
decisions behind their implementation. Second, | outline the experimental taske ardgirical
study | ran to comparthethree techniques to static toolbars. Finally, | discuss the contributions
of this study to the overall taxonomy of tool container location.

4.1 RESEARCH QUESTIONS
There are thregesearch questions | want to answer ia thapter.
What are the attentional costs associated with each of the conceptual locations in the taxonomy?

As described in Chaptérhree the taxonomy outlines some of the user performance issues
related to displaying a tool container in three concepagations: inplace, inside workspace,

and ouside workspacdn this chapter, | am interested in the issues surrounding visual shifts and
visual search (®Sectiors 3.2.1 and 3.2 Specifically, | want to know what are the attentional
costs associataslith each of the three conceptual tool container locations in terms of the costs of

visual shifts and visual search.
What is the effect of access method on attention?

In this chapter, | am interested liRl techniques. These techniques allow selectioos ftool

containers without losing the point of interaction in the workspace. One way to proytiee
interaction selections is to use a modal tool contaiRemode switch will toggle between

moving the system cursor in the workspace and allowing ectsmh to occur from a tool
container. | call this mode switch thie 0 o | cont ai nert hshis alaptes, sl s me t

investigatedhreeaccess met hods, and evalwuate their eff
What are the attentional costs of switching betweemantland direct input?

Tool containes displayedon atouchscreeman provide IPI selection®irect input can be fast i

the targets are large enou@i], and touchscreens are often considered easy to learn and easy to
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use however, WIMRstyle interfaces are often built for a traditional mouse, which provides
indirect input to the system. To leverage the benefits of both direct and indirect input, |
developed a novel interaction technique that overdagisect touch tool comtiner on top of the
indirect input device (in this case, the indirect input device is a trackpad). Overlaying both direct
and indirect input on the same surface should leverage the benefits of both direct and indirect
input; however, users must switch thattention from using one input modality to using the
other input modality. It is still an open question if this input modality switch negatively affects a
userds attention, and so | investigate this

4.2 THE THREE IN -PLACE INTERACTIO N TECHNIQUES

In this section | describe the three-place interaction techniques, how they relate to techniques
from the literature, and some of the design decisions that guided their developpnsewbrth

noting up front that the three techniques trs® same toolbar and differ in the location of the
visual representation of the toolbar, the access method, and the input type. Also, the three

techniques all require a mode switch, which | implemented as a simple keyboard shortcut.

In the introduction tdhis chapter, | described a colefilling task, wherea user notice@ small
white patch in their drawing, so decides to fill it in with the colour surroundindiist show in
Figure 21 how users would accomplighs task using a static toolbarthen describeeachin-

place techniquand how users would accomplish this task using ti@doe techniques

N -

Figure21i Colorfilling task using a static toolbaln frame 1, the user has selected the region to

be filled; in frame2, the user moves to the static toolbar; in frame 3, the user selects the desired

colour; in frame 4, the user moves backh®e selected object and clicks
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4.2.1 Shadow Cursor (SC)

The first IPI technique is Shadow Cursor (SC). SC is grldne popup toolbaisee Figure 22)
Once SC has been activateyla mode switch key being depressin@ system cursor is hidden
and a secondary cursor with a different visual representation (a loamerp appears in the
toolbar. Users now have control of this secondarg.( shadow) cursor, and use it to mak
selection from the toolba©nce a toolbar item is selected, the toolbar is hidden, and the system

cursor reappears at the same location as when the mode switch key was depressed.

SC shares much of the same chtastics as popup tool containers (Se&etion2.11). One tool

container that it is particularly related i® the Hotbox technique[43]. Kurtenbach et al[43]

state that one motivation for developing the Hotbox was to clear the worksp@td efidgets

when they were not in use. This is the main motivation of most popup tool containers, coupled
with the fact t hat popup tool containers are
interaction, making selections from the tool contaifester than tool containers displayed

elsewhere in the interface.

¥ 1

R ‘P PE 'R

Figure22 - Color-filling task using Shadow Cursor. In frame 1, the user has selected the region

to be filled; in frame 2, the user presses the modifier key ti pp the toolbar; in frame 3, the

user selects the desired colour using the shadow cursor; in frame 4, the user clicks in the target.

4.2.2 Warp Cursor (WC)

Static toolbars are one of the most common tool containers in current ‘atiN&Pinterfaces;
however,one of their biggest limitations is that they are often anchored to the edges of an
applicationds window, making them the tool (
workspace. Traveling this pixel distance between the workspace and the tool corgtaine
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accor di nsgawt(seeSdetiom212.9),6a time consuming operation, compared to the time

spent in the toolbar making a selection.

The secondPI techniquas Warp Cursor (WC). WC is a modification of a static toolbar. Instead

of requiring userdo move their cursor over the pixel distance between the toolbar and the
workspace, WC replaces this movereith faster eye moveme6]. Depressing the mode

switch key causes the cursor to warp to the center of the toolbar, which is anchored at the edge of
the screenas is typical for static toolbars. Users now have control of the cursor within the
toolbar.Once a selewn is made, the cursor warps back to its original workspace location.

WC is similar to the MAGIC pointing techniq&?2], but replaceshe gaze targeting with an

explicit mode switch. In contrast to the MAGIC pointing technique, however, the cursor always
warps to a fixed location on the screen. Different hot keys could map to different toolbars,
allowing users to warp to the various t@alntainers on the screen while still maintaining the
fixed warp |l ocations. | [B3], &ebcubed neSedian 2.34Anthls War e 6
warping represents a reduction of B, which is to say, a reduction in the amount of time required

to move between the targets.

B U B fha t
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Figure23 - Color-filling task usingWarpCursor. In frame 1, the user has sedddhe region to

be filled; in frame 2, the user presses the modifier keythgbs the cursor to the static toolpar

in frame 3, the user selects the desired colour; in frame 4, the user clicks in the target.

4.2.3 Visual Trackpad (VT)

The thirdIPI technique is a novel input device and technique: Visual Trackpad (VT). VT offers
both direct and indirect inpsee Figure 24)ecause it overlays a display surface over a regular

indirect input trackpad, such as those often found on laptop comptiisra.ttackpad in indirect
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mode and @uchscreerin direct mode. Since VT overlays the two input modalities on the same

input surface, it can combine the benefits of both.

In regular usage, VT functions the same as a regular laptop trackpad. Fingerembweenthe

surface moves the system cursor and taps are interpreted as clicks. When the mode switch key is
depressed, a tool bar i s .dsers pan dineatlydtapomm a tootba t r a «
item, causing the toolbar to disappear, and VT rettorbeing an indirect input device. Although

Visual Trackpad requires users to move their attention to ascoéen toolbar, touching a

toolbar item diectly is known to be fa$61], and may capitalize on muscle memory.

During the development of VT, | discovered that this technology is now available commercially
(http://www.sharp.co.jp/mebius/products/pcnj70a/index.htidmi addition, a similar technique

was developed at the University of Manitoba. Instead of using a trackpaddfect input,
LensMouse[71] is a regular indirect input mouse with tauchscreemattached to the top.
LensMouse and Visual Trackpad are closely related, since they both allow direct and indirect
input in the same input device; however, they differ in one importg#casVT requires the

users to switch between direct and indirect input on the same input surface, whereas LensMouse
requires the switch between direct and indirect input using two different parts of the input device.
Statedanother way, LensMouse allowsdirect input by the physical movement of the input

device and direct input on the top of the mouse, whereas VT allows indirect input in the same

way that it allows direct input (that is, by the movement of fingers on the surface)

5 I
!
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Figure24 - Color-filling task usingVisual Trackpad In frame 1, the user has selected the region

to be filled; in frame 2, the user presses the modifier key that pops up the toothar
t rackpad®dsinframe3; thesuser seks the desired colour usimgrect touchin

frame 4, the user clicks in the target.
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4.2.4 Design considerations
There are three design considerations that guided the design of thétheshniques.
Mode switching

The first design consideration is that of mode switching. The tRieechniques are modal, in

that users switch from indirectly controlling the system cursor, to making selections from the
tool container, and back to indirectly controlling the systemsau Mode switches are often
considered confusing for users, but constant physical action can réwucest of the mode
switch[63].

The three containers in the study are activated via a constant physical action. They are activated
with a pressandhold of a keyboard shortcut, which means that the key must be held down

during the entire selection from the tool container.
Conceptual locdions andthe techniques

The three techniques are displayed in the three taxonomy locations. SC is dispipigzt,in

WC is displayed inside the userdés workspace,
The location of interaction, on the otheaind, is always Hplace, because the three techniques
allow users to make a selection from the tool container without moving their point of interaction
from the workspace. These three techniquese usedn an empirical study (see Section 4t@)
investgate how tool containers displayed in the three conceptual taxonomy locations affect

individual attention
Comparison of the three inplace techniques

The last design consideration is how the three techniques relate to eacts6tlard VT are

similar tetniques, in that they are both popup tool containers; however, SC is displayed above
the userds curr ent -place display loocafion)j wheéreas \d dstdisptayed dnt h e
the trackpad (the outside workspace display location). This diffeieriogortant because VT

requires a much larger visual shift, requiring additional attention to acquire the toolbar. VT also
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requires users to shift their attention to a different input modality (direct input instead of indirect

input). In a sense, VT isdirect input version of SC that requires a larger visual attention shift.

4.3 STUDY

In order to answer my three research questions§segon4.1), | ran an empirical comparison

of the three irplace interaction techniques and compared them to static teolbar

Note that in this study | investigate the differences between the different locations in the
taxonomypresented in Chapt@ihree however, each location has an associatss method
(in-place popup, oiscreen cursor warping, arkternaldisplay diret touch).This means that
location and access method are linkeshd not fully crossed in this study.l chose the
combinations that seemié¢o make sense for interface design. Some of the crosses would likely
never occur in realvorld interfaces. Foexample, an iplaceor inside workspacdirect touch

toolbar is unlikely to be a good desigrhen coupled with a mousé is unlikely that users

would want to move the cursor using a mouse, and make selections by tapping on the main

display (why not jusinake the selection with the cursor?).
4.3.1 Task

One type of selection is particularly time consuming using static toolbardaskdelections. A
mid-task selection is one in which the user must stop their current task, make a selection from the
tool contaner, and return to the same workspace location to resume their task. These types of
tasks have also been referred to as padétte round trip$22]. Static toolbars are particularly
costly for these types of selections because users shift their attention and their point of
interaction away from the workspace, make a selection, and reacquire the same location in the
workspae. Reacquiring the same location can be extra difficult, especially for cluttered

workspaces or locations that are quite small to reacquire.

The experimental task requires ntask selections to complete. Users are presented with a

coloured square (50px BOpx),with a small white square (7px X 7pk) the centerUsersare
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requiredto fill in the white square with the colour that surrounds it. The colours must be selected

from the toolbar (seEigures 21-24 for eachtechniqué.

Users first had to acquire the small white square with the mouse cursor, after which they would
hear an audible signal. They then had to select the correct colour from the toolbaacande

the white squarwith the mouse cursan orderto click inside it to fill it with the correct colour.

One example of where this task might appear in real work was described in the introduction.
Users are scanning through their image and notice that an area was left white, and so they want
to fill in this white area with theolourthat surrounds it. In this real world example, users must

first find the white square to be filled in, select the correct colour, and then reacquire the white
square with their mouse cursor in order to fill it in with thaloao The experimental task

requires the same steps.
4.3.2 Methodology

The study required participants to complete the experimental taskhaithreeIPI techniques
(Shadow Cursor, Warp Cursor, and Visual TrackpadSsstion4.2), as well as with a control
technique, Static Toolbars. Note that only the Static Toolbar technique required users to target
the small white square twice; the other techniques returned the cursor back to the target, allowing
users to complete the task simply by clicking again altercblour selectiorReacquiring the

target the second time is one reason why static toolbars do not supptaskngglections well.
Participants

Sixteen righthanded participants aged-3@ (mean 24.8 were recruitedfrom a participant
mailing listfor the study.This mailing list is made up of volunteers from the general university
population, including students and staffix participants were maleAll were experienced

computer users (> 2 hr/day), and all but one were experienced with a tragbpiadevice.
Data collection

The study used a singfactor repeated measures design, with the faiolbar technique

having four levelsStatic Toolbar (S}, Shadow Cursor (SC), Visual Trackpad (VT), and Warp
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Cursor (WC). Each technique was demonstrdte the participant, and they then completed
eight training trials with each technique. In the testing session, participants completed trials at 64
target locations, witltolour selections chosen randomly. Target locations @idur selections

were stadardized across the four conditions. The order of techniques was balanced using a Latin

square, and the study took 45 minutes to complete.

The softwarecollected four time measures: gawlbar time before the toolbar appeared (or the
cursor warped for WC}ime spent in the toolbar, the time between correct colour selection and
task completion, and overall task completion time. Note that time between succedsiweaisi
recorded, but not used in the analysis because participants were told they cddtivesh each

trial. The start time for each trial was when participants first targeted the white square (when
they heard the auditory signal). Each trial ended when participants clicked inside the white

square after selecting the correct colour from dlodbar. The four time measures are defined as:
1 Completion time: time from first targeting of the white square to the completion of trial.

1 Pre-toolbar time: time from first targeting of the white square to the mode switch key

being depressed (note that thisasure does not exist for Static Toolbar)

1 Time in toolbar: time from the mode switch key being depressed to the selection of the

correct colour from the toolbar
1 Time after selection time from the correct colour selection to the task completion.

| also ollected data about how far participants moved in each phase of the task, and collected
participants® subj ect afterthe stues(sedppendixfor surmey)a qu e st

4.3.3 System

The study used a custom Objecti@eapplication to present trexperimental tasks and record
performance datal'he fourlPI techniques (three iplace techniques plusstatic toolbar) were
implemented on a Macintosh PC using a cusprogrammed iPhone as a trackpad devide

i Phone 6trackpadd us e garty Wibréry callech dAsynasocket hi r d
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(http://code.google.com/p/cocoaasyncsogkiet/communicate with the PC. It functioned like a
typical laptop trackpad: dragging a finger along the surface of the iPhone moved the system

cursor on screen, and clicking was@amplished with a tap on ther a c ksprfacg.6 s

The control to displayC/D) ratio was chosen from pilot studies. It dsestep wise constant C/D
function. This functionfirst calculatesthe speed the finges moving, calculated using the
distance traglled and the time elapsedhis speed is then mapped to a factor (using the stepwise
function), and the distance travelled is multiplied by the fatdoget the final location of the

cursor The stepwiseonstanfunctionvaluesare shown imable2.

Table2 - Trackpad stepwise constant C/D function

Speed Factor
0i 1 1.0
1715 15
157 3 2.0
317 3.0
7+ 35

The trackpad was fixed in place in front of a wireless keyboard, and the study system was
displayed on a 2ihch LCD monitor with 1600x1200 resolution (sEe&ure 25). The mode

switch to activate the toolbawas implemented aa keyboard shortcutt (h @b ke§). The
application window was 1280x700 pixels with a Z8%el sidebar in which the static toolbar
appeared. The escreen toolbars were the same physical size as the toolbar on the trackpad (3.5

inches wide).

Note that all of the conditions used thengatrackpad setup. Although Shadow Cursor and Warp
Cursor could easily be implemented using a regular mouse, | required all techniques to use the
trackpad to control for any experimental noise that could be introduced by changing input

devices between coritibns.
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Figure25 - Experimental setup for study one
4.3.4 Results

We used RMANOVAS to test the effects dbolbar locationon completion time, toolbar time,
pretoolbar time, and path length. Pairwise comparisons were tested using the Least Significant
Difference atJ=0.05. Outlier trials (where completion time was more than 3 standard deviations
above the mean36 trials, 09%) were removed from further analyses, while trials with selection

errors vere included.
Completion time

There was a significant main effect of toolbar technique on completion tige=02.7,
pao. 00 Giyure 26s Raewise comparisons showed ti8tatic Toolbar was significantly
slower than all of the uplace toolbars and that SC was significantly faster than WC. There was

no significant difference between SC and VT.
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Figure26 - Mean trial elapsed time in milliseconds

When | subdivided the mean completion time into its-gafis, | found there were also

significant effects within each of the sphrts. This discussion follows.
Toolbar time

There was a significant main effect on time spent in the toolbar, defined im¢h&rom the

mode switch key being depressed to the correct toolbar colour selectiggn &2 . 1, paon. 00
see Figure 27. Pairwise comparisons showed that the three techniques were significantly
different; less time was spent in the VT toolbar the8Cor WC; less time was spent in SC than

in WC.

Pre-toolbar time

There was a significant main effect on time spent between the first target acquisition and the
mode switch (E3=4.07, p=0.027) defined as the prwolbar time Note that ST was not
includedin this analysis as it does not have a mode switch. Pairwise comparisons showed that
less time was spent in SC than VT (seeFigure 27). There was no significant difference
between SC and WC.
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Figure27 - Breakdown of trial comigtion time into parts
Path length

There was a significant main effect of toolbar technique on the Euclidean distance travelled by
the cursor or the finger, between the mode switch and where users made the colour selection
(Fos3=149. 2, p & 0 . Oirtladed in tRisTanalysissas indmes not have a mode switch.
Pairwise comparisons showed that people moved less with SC than VT or WEig{se£8).

Note also thaFigure28 shows the path length in pixels, which is the measure of distance-for on
screen cursors, but distance for VT depends on DPI (number of pixels per inch).-3dream
toolbars were the same physical size as the VT toolbar (3.5 inches), wstiremm toolars
280x140 pixels and VT toolbars 480x240 (the max size on the trackpad). The distance presented

for VT in Figure28 has been scaled to match the scale of thecopen techniques.
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Figure28 - Mean path length in pixels to sefle@olour
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Subjective rankings

Mean rankings of the techniques are showrrigure 29. A Fr i edsmia.B pt066} t (6
revealed significant differences between the techniques and Wilcoxon signed ranks tests showed
that ST was ranked lower than SC (Z=%%,033) or VT (Z=2.7, p=.007), but not WC (Z=1.8,

p=.080). There were no differences between the thrplaae techniques.

Turl

Static Toolbar Shadow Cursor  Visual Trackpad Warp Cursor

Mean rank

Figure29 - Mean rank of the four techniques tested (lower is better)

4.4 DISCUSSION

In this section, | first answer my three research questions poseection4.1. | then discuss
guestions raised from the study, comments from participants, and conclude with a discussion of
the limitations of the study.

4.4.1 Answers to the research questions

Previous researchers of attention used response tiradiifhe between the stimulus awtien
the participants respopds a measuref attentional shift§70]. For this study) alsousetime as
a measue of attentional shiftsSince the task does not require a large cognitive load, the
differences between thear t i ci p ant ardan ipdicatibnoof timearalativee atteotial

costs of theechniques
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What are the attentional costs associated with each of the three conceptual locations in the

taxonomy?

First, fromFigure27, participants took significantly longer to activate the toolbar for the outside
workspace (VT) techgue compared to the -lace (SC) technique. This suggests that users
may have been shifting their attention down to the external input device while they were

preparing to do the mode switch.

Second, fromFigure 26, participants took significantly longeoif the inside workspace (WC)
technique than for the 4place (SC) techniqueThis follows my predictions that iplace
techniques would be faster than inside workspace techniques; however, there was no significant
difference between the-place (SC) tectique and the outside workspace (VT) technique. This

is surprising, because | had expected that tool containers displayed theswiarkspace would

be the slowest.

What is the effect of access method on attention?

The three access methods areliece popup, orscreen cursor warping, and -aifreen direct

touch. The results showed that the cursor warping method was significantly slower than the other
access methods. In addition, participants moved the cursor farther into the target colour with the
warping access method than with theplace access method. With these two findings, it seems

that cursor warping may not be a good access method.

There was no significant difference between thglate popup and cfcreen direct touch
access methods. Becaubke inplace technique is an optimal technique (minimal required cursor
movement and little added attentional costshis suggests that direct touch is likely a good

access method for toolbars.
What are the attentional costs of switching between indéed direct input?

It seems that the attentional costs of switching between indirect and direct input are negligible

compared to the attentional costs for the entire tAskausdhere was no significant difference

64



between SC and Vnyadditional attetional costs associated with switching between indirect

and direct input are offset by the benefits of providing direct i(gme Figure 27)

Comments from the participants seem to agree with this. Of the 16 participants, 12 participants

answer edori aigsrtereocngl y agreeo to the statement 7
12 of the 16 participants also answered fdagre
to |l earn Visual Trackpad quickl yoredtddwitch sugg

between indirect and direct is negligible.
Nearby on secondary display or distant on the same display?

In Chaper One | posed a simple questioit:. . . woul d it be better to h
on a secondary display, or a more distard o | cont ai ner boan ansver this a me d
guestion by looking at Warp Cursor and Visual Trackpad. Warp Cursor is a distant toolbar on the
same display, and Visual Trackpad is a nearby toolbar on a secondary display (nearby because
the point @ interaction is already in place). The results of the study show that, in fact, a tool
container displayed on a nearby secondary display can allow faster selections than more distant

tool containers on the same display.

Note thatboth Warp Cursor and Migl Trackpad afford iplace tool selectionso although the

results show that a nearer tool container on a secondary display can be faster than a farther tool
container on the same displahjs difference includes only the time required to perform the
attentional shifts.Although not explicitly investigated in this thesis (but is a topic for future

work), anothersituation is that of a tool container displayed on a secondary display that does not
accept direct input. In typical dudlsplay setups, @ss often place floating palettes and
windows on the secondary display, thereby freeing up the-snaim eenés r e al est a
artifacs. For this situation, | pose the question again: is it better on the secondary display or on

t he same ddLlLavw dtatey that tha diloses @n item is, the faster it can be targeted.
However, as can be seen from the discussion of the taxonomy of location in Qlmepé&ethere

is more to location than just the distance to target an item.
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User performance in dudisplay setups depends on the complexity of the workspace on the
secondary display, as shownHkigure 30. The more complex the workspadegure 30b), the

more costly the visual search for the tool container.

Figure30- a) uncluttered secondary display, b) cluttered secondary display

Although there arether factors (like clutter) that camitigate this, a nearby tool container on a

secondary display would be better than a far away tool container cantieedssplay.
4.4.2 Conclusions from the study
There are six main conclusions from this study.

First, the poor performance of WC FKigure 26 suggests that warping may not be a good
strategy. One possi bl e ristlastiwercursbrasra siaC@rget thab o r
is difficult to reacquirgrequiring additional search time before useas make a selection from

the toolbar. Additional feedback could be added to WC, such as a ripple effect around the cursor

when it appears, wbin could make the visual search for the cursor easier and faster.
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Second, fromFigure 28, the path length is significantly longer for WC than SC. This is
surprising because, after the mode switch, both SC and WC have the cursor displayed at the
center of he toolbar. This means that both require the same physical action to select the colours
from the toolbars. | suspect that the warping action of the cursor in WC caused participants to
move their cursor in a more ballistic manner as compared to SC, theneking them to move

their cursor farther into the target colour than when selecting from@lade toolbar.

Third, also fromFigure 28, the path length for VT was not significantly different from the path
length of WC. This is surprising because participants are shifting their visual attention even
farther for VT than they are for WC, and so should create even larger ballistic movements;

however, there is one important point to disc

The path | ength for VT is calculated from the
the point where they selected the colour from the toolbar (scaled appropriatétune 28).
Because a trackpad is a relative input device
when their targeting motion complstévhich is to say, when they finish moving their cursor

into the white square). Despite this fact, the rasshown inFigure 28 suggest that the
participantsdé finger was, on average, near tbh
motion. One possible reason for this could be that users clutch more often than required,
resulting in their finger alwgs being closer to the center of the trackpad than the edges. Another,
more unli kely, explanation could be that wuser

| ocati on o ntouthsceeent r ackpados

Fourth, fromFigure 27, participants took signifantly longer to do the mode switébr VT than

for SC, even though both of these actions are identRetause VT requirea large visual
attentional shift and SC does ndiist suggestshat users were likely performing the attentional
shift before pdorming the mode switchThis was also observed during the study. In the
beginning, participants would perform the mode switch, and then shift their visual attention
down to the trackpad. With practice, however, participants began parallelizing taé shet

and mode switch.
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Fifth, IPlsel ecti ons have two benefits. First, user

again Second, users can parallelize the toolbar selection and the workspacepacfamming a

double click.

Sixth, and possiblethe most interestingthe outside workspace technique (VT) was not
significantly different from the uplace technique (SC) in mean completion time Egare26).
This is likely due to the fact that the outside workspace technique used direct inptht, whi

appears to be a good access method for toolbars.
4.4.3 Limitations of the three techniques

The three implace interaction techniques have some limitatiofgst, SC obscures the
workspace around the point of interaction, as is common for many popup techniques.
Participantscommentedthat they often forgot whicltolour they wanted to select from the
toolbar because the toolbar was blocking the target. Thukl dme mitigated with the use of
transparency (such as the Hotbox technique); however, because thisal@sr matching task,

the transparency may cause confusion about wdotdurto select (either by blending the target
colour with the transparent tdtwar colour above it, orbecausethe transparency makes the
colours look different). Another way of mitigating the occlusion could be to offset the toolbar
away from the point of interaction. This would allow users to see the toolbaretzdgét at the

same time, but this would require a larger visual shift (allgty not substantial enough to be

significant) than the kplace popup.

Second, WC requiredsually reacquiring the cursor, which may be difficult for users when the
cursor is far from theipoint of focus; however, because the cursor always appears at the same
location on the screen (in the center of the toolbar) cride mitigated with the use of a ripples
effect. The ripples effect would have a much higher attentional draw thengbharapce of a

small cursor. Also, of the iplace interaction techniques, only WC requires static screen real

estate.

Third, VT requires relatively small tool containers because direct touch requires large targets and
the trackpad has limited display spatewever, this affects all iplace strategies (including
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techniques such as Toolglas4é€]). There are several desigtrategies (such as favourites

tool bar s, or hierarchical t ool containers) th
finger wil|l occl ude dooanseregnso users may beoefuireédhoenove r a ¢ k
their hand completely off of theackpad and then back again before making a selection.

Fourth, VT requires a second display. dolourmatching tasks, such as the one used in the
study, comparing tweoolours on different displays is difficult due to thelourgamut of each of

the dispays. In this study, the colours were chosen to be maximally different, and so was likely
not an issueHowever, his becomes more of a problem when tmdour matching must be
preciseand when comparingolours that are closer. Thould be overcome uginCC profiles

and is left as future work.

4.5 CONTRIBUTIONS FROM THIS CHAPTER
There are three contributions from this chapter

First, | provideempiricalresultsshowing the effect of tool container location attentionThese

empirical resultprovide anew understanding of the effect of tool container location.

Second] compared three iplace toolbar access methods, and provide empirical evidence of the
subtleties of access method choice.

Third, | developed and tested a novel input device and techniigieal Trackpad, showing that

it provides fast irplace tool selections, while not being as expensive as previously thought.
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CHAPTER 5

TOOL CONTAINER LOCATION AND GROUP
AWARENESS

The effect of tool container location on individual attention weesfocus ofChapter Fourln
this chapter, | shift my focus to group awareness, the second important performance factor

affected by tool container location that | investigate in this thesis.

Awareness is the fAunderstanding of the actiuvi
own a c[L6]. ln multyuser applications, previous research has shown that group awareness

is an important factor in supporting e€tive group collaboratiofi32,35,45] however, it is

difficult to measure awareness direcfl§7]. Previous researchers often measure aspects of
collaborative work that suggest a lack of awareness; for example, errors and colligions a
common ways of indicating a breakdown of aware@337]

One important collaborative working environment is a group of people working around a
tabletop. For these applications, territoriality defines how users partition the available space. The
location of arartifactin the workspace thus deés such aspects as ownership ofatigact(see
Section3.2), or the function performed othe artifact[18]. When theartifacts are the tool
containers, selections made from these tool containers are important for others to be aware of in
order to maintain an effective level of group awarenbssvever,designersstill do not fully

understand how group awareness is adi@tty tool container location.

In addition, it is well known that designers are faced with a tradeoff between providing powerful

tools for individuals and powerful tools for the grdi@i]. Because humans have only a limited

amount of attention to devote to work they are performing (see attantiaction2.3), the
attentionaldemandso f a user 6s i ndi thaathauatlof atteatiork theyvcah | af
provide to supporting the group work (for example, for awareness). This outlines a tradeoff
between attending to individual work and attending to the grouphaskever, designers still do

not fully understand how this ttaoff affects ground awareness.
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To investigate these issuek,developed a collaborative tabletop counting game. The game
requires players to count to collaboratively by selecting numbers sequentially from toolbars
displayed at one of three locations:imé¢ publ i ¢ s p persenaworkspacéshamd us er s
user defined locations (using floating toolbak&jth this game, | ran an experiment, using-out

of-order selections as indicators of lack of awareness, and the difficulty of a tracking task as a

measire of individualtaskattentionaldemands

5.1 RESEARCH QUESTIONS
There are two research questions | wardnswer in this chapter
What is the effect of tool container location on group awareness?

As described in Chaptéihree the location of a tool container can indicate to users properties of
the tool container; for example, who owns the container (and thus who can use it), and the
association of the t ool artfack. There is,dowever, anegeect s t o

of tool container location that has not been investigated before: its effect on group awareness.

Group awareness has been shown to be important for effective collaboration, and thus it is
important for researchers to understand aspects of applicksign that affect group awareness.

One aspect of application design could substantially affect group awareness: tool container
location. Specifically, | expect that tool containers that are displayed in shared locations will
provide better awareness thdno o | containers t hat ar e di spl

workspaces, even though this might not be the optimal location for individual work.
How do the attentionalemand®f the individual task affect group awareness?

Users have only a limited amount attention resources. Since collaborative tasks often require
users to switch between working individually and working as a group, there is a tradeoff between
the attention a user can expend to each of those tasks. Mitigating this tradeoff should be an
important design consideration for groupware desigisrs
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Although this tradeoff makes intuitive sense, it is importarkrtow how this tradeoff affects
individual and group work. | am interested in investigating whether the attentional costs of the
individual task will affect group awareness. | expect that the higher the atterdemahdsare

for the individual task, theeks attention users will have to expend to the awareness task, which

will result in lower group awareness.

5.2 AWARENESS IN TABLETO P APPLICATIONS

Collocated settings intrinsically provide better awareness than distributed settings, because the
physical enviroment can provide awareness cues that are missing when the environment is
purely digital. For example, users can see someone walking over to the printer to pick up a new
artifactthat will be incorporated into the work process. Also, the physical actlihgiap a pair

of scissors from the center of the table provides other users with the information that this user is
going to cut something. These physical awareness cues are missing from distributed
environments, and smany researchers have focusedpooviding artificial awareness cues to
distributed teampe.g.,30].

Even in collocated settings, though, hidden actions sttiur. For example, activating a
command via a keyboard shortcut is difficult for other users to detect, because the action itself is
not easily detectable. On the other hand, reaching into the center of the table to activate a

command will be easier farsers to notice, and thus provides better awareness.

One important observation can be taken from the above example. Direct input has been shown to
provide better awareness in tabletop applicat[88% implying that it is the physical action that

is important; however, it is not only the physical action that is important to provide better
awareness, but also the location lod physical action. Actions that occur in the shared, center,

space of the workspace are more likely to be noticed than actions that occurperdbeal
workspaces of the users. This is possibly due to the fact that it is difficult for users to dsktingui

a userb6s regular individual work from actions

other users to attend to. Therefore, the location of an action can provide better or worse
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awareness. Since many actions that users must be aware tohrselections, it is thus

important to know the effect of tool container location on group awareness.
5.2.1 How to measure awareness

Past researchers have attempted to measure awareness with completion time and errors
[33,37,49] In a colaborative application, an error can be thought of more giyes break
downs in awarenes$-or example,Hornecker et al[37] used collisions in a collaborative

application as a measure of a breakdown of awareness.

Other researchensse a freeze method to measure awarefids52) In this case, the current
task is frozen temporarily and tieorkspace is blanked, and the users are polled about the state
of the system. This is likely the easiest way to correctly measure awareness, becaussusers

directly report what they believe to be the current state of the system.
5.2.2 The tradeoff between indvidual work and group work

Another important observation is that users often switch between working as a group and
working individually [31]. It is thus important for groupware designers to provide tools that
support both a wuserds individual wor k, as we
limited amount of attention to provide to tasks, there is thus a tradeofédeithe amount of

attention a user has to expend to their individual work and to supporting the group task (i.e., to
stay aware of other wusersé actions); however,

attentionademand®n group awareness.

5.3 THE STUDY

To answerthe two research questiongsosed inSection5.1, | implemented a collaborative
tabletop game and ran an empirical study. In this section, | first desetobid, the collaborative
tabletop counting game, and outline the methodologg tmethe study. | then report the results
from this study, which will guide the discussion in the following section.
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Note that this studyliffers from study lin one important aspect. There is only one access
method (direct touch) in thistudy, and @ each location has only one factor (instead of the

interaction between location and access method, as described in Cloagter
5.3.1 1-to-NTi A collaborative counting game

Overview

1-to-N is a collaborative tabletop counting game. Four players are seaiadd a tabletop
display, each with a direct touch stylus. Each player has theircolearcoded toolbar on the
table. The objective of the game is for the players to cooperatively count to N by selecting the
numbers sequentially from the toolban addition to collaboratively counting, players must also

track a target in their personal workspace. Fi@drehows four players in atb-N game.

Figure31- Four players playing-1o-N

Rules

Players receive points by selieg the numbers in the correct order and are penalized for
selecting numbers out of orddmis is the main awareness task #odN, where players must be
continuously aware of the selections of the other players in order to know which number the

table s currently onOut of order selections indicate a lapse in awareness.
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The clock in the center of the table resets after each sele®lagers are awarded points for
correct selections depending on the time left on the clocklas@rs receive largescoresby
correctly selecting numbers quickly. Letting the clock run out launches agamme, and the
player that had the correct number receives a penalty.

Each player also has a bonus area displayed in their personal workspace. In the bonus area, there

is a bonus box. When players hover inside the bonus box, it slowly charges up. Once fully
charged, players receive a large bonus. In addition, when players are not hovering inside their
bonus box, they receive a penafoy each second they are not cothedovering. Hovering
inside the bonus b o xindividual task which xyst be cancureenthyp | ay e |

performed with the group awareness (counting) task.
The player with the highest score at the end of the game wins.
Mini -games

Out of orderselectionsand missed selectiondefting the clock run oQitlaunch a minigame
whereanumber pad is displayed in each player ds g

number they believe was the correct next number.

Players who enter the corresimber receive a bonus, and players who enter an incorrect
number or enter no number receive a penalty. Since players are penalized the same for not

entering a number as they are for entering an incorrect number, players are encouraged to guess.

The minigames provide a direct measure of group awareness-gdmes are launched by
errors (missed selections and incorrect selections), which are caused by lapses in awareness.

Also,the answersinthemigja mes provi des a measure of each
Errors

There are three types of errors that can occurtimN. The first is selecting a number out of
order. This type of error is an indication that this player thought that the group task (the counting

task) was at a different stage than it was.
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The £cond type of error is letting the clock run out. Each number selection must occur within a
certain time limit, and letting the clock run out indicates that this player was either not aware that

they had the correct number, or this player did not know thieatorrect next number was.

The final type of error is an incorrect response in the -ganne. Since the migame is an
implementation of the freeze method discussed earlier, errors in theganme are a good

indication of the state of the groupawagemns (i n addi tion to particul
Measuring awareness in 4o-N

The main task in-to-N is the group counting task. We can measure the level of group awareness
through the errors that players commit during the game. In this sensepjtogant that players

make errors or else there would be no way to measure awareness

Through pilot studies, the timing of the clock was determined in order to be slow enough to

allow players time to make their selections, but also fast enough to émesueerors did occur.
Toolbar locations

In order to answer my research question, it was important to vary the location of the toolbars to
find the effects of toolbar | ocation on group
in three locationsin their personal workspadgseeFigure 32a), in the shared spa¢seeFigure

32b), and a variable location via a floating toolbar. These three locations correspond to the three

taxonomy locations described in Chapléree
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Figure32- 1-to-N; a) center location, b) personal location

The floating toolbar corresponds to thepilace location in the taxonomy. Although it is not a
popup tool bar, t his tool bapersonaworkspaee, ad thasc e d c |
corresponds to the 4place location. Note that the floating toolbar can be moved by lifting the

pen above a threshold above the table (about 6 insbeBigure 33b); this causes the toolbar to

snap to the wuser 6s ccan alse betlockedin place by fappingnoh the a c t i

lock in the upper right corner of the toolbaseeFigure33a)

4 1
6 3

Figure33 - Floating toolbar; a) locked in place, b) being dragged
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The second location is along the edges of the tdlblese locations correspond to the center of

each of the usedgpersonalworkspaces. This location makes it difficult for other users to see
what i1 s in other userso tool bars, espeedi al |l y
playerandyellow playerin Figure32).

The third location for the toolbars is in the center of the table. The center of the table is often the
shared space, as in territorial[§0]. In this location, the four toolbars are close together in the

center of the table.
Note that in all locations, only one player can make selections from each of the toolbars.
Individual task

In addition tothe collaborative counting task, players are also required to attend to an individual

task. This individual task is a hovering task, making use of the bonus areas and bonus boxes.

My second research question deals with the tradeoff between attendingieatie@ess task and
attending to individual work. In this study, | vary the attentiad&handof the individual task

by moving the bonus box at different speeds.

The first speed is not moving, which degrades the hovering task into a docking task.orte sec
and third speed, which | call slow and fast, were chosen from pilot studies. These two speeds

require about one glance every 2 seconds and almost constant attention, respectively.
5.3.2 System

The experiment al syst em -progjected aolatop displdy avithgee 7 3 0
resolution of 1024x1536. Players use custmunit pens aglirect touchinput to the system. T