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ABSTRACT

Multi-touch technology, used in consumer produatshsas the iPad, enables users to register mutiiptes
of contact at the same time; this enables a usataoact with a touch screen interface using ssviargers
on one hand, or even both hands. This affords fader designers the opportunity to define gestural
interactions based on what is most natural forsugad not on merely what can be recognised aneégsed
by technology. In light of this, the research qigsthat this study aimed to address was: what@snost
intuitive user-defined gesture set for conducting iaformational search on a multi-touch tablet web

browser?

In addressing this research question, the aim isf dtudy was to create a user-defined gesturecset f
conducting an informational search on a multi-totahlet web browser, based on gestures elicitech fro
participants with little or no experience with tbuscreen devices. It was necessary to use theseigarts
as users who are familiar with touch screen inteisavould draw upon the gestures they have leanmexl
before, and would therefore be biased in the gestthrey proposed. Inexperienced or naive usersdwoul
simply provide gestures that came naturally to theraviding a more accurate reflection of what gids,
unbiased user would do. A set of hypotheses, ngjatd the gestures that would be elicited from this
participant group, were drawn up and investigatéabse investigations yielded the following key fimgk:
The use of two-handed gestures should be limited.
If two-handed gestures are developed for a spefifiction, an alternative one-handed gesture
should be made available.
It is not be advisable to create completely nowestgres for tablet web browsing that do not
correspond to any of the ways in which desktop tarelvsing is performed.
Should novel gestures be developed for tablet welwding, gestures that are desktop computing
adaptations, including those that require menu ss;cghould be made available as alternatives to
users.
Tasks should be designed is such a way that thgybmaompleted with a variety of gestures.
Complex tasks should be designed in such a way ttiegt may be achieved through varying

combinations of gestures.

These findings may assist interface designers aveldpers in the gestures they design or develtgper
their applications. In addition to these findingse study presents a coherent, user-defined gesttirénat

may be used in practice by designers or developers.
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1. INTRODUCTION

In recent years, touch screen technologies havwergtcemendously, generating significant appealhia t
general public (Wang, Cao, Ren and Irani, 2009¢ &ppeal of touch screen devices may be attritioted
the natural and easy way of interacting with thierfiaces by using a bare finger rather than traui
intermediary devices such as keyboards or mice Manal., 2009). Touch screens with multi-touch
technology, in particular, have been increasinghcorporated into consumer products (Bachl,
Tomitsch,Wimmer and Grechenig, 2010). These maiich interfaces enable users to use multi-finger
touches and hand gestures to manipulate digitakctbpirectly, allowing them to interact with dajitnedia
on display surfaces (Chung, Fang and Quek, 2008)iké&) the traditional single touch or pen-based
interfaces, which restricted the types of gestusess could make, these interfaces enable greatstdm in
expressing gestures, allowing for more natural iatwtive gestures (Chung et al., 2008; FreemamkBge
Morris and Widgor, 2009).

Products that contain these multi-touch interfaeegie from large interactive walls and tabletopickesin
public exhibitions spaces such as aquariums an@wumss to smaller, hand-held and portable devicds asic
mobile phones and tablets (Hinckley, Yatani, PahDdddington, Rodenhouse, Wilson, Benko, Buxton,
2010; Hinrichs and Carpendale, 2011; Schoeffmarist®dm and Beecks, 2011). The latter, specifically
tablet devices, are the focus of this study, wittotable example being the Apple iPad. Apple regabthat
three million units of the first generation iPadrevesold in eighty days after its release in Apfil@
(Harrison and Barrios, 2010) with the same numbeurdts being sold in just four days for the third
generation iPad in March 2012 (Muller and Kerrid12).

Multi-touch interfaces, used in the iPad as wellofiser devices, are able to register multiple Eoioit
contact occurring at the same time, thus enablingea to interact with an interface using seveargldrs and
both hands (Han, 2005). This allows interface desigthe opportunity to define gestural interactibased

on what is most efficient and natural for users aation merely what can be recognised and procdssed
technology (Mauney, Howarth, Wirtanen and Caprd,020As a result, it may be argued that this makes
interaction with the interface more intuitive, esjpdly for novice users (Jiao, Deng and Wang, 20¥0i}h
increasing numbers of novice users using multitlodevices, and specifically iPads and other tablet
devices, it is of paramount importance to invesdghe user experience of interacting with suchrfates
(Bachl et al., 2010). This is because the intertdcany device directly influences its users’ datiion, and
that directly affects the device’s success on theket (Bruno and Muzzupappa, 2010). With web brogsi
being the main activity done on iPads (Nguyen ahdparro, 2010), the gestures used for web browsing

multi-touch tablet devices become essential to tstded.




1.1 CONTEXT AND BACKGROUND

To provide an appreciation of the context and bemkgd of this study, user-defined gestures and

informational searches are briefly discussed.

1.1.1 USER-DEFINED GESTURES

It has been suggested that manufacturers such ple,Ags well as the general developer community, ar
ignoring longstanding conventions of interactioisiga and introducing ill-conceived ones when it esnto
designing gestural interfaces (Norman and Niel2640). While Norman and Nielsen (2010) acknowledge
that new technologies require new methods, thegradsat refusal to follow well-established prineip that
are universal and applicable regardless of thentwolyy in questioh results in interfaces being less usable.
Norman and Nielsen (2010) therefore call for allnofacturers and developers to apply the principles
conventions that have been identified through Hu®@amputer Interaction (HCI) research when designing
gestures for touch screen interfaces. HCI rese&mivever, does not provide practitioners with it
normative guidelines for creating gestures thateappo users. Moreover, stringent application of|HC
principles and conventions cannot guarantee thattitioners will be able to design gestures that ar
intuitive to users. For example, in one study, siggeferred their own “user-defined gestures” abhese

developed by three qualified, HCI and gesturalgtesixperts (Morris, Wobbrock and Wilson, 2010).

This would suggest that more user participatiorthia design of gestures for multi-touch interfacgs i
required and that more needs to be understood dlowuusers want to interact with multi-touch intexdés
and what gestures are most intuitive to them. Hemg, Zhang, Ling and Wang (2009) explain thatkiéne
to creating an intuitive gestural interface lieghwvi the mapping rules for that interface. Theskesu
determine which gesture is mapped to which functidre mapping between the functions of an appboati
and the gestures that activate those functionslgmmi be arbitrary (Lao et al., 2009), but shdoédaligned
with users’ expectations. The alignment between bsers intend on providing their gestural inpud #me

gesture(s) afforded by the interfaces for that injpuvhat makes the system intuitive to use.

1.1.2 INFORMATIONAL SEARCHES

With multi-touch tablet devices becoming popularttie public arena, web browsing on these devices is
becoming increasingly commonplace. A limited sureépl iPad owners by Nguyen and Chaparro (2010)
revealed that web browsing was the main activigt they did on their iPads. While the sample sizthis

survey is very small, it nonetheless gives an iithn of the prevalence, and increasing importaoteeb

! The principles presented are: visibility (also called perceived affordances or signifiers, feedback, consistency, non-
destructive operations, discoverability (ability to discover all functions by systematic exploration of menus) and scalability.




browsing on multi-touch tablets. As the term “welmvising” covers varied activities, this study looks
specifically at informational searching on the wising a search engine such as Google. When seguritign
web, users typically issue a query to a searchnengire presented with a list of results, and thap select
one or more results in order to access the infaomahey want (Downey, Dumais, Liebling and Horyitz
2008). There are, however, different goals or ite&s behind queries that are supplied to seargines.
These queries, or the intent behind these queries;lassified as follows (Broder, 2002):

Navigational — where the immediate intent is tahea particular site

Informational — where the intent is to acquire samfermation assumed to be present on one or

more web pages

Transactional — where the intent is to perform seveb-mediated activity such as online shopping

or downloading
Informational searches are the most common typeebf searches (Broder, 2002; Rose and Levinson,)2004
and thus a worthwhile context for investigating te of gestures for interacting with a touch stree

interface.

1.2 RESEARCH PROBLEM

Many touch screen applications have their own $ipegesture sets that are used to interact witlitadig
objects and provide input (Lao et al., 2009). Atges set is the set of gestures used throughout the
application or interface, and is also called awesvocabulary (Nielsen, Storring, Moeslund andn@r,
2003). Many gesture sets use varying combinatiérane finger tap interactions, which suggests thay
have simply been adapted from the pointer-baseddgan used in popular operating systems, such as
Windows (Micire, Desai, Courtemanche, Tsui and Yar29009).

There are those who are not opposed to the approbdaveraging off pointer-based interactions in
designing gesture sets (Wang et al., 2009). Thenketyvation for doing so is that users would beeatal
apply their existing knowledge of pointer-baseckiattions, based on desktop applications, which éine
familiar with. Others, such as Lao et al. (2008ket a different stance however, and suggest tdatcirg
Windows Icons Menus Pointers (WIMP) elements woatdually improve the quality of touch screen
interactions. They argue that multi-touch devices @pable of enabling exceptional freedom in gaktu
input but the use of single finger, one-point taliag interactions negates the benefits thatnthiki-touch

technology offers.

With the conflicting views above, it has not yeeheclearly determined whether users prefer poindsed
interactions in touch screen applications versws aied novel interactions that are divorced fronditranal
pointer-based interactions. We thus lack answetlsg@uestion of which gestures are most intuitivasers

in different application contexts. An intuitive gee is one where the gesture afforded by the feter




design is aligned to how users expect to provigeitif{Lao et al., 2009). Therefore, understandingrsis

expectations is critical in designing appropriatgch screen gesture sets.

Given the particular interest of this study in wedowsing on multi-touch tablets, the specific resba
guestion that this study aims to address is: wh#te most intuitive user-defined gesture set fmdacting

an informational search on a multi-touch tablet Wwedwser?

1.3 AIM OF THE STUDY

The aim of this study was to create a user-defgesture set for conducting an informational seartta
multi-touch tablet web browser based on gestuiiegezl from participants. It is worthwhile to ndteat the
participants were individuals who were familiar witonducting informational searches on desktops or
laptops, but had little to no experience with apget touch screen device. It was necessary to ese th
participants as they would enable the researcheandlyse naive users’ preferred gestures (Woblebak,
2009). Users who are familiar with touch screeeriiaices would advertently or inadvertently drawrnpize
gestures they have learnt or used before, and wthédefore be biased in the gestures they used.
Inexperienced users are more likely to attemptugestthat come naturally to them aack less biased
towards the use of gestures familiar to them thinokigowledge of one or more devices currently on the
market. The user-defined gesture set was created by
Utilising the design science research paradigmesngloying participatory design methods to elicit
gestures specific to conducting an information@rele on a tablet device. Eliciting gestures was
achieved by applying the method employed by Wollbret al. (2009). This involved using
participants who were unfamiliar with the touchesor devices, showing them videos of various
functions, and asking them to propose gestureshbgtfelt best suited the functions shown to them.
Using these elicited gestures to create one cohgesture set for conducting an informational

search.

1.4 IMPORTANCE AND CONTRIBUTION OF THE STUDY

Users are currently faced with a situation wherggral input for similar applications and functictiffers
across different brands of multi-touch tablet desi¢Bachl et al., 2010). This situation is aggreddiy the
fact that manufacturers wish to protect their let#lal property and to disallow competitors frosing
their methods, and as such they introduce propyistandards for the gestures that they have deedlto
prohibit others from using them (Bachl et al., 20Ml6rman and Nielsen, 2010; Lao et al., 2009).dditzon
to this, there are also no standards that apphicatilevelopers comply with. There are even sdnatwhere
there are inconsistencies in gestures requiredpipjications on the same device (Norman and Nielsen,
2010). Lao et al. (2009) explain that this happessause the definition of gestures, and how theysaed,

is often application-specific.




Given these circumstances, users may become cdnéisshere are no standardised gestures acroseediff
manufacturers and applications (Bachl et al., 20d@yman and Nielsen, 2010). They cannot transfeir th
skills between applications (Budiu and Nielsen, @0&r contexts (Norman and Nielsen, 2010). This is
unlikely to change in the near future as therairsently no unified effort or organised activity $tandardise
gestures (Lao et al., 2009), and the use of prapyiestandards, such as patents, clearly makes
standardisation, which would ultimately benefit tsers of touch screen devices, very difficult ¢chiave.
One must, however, appreciate that companies oufaeturers invest heavily in building their inteiteal
property, which gives rise to the competitive nataf the market for multi-touch products. Givensthi
competitiveness, it is of no surprise that many ufacturers do not publish their knowledge of gesstur

design or make it publicly available.

This study will be able to provide insights withspect to multi-touch tablet web browsing, with &dfic
focus on the gestures related to this activitysTikia worthwhile endeavour considering that tosmteen
interfaces are becoming more ubiquitous. As sucls important to investigate the user experiente o
interacting with such interfaces (Nielsen et a002, Bachl et al., 2010; Wobbrock et al., 2009;s¢m
Heydekorn and Dachselt, 2009; Micire et al., 2008rman and Nielsen, 2010), especially for an atgtias
common as conducting an informational search orel browser. In addition to the insights arisingrro
this investigation, a coherent gesture set willppeduced as result of the study. The gestures tiom
gesture set, and the contexts within which theylmnsed, will be a direct contribution to currprdctice.
This is because designers or developers may use tfestures, or modified versions of these gestures
their designs. The primary beneficiaries of thisdgtwould therefore be designers of tablet web kiogv
applications; knowing the preferences of users dauable them to design more intuitive interactithra
are easy to learn and use. The secondary bengfgiaould be the users of such tablet web browsing
applications as they would benefit from interacsiohat have been designed to be more intuitive tihase

currently used.

1.5 DELIMITATIONS AND ASSUMPTIONS

This study focuses on the activity of conductingimiormational search on a search engine usin@latta
device. Other activities, including navigationalt@nsactional searches as well as general broyaiegiot
addressed in this report. In should also be ndtatidnly one search engine was used for the infibomel
searches in the experiments — Google. This is lsec@oogle is the most commonly used search engine
internationally, and, as at June 2012, enjoyed 808t of the search engine market share (NetMarlketSh
2012; StatCounter, 2012; Clicky Web Analytics, 203&atOwl, 2012).




In terms of the web browser functions, it shoulchbéed that only a selected subset of functionssjaport
an informational search were analysed in this stiidplet web browsers generally have numerous imet
that facilitate or support any form of web searcanalysis of all these functions would have beenlaoge
of an undertaking for this report.

1.6 STRUCTURE OF THE REPORT

The remainder of this research report will be $tmed as follows:
Chapter 2 — Literature Review; provides the thecaebackground for the study based on existing
literature. It discusses related studies that aelevant to the research problem and introduces the
hypotheses.
Chapter 3 — Research Methodology; explains thearekeparadigm in which the study was
conducted and the research methodology that wasogetpto elicit gestures from participants. It
describes, and provides justification for, the datdlection strategy that was utilised and an
explanation of how the collected data was analysed.
Chapter 4 — Data Analysis; provides the resultsiragi from the analysis of the data that was
collected, including the final user-defined gestseé It shows how the results address each of the
hypotheses.
Chapter 5 — Discussion; discusses the various derations for gesture design, emanating from the
results presented in the previous chapter and jfpotheses. It explains the significance and
implications of these results for the design oflealiveb browsing gestures. Important results are
highlighted and explanations are provided whereethee unexpected results.
Chapter 6 — Conclusion; provides the conclusiorganding the research problem. It evaluates
whether the aims of the study were met by providingrief summary of the research report. It

highlights the limitations of the study and ideiet$f future research directions.




2. LITERATURE REVIEW

This chapter begins by introducing gestures andudies the need for participatory gesture desige. T

chapter reviews past research into gesture desigmdilti-touch devices and presents the shortcosnargl

contributions of that work. This leads to the prgagon of the study’s research question and to the

derivation of six hypotheses each addressing amegieof gesture design.

2.1 GESTURES AND GESTURE DESIGN

Wobbrock et al. (2009) present a Taxonomy of Serf@estures based on the way the participants in the

study performed and described their gestures. Basedis taxonomy, as well as contributions fronelisin
et al. (2003), Lao et al. (2009) and Hinrichs ardpéndale (2011), gestures may be identified aasbified

in terms of Gesture Form, Gesture Nature, Gestimdiy, and Gesture Flow. These classificatiores ar

detailed as follows:

Gesture Form

o

o

(0]

Identification of the number of fingers used (Walitk et al., 2009).
Identification of which fingers were used (Wobbrakal., 2009).
Identification of whether the gesture was statietic gestures are gestures where the hand
and/or fingers have a fixed position over time (bbe et al., 2003; Stern, Wachs and Edan,
2008; Wobbrock et al., 2009).
Identification of whether the gesture was dynardimamic gestures are ones where the hand
trajectory and/or position varies over time (Nielgt al., 2003; Stern, et al., 2008; Wobbrock et
al., 2009).
Identification of what “touch style” was used; agphkined by Lao et al. (2009), “touch styles”
are the ways in which contact between the handtfemdurface occurs. Elementarily Lao et al.
(2009) explain “touch styles” as:
Distinctly with one finger — where contact is madéh the fingertip of one finger
Distinctly with two fingers — where contact is magiéh the fingertips of two fingers
that are separated from one another
Distinctly with three fingers — where contact isdeawith the fingertips of three fingers
that are separated from one another
Distinctly with four fingers — where contact is neadith the fingertips of four fingers
that are separated from one another
Distinctly with five fingers — where contact is neadvith the fingertips of all five

fingers that are separated from one another




o

Palm — where contact is made with the palm of gredrand the inner surface of all five
fingers
Half-palm — where contact is made with the finigertof the index, middle, ring and
pinkie fingers closely kept together
Fist — where contact is made with the bottom aatied fist
Vertical hand — where contact is made with the itutgnal side of the hand (not
clenched)
Identification of whether the gesture comprisedpeess”; a “press” is where contact with the
surface occurs in a fixed location and is prolongexb et al., 2009).
Identification of whether the gesture comprisedap™; a “tap” is where contact with the surface
occurs in a fixed location and is brief (Lao et 2009).
Identification of whether the gesture comprisedley”; a “drag” is where the contact with the
surface varies in location over time (Lao et €02 — Wobbrock et al. (2009) refer to this as a
“path” in their taxonomy of gestures. There areioas ways in which single finger dragging
occurs:
Lao et al. (2009) further explain the various wiaywhich “dragging” occurs:
Single finger dragging, where the finger could maveny given direction (Lao et al.,
2009)
A variation of the drag is a “flick” which is moftiosimilar to a drag, but is
typically quicker; Hinrichs and Carpendale (201&}ctibe it as a brief and
forceful touch that makes an item move rapidly cegain direction
Two finger dragging, typically the thumb and indager or index and middle fingers,
which can either be
“Bi-directional dragging”; where the two fingers eaiboth moving in
different directions
“Move closer”; where the two fingers both move toélgeach other; this
gestures is also known as the “pinch” (Wobbrocklgt2009; Micire et al.,
2009)
“Move apart”; where the two fingers both move agayin one another
“Same direction”; where the two fingers both momdhe same direction —
a variation of this drag is a “two-finger flick” vich shorter and quicker
than the typical drag
Pivot; where one finger, typically the thumb, rensain one location and the
other finger, typically the index finger, pivotsoand it in a clockwise or

counter-clockwise direction — in the example preddy Lao et al. (2009),




o

however, the pivot is done with the index finged aniddle finger, with the
index finger being the axis
Multi-finger dragging, which uses more than twaoggns, which can either be
“Move closer”; where the fingers move towards atca axis — Nielsen et
al. (2003) refers to this hand movement of “gatigerthe fingers” as
adduction
“Move apart”; where the fingers move outward fromeatral axis — Nielsen
et al. (2003) refers to this hand movement of ésaping the fingers” as
abduction
“Same direction”; where all the fingers move in tb@me direction — a
variation of this drag is a “multi-finger flick” asbserved by Hinrichs and
Carpendale (2011)
Pivot; where one finger, typically the thumb, rensain one location and the
other fingers move
Micire et al. (2009) also provide the “lasso” gestwhich is the dragging of a finger
in an ellipse around the object(s) to be selecteghiie typically done with one
finger it may also be done with two fingers.
A variation of this gesture is the boundary boxwimich a box, instead of an
ellipse, is drawn.
Identification of whether the gesture was simplepte gestures are gestures that are a single
hand/finger action; they do not contain repeateiibas or other simple gestures (Lao et al.,
2009). Wu et al. (2006), refer to these gestureggeasire primitives.
Identification of whether the gesture was complxmplex gestures are gestures that comprise
two or more simple gestures (Lao et al., 2009). &wal. (2006), refer to these gestures as
compound gestures.
For complex gestures, identification of whether thenstituent gestures were performed
sequentially or in parallel (Frisch et al., 2009).

Gesture Nature

(0]

Identification of whether the gesture was symbayanbolic gestures are gestures that visually

depict a symbol (Wobbrock et al., 2009), such asitig the outline of a house (*”) to

perform the function “go to home page”.
Identification of whether the gesture was physipalysical gestures are gestures that physically
act on objects and ostensibly have the same effeetctual objects (Wobbrock et al., 2009) —

for example, “throwing” an object off the screendilete it (Wobbrock et al., 2009), or using a




half-palm drag gesture to drag an object from am@ & another, in the same way as a small
object on a table, say a card, may be moved iityeal

Identification of whether the gesture was metaptadrimetaphorical gestures occur when a
gesture acts on, with, or like something else (Wobtk et al., 2009) — for example, swiping as if
to turn a book page or tapping an imaginary buttWobbrock et al. (2009) point out however
that the gesture itself usually is not enough teatits metaphorical nature; the answer lies in
the user’'s mental model.

Identification of whether the gestures are abstralostract gestures are gestures that have no
symbolic, physical, or metaphorical connectionteirt referents — their mapping is arbitrary,
such as triple-tapping an object to delete it (Wobk et al., 2009). Wobbrock et al. (2009)
point out however that while the mappings of thgsstures are arbitrary, it does not necessarily

mean that they are poor.

Gesture Binding

(0]

Identification of whether the gesture was objecitde; object-centric gestures are gestures
which are performed with respect to an objectthey are performed to a specific object or they
produce a specific object such as performing aftager “move apart” gesture on a picture in a

webpage to enlarge it.

Identification of whether the gesture was world-@legent; world-dependent gestures are
gestures that take the real world into context icdasideration — such as dragging an object,
perhaps a saved webpage, off the screen to deélétesi gesture has context of the edges or
frame of the actual screen of the device).

Identification of whether the gesture was worlddpdndent; world-independent gestures are
that can generally be performed anywhere (Wobbebek., 2009).

Identification of whether the gesture had mixed afefencies; gestures that have mixed
dependencies are gestures that are that are vmoidghéndent in one respect but world-

dependent or object-centric in another (Wobbrocklgt2009) — this may be seen with two-

handed gestures where one hand acts on an objdetttwa other hand holds the frame of the

interface or rests on any location the interfacg @mes not necessarily form part of the gesture.
This is however typically seen with tabletop desicevhere one hand may be placed on the
interface solely to support the body while the oti@nd gestures; this is a situation that would

rarely occur with tablet devices.

Gesture Flow

o

Identification of whether the gesture was discraliscrete gestures are gestures that are
performed in their entirety, and once performedsyretem provides feedback (Wobbrock et al.,
2009) — an example would be tapping on a link weapage to open that webpage (once the tap

gesture is complete, the webpage opens).
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(0]

Identification of whether the gestures was contusjocontinuous gestures are gestures that
require on-going recognition by the system andlfeetl is provided while the gestures is being
performed (Wobbrock et al., 2009) — an example @daé scrolling down a webpage using a
drag gestures (while the gesture is being perforntedinterface is updated so that the content

that is lower down the webpage moves up into tlee' sigiew).

A summary of these classifications has been depiotéabular form below.

Dimensior

Gesture
Form

Table 1: Classification of Touch Screen Gestures

Classification of Touch Screen Gestures

Attributes Attribute Attribute Propertie
Categories
Thumt
Index
Middle
. Ring
Right Hand Pinkic
Palrr
. Fist
Fingers used / Vertical hand
part of hand Thumb
used
Index
Middle
Ring
Left Hand Pinkic
Palrr
Fist
Vertical hand
Distinctly with one finge
Distinctly with two finger:
Distinctly with three fingers
W Distinctly with four fingers
Press “touch S e o
Press N Distinctly with five fingers
style
Palrr
Half-palm
Fist
. Vertical hani
Static Distinctly with one finge
- Distinctly with two fingers
Gesture motility Distinctly with three fingers
Tap “touch D!st!nctly w!th fpur fmger:
Tap ” Distinctly with five finger:
style
Palm
Half-palm
Fist
Vertical han
Drag
. . ) Flick
Dynamic Drag Single finger Lassc
Boundary bo
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Classification of Touch Screen Gestures

Dimension Attributes Attribute Attribute Properties

Categories
“Bi-directional” drag
“Move closer” drag / Pinc
“Move apart” drau
“Same direction” drag
“Same direction” flick
Pivot
Lass¢
Boundary box
“Move closer” drag / Adduction
Multiple “Move apart” drag / Abductic
finger / Other = “Same direction” drag
part of hand  “Same direction” flick

Two finger

Pivot
Number of Ordinal number ranging from 1 to 10
fingers
Simple
Complexity Complex / Ordering of constituent gestures Sequentic
Compound Parallel

Symbolic N/A Gesture visually depicts a symbol &sfprm a function
Gesture Physical N/A Gesture phy_S|caIIy acts on objeand ostensibly has the same ef
Nature on actual objects

Metaphorice N/A Gesture acts on, with, or like something

Arbitrary N/A Gesture is arbitrarily mapped to refel

. . Gestures performed with respect to an object egopmed to a
Object-centric o . o ;
specific object or they produce a specific object

Word- N/A Gestures takes the real world into context caasideration
Gesture dependent
Binding World-

independent N/A Gestures are that can generally be performgd/here

Mixed N/A Gestures is world-independent in one respect budveependent or

dependencies object-centric in another

Discrete N/A Gestures is perfprmed in its entirety, and onceptetaly performed
Gesture the system provides feedback
Flow Continuous N/A Gesture requires on-going recognition by the sysiethfeedback is

provided while the gestures is being performed

It should be noted that the classifications ab@gisain describing the various gestures that neayded on
tablet devices. They do not address what functionsypes of functions, should be assigned or mejpe
those gestures, which is a vital step in developmgntuitive interface. The following section disses how

the users of a system can participate in determitiiase assignments or mappings.

2.2 PARTICIPATORY DESIGN

It is widely accepted in Information Systems (18)daHCI literature that users should be involvedtia
development of interactive systems (livari, 2008)e involvement of users, as explained by livafi0@),

may be:
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Informative or consultative — where users merely as providers of information, objects of

observation or commentators of predefined desighgisns

Participative — where users are active agentsarmésign process and have decision-making power
The latter of the two options is the central tesfgparticipatory design — which may be explained at of
theories, practices, and studies related to endwsefull participants in activities leading tdta@re and
hardware computer products and computer-basedtagiyMuller, 2009). The use of participatory ides

is, however, scarce.

Olsson (2004) highlights that while there is acklemlgement of the benefits of participatory appresch
such as the elicitation of more accurate user rements (Mumford, 1995 cited by Howcroft and Wilson
2003), their application in the design of infornosatisystems has been scarce. Olsson (2004) furdtes n
that while the informative or consultative typesusfer involvement, such as heuristic evaluationked
significantly lower than ones with active user jmapttior? their application has been far more pervasive.

Most often, users are represented by usability ixpe the design process — this approach, howeloas
not entail active participation of actual usersdti, 2006). Moreover, when users are involvedy thee
asked to comment on predefined design solutionsnerely provide information without being active
participants in the design process (Olsson, 2004ri) 2006). While it is noted that even this dsgof user
involvement is better than none, such approachdsodever reinforce the division between designexs a
users (Fleischmann, 2006). The argument put forlwgreleischmann (2006) is that insofar as thisgion
exists, technologies might not fulfil their full mtial. Fleischmann (2006) points out that it iyowhen
users are the designers of the very informatiohrtelogies that they themselves use, that thebadémgies
may be of greatest use to the communities theycgerv

2.2.1 PARTICIPATORY GESTURE DESIGN

Wobbrock et al. (2009) and Morris et al. (2010)eas¢hat users should play a central, participatole in
gesture design because gestures designed autordgrbgusystem designers are not always reflective of
what end-users would prefer. Wobbrock et al. (2088t out that gestures designed by system deasigne
are often designed with the greatest concern bbi@geliable recognition of those gestures by fstesn.
However, this may not always ensure that the gestcorrectly correspond with how users would néyra
or intuitively, expect to interact with interfacéements — which is perhaps a more important confarn
consumer-centric devices. Saffer (2009) and Wobbmtcal. (2009) propose that the responsibility of
determining which gestures are the most appropaiateintuitive for specific actions should not be sole

responsibility of the system designers but thatettehould be a shared responsibility with the uséthe

2 This was based on a survey conducted with usability experts attending Computer Human Interaction (CHI) and
Usability Professionals' Association (UPA) conferences.
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interface as it is their knowledge and intuitioratttihe usability of an interface relies on. Appendi
(Participatory Gesture Design Vs. Gesture Validgtiprovides two brief examples of why involving tse
through participatory gesture design is preferablsimply employing users to validate gestures Lzate
been developed.

Various studies, such as Nielsen et al. (2003)sEpghman and Wu (2006), Frisch et al. (2009), iMiet
al. (2009), Mauney et al. (2010), Kane, Wobbrocid &adner (2011) have successfully taken the approa
of eliciting gestures from users for touch scregerfaces and provide a number of contributionsgfing
about this task. Some of these are summariseaitatie below. It should be noted, however, thiatithnot
an exhaustive account of all contributions by thesearchers in terms of gesture elicitation — dhbse

most pertinent to this study have been highlighted.

Table 2: Contributions for Gesture Elicitation Process

Researche Applicatior Contex Contribution for Gesture Elicitatit Proces
(Year of Publication)
Investigating interfaces of known applicationsderitfy the
Basic architectural design functionalities for which gestures should be edidifrom
application (the application  participants.
enables the user to place virtualsing a camera to record gestures, and using teo\data to
3D objects on the table, move classify the gestures.

Nielsen, Storring,
Moeslund and Granum

(2003) them, and change their style  Ensuring there is no feedback for the gesturescijzahts perform
settings) (this is to enable them to exhibit their naturalrevised and
uninhibited behaviour).
EdgeWrite Unistroke Presenting the effects of the gesture (i.e. outpattwould be
Alphabet; participants had to  gjisplayed as a result of the gesture) to partitipand requesting
Wobbrock, Aung, make unistroke gestures (thes&nem to perform the gesture that would cause thetts(.e. the
Rothrock and Myers are gestures where the - gesture required to produce the output displayed).
(2005) participant does not lift his /

her finger until the gesture is
complete) on a touchpad to
indicate letters of the alphabe:

Allowing participants to redo gestures if they arsatisfied with
them (before proceeding to the next gesture).

Identifying the need to reduce or remove the Win-centric
elements in images presented to participants dexpgriments.
Ensuring there is no feedback for the gesturesciizants perform
(this is to enable them to exhibit their naturaltevised and
uninhibited behaviour).

Ensuring there is no feedback for the gesturescijzats perform
(this is to enable them to exhibit their naturalrevised and
uninhibited behaviour).

Frisch, Heydekorn and . o Requesting participants to “think aloud” while piading their
Dachselt (2009) Editing of node-link diagrams  gestures and to verbalise any thoughts or reasdairtge gesture(s)
they are proposing.

Epps, Lichman and Wu General (Windows) operating
(2006) system tasks

Requesting participants to provide ratings, usiit@itt scales, for
each gesture they propose.
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Researchers Application Context
(Year of Publication)

No specific application
Wobbrock, Morris and  context; researchers were
Wilson (2009) studying users’ interactions
with 2D shapes

Micire, Desali,
Courtemanche, Tsui and Controlling Robot Teams
Yanco (2009)

Contribution for Gesture Elicitation Process

Setting the experimental tasks in a fixed orderfich participant.

Using a camera to record gestures, and using tie\data to
classify the gestures.

Requesting participants to “think aloud” while piging their
gestures and to verbalise any thoughts or reasdairige gesture(s)
they are proposing.

Presenting the effects of the gesture (i.e. outmttwould be
displayed as a result of the gesture) to parti¢gand requesting
them to perform the gesture that would cause fifiatte(i.e. the
gesture required to produce the output displayed).

Limiting or removing elements relating to Windowshacintosh
operating systems that may be viewable to partitgpeduring
experiments.

Ensuring there is no feedback for the gesturescizants perform
(this is to enable them to exhibit their naturaltevised and
uninhibited behaviour).

Allowing participants to assume a widget or digahject is
presented when proposing a gesture, should théyhizteone is
required. Participants are required to explain whatwidget is, the
form they expected it to take and how they expetct work.

Requesting participants to provide ratings, usiiigitt scales, for
each gesture they proposed.

Recording participants’ hands from different angbesd using the
video data to classify the gestures.

Requesting participants to “think aloud” while piding their
gestures and to verbalise any thoughts or reasdairthe gesture(s)
they are proposing.

Limiting or removing elements relating to Windowshacintosh
operating systems that may be viewable to partitgpeuring
experiments.

Ensuring there is no feedback for the gesturescizants perform
(this is to enable them to exhibit their naturaltevised and
uninhibited behaviour).

Allowing participants to assume a widget or digithject is
presented when proposing a gesture, should théghigteone is
required. Participants are required to explain whatwidget is, the
form they expected it to take and how they expetct work.

Placing no time limits on the participants whengwsing gestures.
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Researchers Application Context Contribution for Gesture Elicitation Process
(Year of Publication)

Ensuring there is no feedback for the gesturescijzahts perform
(this is to enable them to exhibit their naturaltevised and
uninhibited behaviour).

Mauney, Howarth, Twenty-eight miscellaneous ~ Presenting the effects of the gesture (i.e. outmattwould be
Wirtanen and Capra actions commonly done on  displayed as a result of the gesture) to parti¢gpand requesting
(2010) handheld devices them to perform the gesture that would cause ttatte(i.e. the

gesture required to produce the output displayEtis was done
pictorially however and with video.

Using a camera to record gestures, and using tle\data to
classify the gestures.

Limiting or removing elements relating to Windowshacintosh
operating systems that may be viewable to partitgpeuring
experiments.

No specific application
Kane, Wobbrock, and  context; researchers were
Ladner (2011) studying users’ interactions
with 2D shapes

Presenting the effects of the gesture (i.e. outmttwould be
displayed as a result of the gesture) to parti¢gpand requesting
them to perform the gesture that would cause fifiatte(i.e. the
gesture required to produce the output displayed).

Using a camera to record gestures, and using tlem\data to
classify the gestures.

Ashbrook and Starner (2010) specifically point thatt the work of Wobbrock et al. (2009) providegoad
model for designers to follow during the initiabyfnative phase of creating a gestural system;td fouward

a way of creating a user-defined gesture set tbatectly reflects user behaviour but also provides
consistency within the gesture set (Wobbrock et 2009). Morris et al. (2009) also consider theruse
defined gesture elicitation used by Wobbrock et(2D09) to be exemplary. The study conducted by
Wobbrock et al. (2009) was therefore used as tésfar the participatory gesture design procesthisf
study (which is discussed in great detail in Chapte Research Methodology).

It is worth noting that from the research mentioabdve, only Mauney et al. (2010) and Kane et24l1()
addressed handheld touchscreen devices. Gestuitateln has predominantly been done on tabletop
devices. In addition, it should be pointed out tthet application contexts that have been invesitgaave
not specifically addressed the use of search eagineveb browsers for conducting any form of wedrcle.
These shortcomings in literature therefore give 1is this study’s research question: what is thetmo
intuitive user-defined gesture set for conducting iaformational search on a multi-touch tablet web
browser? This research question will be addredsedigh the user-defined gesture set produced asudt r

of this study, complemented by a set of hypothesbish are discussed below.
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2.3 CONSIDERATIONS FOR GESTURE DESIGN

Pointer-based interactions, which are facilitatgghbinting devices as such mice and trackballsddferent
to direct-touch interactions. An example of onehsddference is the precision of the mouse poirfioer
target selection in comparison to imprecision &f fingertip (Wang et al., 2009; Norman and Niels201,0;
Bachl, Tomitsch, Wimmer and Grechenig, 2010; Buatid Nielsen, 2011). Another example is the fadt tha
users can reach distant positions of the screeayem move around the screen, with minor movemaints
their hands when using a mouse, unlike with touckesh devices where users need to cover thosacksta
with their arms and hands, which may lead to mufatigue (Bachl et al., 2010). It would thereforat be
advisable to simply transpose the way in which foHbased interactions are designed to the desidmext
touch interactions as there are a variety of istiugsneed to be taken into consideration. The¥atg are
issues addressed:
The use of one-handed gestures in comparison tastef two handed gestures; addressing users’
use of one hand or both hands when gesturing.
The influence of the pointer-based paradigm inube of gestures; addressing how the pointer-based
paradigm usually used in popular operating systemsh as Windows, have a bearing on users’
gesture.

Gesture re-use; addressing how users tend to esathe gesture to accomplish different tasks.

2.3.1 ONE-HANDED GESTURES VS TWO-HANDED GESTURES

In their investigation of user-defined gestures fabletop devices, Wobbrock et al. (2009) repodt th
participants preferred to use one hand rather tlvan For each task, participants were asked téopara
one-handed and a two-handed gesture, and theraiadidich they preferred. Wobbrock et al. (200@infid
that participants preferred one-handed gesture®5af the 27 tasks, with preference for the reingitwo
tasks being equally divided between one and twabdrgestures. There was not a single task for which
two-handed gestures were preferred. It is impotiamiote, however, that Wobbrock et al. (2009) were
examining a specific application context but wemapdy studying users’ interactions with 2D shapes

(circles, triangles, squares etc.).

A study conducted by Frisch et al. (2009) yieldedilar results. Their study specifically investigdthow
individuals edited node-link diagrams on an intéva&ctabletop. Participants were requested to cetaph
series of diagram editing tasks using three diffeegpproaches; with one hand only (whereby theydcose
any or all the fingers on that hand), with two hangihd with a pen and a hand (being used in cotidina
with one another). They were then asked to indiedteh of the three they preferred. What Frisclalet
(2009) discovered was that one-hand interaction mraerred for most of the tasks. There were two

exceptions, however, where two-handed gestures preferred. These exceptions were for shale node
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task (where the size of a single node was eitr@eased or decreased) and tbem diagrantask (where
the size of the entire diagram was either increasedecreased). For these two tasks, two-handedrges

were rated higher than their one-handed countexpart

Despite investigating a different application comtethe results from Hinrichs and Carpendale (2011)
support those of Frisch et al. (2009). Hinrichs @akpendale (2011) conducted a field study at the
Vancouver Aquarium to investigate how visitors, legllas well as children, interacted with a large
interactive table exhibit using multi-touch gestiréhey found that users preferred to gesture anthhand
instead of two — with the resizing being the ontgeption, as with Frisch et al. (2009). For regizin0% of

all observed actions were done with both hands.

A similar preference for one-handed gestures wagmied by Morris et al. (2010). In a study aimed at
understanding users’ preferences for surface gestivtorris et al. (2010) asked twenty-two partioigato
rate a set of 81gestures. This gesture set cotisi$teser-defined gestures as well as gesturegroesiby
three experienced HCI researchers (Morris, Wobbesak Wilson). The participants, who were uninformed
as to which gestures were user-defined and whidle @esigned by the researchers, rated the suiyabfli
gestures for the actions they were designed tmperfOne of the findings presented by Morris e(2010)
was that their participants generally preferred-baeded gestures as opposed to two-handed gesthess.
reported that one-handed gestures received higtiags than two-handed gestures in terms of thehmat

between gestures and their corresponding commanttis derms of the ease of performing the gestures.

Based on the studies above, the following hyposhesly be made:
Hypothesis 1: When asking novice users to simgattures for tasks related to an informational
search on a multi-touch tablet device, the usenefltanded gestures is more likely to be observed

than the use of two-handed gestures.

2.3.2 THE INFLUENCE OF THE POINTER-BASED PARADIGM

Many touch screen applications predominantly ueglsifinger, tap interactions, which suggests thay
have simply been adapted from the pointer-baseadgan used in popular Graphical User Interface (GUI
operating systems, such as Windows (Micire et24lQ9). This may result from the fact that this pein
based paradigm is so ingrained in users’ interastiwvith computer interfaces that users still usarth
pointer-based mental models to interact with digisjects on touch screen interfaces (Wobbrockl.et a
2009); they simply substitute the mouse pointethiiteir finger. The details for how this affectseus

defined gestures, is addressed below.
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2.3.2.1 The Effect of the Pointer-Based Paradigm on User-Defined Gestures

Micire et al. (2009) explain that the gestures tbetticipants propose are heavily influenced byrtphgor
experience, particularly the standard pointer-bastataction that most users have become accustoémed
through using a mouse. They note that the tap eageésture most used by participants in their sasdy is
roughly analogous to the “click” of the mouse. Dgrtheir field study at the Vancouver Agquarium,
Hinrichs and Carpendale (2011) found that visitorthe aquarium had a similar affinity to usingithedex
fingers. They report that the index finger was usethe most frequently applied gestures for finckiand
dragging pictures. Epps et al. (2006) report alammnclination by participants in terms of usirigeir index
finger. Epps et al. (2006) presented static imaxfes Windows desktop and asked participants tooperf
common desktop computing tasks on the tabletop thvéhr hands. Despite users largely performingugest
above the surface to accomplish these tasks, theylfthat the index finger the most common fingezdu
during gesturing as it accounted for more than tiwals of all the responses provided. Epps et2406)
explained that the prolific use of the index fingeay have resulted from the “Windows-centric” soree

shots presented to the participants during theystud

Micire et al. (2009) found, however, that when fggpants proposed gestures for tasks that are umozmnin
the mouse-driven paradigm of interaction, they wegge likely to put forward novel gestures that dat
simply mimic the mouse pointer. These types ofigestexploit multi-touch capabilities, which thenpie
simulation of mouse pointers does not. Micire et(2009) looked specifically at creating a useritd
gesture set for controlling robot teams on multieto tabletop surfaces, a fairly uncommon task dorfai
most computer users. They explain that in othedist) the tasks performed were largely desktop caimgp
tasks whereas in their study the task domain ofrobimg robot teams was outside of the traditiodesktop
computing paradigm. As such, they had predicted tiwar results would differ from those of previous

studies.

In contrast to Wobbrock et al. (2009) who discouetfeat users preferred using a single finger omgles
hand, Micire et al. (2009) observed an almost unans willingness of participants to use multi-hamdi
multi-finger gestures and report that a significanmber of their participants (90%) used gestuheg t
involved multiple fingers on the same hand. Disapjiogly however, Micire et al. (2009) found thaese
kinds of multi-finger gestures only made up 8.9%dir overall user-defined gesture set, indicatiogy
heavily the pointer-based interaction paradignt istiluenced users’ gestures. This finding is ferthatified

by Wobbrock et al. (2009), whose study suggestsetan when tasks are not necessarily common 13 use
in the pointer-based interaction paradigm of thektiep, this paradigm is so ingrained in users’ ryitight it
dominates how users approach interactions withifades, and therefore greatly influences the gesttirey
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propose. Wobbrock et al. (2009) found that abodb @2 gestures in their study were mouse-like onetpo

touches or paths.

Web browsing as a task domain is highly familiamtany users. Furthermore, it is mainly familiar hirit
the mouse-driven or pointer-based paradigms asbr@sing has been done mainly on desktop or laptop
machines. It is therefore expected that if usersswequested to propose gestures for web browtiey,
might find it difficult to create new and novel ge®s that exploit multi-touch technology i.e. gest that
do not simply mimic the mouse-type or pointer-baseeractions for web browsing on desktops, whiayt

are accustomed to.

Based on the studies above, the following hypotheszy be made:
Hypothesis 2A: When asking novice users to simulastures for tasks related to an informational
search on a multi-touch tablet device, the majodfyparticipants will use gestures that are
adaptations of desktop computing, with single finiggs substituting mouse clicks and single finger

drags substituting mouse drags.

Moreover, given that the index finger is the finggically used when performing a mouse click aagir
(Cechanowicz, Irani and Subramanian, 2007) itiighér proposed that:
Hypothesis 2B: When asking novice users to simautadks related to an informational search on a

multi-touch tablet device the majority of particijg will provide gestures using their index fingers

2.3.2.2 The Need for Menus in Gestural Interfaces

Mauney et al. (2010) report that participants ratgea menu when they had difficulty thinking @fessture;
this was despite requests by moderators for ppatits to create gestures that did not require raeness.
Wobbrock et al. (2009) found this to be the casthéir study as well which illustrates the needdestures

to co-exist with traditional GUI elements, suchmaenus, that users have become accustomed to.

The necessity for gestures and menus to co-exisbuch screen interfaces is highlighted by Normad a
Nielsen (2010). Norman and Nielsen (2010) point that the advantage of GUIs was that commands no
longer had to be memorised but that all operateralable to users were discoverable by the systema
exploration of menus. They lament that this isawtently the case with gestural interfaces as nmaisyise

or even exclude menus, the use and applicatiorhathnis understood and advocated in HCI researbls T

is one of the several areas where Norman and Mi¢&10) raise the concern that tried and testedipies

of interface design are being ignored in desigmjestural interfaces. They explain that while thegraciate

that gestural interfaces are still in their infararyd require a great deal of exploration and erpamtation,
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they advise that longstanding principles proveroufgh HCI research, should still be applied in gedtu

interface design.

For the application domain of web browsing, whids Hraditionally existed in the desktop paradigm, i

would be expected that users would want menu access

Based on the studies above, the following hyposhesly be made:
Hypothesis 2C: When asking novice users to simuksgks related to an informational search on a
multi-touch tablet device, the majority of partiaigs will incorporate the use of menus (main menus

and context menus) into their gestures.

2.3.3 GESTURE RE-USE

Lao et al. (2009) assert that the key to creatmagntuitive gestural interface lies within the magpprules
(that determine which gesture is mapped to whigiction) for that interface. The mapping between the
functions of an application and the gestures thavate those functions should not be arbitraryo(lea al.,
2009), but should be aligned with users’ expeatstid he alignment between how users intend on girayi
their gestural input, and the gesture(s) affordgdhe interfaces for that input, is what makes gkistem
intuitive to use. Understanding users’ expectatigntherefore critical in designing appropriate piags
between functions and gestures.

Lao et al. (2009) note that there needn’'t alwaysabgtrict one-to-one mapping between functions and
gestures. They explain that there are situatiorsravbne gesture may be mapped to several funciitis.

is achieved by having different “interactive cortgxduring which the gesture may be used. For examp
the gesture of using a single finger to drag aup&wertically from the top to the bottom of theesm or
using the same gesture to scroll up or down a pal§eesult in different outputs because of the tex of
their use. Wu, Shen, Ryall, Forlines and Balakrsh(006) make the same observation, and refdrigo t
use of the same gesture to accomplish differekstas gesture re-use, pointing out that with gestetuse
users would need to learn and memorise fewer urggegires. This would make gesture re-use pretetabl

users.

Based on the studies above, the following hyposhesly be made:
Hypothesis 3A: When asking novice users to simulastures for tasks related to an informational
search on a multi-touch tablet device, gestureseewill be observed i.e. participants will attempt
using the same gesture to accomplish differenstéiskdifferent interactive contexts).
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One of the ways in which gesture re-use occurs thé sequencing of gestures. Lao et al. (2009)liigigt
that there are situations where complex tasks, lwtyipically map to high-level intentions such asdsch
the photos in my photo collection”, should not bapmped to a single gesture. They suggest thattsiskk
need to be divided into their fundamental sub-teshd that those sub-tasks should instead be mapped
directly to gestures. Lao et al. (2009) advise thist approach be taken with all complex tasks faidt out
that the more complex a gesture is, the fewer gople who will be able to perform it. This appetarde a
prudent approach given that Wobbrock et al. (2@0@) Mauney et al. (2010) point out that there tendse
higher agreement between users for the simpleugsstthan those that are complex. This suggeats th
mapping a complex task to a single gesture maypaein advisable option as many users may disagtiee w
that mapping and find it an unintuitive way of cdetng that complex task. Wu et al. (2006) furthestify

the approach of breaking down complex tasks in@r ttundamental gestures, by arguing that with this
approach the system would need to recognize feestiuges. They also posit that users would also teed

learn and memorise fewer unique gestures (onlgekyeence of multiple simpler gestures).

Micire et al. (2009) also endorse this sequencihgestures but point out that various combinatiohs
gestures may be used to achieve a particular baly recommend that the system must, thereforaplee

to recognise these various combinations as beilid fa achieving that goal. This approach is esqlbc
advantageous when one considers that users mayngdese a task in different ways. Experts and nayice
for example, differ in the coarseness of granylawith which they view the constituent sub-tasksaof
problem (Buxton, 1986 cited by Wu et al. (2006))would therefore be essential to allow for gesture
sequencing or combinations that allow for a goal taisk to be achieved in a variety of ways. Téigiither
justified by the Hinrichs and Carpendale (2011) wdtwserved (in their field study at the Vancouver
Aquarium) that the users of the tabletop interfacelld sequence “drag/move”, “enlarge/shrink”, “teta
“tap”, “sweep”, “flick’, and “hold” actions/gestuse in different ways to achieve various high level

intentions.

Based on the studies above, the following hyposhesly be made:
Hypothesis 3B: When asking novice users to simuigstures for complex tasks related to an
informational search on a multi-touch tablet deyiparticipants will sequence gestures but in

different combinations based on their judgmenta# lihe task should be decomposed.

2.4 CONCLUSION

The chapter discussed how gestures may be classifi¢ presented an updated Taxonomy of Gestures. It
discussed participatory gesture design, and sudminitte various contributions that other researchaxe
made with respect to gesture elicitation. It wadedp however, that gesture elicitation research has

predominantly been conducted on tabletop devicet that the application contexts that have been
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investigated have not specifically addressed tledaisearch engines or web browsers for condueting
form of web search. Thus the existing literature hat adequately described the most intuitive deéired

gesture set for conducting an informational search multi-touch tablet web browser.

In addressing this research question, the chafgermpaesented 6 hypotheses. These were basedesiea r

of literature addressing gesture design. This redeggested that users generally prefer to usehanded
gestures, as opposed to two-handed gestures (kL specifically prefer to use their index fingdr2B). It

also indicated that users considerably draw upeir #xperiences of desktop computing when gesturing
(H2A), notably the use of menus (H2C). The reviewtHer suggested that users re-use gestures to
accomplish different tasks (H3A) and will also cambgestures in different ways to accomplish theesa
tasks (H3B).
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3. RESEARCH METHODOLOGY

It has been noted that gesture sets designed byeljgarts may not always be the most intuitive tivaa
users and that eliciting gestures from users throparticipatory design is a recommendable approach
(Nielsen et al, 2003; Micire et al, 2009; Wobbrakal, 2009; Morris et al, 2010; Heydekorn, Frisahd
Dachselt, 2011). Following this recommendations ttudy set out to create a user-defined gesturiise
conducting an informational search on a multi-tot@hlet web browser based on gestures elicited from

participants through a participatory design appnoac

This chapter discusses the design science resgametdigm and the research methodology that was
employed to elicit gestures from participants.dsctibes, and provides justification for, the dailiection
strategy that was utilised — specifically descripihe apparatus that was used, the participants ¥vbom
the data was collected and the methods and praeedoat were employed to elicit the required dedenf

the participants. It then provides an explanatibhoo the data was analysed.

3.1 RESEARCH PARADIGM

This study was conducted within the design scieasearch paradigm. Design science research inviiees
design of novel or innovative artefacts, includicmmputer interfaces, and the analysis of the uséoan
performance of such artefacts with the aim of imprg them as well as understanding the behaviour
associated with them (Vaishnavi and Kuechler, 201tl)is inventive or creative by nature, and is
fundamentally a problem-solving activity (AdikakiicDonald and Collings, 2006; Hevner, March, Parlt an
Ram, 2004; Vaishnavi and Kuechler, 2011).

Design science differs from behavioural science natural science quite significantly. The aim of
behavioural or natural science is discovery oftthéh i.e. amassing a body of knowledge about abjec
phenomenon in nature or society that describedaiegpand even predicts how they behave and iriterac
with each other (Hevner et al., 2004; Vaishnavi Knéchler, 2011).The aim of design science, howedser
the creation of utility i.e. forming body of knowlge about artificial or man-made objects and phemam
designed to meet certain desired goals (Vaishnaikuechler, 2011) through the construction, anéngh
necessary evaluation and reconstruction, of thesi#cial objects or phenomena until the said goate
reached (Hevner et al., 2004).

Hevner et al. (2004) highlight, however, that traiind utility are inextricably intertwined — truthforms

design and utility informs theory. It should be esbthat while natural laws or behavioural theongsrm

the design of the innovative artefacts that desigience research produces, existing theory is often
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inadequate or only applicable in a specific envinent (Hevner and March, 2003). As a result, re$essc
have to draw upon their experience, creativityuitidn and general problems solving methods todbuil
artefacts (Hevner and March, 2003). A design seeresearch effort, therefore, may produce a few
contributions (Vaishnavi and Kuechler, 2011; Piieai, Gonzalez and Kolfschoten, 2010; Hevner et al.,
2004):
The production of new knowledge (to a certain comity) about the artefact itself, as well as the
method or methodology of creating or constructing i

The artefact itself, which can then be utilisediimbers of that community.

Adikari et al. (2006) point out that design sciemesearch is especially suited to Human Computer
Interaction (HCI) as HCI is a discipline that priihafocuses on the design, evaluation and impleitgn

of interactive systems and therefore easily letsidfito this paradigm of research. HCI researctamsoll

and Kellogg (1989 as cited in Vaishnavi and Kuech?®11) even propose that HCI artefacts themselves
may be most effective medium for theory developnietiCl. Design science research was hence found to
be the most appropriate paradigm for this studyckvhas the primary aim @feating a user-defined gesture
set for conducting an informational search on atirbolich tablet web browser based on gesturestedici
from participants who have little or no experiemgéh touch screen devices. The way in which gestiwe

this gesture set were elicited is described below.

3.2 DATA COLLECTION

Wastell, Sauer and Schmeink (2009, p 345) note “thaihg design science necessarily involves design
work, regarding both the design of the ‘experimtaia (field or laboratory) and of the artefactet. The
design of both the experiments and artefact fag #tudy was based on the prior work of Nielsenlet a
(2003), Wobbrock et al. (2005), Wobbrock et al.Q20Frisch et al. (2009) and Micire et al. (200%)ow
elicited gestures from participants (the averagebmer of participants used across the aforementioned

studies was 19, and ranged from 7 to 31) througgrias of experimental tasks.

Similarly, various experimental tasks, which ar¢éaded below, were conducted to elicit gesturesnfithe
study’s participants. During the elicitation progegarticipants were requested to think aloud &y th
executed their experimental tasks, as conductdetibgh et al. (2009), Wobbrock et al. (2009) andikdi et

al. (2009). This verbal, “think-aloud” data providerbal explanations and reasoning for participants
gestures. In addition to the gesture and thinkdldata, gesture ratings which represented thecjatits’
perception of the quality of their gestures in temh suitability and ease of performance, werdteticfrom

participants.
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This section details how all the aforementionedadaere collected. It explains the apparatus udesl, t
setting in which these experiments were done aadérticipants from whom this data was collectdds T
section also provides details of how the experismevdre conducted to ensure that the data colleesd
sound and accurate.

3.2.1 APPARATUS

The study was conducted on a multi-touch tabletedalhe Apple iPad 2. This tablet has a 247.38 mm
(diagonal) Light-Emitting Diode (LED) widescreen liouch display with a 2048-by-1536-pixel
resolution (Apple, 2012). Its dimensions are abfes (Apple, 2012):

Height: 241.2 mm

Width: 185.7 mm

Depth: 9.4 mm

Weight: 652 g

All participants used the same tablet device indkperiments; therefore no disparities in resudts be

attributed to differences in the hardware and/émsoe used.

3.2.2 EXPERIMENT SETTING

The experiments were conducted in a HCI laboratblnys laboratory consisted of a participant roord an
observer room which were separated by a one-wasomifhe experiments were conducted on the iPad
described in the previous section, at a table énpidrticipant room. The participants were seatethguhe

experiments.

The participant room was equipped with two builtfilgh resolution, overhead cameras that were tguéra
from the observer room. In addition to these camar@o standalone video cameras were positiondaeat
table where the participants’ gestures were eticitdl four cameras recorded the participants’ vidiata
unobtrusively and were positioned to optimally captthe finger, hand and arm movements that ppatits
made (Nielsen et al., 2003; Frisch et al., 2009pbkvock et al., 2009; Micire et al., 2009). Thisaget of
cameras provided different views or angles of tletigipants’ finger and hand gestures during the
experiment activities (Wobbrock et al., 2009). Adaate microphone was used to record the audid-thin
aloud data during the experiments. Noldus and CaEet&tudio software was used to combine and
synchronise the different video recordings andatheéio data into a single video. Below is a pictofehe
laboratory set-up; it shows the two standalone casas well as one of the built-in, high definitameras

(the second built-in camera is out of view in thisture).

26




Figure 1: Laboratory set-up — Standalone cameras and rear built-in camera (front built-in camera out of view)

3.2.3 PARTICIPANTS

Twenty participants (ranging from 27 years of &ge65 years of age) served as volunteers and weee g
no compensation for participating. A convenienceang approach was used; participants were mainly
university staff, as with Wobbrock, Aung, Rothrogkd Myers (2005) and Frisch et al. (2009). Whilis th
means that participants were recruited fairly gyicnd at little cost, the disadvantage of thisrapph is
that the participants may not be representativih®fgeneral population, which threaten the gersatbility

of the study’s findings.

3.2.3.1 Eligibility Criteria

This section defines the criteria that were usedeillecting participants that would be appropriatethe
study.
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The inclusion criteria that were used were:

The required application domain knowledge i.e. femty with conducting an informational search

on a desktop / laptop web browser using the funetity detailed below in Table 3: Web Browsing

Functions.

Little or no experience with any form of touch smmedevice — including touch screen phones or

tablets.
The approach of using participants with little ortouch screen experience was adopted by Wobbioak e
(2009) as it enables researchers to observe naims’winatural gestures. Participation of inexpegenor
naive users therefore better highlights discreasnbietween how users would want to execute certain
functions and what designers prescribe or recomn(@fubbrock et al., 2009; Morris et al., 2010). ther
rationale for involving participants that haveléitor no experience with touch screen devicesasdbing so
reduces the bias of gestures that participantsosmpJsers who are familiar with touch screen faters
would advertently or inadvertently draw upon thestgees they have learnt or used before, and would
therefore be biased in the gestures they usedrévigtial. (2009) point that participants that had prior
experience with touch screen devices were bias#ukitypes of gestures they used, citing, for exanpat
iPhone users used significantly more “pinch” gessufor zooming. Inexperienced or naive users simply
provided gestures that they felt came naturallythiem, providing a more accurate reflection of what
typical, unbiased user would prefer.

The only exclusion criterion that was used was paticipants needed to be 18 years of age, orr;ofde

other demographic characteristics were used ass®al criteria.

3.2.4 PROCEDURE

The procedure adopted to elicit gestures from spatticipants for conducting an informational skano a
multi-touch tablet device, and using those gesttmesreate a user-defined gesture set, was sital#nat
used by Nielsen et al. (2003), Wobbrock et al. B08obbrock et al. (2009) and Frisch et al. (200%)e
procedural steps for data collection employed is Htudy are the first two steps in the procedina t
Nielsen et al. (2003) put forward for finding arpegpriate gesture set for any given applicatioresehsteps
were:

Finding the functions — this entailed identifyiniget functions which would be employed in an

informational search, for which gestures would leted from participants

Collecting gestures from the user domain — thigited eliciting gestures, for the functions thatl ha

been identified, from the participants and recaydirese gestures

These steps are described in greater detail isuhesections below.
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3.2.4.1 Finding the functions

Nielsen et al. (2003), note that the first stegl@veloping an intuitive gesture set for an applcais to

identify the functions for that application. In shcase the application is a web browser on a radth

tablet device, used for conducting an informaticsedrch on the web. Nielsen et al. (2003) adviaettie

user interfaces of existing similar applicationsdd be used to identify the needed functions. Thit

appraise all current functionality for the applioat context and to ensure that the necessary htare

taken into consideration. It is important to ndtattthe activity of accessing a search enginecanducting

an informational search can only be achieved ttiahg use of a web browser, and the various fungtio

afforded to user by the web browser. Existing wedwisers were identified and the functions that énab

support informational searches were therefore apdly

A comparison of 80 web browsers, comprising of biathlet and desktop web browsers, resulted in the

functions tabulated in Table 3 (Web Browsing Fumts) below — which were found to be main functions

across the cross-section analysed. Table 1 (Redielablet Web Browsers) illustrates the tablet web

browsers that were reviewed and Table 2 (Revieweskdp Web Browsers) illustrates the desktop web

browsers reviewed.

No.

© 00 N o 01 b

11

12

13

14

Browser Nam

360 Web Browst

AlllInOne Browser

Apollo Browser

Atomic Browse
Beaver Browser
Boat Browser
Browser Duo
Browser+ HD

Chrome for Andriod
Cloud Browse

CloudSurfer

Diigo Browser

Dolphin Browser HD

Dual Browser

Table 3: Reviewed Tablet Web Browsers

Version
Reviewed
5.1

1.0.12

2.5

6.0.1
2.3
3.1
11

11
0.18.4409.23
6

4.4

121

3.0

1 (Android);
4.1 (Apple)

141

Website URI Platforn
http://www.digitalpoke.com/36 Apple
http://www.allinonebrowser.com/home-

. Apple
ipad.php

http://itunes.apple.com/us/app/apollo-browser-
+-addons-like/id470154924?mt#£8fficial Apple
site unavailable)

http://atomicwebbrowser.col Apple
http://www.crowbarsolutions.com/products/be Android
aver/

http://www.boatmob.com/ Android
http://mcleanmobile.com/products/ipad- Apple
apps/browser-duo/ PP
http://www.browserplusapp.com/ Apple
http://www.google.com/intl/en/chrome/anc Android
d/features.html
http://www.alwaysontechnologies.com/clot Apple
rowse/

http://www.touchutility.com/produc-

3/cloudsurfer/ Apple
http://itunes.apple.com/us/app/di-browse-
chrome-like/id432838105?mt®fficial site Apple

unavailable)

http://dolphin-browser.com/ Android + Apple

http://dualbrowser.19e3.com/ Apple
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No.

15

16
17

18
19

20
21
22

23
24

25
26
27

28
28
30

31

32

33

34

35
36
37
38

39

40

41

42

Browser Name

DualWeb Browser

Espier Browser
Firefox Mobile

Grazing Web Browser
iCab Mobile

iLunascape 3
InBrowse
iSwifter
Kikin
Maxthon Mobile
Mercury Web Browser

Mobicip Safe Browser
NetFront™Life
Browser v2
Night Browse
Ninesky

Opera Mobile

Overskreen

PERFECT Wel
Browser

Photon Flash Playe
Browser

Puffin Browser

QQ Browser

Safari
ScudWeb eXtreme We
Browser
Secret Browse¢

Skyfire

Sleipnir Mobile

Super Prober We
Browser

Switch ~ Multi-User
Web Browser

Version
Reviewed

1.05

1.0.0
10.0.4

2.1.10.1
5.7.5

3.3.0
1.7¢
4.5

1.9.C
15

5.3
2.8.4
231

1.C
2.3.C
12.0.2
(Android)

16.1

5.0

1.8

2.2.506&
(Android) ;
2.2.3 (Apple)
2.8 (Android);
1.1 (Apple)
5.1
1.0 (Android);
2.1 (Apple)
1.8.C
4.1.0
(Android);
4.1.1 (Apple)
2.04
(Android);
3.3.2 (Apple);
1.5.0.0
(Windows
Mobile)

3.0

1.8.1

Website URL

https://play.google.com/store/apps/details?id=
com.mu.dualweb&feature=search_result
(official site unavailable)
http://espier.org/2_en.html
http://www.mozilla.org/en-
US/mobile/features/
http://www.grazingbrowser.com/
http://www.icab-mobile.de/
http://www.lunascape.tv/Productsunascapt
features.aspx

http://tompodapps.cot
http://itunes.apple.com/us/app/iswifter/id3:
57173?mt=§official site unavailable)
http://www.kikin.com/feature
http://www.maxthon.com/
http://www.ilegendsoft.com/software/mercury
browser/

http://www.mobicip.com/
http://www.netfrontlife.com/cqi/nflife.cqi?a:
pp&aname=browser2
http://www.collect3.com.au/nightbrows
http://ninesky.com/index_en.ht

Platform

Android

Android
Android

Apple
Apple

Apple
Android
Apple

Apple
Android

Apple
Apple
Android

Apple
Android

http://www.opera.com/mobile/features/tablets/ Android + Apple

https://play.google.com/store/apps/details?id=
com.myboyfriendisageek.airbrowser&featurza
=related_appéofficial site unavailable)

http://www.perfectbrowser.com/

http://www.appsverse.com/Browser

http://www.cloudmosa.com/

http://39gg.qg.com/

http://www.apple.com/safari/what-is.html

http://scudwebapp.com/

http://secretbrowserapp.cc

http://www.skyfire.com/en/for-consumers/

http://www.fenrir-inc.com/

http://scimobile.com/?p=96

http://switchapp.net/
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Apple

Apple

Android + Apple

Android + Apple
Apple
Android + Apple
Apple

Android + Apple

Android + Apple

Apple

Apple
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10
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12
13
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19
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24

25
26
27
28
29
30
31
32
33

No. Browser Name Version Website URL Platform
Reviewed
43 Terra Browser 1.3.6 http://readdle.com/products/terra/ Apple
7.8.0
(Android); http://www.ucweb.com/English/UCbrowser/in .
44 UC Browser 71153 dex.html Android + Apple
(Apple)
45 xScope Mobil 6.5C http://x-labs.net Android
Table 4: Reviewed Desktop Web Browsers
Name Versior Website URI Platformn
Acoo Browse 1.98.74« http://www.acoobrowsr.com, Windows
Amaya 11.4.4 http://www.w3.org/Amaya/Overview.html Windows
Build 169, http://www.avantbrowser.com/default.aspx?uil=en-us .
Avant Windows
4.8.2012
Browse3D 3.5 http://www.browse3d.com/ Windows
Camino 21 http://caminobrowser.or Mac
Browser
Cayman 29 http://www.caymanbrowser.com/index.h Windows
Browser
Comodo http://www.comodo.com/dragon/intl/- .
Dragon 18.3 GB/browserchoice/index.html Windows
Crazy Browse 3.1C http://www.crazybrowser.cor Windows
Deepne! 153 http://www.deepnetexplorer.co Windows
Explorer
Enigma 45 http://www.suttondesigns.co Windows
Browser
Epic Browse 1.9.% http://www.epicbrowser.com/index. ht Windows
Epiphany 3.4.1 http://projects.gnome.org/epiphany/ Mac
GNU IceCat 9.0.1 http://www.gnu.org/software/gnuzilla/ Mac
Google 18.0.1025.168 https://www.google.com/chror Windows
Chrome
GOSURF 2.84.903.845 http://www.gosurfbrowser.com/?go=home&In: Windows
GreenBrowse 6.2.042° http://www.morequick.com/indexen.h Windows
iCab 4.8 http://www.icab.de/ Mac
Internet 9.0.8112.16421IC http://windows.microsoft.com/en-US/internet-explddewnloads/ie Windows
Explorer 9
K-Meleon 154 http://kmeleon.sourceforge.net/ Windows
Lunascap 6.6.( http://www lunascape.tv/Default.as Windows
Maxthor 3.3.6.100 http://www.maxthon.con Windows
Midori 4.5 http://twotoasts.de/index.php/midori/ Windows
Mozilla Firefox 12.0 http://www.mozilla.org/en-US/firefox/new/ Windows
Net§cape 9006 http://netscag-browser.en.softonic.col Windows
Navigator
OmniWet 5.11.] http://www.omnigroup.com/products/omniweb/overvi Mac
Oper 11.62 http://www.opera.com/brows¢ Windows
RockMelt 0.16.91.371 http://www.rockmelt.com/# Windows
SeaMonkey 2.7.2 http://www.seamonkey-project.org/ Windows
ShenzBrowse 1.1 http://www.browsersite.com/B2.h Windows
SlimBrowse 6.01.03: http://www.slimbrowser.net/e Windows
SRWare Iron 18.0.1050.0  http://www.srware.net/en/software_srware_iron_daadlphp Windows
Stainless 0.8 http://www.stainlessapp.com/ Mac
Wyza 3.6.¢ http://wwwwyzo.com Windows
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No. Name Version Website URL Platform
34 xB Browser 3.9.10.24 https://xerobank.com/download/index.html Windows
35 Zac Browse 1.t http://zacbrowser.cor Windows

It should be noted that only the functions thaedity enabled or supported the activity of conchgtan
informational search on the front-end were analys@&tie functions that related to background
configurations, preferences and settings were dedufrom the analyses of functions. These excluded
functions include, but are not limited to:

Network/proxy configurations

Encryption settings

General security settings

General privacy settings

JavaScript settings

Cookie and cache management

Password management

Language settings

Appearance/skin preferences

Really Simple Syndication (RSS) settings

Add-on/plugin management

Importing or exporting of bookmarks or any formsghcing

Pop-up settings

Keyword shortcuts

Extension management

Download settings

It was discovered that various web browsers hadtioms or add-ons that were either unique to them o
were uncommon across the surveyed web browsush functions were also omitted from the listlyahe
functions implemented in most of the browsers #ratfundamental to the actual activity of condugtim
informational search were analysed. Various categdor these functions identified during the asalyof
the web browsers. These categories are as follows:
Website Navigation; this category deals with natigmabetween websites or webpages that enables
users to revert and proceed to webpages that heare dpened — this excludes the use of links for

navigating between websites

® For example, Acoo Browser has a built-in calculator used to evaluate mathematical expressions. Cayman Browser has
voice engines that read web page aloud in any of 10 languages. GreenBrowser has a customisable “Boss Key” that
hides the browser once pressed.
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No.

These

Interaction with Page Content; this category deatls users’ interactions with any elements relating
to the following:

0 Stopping or restarting the process of loading tebpage content

o Panning around the page, be it downwards, upwardigleways to view page content

o0 Enlarging or decreasing the size of the page contrfzooming in” or “zooming out”

o0 Finding, inputting and handling textual contenttba webpage
Tab Browsing; this category deals with the opersing closing of browsing tabs
Management of Browsing History; this category deaith the viewing and deletion of browsing
history
Bookmarking / Management of Favourites; this catggteals with the adding and opening of
bookmarks or “favourites”
Saving to Memory; this category deals with savireppage, as well as images on the webpage, to
memory
Miscellaneous; this category deals with functiamst did not fall within any of the aforementioned
categories — these are:

0 Request help

o Close the web browser

are tabled below in their respective categpit should be noted that the column entitledd&dr

During Experiment” provides the order in which thumctions were presented to participants during the

experiments.

Table 5: Web Browsing Functions

Function Description Order During
Experiment
Website Navigation
Go to previous The ser informs the browser to return to the previcaigg This may 2
webpage also be referred to as the “Go back” function.
Go to nexi The user informs the browsto navigate to the page tthe / she had 3
webpage navigated from.
Interaction with Page Conte
Input searct The user inputs a search query into the searcme 1
query
Stop loadinc The user stops the browser while it is in the pssa& loading ¢ 4
webpage content webpage’s content.
Refresl/reload = The user informs tt page to refresh / reload its cont 5
webpage content
Pan down th The user pans down the web page (in a verticattitin®). This may als 8
webpage be referred to as “scrolling down”.
Panup the The user panug the web page (in a vertical directionhis may also b 9
webpage referred to as “scrolling up”.
Pan across th The user pans across the web page (in a horizdinégtion from left tc 10
webpage right). This may also be referred to as “scrollagyoss”.
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No.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Function

Make webpage
content larger
Make webpage
content smaller
Search for text or
the webpage
Copy a section of
text on the
webpage

Paste section of
text into search
engine

Open link on the
webpage in new
tab

Oper a new
browsing tab
Close a browsin
tab

View record of
visited pages
Delete entry from
record of visited
webpages

Save current
webpage address
within the
browser for
viewing at a later
stage

Call up savet
webpage address

Save image o
webpage to
memory
Save curren
webpage to
memory

Request hel

Close web
browser

Description

The user makes the content of the page (text aades) larger and
hence easier to view. This may also be referrextzooming in”.
The user makes the content of the page (text andes) smaller. This
may also be referred to as “zooming out”.

The user searches for a particular string of texthe current page.

The user copies a section of text on the currege pa

The user pastes a section of copied text intoe¢hech engine

Tab Browsing

The user opens a web link on the current page usiagrew browsing
tab.

The user cretes a new browsing te
The user closes a browsing 1

Management of Browsing Histc
The user views the record of all the pages thdtshe has visited. This is
may also be referred to as “viewing the history”.
The user deletes an entry from the record of dgi@ges. This may alsc
be referred to as “deleting a history entry / item”

Bookmarkin¢/ Management of Favourit

The user saves the current page address in théwwelser for later
access. This may also be referred to as “addiraplrbark / favourite”.

The user accesses a web page address that had bemugy saved
This may also be referred to as “opening a bookmadokmarked page
/ favourite”.

Saving to Memor
The user saves an image on the current pathe device’s hard driv

The user saves the current page to device’s hare.

Miscellaneous
The user requests information from the browsersighow to do ¢
certain function or for additional information alh@ny component of the:
browser. This is akin to “help”, but the word “hé&lp being avoided as it
might introduce bias.
The user closes the web browser application.
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3.2.4.2 Collect Gestures from User Domain

The second step was collecting, or eliciting, gestdirom prospective users of the application. $dielet al.
(2003) explain that the goal of this step is taitlihe gestures from study participants for thecfions
identified in the first step. This should be donkiles participants are under camera surveillancen€ta
surveillance ensures that all gestures are capamddnay be reviewed in detail at a later stage. think-
aloud data, which is also captured by the camerdswcrophone, as well as gesture ratings, bothtoth

provide crucial complementary data to the actuaitetl gestures, were also collected in this step.

The approach adopted for gesture elicitation wemslai to that used by Wobbrock et al. (2005), Walalr
et al. (2009) and Kane et al. (2011) in that pgoéicts were presented with the effects of the gedie.
output that would be displayed as a result of thgtige) and the participants were required to peotie
gesture that would cause that effect (i.e. theli@ereen gesture required to produce the outpptagisd).
These effects are called referents (Wobbrock e2Q05; Wobbrock et al., 2009) and will be refertecas
such henceforth.

A referent illustrating each of the web browsingdtions in Table 5 (Web Browsing Functions) wasited.
These referents used were short video recordinigls &n average duration of 11.2 seconds). As ampla
the referent for “Go to previous webpage” showed

1. A certain web page (the results of a search quei@aogle) — as seen in Figure 2 below.

2. A link on the webpage being clicked (a link for amfethe search results is clicked) — as shown in

Figure 3 below.

3. That webpage being changing to a different web f#ge corresponding website for the link that

was clicked is shown) — as seen in Figure 4 below,

4. The browser reverting to the original web page Kkdadhe results on Google, with the link that had

been opened being displayed in the typical purplewr that signifies that it was opened) — as

shown in Figure 5 below.

Below are screenshots from the “Go to previous wgbpreferent’s video, as explained above.
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Figure 2: Referent for “Go to previous webpage” —
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How Does Google Work? Learn How Google Works: Search Engine ...
ppeblog.com/how-google-works/

OMG infographic shows the search process, from indexing right on through to search
result ranking & delivery.

Google Technology

www.google com/technology/pigeanrank html

How exactly does Google manage to find the right results for every query as
quickly ... Building upon the breakthrough work of B. F_ Skinner, Page and Brin ...

HowStuffWorks "The Google Search Engme"

computer ho ks. 1 htm

Its been called a Google killer, but Stephen Wolfram's computational knowledge
engine doesn't work like Google. So what does it do, and does it live up to its .

How does Google search work? - YouTube

wuw youtube com/walch?v=KyCYyoGusqs
23 Apr 2012 - 8 min - Uploaded by Gnog\a\"\’ebmaslerHalp
Hi Matt. could you please explain how Gooegle's ranking and
website evaluation process works starting ...

How Search Works - YouTube
outube_cor
- "} 4 Mar 2010 - 3 min - Uploaded by Google
hitp-/iwww google comihowgaogleworks | The life span of a
Google query is ... How Search Works. Google ...

watch?v=BNHR6IQJGZs

More videos for how does google work? »

How Google Works - Google Guide
wwvr.googleguide com > Part Il Understanding Results
2 Feb 2007 — Gooale can also match multi-word phrases and sentences. ... For more

How Does Google Work? Learn How Google Works: Search Engine ...
ppcblog.com/how-google-works/

OMG infographic shows the search process, from indexing right on through to search
result ranking & delivery.

Google Technology

www.googie comiechnology/pigeonrank himl

How exacily does Google manage to find the right results for every query as
quickly ... Building upen the breakthrough work of B. F. Skinner, Page and Brin ...

HowStuffWorks "The Google Search Engine"

computer.ho ks. /googlei.htm

It's been called a Google killer, but Stephen Wolfram's computational knowledge
engine doesn't work like Google. So what does it do, and does it live up o its ..

How does Google search work? - YouTube

v outube.com/watch?v=KyCYyoGusgs
23 Apr 2012 - 8 min - Uploaded by GoogleWebmasterHelp
Hi Matt, could you please explain how Google's ranking and
website evaluation process works starting ...

How Search Works - YouTube
outube com/watch?v=BNHRSIQJGZs

4 Mar 2010 - 3 min - Uploaded by Google
http:/iwww google com/howgoogleworks | The life span of a

Google query is ... How Search Works. Google ...

More videos for how does google work? »

How Google Works - Google Guide
www.googleguide.com > Part II: Understanding Results
2 Feb 2007 — Gooale can alse match mulii-viord phrases and sentences. ... For more

Figure 3: Referent for “Go to previous webpage” —
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oogle Technology

GOngle Qur Searcl

Home The technology behind Google's great results
About Google As a Google user, you're familiar with the speed and accuracy of a Google search. How exactly does Google manage to find the right results for every query as quickly as it does? The heart

Help Central of Google's search technology is PigeonRank™, a system for ranking web pages developed by Google founders Larry Page and Sergey Brin at Stanford University.

Google Features

Our Technology
» PigeonRank

Find on this site.

Building upon the breakthrough work of B. F. Skinner. Page and Brin reasoned that low cost pigeon clusters (PCs) could be used to compute the relative value of web pages faster than
human editors or machine-based algorithms. And while Google has dazens of engineers warking to improve every aspect of our senice on a daily basis, PigeonRank continues to provide the
basis for all of our web search tools_

Why Google's patented PigeonRank™ works so well

PigeonRank's success relies primarily on the superior trainability of the domestic pigeon (Columba livia) and its unique capacity to recognize objects regardless of spatial orientation. The
common gray pigeon can easily distinguish among items displaying only the minutest differences, an ability that enables it to select relevant web sites from among thousands of similar
pages.

By collecting flocks of pigeons in dense clusters, Google is able to process search queries at speeds superior to traditional search engines. which typically rely on birds of prey. brooding
hens or slow-moving waterfowl to do their relevance rankings

When a search query is submitted to Google, it is routed to a data coop where monitors flash result pages at blazing speeds. When a relevant result is
observed by one of the pigeons in the cluster, it strikes a rubber-coated steel bar with its beak, which assigns the page a PigeonRank value of one. For each
peck, the PigeonRank increases. Those pages receiving the most pecks, are retumed at the top of the user's results page with the other results displayed in
pecking order

Integrity

Google's pigeon-driven methods make tampering with our results extremely difficult. While some unscrupulous websites have tried to boost their ranking by
including images on their pages of bread crumbs. bird seed and parots posing seductively in resplendent plumage, Google's PigeonRank technolagy cannat
be deceived by these techniques. A Gaogle search is an easy, hanest and objective way to find high-quality websites with information relevant ta your search.

Data

Figure 4: Referent for “Go to previous webpage” — The corresponding webpage appears

Search
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result ranking & delivery.

Maps

Videos Google Technology
wwwr.google comitechnology/pigeonrank himl

News Block all www google.com resulis
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Derhisn HowStuffWorks "The Gnqgle Sgar;h .Engme"

computer.hc ks. gle1.htm
It's been called a Google killer, but Stephen Wolfram's computational knowledge
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Pages from South Africa How does Google search work? - YouTube
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23 Apr 2012 - 8 min - Uploaded by GoogleWebmasterHelp
Hi Matt, could you please explain how Google's ranking and
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More search tools

How Search Works - YouTube
outube com/watch?v=BNHR6IQJGZs
L W 4 Mar 2010 - 3 min - Uploaded by Google
http:/iwww.google.com/howgoogleworks | The life span of a
Google query is ... How Search Works. Google ...
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How Google Works - Google Guide
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Figure 5: Referent for “Go to previous webpage” — Browser reverts to the results page, with the link that had
been opened being displayed in purple
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Referents were presented to participants on the: (@afull screen) and the participants were trezuested

to propose gestures that matched the referentch @a@e in turn. To ensure the participants’ conaplet
understanding of each referent, the researchetaiegd each referent to the participants prioritovgng it

to them, explained the event(s) in the referenievbinowing it to them for the first time, and ifgrered,
showed it to the participants several times, adingsany questions the participants had, until the
participants indicated they understood it. The wideferents of the web browser ensured that noifspec
elements relating to Windows or the Macintosh wdisplayed; this was to avoid bias (Wobbrock et al.,
2009). Similar to Micire et al. (2009) the elemethigt were avoided included menus, title bars aritbhs.

When the participants wished to offer a gesturgestures, a thin glass sheet was placed over #uk The
referent video was then played, and the particgpppatformed the gesture(s) for the event(s) irvitieo, as
if interacting with the iPad. The purpose of thasgl sheet was to inhibit actual input to the P&ty
would disrupt the referent video. Wobbrock et @0(9) explain that with such an approach, the lafck
feedback is beneficial as it creates a “monologubére all participants’ input is always acceptalaled
therefore enables participants to exhibit theiruradt unrevised and uninhibited behaviour. The oke
feedback would not facilitate such an environmenfegdback may deter participants’ actions, cauiam
to revise their actions and not to act as theyrafiyjuwould have (Wobbrock et al., 2009). Therefas with
Wobbrock et al. (2009) and Frisch et al. (2009¢réhwas no feedback provided to the participantsigu
their gesture elicitation. Figure 6 below shows ifRad with the glass sheet covering while a paugict

provides a gesture.
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Figure 6: A participant providing a gesture

As with Wobbrock et al. (2005), if participants wainsatisfied with the gesture(s) they had propabey
were allowed to redo them. However, once that gestias committed to by the participant for thaerent,
it could no longer be changed (Wobbrock et al.,5200Vhere participants felt that an additional vetlg
(digital object) was required on the interface #oparticular activity, they were allowed to assumeas
present — provided they explained in detail whatwhdget was, the form they expected it to take laont
they expected it to work (Micire et al., 2009; Wottk et al., 2009). Examples of widgets from Micéteal.
(2009) and Wobbrock et al. (2009) included typMéahdows elements such as menus and buttons.

Participants were informed only of the details aigéto proposing intelligible gestures; it wapkined to
them that they could use one or more fingers, dlsasene or both hands, highlighting that they aae any
part or shape of their finger(s) and/or hand(sqny way they want, as long as they expressed tsteirge
which they felt would best perform the function wimoin the referent (Micire et al., 2009). The only
constraint that was placed upon them was thatitiger(s) and/or hand(s) had to make contact wighgthss
sheet placed on top of the tablet device. As wa® diy Nielsen et al. (2003), participants wererimied not
to think technically about whether the gestures ldidae recognisable or not, but simply to provide th
gestures that came naturally to them. As previoosintioned, participants were requested to thiokicl
while providing their gestures (Frisch et al., 20@@bbrock et al., 2009; Micire et al., 2009). THhgnk-

aloud protocol, that requires participants to veskatheir thoughts as they gesture, is a standaadbility
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evaluation protocol (Wu et al.,, 2006). Wobbrockakt (2009) explains that an analysis of the video
recordings, coupled with the participants’ verbadishoughts provides rich qualitative data thainilinates
the participants’ mental models. As the camerakeérHCI laboratory captured both audio and vidda,dzo
notes relating to the think-aloud data were taketing the sessions; the think-aloud data was aedlgtong

with the video data after the experiments.

At the beginning of each session, following anadtrctory explanation of the research and experisent
participants were requested to complete a questimrconcerning basic demographic data and their
previous experiences. The questionnaire and inttody explanation are available in Appendix B
(Experiment Procedure and Consent Form). The datined was:

Age

Gender

Right-handedness or left-handedness

Level of experience with using Google

Level of experience with any type touch screenrfate

Participants were also requested to provide ratingsg Likert scales, for each gesture they pregos
which was done immediately after performing thagtgee (Wobbrock et al., 2009; Frisch et al., 200%)
first Likert scale, which elicited ratings for tlseitability of the proposed gesture for the refediaplayed,
read, “The gesture | picked is a good match foimitsnded purpose” (Wobbrock et al., 2009). Theosdc
scale, which elicited ratings for the ease withalihihe proposed gesture could be performed, rédds “
gesture | picked is easy to perform” (WobbrockletZ009). Five point Likert scales were employieoth of

which elicited ordinal responses from Btrongly disagre¢o 5 =strongly agree

The researchers avoided showing participants aaypbes of gestures that currently exist, as thialevo
have introduced bias to the gestures they propd$erte were no time limits imposed on the participdor
proposing gestures for the referents (Micire et &009). Participants partook in the experiments
individually, and the experimental tasks followedixed order for each participant (Frisch et aD09) as
presented in Table 5 (Web Browsing Functions) abdivevas envisaged that each session would take
approximately 45 minutes, but over time the sesslmtame shorter as the researchers became mete ade
at managing the sessions, recording software amdnformation required from participants. The s&ssi
ultimately took approximately 25 to 30 minutes tomplete.

3.3 DATA ANALYSIS

This section discusses the various types of datathre analysed and how this analysis was condiuttes

processes for analysing the collected data waslb@s@rior work by Nielsen et al. (2003), Wobbrathal.
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(2005), Wobbrock et al. (2009) and Micire et al0@Q). Ethical considerations and limitations of the

methods are also addressed.

3.3.1 VIDEO DATA

The video data was evaluated in order to extrazigistures that the participants used in theirdntens.
This was done by extracting the gestures that gacticipant performed for each of the referentseseh
gestures were then classified using the clasdificat presented in the previous chapter (Table 1:
Classification of Touch Screen Gestures). Follovilmese classifications, the gestures were thegraessito
their respective functions, represented throughwous referents. The outcome of this assignnaént

gestures to functions is the user-defined gestifre s
3.3.1.1 Creation of Gesture Set

Following the elicitation and the classification &lf proposed gestures, the study aimed to uselitited
gestures to create a coherent gesture set for conduan informational search on a multi-touch éabl
device. This was done by assigning the proposetumgssto the functions they had been proposed for.
Assignment of gestures to functions was basedgraemenbetween the different participants; that is, the
gesture that had been proposed the most numbémes toy different participants for a specific refer
would be assigned to that referent (Wobbrock e2805; Wobbrock et al., 2009). It is importanhtue that

the other gestures that were proposed for thatartfei.e. those that were proposed less frequentye not
discarded, but were also assigned to the referéetevpermissible (Frisch et al., 2009; Lao et 2006;
Micire et al., 2009; Wobbrock et al., 2009). Thesecause different people, or the same peopléfertetht
times and situations, might use different gestdoescompleting the same task (Lao et al, 2009). Wha
determined the permissibility of assignment was tiwie these gestures had conflicts. Three types of
conflicts exist; conflicts within participants’ owgesture sets, internal conflicts and external ladsf These

are explained below.

3.3.1.1.1 Conflicts within Participants’ Own Gesture Sets

As with Wobbrock (2005) participants were requitedresolve conflicts among their own gesture sets i
participants were instructed not to propose theesgesture for different referents where the intérac
contexts was the same. For example, a participaatdmnot be permitted to use a single finger dragifthe
left edge of the screen towards the middle of thieen for the “Go to next page” referent and usesdéme
gesture for the “Go to the previous page” refeemnthe interactive contexts for these referentédamtical.
The participant would, however, be permitted to thsg gesture when highlighting an entry from a mkst
on the left edge of the screen, showing the recbrdsited webpages for the referent “Delete erftom

record of visited pages”. While each participantcassfully resolved the conflicts within their ogesture
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sets, two other types of conflicts still had torbsolved once all participants had provided thestgre sets.
The first of these two types was conflicts acrosgigipants in the gestures proposed for the safezant.
These were dubbed “internal conflicts”. The secamak conflicts across participants in the gestures
proposed for different referent. These were dullbgternal conflicts”. Both of these are discussetbiy.

3.3.1.1.2 Internal Conflicts

Internal conflicts occurred when a participant'sstgee for a certain referent conflicted with anothe
participant’s gesture for that same referent. Thas observed, for example, with the referent “Ingedrch
guery”. In this instance, four participants perfedra single-finger tap on the Google textbox tatosthe
cursor and indicated that upon doing so, an orescieeyboard should automatically appear. Another
participant however, performed a single-finger ¢apthe Google textbox to position the cursor, aftbich
he manually “flicked up the keyboard” by performiagsingle-finger flick gesture at the lower edge o
screen. There was therefore a conflict in termsviot a single-finger tap gesture on the Googlebtext
should result in. To resolve this conflict, andatther conflicts, the gesture that had been praptse most
number of times by different participants for thafierent was assigned to that referent and thetaievas

in the minority was excluded from the final gestset. While the conflicting gesture was excludetien
gestures that did not have internal conflicts veile considered for inclusion in the final gestuset for that
referent even if only proposed by a minority oftg#pants. This was to allow for alternatives irrfpeming

that function.

3.3.1.1.3 External Conflicts

External conflicts occurred when different partaips used the same gesture, within identical ioter
contexts, for different referents. This was obsénfer example, with the referents “Stop loadingopege
content” and “Open a new browsing tab”. One pastinoi used a single-finger double-tap gesture on the
webpage to stop loading the webpage content. Twiicipants, however, used the same gesture to apen
new browsing tab. Given that the gesture had beed twice as many times for the referent “Openva ne
browsing tab” it was therefore assigned that refier&éhis meant that the single-finger double-taptges
was excluded from the gestures for “Stop loadingpege content”, while other gestures proposedhatr t
referent, that had no external conflicts, wereudel.

Once all the conflicts had been resolved, the agee¢s scores were then calculated. As previously
mentioned, assignment of gestures to functionshaasd oragreemenbetween the different participants;
agreement scores are a means of quantifying to etant thisagreemenbccurred for each referent. These

are discussed below.
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3.3.2 AGREEMENT SCORES

In addition to the assignment of gestures to retsrethe suitability of the gesture assignments alas
evaluated. This was done by determining the degrfee@agreement between participants for gesture
assignments. Wobbrock et al. (2005) explains th#teory, if all participants propose the samegesfor a
specific referent, then agreement is 100%. If, haweall participants propose different gesturesthe
same referent, then agreement is 0%. It was therepected that agreement would range betweer thes

two boundaries for all referents presented.

To measure this agreement for each referent, agmtestores were calculated (Wobbrock et al., 2005;
Wobbrock et al., 2009). An agreement score is glsinumber that reflects the degree of agreemenhgm
participants (Wobbrock et al., 2009). This was dbwetaking all gestures that had been proposedafor
specific referent, and based on their classificatiogrouping identical gestures together. Thesepgo
which represents the frequency with which the difé gestures were proposed by different peopleg we
then used to compute the agreement sBarsing the following formula (Wobbrock et al., 2009

2
P
i

where,r is a referent in the set of all refereRsP; is the set of proposed gestures for refereandP; is a
subset of identical gestures frdPa The range foA is therefore B,[*, 1]. As an example, for the “Input
search query” referent, the 20 participants’ gestuwcreated 7 groups of gestures, where the fimipgr
comprised 10 identical gestures, the second grooppdsed 4 identical gestures, the third group atsed
2 identical gestures, with the remaining four g®bping unary groups of unique gestures. The gsmgs

were therefore as follows: 10, 4,2, 1,1, 1, 1.

Using these group sizes and the formula, the agreestore for “Input search query” was calculated a
follows:
A — 7100 4T 20 142 172 12 1y =0.310
put search query _) _) _) (_ [_) (_ (_ .
(,2{]. * |k20 * (\2{] " 2'{],'h * 20 * .2{],) * 2'{],;l

In contrast, the “Pan across the page” referenitezsin 4 groups of gestures with the followingugp sizes:
15; 3, 1, 1. The calculation for the agreementesegas therefore:

A pan across the page (.1—5\2 + (i)z + ( ! )2 1 (i 2 =0.590

20, 20 20 20
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There was therefore greater agreement for the deamss the page” gesture than the “Input searchyque
gesture, meaning that the suitability of the gestiassigned to the “Pan across the page” refesgmeater

than that of the “Input search query” referent.

Measuring agreement, which is done by calculatigigement scores, is important because the grdwer t
agreement between different participants in théuges used for a referent, the more likely it iattbther
novice users would also agree or subscribe to uioge gestures. Those functions, representedghrou
their referents, with low agreement can be idesdifiThese are the functions that users would likelyggle
with their gestures. The gestures for such funstiwnuld need to be investigated further. Therefotle
agreement scores may not address the study’s regesththey are relevant and important to the uefanedi

gesture set produced.

3.3.3 THINK-ALOUD DATA

The physical form of a gesture, i.e. the gesturd &s observed through the eyes of spectators, nuy
always reveal the nature of the gesture. The thlokd data, which was participants’ narrations,J&rmg
their thought processes for the gestures they wemgosing while they were simulating the gestuvess
used in revealing the nature of these gesturessisted in revealing the participants’ mental nedgthin

the context of the referent, enabling the gesturatsire to be classified.

Content analysis was used to analyse the thinldalata. The think-aloud data was unitised accortbrtge
different referents, per participant. Each unititegt segment was then coded; coding is “a prooéss
classifying and categorizing text data segments @ohcepts or “codes” which can then be used towerc
patterns in the data” (Bhattacherjee, 2011, p 1TIBp coded data was then analysed to determinehwhic
themes occurred most frequently and in what cost@Bhattacherjee, 2011). These themes, when adalyse
in conjunction with the gesture form, provided #ssential information needed to determine whether t
gesture being proposed was symbolic, physical, phetical or arbitrary.

3.3.4 GESTURE RATINGS

Based on the subjective Likert scale ratings preditly each participant for each gesture proposedage
“gesture goodness” ratings (based on the scaléTdfe gesture | picked is a good match for its ilesh
purpose”) and “gesture ease” ratings (based orsdale of “The gesture | picked is easy to perfprmere
calculated (Wobbrock et al, 2009). This providedaportunity to evaluate the extent to which pgrtats
adjudged their gestures to be suitable for theeats they had proposed them for, as well as hay gwy

considered them to be to perform.
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Those functions, represented through their referemth low gesture ratings are functions that siseould
likely struggle with — either in terms of their npapg (reflected through the “gesture goodnesshggtor in
terms of how easy it is, physically, to performrthéeflect through the “gesture ease” rating), othb The
gestures for such functions would need to be iiyasd further. Therefore, while gesture ratingy mat
address the study’s hypotheses, they are relevahingportant to the user-defined gesture set prediuc
that they indicate which gestures are suitableraag be used exactly as how they were observedyhiuh

might require further analysis.

3.3.5 ETHICAL CONSIDERATIONS

Before commencement of the study, ethical cleararaeprovided by the University of the Witwaterstan
School of Economic and Business Sciences Post @maddegrees Committee, with the following ethics
number issued: CINFO/1002.

Participants were informed, prior to their partatipn in the study (please refer to Appendix B p&xment
Procedure and Consent Form), that video and awtiordings of the experiments would be taken. All
participants signed a consent form acknowledgirag ttideo and audio recordings will be captured, and
allowing the researchers to use this material.i¢daants were also free to grant or deny the rebeas
permission to insert images their participationn@gally limited to their hands) in this researcipae.
Participants were also made aware that would ketérevithdraw from the experiments at any stagefand

any reason if they wished to do so.

The video and audio recordings as well as inforamagiarticipants provided was only used for the pses
of the study. Instead of using participants’ naneesles for each participant were created, and tivese
used in the analysis. No information that can uaigudentify any of the participants is presenttiiis
research report, ensuring the anonymity of alligigeants. Only the researchers involved in thislgtare

aware of the identities of all participants.

3.4 CONCLUSION

The chapter discussed and justified the researchauelogy adopted for the study, given its objextio
create a user-defined gesture set for conductirgfarmational search on a multi-touch tablet webwiser
based on gestures elicited from participants. Hculsed the data collection strategy, including the
experiment setting, which had 4 cameras set upapiuce participants' gestures and comments while
executing experimental tasks on the Apple iPad I2s& cameras enabled participants’ gestures to be
examined from different angles. This enriched thalgsis of the gesture video data, which the chiapte

discussed in detail, especially the procedure $signing gestures to referents. The analysis afesmyent
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scores, think-aloud data and gesture ratings wiere discussed before the chapter concluded witicadth
considerations for the study.
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4. DATA ANALYSIS

This chapter presents the results arising fromathedysis of the data that was collected. The da#dysis
addresses the study’s research question, tesiut¢'s six hypotheses and presents the final deéned
gestures set. The analysis is structured as fotlowe
1. Presenting the demographics of participants
2. Classifying and analysing the gestures providegddgicipants. More specifically,
a. Describing the elicited gestures and testing tRehgpotheses related to the dimension of
Gesture Form
b. Describing the elicited gestures along the remgimiimensions of Gesture Nature, Binding
and Flow
3. Analysing the subjective preference ratings prayide participants
Calculating agreement scores and providing an aisatf the scores
Creating a user-defined gesture set for each o24heeferents based on the process described in the

previous chapter, informed by the preceding analysspecially the classified gestures.

4.1 DEMOGRAPHICS OF PARTICIPANTS

A total of 20 participants participated in the stuiihe average age of participants was 40, ranigorg 27
to 65. Of the 20 participants, 6 participants weede and 14 were female, while 17 were right-hareteti 3

were left-handed. The table below shows the breakddf the participants of their handedness.

Table 6: Handedness and Gender of Participants

Male Female
Right-handed 3 14
Left-handed 3 0

17 participants of the 20 participants reported thay used Google frequently, while 2 used it smzally
and 1 used it sparingly. With respect to the usggeuch screen devices, including touch screemeb09
reported that they had rarely used any type ofttmaceen device, 3 had limited exposure, whiledBriever
used any type of touch screen device. The tablewbshows the breakdown of the participants’ usdge o

touch screen devices.
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Table 7: Participants’ Usage of Touch Screen Devices

Male Female
Occaional 1 2
Rale 3 6
Never 2 6

4.2 CLASSIFICATION OF GESTURES

This section provides the results of the gestuaesification process. Classifications were baseaew of
the video footage of participants simulating gesturin conjunction with their think-aloud data. The
classifications were completed by one researchiéin,asxsecond, more experienced, researcher revietis
same video and think-aloud data and appraisingtblessifications. This process was employed teease

the reliability of the classifications.

4.2.1 SUB-CATEGORIES USED IN GESTURE CLASSIFICATION

As described in Chapter 3, gestures can be cledsifing these 4 dimensions:
Form; this relates to which and how many part(sjhef hand(s) were used and how these part(s)
made contact with the screen (encompassing, amibieg things, whether the gesture was static or
dynamic, simple or complex)
Nature; this relates to whether the gesture wadelim physical, metaphorical or arbitrary
Binding; this relates to whether the gesture wgsatkcentric, world-dependent, world-independent,
or had mixed dependencies

Flow; this relates to whether the gesture was eiisasr continuous

Each of the gestures elicited from the participdotshe 24 web browsing functions presented inpiéra3
was classified using each of the above dimensibimis. was done by reviewing the video data, suppdoie
the think-aloud data, for each gesture, and chgssifthat gesture according to Table 4 (Classifcabf
Touch Screen Gestures) as presented in Chaptenrighe classification process, it was identifiedt the
sub-categories within the Gesture Form dimensianidcoot cater for 34 of the gestures that had been
proposed. In total, 17 additions were required fideo to cater for these gestures. These additioms a

tabulated below.
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Table 8: Classification of Touch Screen Gestures — Additional Categories

Classification of Touch Screen Gestures — Additi@etegories

Dimension Attributes Attribute Attribute Properties
Categories
Half-closed vertical hand
Fingers used Right Hand Lower palm (area of the palm close to the w

Press “touch =~ Thumb-index finger circle

Press "
style
Two finger double tap
Three finger double te
. Double vertical hand tap
Static “ “ ”
Tap “touch Two palm “move apart” tap
Tap "
style Lower paln
Single finger double te
Gesture i ngp , -
B Gesture motility Single finger triple tap
Single finger Fingertip/Stylus Handwriting
Two fingel Oblique "move closer" dra
Oblique “move apart” drag
Dynamic Drag Multiple Palm (from right to left)

finger / Other  Vertical hand (from left to right /
part of hand  from right to left)
Half-closed vertical hand
(downwards / upwards)

Furthermore, it was observed that certain sub-categwithin the Gesture Form dimension were netiust
all by any of the participants. It should be poihtait that the sub-categories in the Gesture Famertsion
were predominantly based on previous studies tivaistigated table-top gestures. A possible explamébr
these gestures not being used by any participant&i they might have considered these gesturies kess
easy to perform or less fitting than the gestuiney proposed on the tablet device. Additionally smaller
screen size of a tablet device, in comparison éddtger screen size of a table-top device, may etplain
why these gestures were observed in previous stiadid not this one. These unused gestures aratatbul

below.
Table 9: Classification of Touch Screen Gestures — Unused Categories
Classification of Touch Screen Gestures — Unusaddoaies
Dimension Attributes Attribute Attribute Properties

Categories

Fingers used / Right Hand Fist

part of hand

used Left Hand Fist

Distinctly with three fingers
Press “touch

Static Press style” Distinctly with four fingers
Distinctly with five finger:
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Classification of Touch Screen Gestures — Unusaddoaies

Dimension Attributes Attribute Attribute Properties
Categories
Palm
Half-palr
Fist

Vertical hand
Distinctly with five fingers

Gesture Gesture motilit u
Form Y Tap ;I't?/;l)e“touch Half-palm
Fist
Two finger “Bi-directional” drag
“Same direction” flick
Pivot
) Lassc
Dynamic Drag Multiple Pivol
finger / Other

part of hand

While the Gesture Form dimension required amendsnémtits sub-categories, those of the other three
dimensions, namely Gesture Nature, Gesture Bindimgj Gesture Flow, sufficiently catered for all the

gestures proposed.

4.3 RESULTS OF GESTURE CLASSIFICATIONS

Following the classification of all the gesturesattiwvere proposed by the participants, various ebsiens
could be made. This section details those obsenstBefore doing so however, it is important teertbat
all the participants provided gestures for all 2ferents (which had each been presented to theshaas
video recordings illustrating a web browsing fuon)i with the exception of one participant. It wag n
possible to elicit gestures from this participamt tiwo referents; referent 14 (Open link on the \pale in
new tab) and referent 18 (Delete entry from readfrdisited pages). Thus a total of 478 ((19*24)22))

gestures were observed.

4.3.1 GESTURE FORM

The observations relating to the Gesture Form dgioenare provided below.

4.3.1.1 One-handed and Two-handed Gestures Used

The hypothesis that addressed the use of one-hamdktivo-handed gestures was:
Hypothesis 1. When asking novice users to simuyastures for tasks related to an informational
search on a multi-touch tablet device, the usenefltanded gestures is more likely to be observed

than the use of two-handed gestures.
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Data relating to this hypothesis are presentedvbel®. the frequencies with which one-handed anao- tw

handed gestures were used, across the 24 referents.

Table 10: One-hand and Two-handed Gestures Used

Referent One-Handed Two-Handed
Gestures Used Gestures Used

1 — Input search query 19 1
2 - Go to previous webpa 20 0
3 - Go to next webpay 20 0
4 — Stop loading webpage content 20 0
5 — Refresh / reload webpage content 20 0
6 — Make webpage content lar 17 3
7 - Make webpage content sma 17 3
8 — Pan down the webpage 20 0
9 — Pan up the webpage 20 0
10- Pan across the webp: 20 0
11 - Search for text on the webp: 18 2
12 — Copy a section of text on the webpage 19 1
13 — Paste section of text into search engine 18 2
14— Open link on the webpage in a new 19 0
15— Open a new browsing t 19 1
16 — Close a browsing tab 20 0
17 — View record of visited webpages 19 1
18- Delete entry from record of visited pa 19 0
19- Save current webpage address within 20 0
browser for viewing at a later stage
20— Call up saved webpage addt 19 1
21 — Save image on webpage to memory 18 2
22 — Save current webpage to memory 20 0
23— Request hel 20 0
24— Close web brows 18 2
Total 45¢ 19

In summary:

All 24 referents had one-handed gestures wherdgdl @rreferents had two-handed gestures.
Of the 478 gestures that were provided, 459 (B2 were one-handed, and 19 (3.975%) were
two-handed.
These data support the hypothesis that particigaetsnore inclined to use one-handed gesturesssegd
to two-handed gestures for carrying out the taske@ated with an information search using a browsea
tablet device.

The following section specifies exactly which fimgeis that participants prefer to use, and furtsigecifies

details pertaining to which parts of the handg,defl right, were used by participants.
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4.3.1.2 Adaptations of Desktop Computing

Two hypotheses relating to desktop computing adiapswere:
Hypothesis 2A: When asking novice users to simulastures for tasks related to an informational
search on a multi-touch tablet device, the majodfyparticipants will use gestures that are
adaptations of desktop computing, with single finiggs substituting mouse clicks and single finger

drags substituting mouse drags.

Hypothesis 2C: When asking novice users to simuksgks related to an informational search on a
multi-touch tablet device, the majority of partiaigs will incorporate the use of menus (main menus

and context menus) into their gestures.

The data tabulated below provides the number dfggzeints that used gestures which were adaptatibns
desktop computing i.e. participants that used siffigiger taps and drags that were synchronous taseno
clicks and drags respectively. With respect to coamg gestures, it should be noted that if any ef th
constituent gestures were synchronous to mousésclic drags, the participant was included in the

enumeration.

Furthermore, the data below also provides the nurobgarticipants that assumed menus in the gesture
they provided. Given that menus are a specific tfpgesktop computing adaptation, it should be choet
these participants are automatically included m ¢éhumeration for users that used adaptations dtaje

computing.
Table 11: Use of Desktop Computing Adaptations
Referent Number of Participants That _Use1 Number of Participants
Desktop Computing Adaptations That Used Menus
1 - Input search query 15 0
2 — Go to previous webpage 13 0
3 - Go to next webpa 12 0
4 — Stop loading webpage cont 15 0
5 — Refresh / reload webpage content 17 1
6 — Make webpage content larger 4 0
7 — Make welpage content small 4 0
8 — Pan down the webpa 10 0
9 — Pan up the webpage 10 0
10 — Pan across the webpage 2 0
11 - Search for text on the webp: 14 2
12 - Copy a section of text on the webp 18 7
13 — Paste section of text into search engine 15 4
14 — Open link on the webpage in a new tab 15 3
15- Open a new browsing t 13 2
16— Close a browsing te 15 0
17 — View record of visited webpages 11 3
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Number of Participants That User Number of Participants
Desktop Computing Adaptations That Used Menus
18 — Delete entry from record of visited pages 15 3

19 — Save current webpage address within the

Referent

L 17 4
browser for viewing at a later stage
20 — Call up saved webpage address 19 3
21- Save image on webpage to men 15 7
22 - Save current webpage to merr 13 8
23 — Request help 14 2
24 — Close web browser 15 0
Summation 311 49

In summary:
Of the 486 gestures provided (compound gesturestedwas unitary gestures), 311 (63.992%) were
adaptations of desktop computing.
Of the 311 gestures that were desktop computingtatians, 49 (10.082% of all gestures provided)
required the use of menus.
These data support Hypothesis 2A as the majoritygedtures provided were adaptations of desktop
computing. Hypothesis 2C, however, is rejectedrdg a small percentage of gestures required theofise
menus. A possible explanation for this is that ¢hparticipants typically use menus sparingly whesbw

browsing.

4.3.1.3 Parts of Each Hand Used

The hypothesis that addressed which finger(s) dfgaf the hand that would be most used was:
Hypothesis 2B: When asking novice users to sireukks related to an informational search on a

multi-touch tablet device the majority of participg will provide gestures using their index fingers

Data relating to this hypothesis are presentedvbel. the frequency with the various parts of bHamds
(including fingers), were used in gesturing. Thiaswin accordance with the revised Gesture Form sub-
categorises explained in Section 1.3 (Sub-categiddiged In Gesture Classification) above. It shdwed
noted that due to the use of complex gesturesniiagt involve different fingers, the sum total of hind

parts (including fingers) used for any referentuldoexceed 20 (the total number of participants).
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Referent

1 - Input search query
2 — Go to previous webpage
3 — Go to next webpage

4 — Stop loading webpage content
5- Refresh / reload webpay
content

6 — Make webpage content larger
7 — Make webpage content smaller
8 — Pan down the webpage

9 — Pan up the webpage

10 — Pan across the webpage
11- Search for text on th
webpage

12- Copy a section of text on tt
webpage

13- Paste section of text in
search engine

14— Open link on the webpage
a new tab

Right Thumb

P N o o

[IRY

Right Index

14

10

10
10

10
12

13

12

12

Right Middle

11

Ui

10

Right Ring

Table 12: Frequency of Hand Parts Used
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Left Thumb

Left Index

Left Middle

Left Ring

o

Left Pinkie

o

[EY

o ©@ oo Left Palm

o © oo Left Hand — Vertical




Referent

15 — Open a new browsing tab

16 — Close a browsing tab
17 - View record of visitec
webpages

18- Delete entry from record ¢
visited pages

19- Save current webpay
address within the browser for
viewing at a later stage

20- Call up saved webpa¢
address

21- Save image on webpage
memory

22 - Save current webpage
memory

23 — Request help

24 — Close web browser

Total

Right Thumb

26

Right Index

13

11

12

11

11

244
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= = = = =
D = D D D
o o o o o
0 0
5 1 2 C
5 0 0 0 1
6 0 0 0 0
7 0 0 0 0
6 0 0 0 0
10 1 0 1 0
8 0 0 1 0
10 0
6 0 0 1
172 9 8 7 7
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Right Hand — Half-closed

Right Lower Palm

Left Thumb

Left Index

33

© o

w Left Middle

w

© o LeftRing

o o Left Pinkie

o  Left Palm

o o LeftHand - Vertical
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In summary:
All referents had gestures that involved at least part of the left hand (the left middle fingeahd
at least two parts of the right hand (the righexdnd middle fingers).
Of all 587 times that hand parts were used in giegtuparts of the right hand were used 475 times
(80.920%) and parts of the left hand were usedtibi@s (19.080%).
The part of the hand that was most used was tie ingex finger, which was used a total of 244
times (41.567%).
The second most used part of the hand was the mgldle finger, which was used a total of 172
times (29.302%); this means that the right index aght middle fingers account for 70.869% of all
gestures.

These data support the hypothesis that participaresmore inclined to use their index fingers when
gesturing. Interestingly, the middle finger, whishused by most right-handed people for “rightidlig”

with a mouse, is the second most used part ofdhd.h

What can also be drawn from these data is thatigh¢ hand is favoured over the left, however oheutd
remain cognisant of the fact that only 3 out of @@ participants, which is 15%, were left-handed.
According to Raymond and Pontier (2004, cited bgukéns, Raymond and Faurie, 2009) left-handed
people, at most, make up 25.9% of the populatidmjewFaurie, Schiefenhével, Le Bomin, Billiard and
Raymond (2005, cited by Llaurens et al, 2009) refios figure to be 26.9%. It evident, therefollettthe

sample was not representative of the general popals terms of handedness.

4.3.1.4 Simple and Compound Gestures Used

Simple gestures are gestures that make use ofgke $iand or finger action; they do not contain etpd
actions or other simple gestures (Lao et al, 200@). et al (2006), refer to these gestures as gestur
primitives. Compound gestures, on the other harelgastures that comprise two or more simple gestur
(Lao et al, 2009) done either in parallel or sedja#iy (Frisch et al, 2009). Wu et al (2006), reterthese
gestures as compound gestures.

The frequency with which simple and compound gestuvere used is tabulated below. It should be noted
that all two-handed gestures are compound geshyrggtue of the fact there will be two contactipts, at
the very least, with the touch screen (whetherairaliel or sequentially). It should further be rbteat one-

handed gestures may either be simple or complexnéhanded, four-finger drag, for example, is a
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compound gesture as it is effectually four dragsedio parallel. Another example of a one-handetptex

gesture would be a double-tap done with one fingeis is because it comprises two taps done seigllgnt

Another consideration is that a compound gestunsisting of a sequence of gestures, may comprisepn

more sequential or parallel gestures. A simple gtans one of the gestures for the referent “Savege on

webpage to memory” where the participants tappext @m the image to be saved with her finger (tre fi

phase of the gesture), and placed the palms of lenilds on the image to save it (the second phasee of

gesture). In this instance, the single finger tag the palm taps are done sequentially, howevepdha taps

are done in parallel. Such a gesture is therefotk fequential and parallel; the first phase aedstétcond

phase are done sequentially, and the second pbag®ises two palms taps done in parallel.

Table 13: Frequency of Simple and Compound Gestures

Referent

1 — Input search query

2 — Go to previous webpage

3 — Go to next webpage

4 - Stop loading webpage cont

5- Refresh / reload welage contet

6 — Make webpage content larger

7 — Make webpage content smaller

8- Pan down the webpa

9- Pan up the webpa

10 — Pan across the webpage

11 — Search for text on the webpage

12 - Copya section of text on the webpi

13 — Paste section of text into search engine
14 — Open link on the webpage in a new tab
15 — Open a new browsing tab

16— Close a browsing t:

17 - View record of visited webpag

18 — Delete entry from record of visited pages
19 — Save current webpage address within the

browser for viewing at a later stage
20 — Call up saved webpage address
21- Save image on webpage to men
22 - Save curret webpage to memo
23 — Request help

24 — Close web browser

Total

In summary:

All 24 referents had both simple and complex gestur

Simple Gestures

16
19
19
17
17
10
10
19
19
19
12

7
8
14
17
13

AN
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14

280
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Sequential Compounc

Gestures
4

0

0

o

16

13

18
14

157

11
10

17

19

Parallel Compound
Gestures
0
1
1

10
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Of the 493 gestures that were provided, 280 (566)9%ere simple, and 213 (43.205%) were
compound.
Of the compound gestures, 157 (31.846% of all gestprovided) were sequential and 56 (11.359%
of all gestures provided) were parallel.
These data suggest that participants generallgiptefuse simple gestures, followed by sequentiadpex
gestures. The simple gestures that are used tdyalgtatic, as the following sections illustrategh the one

finger tap being the most commonly used gestures.

4.3.1.5 Gesture Re-Use Across All Referents

The data presented below relates to the first thgsis about gesture re-use:
Hypothesis 3A: When asking novice users to simulatgtures for tasks related to an informational
search on a multi-touch tablet device, gestureseewill be observed i.e. participants will attempt

using the same gesture to accomplish differenstéiesldifferent interactive contexts).

It should be noted that in determining all the gesst that were used, and re-used, all compoundirgsst
were decomposed into their constituent gesturas; dacomposition was based on the revised Gesture
Motility sub-categorises explained in Section 1S8l§-categories Used In Gesture Classification) @bov

To copy a section of text, for example, one pgréoi pressed her finger at the start of the tekitaopied,
and then dragged that finger over the text she edaodpied. This compound gesture (which comprises t
gestures done sequentially) was decomposed toss gesture and a drag. Another example is where a
participant wanted to save an image on the webpgge

1. Performing a one finger lasso gesture around tlagénto be saved — causing it to be highlighted.

2. Pressing on the image to bring up a menu.

3. Tapping once on the option to save the image flwrcontext menu.
The first gesture is a lasso gesture, the secostdrgeis a press and third gesture is a tap.

It should be noted that the orientation of the gest was not taken into consideration in thesesifleations.
This means that a one-finger drag gesture is fledsis such regardless of whether it was a drag the
top to the bottom of the screen, or vice versdran the left to the right, or vice versa, or frdhe bottom

right corner to the top left corner, or vice versa.

The following table presents the frequency with ebheach gesture (according to the Gesture Motility

classifications) was executed. Despite appearintherGesture Motility classifications, it should peinted
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out that the following gestures are automaticalgssified as sequential gestures as they compsiseot
more gestures done sequentially:
One Finger Double Tap ; comprises two taps (i.e. tiiap — Distinctly with One Finger” gesture)
done in quick succession
Two Finger Double Tap; comprises two two-fingepda(i.e. the “Tap — Distinctly with Two
Fingers” gesture) done in quick succession
Three Finger Double Tap; comprises two three-finggs (i.e. the “Tap — Distinctly with Three
Fingers” gesture ) done in quick succession
One Finger Triple Tap; comprises three taps (he. tTap — Distinctly with One Finger” gesture)
done in quick succession
Fingertip / Stylus Handwriting; comprises variouags done sequentially
One Finger Boundary Box; comprises four drags (itee “One Finger Drag” gesture) done
sequentially
Two Finger Boundary Box; comprises six drags (ilee “One Finger Drag” gesture) done
sequentially
One Finger Jump; comprises two taps (i.e. the “Fdpistinctly with One Finger” gesture) done
sequentially on different locations of the screen
Vertical Hand Double Tap; comprises two taps wiih vertical side of the hand (i.e. the “Tap —

Vertical Hand” gesture) done in quick succession

As mentioned above, all the compound gestures dezemposed into their constituent, simple gestures.
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Table 14: Frequency of all Gestures Used
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From the data in the table above, it is possibldda@rmine the total number of times a gesture weasl.

This data is tabulated below.

Table 15: Frequency of Each Gesture

Frequency Across

Sl All Referents
Press — Distinctly with One Finger 16
Press — Distinctly with Two Fingers 2
Thumb-Index Finger Circle 1
Tap- Distinctly with One Finge 34¢
Tap- Distinctly with Two Finger 2
Tap — Distinctly with Four Fingers 4
Palm Tap (Breadthwise) 6
Palm Tap (Lengthwisi 3
Two Palm "Move Apart" Ta 3
Lower Palm Tap 1
One Finger Drag 166
One Finger Flic 45
One Finger Lass 7
One Finger Boundary Box 7
Fingertip / Stylus Handwriting 2
Two Finger “Move Closer” Drag / Pin 8
Two finger “Move Apart” Drag / Pinc 8
Two Finger Same Direction Drag 5
Two Finger Oblique “Move Closer” Drag 2
Two Finger Oblique “Move Apart” Dre 2
Two Finger Boundar Box 1
Multiple Finger “Move Closer” Drag 3
Multiple Finger “Move closer” drag / 1
Adduction In a Downward Motion
Multiple Finger “Move Apart” Drag 2
Multiple Finger Same Direction Dr. 2
Multiple Finger Same Direction Flit 4
Palm Drag (Right to Left) 1
Vertical Hand Drag (Right to Left) 4
Vertical Hand Drag (Left to RigF 5
Half-closed Vertical Hand Dra

1
(Downwards)
Half-closed Vertical Hand Drag (Upwart 1
One Finger Double Tap 16
One Finger Jump 3
One Finger Triple Te 1
Vertical HandDouble Ta| 1
Two Finger Double Tap 2
Three Finger Double Tap 1
Total 688
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From Table 14 (Frequency of all Gestures Used), care identify 15 gestures were not re-used; these
gestures were used by a single participant fonglesireferent. These gestures are:

Three Finger Double Tap

One Finger Triple Tap

Vertical Hand Double Tap

Lower Palm Tap

Half-closed Vertical Hand Drag (Downwards)

Half-closed Vertical Hand Drag (Upwards)

Thumb-Index Finger Circle

Two Finger Boundary Box

Multiple Finger “Move closer” drag (Downwards)

Palm Drag (Right to Left)

Tap — Distinctly with Four Fingers (while this gast was used on 4 occasions, it should be noted

that on all 4 of these occasions it was used hygesparticipant for a single referent)

Two Palm “Move Apart” Tap (while this gesture wased on 3 occasions, it should be noted that on

all 3 of these occasions it was used by a singfécgzant for a single referent)

Two Finger Oblique “Move Apart” Drag (while this gfeire was used on 2 occasions, it should be

noted that on all 2 of these occasions it was byealsingle participant for a single referent)

Two Finger Oblique “Move Closer” Drag (while thiggiure was used on 2 occasions, it should be

noted that on all 2 of these occasions it was byealsingle participant for a single referent)

Multiple Finger “Move Apart” Drag (while this gestiwas used on 2 occasions, it should be noted

that on all 2 of these occasions it was used bygesparticipant for a single referent)
Collectively, these 15 gestures, which were notiged, account for 3.343% of all the gestures preduc
across all 24 referents. This illustrates the exterwhich gesture re-use occurred. There areaa, 5
gestures that can be identified, which were re-taely extensively. These are:

The one finger tap, which was used a total of 3#@< (50.727%)

The one finger drag, which was used a total oftifés (24. 128%)

The one finger flick, which was used 45 times (6%

The one finger press, which was used 16 times 82634

The one finger double-tap, which was used 16 tifRe326%)
These 5 gestures account for 86.065% of all theugessproduced. This illustrates the great extemnthich
gesture re-use occurred, therefore supporting Hhgsis 3A.
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Furthermore, these data suggest that participaererglly opt to use one finger gestures; the Sugest
above, which were the one re-used most, are aligedone with one finger. The one finger tap gestas
used the most number of times (349 times). Thisaus for 50.727% of all the gestures used acrbsisea
participants. This is noteworthy because this gessiroughly analogous to the mouse click (Mieteal,
2009) and suggests that participants were stillvihg on the pointer-based paradigm used in pop@lal
operating systems when proposing their gesturegsuasl by Micire et al (2009) and Wobbrock (2008)s
also worthwhile to note that after the one finggp, tthe one finger drag is the next gesture ma=d by
participants as it accounts for 24.128% of all ge=st performed. This means that these two gesticEsInt
for 74.855% of all gestures. This further suppdtgpothesis 2A, which stated that the majority of
participants will use gestures that are adaptawdmesktop computing, with a single finger tapbstiiuting

mouse clicks and single finger drags substitutimyise drags.

4.3.1.6 Gesture Re-Use in Gesture Sequences

The results presented above provide an overvieyesture re-use. Those results do not however sghyif
address the re-use géquential compoungestures. The hypothesis that addressed this was:
Hypothesis 3B: When asking novice users to simuggstures for complex tasks related to an
informational search on a multi-touch tablet deyiparticipants will sequence gestures but in

different combinations based on their judgmenta lihe task should be decomposed.

Data relating to this hypothesis are tabulatedvwele. the frequency with which each gesture (adiogy to
the Gesture Motility classifications) was execuiedsequential, compound gestures. As with the previ
sub-section, the following gestures are automdgicdhssified as sequential gestures as they campwo
or more gestures done sequentially:

One Finger Double Tap

Two Finger Double Tap

Three Finger Double Tap

One Finger Triple Tap

Fingertip / Stylus Handwriting

One Finger Boundary Box

Two Finger Boundary Box

One Finger Jump

It should also be noted that the orientation of gestures was not taken into consideration in these

classifications. This means that a one-finger dr@gture is classified as such regardless of whéthes a
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drag from the top to the bottom of the screen,ioe versa, or from the left to the right, or vicersa, or

from the bottom right corner to the top left cormarvice versa.
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Referent

Referent 1 — Input
search query

Referent 2 — Go to
previous webpage
Referent 3 — Go to next
webpage

Referent 4 — Stop
loading webpage
content

Referent 5 — Refresh /
reload webpage content

Referent 6 — Make
webpage content larger

Referent 7 — Make the
content to the webpage
smaller

Referent 8 — Pan dowr
the webpage

Referent 9 — Pan up the
webpage

Referent 10 — Pan
across the webpage

Referent 11 — Search
for text on the webpage

Participant
Number

3
12

14
16
N/A

N/A

12
18

20

N/A

N/A

N/A

Table 16: Gesture Re-Use in Sequential Compound Gestures

Sequential Compound Gestures Used by Participants
(Constituent Gestures Delimited by Commas)

Fingertip / Stylus Handwriting
Fingertip / Stylus Handwriting

Tap- Distinctly with Four Fingel, Tap- Distinctly with Four Finger:
Tap — Distinctly with Four Fingers, Tap — Distinctith Four Fingers
Tap- Distinctly with One Finge, One Finger Dra

None

None

One Finger Double Tap

One Finger Double Tap

One Finger Flick, Tap — Distinctly with One Fang

Two finger “Move Apart’ Drag, Two finger “Move Agt” Drag
One Finger Drag, Two finger “Move Apart” Drag

Two Finger “Move Closer” Drag / Pinch,
Two Finger “Move Closer” Drag / Pinch

None
None

None

Palm Tap (Breadthwise), Palm Tap (Breadthwise)nPedp (Breadthwise),
Palm Tap (Breadthwise)
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger

One Finer Drag, One Finger Drag, One Finger DiIOne Finger Dra
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Gestures Re-Used For
Referent (Frequency of Use)

Fingertip / Stylus Handwriting (2)

None

None

None

None

Two finger “Move Apart” Drag (3)

None

None
None

None

One Finger Drag (8)
Tap — Distinctly with One Finger (5)




Referent

Referent 12 — Copy a
section of text on the
webpage

Participant
Number

13
14
15
16

17
18

19
20

Sequential Compound Gestures Used by Participants Gestures Re-Used For
(Constituent Gestures Delimited by Commas) Referent (Frequency of Use)
One Finger Drag, One Finger Drag, One Finger D@awg Finger Drag

Tap - Distinctly with One FingerTap— Distinctly with One Finge

One Finger Flick, Press — Distinctly with One Fingeap — Distinctly with One Finger
One Finger Drag, Tap — Distinctly with One Finger

One Finger Drag, One Finger D

One Finger Drag, Tap — Distinctly with One Finger

One Finger Drag, Ta- Distinctly with One Finge

Tap — Distinctly with One Finger

One Finger Drag, One Finger D

Press — Distinctly with One Finger, One Finger Drag

One Finger Drag, Tap — Distinctly with One Finger,
Tap — Distinctly with One Finger

One Finger Drag, Tap — Distinctly with One Finger One Finger Drag (19)

Tap- Distinctly with One Finger, Ta— Distinctly with One Finger Tap — Distinctly with One Finger (16)
Tap — Distinctly with One Finger, Tap — Distinctijth One Finger, Tap — Distinctly with One Finger (16)
Tap — Distinctly with One Finger One Finger Double Tap (2)

One Finger Drag, One Finger Drag
Press — Distinctly with One Finger, One Finger Drag

One Finger Double Tap, One Finger Drag, One Fifgjek,
Press — Distinctly with One Finger, Tap — Distigatlith One Finger
One Finger Drag, Ta- Distinctly with One Finge

One Finger Drag, Tap — Distinctly with One Finger

Pres< Distinctly with One Finger, One Finger Dr.

Tap — Distinctly with One Finger

One Finger Double Tap, Te Distinctly with One Finger, One Finger Di
Tap — Distinctly with One Finger, Tap — Distinctlith One Finger

Tap — Distinctly with One Finger, Tap — Distincthjth One Finger

Tap- Distinctly with One Finger, Ta- Distinctly with One Finge
Press — Distinctly with One Finger, One Finger Drag
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Referent

Referent 13 — Paste
section of text into
search engine

Referent 14 — Open
link on the webpage in
a new tab

Participant
Number

4
5
13
15
16
17
18
19

20

10
11

12

13
15
16
17

Sequential Compound Gestures Used by Participants
(Constituent Gestures Delimited by Commas)

Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
Tap- Distinctly with One Finger, Ta— Distinctly with One Finger
Tap — Distinctly with One Finger
Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
Tap — Distinctly with One Finger, One Finger Flick,
Press — Distinctly with One Finger, One Finger Drag
Tap — Distinctly with One Finger
Pres< Distinctly with One Finger, One Finger Di
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
Tap — Distinctly with One Finger, Press — Distigatlith One Finger,
Tap — Distinctly with One Finger
Tap — Distinctly with One Finger, Tap — Distinctijth One Finger,
Tap — Distinctly with One Finger
One Finger Double Tap
One Finger Drag, Ta- Distinctly with One Finge
Tap — Distinctly with One Finger
One Finger Double Tz
One Finger Jump
Pres< Distinctly with One Finge
Tap — Distinctly with One Finger
One Finger Drag, One Finger Drag, One Finger D@agg Finger Dray
One Finger Drag
One Finger Jun
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
One Finger Double Tap
One Finger Double T¢

Two Palm "Move Apart" Tap, Two Palm "Move Apart'{,a
Two Palm "Move Apart" Tap

One Finger Drag, Tap — Distinctly with One Finger,
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Gestures Re-Used For
Referent (Frequency of Use)

Tap — Distinctly with One Finger (24)
Press — Distinctly with One Finger (4)
One Finger Drag (3)

One Finger Drag (6)

Tap — Distinctly with One Finger (5)
One Finger Double Tap (4)

One Finger Jump (2)




Referent

Referent 15 — Open a
new browsing tab

Referent 1¢- Close ¢
browsing tab

Referent 17 — View
record of visited
webpages

Participant
Number

12

14
17

11

11
12
15

16

Sequential Compound Gestures Used by Participants
(Constituent Gestures Delimited by Commas)
Tap — Distinctly with One Finger
One Finger Double Tz
One Finger Drag, One Finger Drag, One Finger D@awg Finger Drag,
One Finger Drag
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
One Finger Double Tap

One Finger Drag, One Finger Drag

Tap — Vertical Hand, Tap — Vertical Hand

Tap — Distinctly with One Finger,

Tap — Distinctly with One Finger

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
One Fingr Drag, One Finger Drag, One Finger C

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
One Finger Flick, Press — Distinctly with One Finge

Tap — Distinctly with One Finger

One Finger Flick, Press — Distinctly with One Finge

Tap — Distinctly with One Finger

Tap — Distinctly with One Finger, Tap — Distinctlith One Finger
One Finger Drag, Lower Palm T

One Finger Drag, Tap — Distinctly with One Finger,

Tap — Distinctly with One Finger

Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
Tap- Distinctly with One Finger, One Finger Dr.

One Finger Drag, One Finger Drag

One Finger Drag, Ta- Distinctly with One Finge

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
Tap — Distinctly with One Finger, Tap — Distincthijth One Finger,
Tap — Distinctly with One Finger, Tap — Distinctjth One Finger
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Gestures Re-Used For
Referent (Frequency of Use)
One Finger Drag (6)
Tap — Distinctly with One Finger (4)
One Finger Double Tap (2)

None

Tap — Distinctly with One Finger (8)
One Finger Flick (2)
Press — Distinctly with One Finger (2)




Referent

Referent 18 — Delete
entry from record of
visited pages

Referent 19 — Save
current webpage
address within the
browser for viewing at
a later stage

Participant
Number

11
12
13
15

16
17

Sequential Compound Gestures Used by Participants
(Constituent Gestures Delimited by Commas)

One Finger Drag, One Finger Drag

One Finger Drag, One Finger Drag, One Finger D@awg Finger Dra
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
Tap — Distinctly with One Finger, Tap — Distinctijth One Finger

Tap- Distinctly with One Finger, One Finger Flic
Tap — Distinctly with One Finger
One Finger Drag, Ta- Distinctly with One Finge

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
Two Finger Same Direction Drag, Tap — Distinetiyh One Finger
Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
One Finger Drag, One Finger Drag

Pres< Distinctly with One¢ Finger, One Finger Dr:

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
One Finger Jun

Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
Tap — Distinctly with One Finger, Tap — Distinctjth One Finger
Tap- Distinctly with One Finger, Tar Distinctly with One Finge
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
Tap — Distinctly with One Finger, Tap — Distinctlith One Finger
Two Finger Double Tap, One Finger Drag

Tap — Distinctly with One Finger, Tap — Distincthjth One Finger

72

Gestures Re-Used For
Referent (Frequency of Use)
Tap — Distinctly with One Finger (27)
One Finger Drag (13)

Tap — Distinctly with One Finger (19)
One Finger Drag (3)




Referent

Referent 20 — Call up
saved webpage address

Participant
Number

Sequential Compound Gestures Used by Participants
(Constituent Gestures Delimited by Commas)
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
One Finger Drag, Ta- Distinctly with One Finge
One Finger Double Tap, One Finger Double Tap
Tap — Distinctly with One Finger, One Finger Doulbkgp
Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
Tap — Distinctly with One Finger, Tap — Distincthijth One Finger

Tap- Distinctly with One Finger, Ta- Distinctly with One Finge
Tap — Distinctly with One Finger
One Finger Double Tap, Te Distinctly with One Finge

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
One Finger Double Tap, Tap — Distinctly with Onedér

Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
One Finger Double Tap, Te Distinctly with One Finge

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
Tap — Distinctly with One Finger, Tap — Distinctijth One Finger,
Tap — Distinctly with One Finger

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
Tap — Distinctly with One Finger, Tap — Distinctiith One Finger
One Finger Lasso, Tap — Distinctly with One Finger

One Finger Lasso, Three Finger Double

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger,
Two Finger Boundary Box, Tap — Distinctly with ORager

One Finger Drag, Tap — Distinctly with One Finger,

Tap — Distinctly with One Finger

One Finger Boundary Box

One Finger Drag, One Finger Drag, Tap — Distinatith One Finger
One Finger Boundary Box, One Finger Double
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Gestures Re-Used For
Referent (Frequency of Use)

Tap — Distinctly with One Finger (31)
One Finger Double Tap (6)
One Finger Drag (2)

Tap — Distinctly with One Finger (19)




Referent

Referent 21 — Save
image on webpage to
memory

Referent 22 — Save
current webpage to
memory

Participant
Number

9
10

11
12
13

14
15

Sequential Compound Gestures Used by Participants
(Constituent Gestures Delimited by Commas)
One Finger Drag, Tap — Distinctly with One Finger

One Finger Drag, One Finger D

One Finger Lasso, Press — Distinctly with One Ringe
Tap — Distinctly with One Finger
One Finger Boundary Box, Tap — Distinctly with Crieger

Tap — Distinctly with One Finger, Palm Tap (Breaute),
Palm Tap (Breadthwise)
One Finger Drag, One Finger Drag, One Finger Drag

Tap- Distinctly with One Finger, Ta— Distinctly with One Finge

Two finger “Move Apart” Drag, One Finger Flick,
Press — Distinctly with One Finger, Tap — Distigatlith One Finger
One Finger Boundary Box, Tap — Distinctly with Crieger

Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
Two Finger Same Direction Drag, Tap — Distinetiyh One Finger
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
One Finger Boundary B

One Finger Drag, One Finger Drag, Tap — Distinatith One Finger
One Finger Boundary Box, One Finger Double

Tap — Distinctly with One Finger, Tap — Distinctijth One Finger
One Finger Drag, One Finger Drag

One Finger Lasso, Pre- Distinctly with One Finge
Tap — Distinctly with One Finger
One Finger Drag, One Finger D

Tap — Distinctly with One Finger, Tap — Distincthjth One Finger

One Finger Drag, Ta- Distinctly with One Finge
Tap — Distinctly with One Finger
One Finger Flick, Ta- Distinctly with One Finge

Press — Distinctly with One Finger, One Finger Drag
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Gestures Re-Used For
Referent (Frequency of Use)
One Finger Drag (9)
One Finger Boundary Box (4)
One Finger Lasso (3)
Press — Distinctly with One Finger (2)

Tap — Distinctly with One Finger (15)
One Finger Drag (8)

One Finger Boundary Box (2)

Press — Distinctly with One Finger (2)




Referent

Referent 23 — Request
help

Referent 24 — Close
web browser

Participant
Number

20
3
6
7

11

12

16

20
6

19

Sequential Compound Gestures Used by Participants
(Constituent Gestures Delimited by Commas)
Tap — Distinctly with One Finger

Tap- Distinctly with One Finger, Ta— Distinctly with One Finge
One Finger Drag, Tap — Distinctly with One Finger

One Finger Drag, One Finger Drag, One Finger Dtaw; Finger Drag
One Finger Double T¢

One Finger Drag, One Finger Drag, One Finger Drag

One Finger Triple Te

Tap — Distinctly with One Finger, Tap — Distinctjth One Finger
Tap — Distinctly with One Finger, Tap — Distincthjth One Finger
One Finger Drag, One Finger Drag

One Finger Drag, One Finger Drag
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Gestures Re-Used For
Referent (Frequency of Use)

One Finger Drag (8)
Tap — Distinctly with One Finger (5)

One Finger Drag (4)




From the data in the table above, it is possibldd®@rmine all the gestures that were re-useddoesdial
compound gestures. These are:
Tap — Distinctly with One Finger; used a total 84limes
One Finger Drag; used a total of 89 times
One Finger Double Tap; used a total of 14 times
Press — Distinctly with One Finger; used a total@times
One Finger Boundary Box; used a total of 6 times
Two finger “Move Apart” Drag; used a total of 3 &%
One Finger Lasso; used a total of 3 times
Fingertip / Stylus Handwriting; used a total ofir2es
One Finger Flick; used a total of 2 times

One Finger Jump; used a total of 2 times

Of the 325 gestures used in sequential compourtdrgssthe one finger tap was used 194 times (2969
and the one finger drag was used 89 times (27.385#Aning that these two gestures account for 8%19
of all gestures re-used in sequential gesturespizethis, it should be noted that only 10 gestuoes of the
39 presented in the Gesture Motility classificasiomere re-used in sequential compound gesture24or

referents. These data support Hypothesis 3B.

Having explored the Gesture Form dimension, théovohg section presented the data relating to the

Gesture Nature dimension.

4.3.2 GESTURE NATURE

This section describes the elicited gestures imdeof Gesture Nature. Gesture Nature refers to hvehet
gestures are symbolic, physical, metaphorical bitrary. There were no a-priori hypotheses speatifia

this gesture dimension. The analysis thereforedeswon the descriptive analysis of Gesture Natsirana
essential attribute of gestures (Wobbrock et af920 Findings relating to this dimension are meezo

required to create the user-defined gesture séthvia key output of this study.

It was a straightforward endeavour to classify tla¢ure of simple gestures (i.e. determining whether
gesture was symbolic, physical, metaphorical oitramy). This was not the case with complex gesture
however. Complex gestures were decomposed into ¢bastituent gestures as explained above in sectio
1.4.1.3 (Static and Dynamic Gestures Used) anddh#re of each of these gestures was then claksiigea

result, certain referents have more than 20 gestheg are classified.
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It is also worth mentioning that the form of gesturdo not determine their nature. For examplehé t
referent for “deleting a history entry / item” oparticipant traced an “X” on the item to be delet€&tis
gesture is symbolic in nature, given that it visuaepicts a symbol to activate the “delete entitem”
function. Both drags that make up this gesture fonesach line of “X”) are therefore classified lasing
symbolic in nature. For the very same referentttegroparticipant “rubbed out” the item to be dedetsy
dragging her fingertip 4 times over the item tadeéeted as if “rubbing it out. This gesture is npéiarical as
the participant uses her fingertip as if it wereeaaser. The 4 drags that constitute this gester¢harefore
classified as being metaphorical in nature. Theegfalthough drag gestures were used in both icatan

they had different gesture natures.

The observations relating to the gesture naturenidion are tabulated below.

Table 17: Frequency of Gestures by Gesture Nature Dimension

Referent Metaphorical Symbolic Physical Arbitrary
1 — Input search query 20 0 4 0
2 — Go to previous webpage 20 0 0 0
3 — Go to next webpage 20 0 0 0
4 — Stop loading webpage content 15 0 2 3
5 - Refresh / reload webpa 17 1 0 3
content

6 — Make webpage content larger 19
7 — Make webpage content smaller 19
8 — Pan down the webpage 20
9 — Pan up the webpage 20
10 — Pan across the webpage 20 0 0 0
11 — Search for text on the
webpage

12 — Copy a section of text on the
webpage

13 — Paste section of text into
search engine

14 — Open link on the webpage in a
new tab

15 — Open a new browsing tab 18 5

16 — Close a browsing tab 15 2 3 1

17 — View record of visited
webpages

18 — Delete entry from record of
visited pages

19 — Save current webpage address
within the browser for viewing at & 24 0 3 5
later stage

20- Call up saved webpag
address

© O b P
© O o
© O w w

16 1 1 15

32 2 5 7

11 1 9 18

10 5 5 7

17 4 3 5

28 4 9 3

35 0 2 4
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Referent Metaphorical Symbolic Physical Arbitrary
21- Save image on webpage

23 0 6 17
memory
22 - Save current webpage 22 > 2 11
memory
23 — Request help 15 9 0 4
24 — Close web browser 19 4 0 1
Total 475 42 55 116

In summary:

All referents had gestures that were metaphonicabiure.
Of all 688 gestures, 476 (69.186%) were metaphloiicaature, 116 (16.860%) were arbitrary, 54
(7.849%) were physical and 42 (6.105%) were synaboli
These data suggest that participants generallymiaethphorical gestures more intuitive to use, anaif be
seen in the next section, these metaphorical gestuend to be object-centric, such as tapping ron a

imaginary button.

4.3.3 GESTURE BINDING

This section describes the elicited gestures atbegGesture Binding dimension. Gesture Bindinghis t
third essential attribute of all gestures (Wobbretlal, 2009) and refers to whether the gestureolgect-
centric, world-dependent, world-independent, or iméxed dependencies. There were no specific hygethe
proposed for this dimension and the analysis isri@s/e Findings relating to this dimension aisput into

the creation of the user-defined gesture set.

It was a straightforward endeavour to classify $eangestures (i.e. determining whether the gestuas w
object-centric, world-dependent, world-independanihad mixed dependencies). This was not the céke w
complex gestures however. Complex gestures werenggased into their constituent gestures as exmlaine
above in section 1.4.1.3 (Static and Dynamic Gestiused) and each of these gestures was therfielhssi

As a result, certain referents have more than 2@uges that are classified.

It is also worth mentioning that the form of gestuiido not determine their binding. For examplethim
referent for “request help” one participant trageduestion mark on the screen — this consistedivied
drag (denoting the curved part of the question jnankl a tap (denoting the dot below the curved) pahis
gesture could be made at any point and at anywdretbe screen, and was hence both the drag artdphe
were classified as world-independent. For the sesferent, several participants simply wanted to @ap
“Help” button. This gesture was classified as obmsmtric as it was done to a specific object, &dou

Therefore, although both gestures had a tap, thpsehad different gesture bindings.
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The observations relating to the gesture bindingedision are tabulated below.

Table 18: Frequency of Gestures by Gesture Binding Dimension

Objec- Mixed World- World-
centric dependencies dependent independent

1 - Input search query 17 0 7 0
2 — Go to previous webpage 13 0 3 4
3 — Go to next webpage 12 0 4 4
4 — Stop loading webpage content 15 0 0 5

5 - Refresh / reload webpa
content

6 — Make webpage content larger
7 — Make webpage content smaller
8 — Pan down the webpage 12
9 — Pan up the webpage 12
10 — Pan across the webpage 2 0 13 5
11 — Search for text on the
webpage

12 — Copy a section of text on the
webpage

13 — Paste section of text into
search engine

14 — Open link on the webpage in a
new tab

15 — Open a new browsing tab 24 0 5 0

16 — Close a browsing tab 19 0 2 0
17 — View record of visited
webpages

18 — Delete entry from record of
visited pages

19 — Save current webpage addre:ss

Referent

17 0 1 3

l\)l\)@m
© O o o
o o 0w ™

18 0 6 9

44 0 1 1

38 0 1 0

within the browser for viewing at a 26 4 0 2

later stage

20— Call up saved webpa a1 0 0 0

address

21- Save image on webpage 40 2 5 2

memory

22— Save current webpage 26 2 8 1

memory

23 — Request help 16 3 0 9

24 — Close web browser 13 2 9

Total 491 13 109 75
In summary:

All referents had gestures that had an object-iehinding.
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Of all 688 gestures, 492 (71.512%) had an objeatrice binding, 109 (15.843%) had a world-
dependent binding, 74 (10.756%) had a world-inddpet binding and 13 (1.889%) had mixed
dependencies.

These data suggest that participants find gesthatsact on specific objects, such as buttons exidhioxes,

as more intuitive.

4.3.4 GESTURE FLOW

This section describes the findings related to fthal attribute — Gesture Flow. Gesture flow reféos
whether the elicited gesture is discrete (the gestis performed in their entirety, and once penfed the
system provides feedback) or continuous (the gestequires on-going recognition by the system and
feedback is provided while the gesture is beindgoered). Once again, there were no a-priori hypsgke
related to this dimension and the results are ptedelescriptively.

The observations relating to the gesture flow disimm are provided below. Complex gestures were

analysed as single gestures.

Table 19: Frequency of Gestures by Gesture Flow Dimension

Referent Discrete Continuous
1 — Input search query 16 4
2 — Go to previous webpage 19 1
3 — Go to next webpage 19 1

4 — Stop loading webpage content 20 0

5- Refresh / relcd webpage
content

6 — Make webpage content larger

19 1

15
15
8 — Pan down the webpage 20
9 — Pan up the webpage 20

10 — Pan across the webpage 1 19
11 - Search for text on th
webpage

12 - Copy a sectic of text on the
webpage

13- Paste section of text in
search engine

14 - Open link on the webpage ir
new tab

15 — Open a new browsing tab 18

16 — Close a browsing tab 18 2

17 — View record of visited
webpages

7 — Make webpage content smaller

© O ;g1 w»

17 3

13 7
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Referent Discrete Continuous
18- Delete erry from record of

. 3 16
visited pages
19- Save current webpage addr
within the browser for viewing at 6 14
later stage
20 — Call up saved webpage 1 19
address
21 — Save image on webpage to 1 19
memory
22 — Save current webpage to 7 13
memory
23 — Request help 17 3
24 — Close web browser 20 0
Total 236 242

In summary:
Of the 24 referents, there were 2 that solely hiadrette gestures and 3 that solely had continuous
gestures; the other 15 referents had a combinafiboth discrete and continuous gestures.
Of the 478 gestures that were provided, 236 (49@7&ere discrete, and 242 (50.628%) were
continuous.
With a difference of 1.256% between discrete andtinaous gestures, it is quite evident that no alWer
substantial differences exist in user preferenedsting to this dimension. However, the preferenaes
discernible at the referent level with 11 referdits?, 3, 4, 5, 11, 15, 16, 17, 23, 24) elicitingstly discrete
gestures, whilst 13 referents (6, 7, 8, 9, 10,1%,14, 18, 19, 20, 21, 22) elicited compound gestuThe
discrete gestures were mostly used in the Websiiggdtion and Miscellaneous categories of web beows
functions, the stopping and restarting the loadifithe webpage as well as inputting and searctungext
of the webpage. Compound gestures were used ningthg Interaction with Page Content, Tab Browsing,
Management of Browsing History, Bookmarking / Maeagnt of Favourites and Saving to Memory

categories of web browser functions.

4.4 GESTURE RATINGS

Given that the participants were permitted to gestith one or both hands, using any part or sludleeir
finger(s) and/or hand(s) in any way they wantedyas expected that the gesture ratings would bie. Hfig
this was not the case, careful attention would neele paid to those functions, represented thrdhgh
referents, with low gesture ratings as other ugergld likely struggle with these — either in terofstheir
mapping (reflected through the “gesture goodnessihg) or in terms of how easy it is, physicallg, t
perform them (reflect through the “gesture easahga, or both. The gestures for such functions idameed

to be investigated further and improved, to ensiuedinal user-defined gesture set is intuitive.
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The average of the “gesture goodness” ratings ¢(baseresults of the Likert scale for the statem@ihte

gesture | picked is a good match for its intendexgbpse”) and “gesture ease” ratings (based ontsesfithe

Likert scale for the statement “The gesture | pitleeeasy to perform”) are tabulated below.

Table 20: Overall Gesture Ratings

Gesture
RS Goodness
1 - Input search query 4.650
2 — Go to previous webpage 4.600
3 — Go to next webpage 4.550
4 — Stop loading webpage content 4.400
5 — Refresh / reload webpage 4.150
content
6 — Make webpage content larger 4.600
7 — Make webpage content smaller 4.600
8 — Pan down the webpage 4.700
9 — Pan up the webpage 4.700
10 — Pan across the webpage 4.600
11 — Search for text on the 4.450
webpage
12 — Copy a section of text on the 4.500
webpage
13 — Paste _sectlon of text into 4.350
search engine
14 — Open link on the webpage in a 4.632
new tab
15 — Open a new browsing tab 4.400
16 — Close a browsing tab 4.400
17 - View record of visitec 4.400
webpages
1_8_— Delete entry from record ¢ 4579
visited pages
19- Save current webpage addr
within the browser for viewing at a 4.200
later stage
20 — Call up saved webpage 4.400
address
21 — Save image on webpage to 4.550
memory
22 — Save current webpage to 4.350
memory
23 — Request help 4.400
24 — Close web browser 4.700
Average Ratings 4.494
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Gesture Ease

4.550

4.750

4,750
4.550

4.550

4.650
4.600
4,700
4.700
4.650

4.250

4.450

4.400

4.474

4.400
4.450

4.500

4.474

4.200

4.250

4.500

4.600

4.500
4,750

4.527




The summary, in terms of gesture goodness ratings, follows:
The highest gesture goodness rating was 4.700 hwids calculated for referent 8 (“Pan down the
webpage”), 9 (“Pan up the webpage”) and 24 (“Clesb browser”).
The lowest gesture goodness rating was 4.150, wiéchcalculated for referent 5 (“Refresh / reload
webpage content”).
These data suggest that overall participants adpidgeir gestures to be suitable for the refertéreg had
proposed them for as they were all rated highl dekture goodness ratings were above 4 on a 5 poin
scale). No function’s gestures would therefore needle investigated in terms of their suitabilityhile
participants felt that the gestures they providedréferent 5 were not as suitable as those théyhavided
for other referents, the gesture goodness ratinghis referent was still high and would thereforet

warrant investigation.

The summary, in terms of gesture ease ratings, fisllaws:
The highest gesture ease rating was 4.750, whichoakulated for referent 2 (“Go to previous
webpage”), 3 (“Go to next webpage”) and 24 (“Clasgb browser”).
The lowest gesture ease rating was 4.200, which cab=ulated for referent 19 (“Save current
webpage address within the browser for viewinglatex stage”).
These data suggest that overall participants adpidigeir gestures to be physically easy to perfasnthey
were all rated highly (all gesture goodness ratiwgse above 4 on a 5 point scale). No function'sges
would therefore need to be investigated in termisedrfig difficult to perform. While participants fehat the
gestures they provided for referent 19 were noeasy to perform as those they had provided forrothe

referents, the gesture ease rating for this refevan still high and would therefore not warrantgstigation.

It is worth noting that 9 referents had gesturangatthere were above the average gesture goodatessas
well as the average gesture ease rating. Theder@més are as follows:

1 — Input search query

2 — Go to previous webpage

3 — Go to next webpage

6 — Make webpage content larger

7 — Make webpage content smaller

8 — Pan down the webpage

9 — Pan up the webpage

10 — Pan across the webpage

24 — Close web browser
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This implies that while participants felt that thestures they had proposed for other referents geod

(either in terms of suitability to the function ease of performance), they felt that the ones thesy

proposed for these referents were optimal, exefreglify referent 24, that had the highest gestucgligess

rating as well as the highest gesture ease raflmg gestures for these referents are ones that aselikely

to find highly satisfactory in the final user-dedohgesture set.

4.5 AGREEMENT SCORES

The agreement scores are presented below. An agnéasgore is a single number that reflects theedegf

agreement among participants regarding the assignofegestures to functions (Wobbrock et al, 2009).

This was done by taking all gestures that had jeposed for a specific gesture, and based on their

classifications, grouping identical gestures togeo that each groups represents the frequenbywhiich

the a specific gesture was proposed by differemplge These groups are then used to compute the

agreement score (formula reported in Chapter 3. ddreement scores for all referents are tabulskziv

from the lowest agreement score to the highest.

Table 21: Agreement Scores

Referent

Referent 21 — Save image on webpage to memory

Referent 1~ Paste section of text into search en
Referent 2 Save current webpage to merr
Referent 18 — Delete entry from record of visitedgs
Referent 12 — Copy a section of text on the webpage
Referent 1< Save current webpage address within the browse
viewing at a later stage

Referent ¢ Make webpage content lar

Referent i~ Make webpage content sma

Referent 17 — View record of visited webpages
Referent 20 — Call up saved webpage address
Referent 1~ Open link on the webpage in a new
Referent 1~ Input search que

Referent 15 — Open a new browsing tab

Referent 23 — Request help

Referent 1+ Search for text on the webp:

Referent -~ Go to next webpay

Referent 2 — Go to previous webpage

Referent 8 — Pan down the webpage

Referent & Pan up the webpa

Referent 2+ Close web rowse

Referent 16 — Close a browsing tab

Referent 4 — Stop loading webpage content
Referent 1(- Pan across the webp:

Referent & Refresh / reload webpage con

Average
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Agreement Scol
(Lowest to Highest)

0.060

0.10¢

0.10¢
0.108

0.110

0.140

0.14¢
0.14¢
0.225
0.235
0.241
0.31(
0.345
0.380
0.39(
0.42¢
0.475
0.490
0.49(C
0.51¢
0.575
0.585
0.59(
0.65(C

0.327




In summary:
The lowest agreement score was 0.060, which wazileédéd for referent 21 (“Save image on
webpage to memory”).
The highest agreement score was 0.650, which wasilaged for referent 5 (“Refresh / reload
webpage content”).
To provide context for these agreement scoresdterchine whether they are high or low) the averdghe
agreement scores was compared to the average agrescores calculated by Wobbrock et al. (2009& Th
average agreement score above was higher than ¢chtisdated by Wobbrock et al. (2009) — the highest
calculated by Wobbrock et al. (2009) being 0.32isT$uggests that agreement for the gestures in user
defined gesture set is overall satisfactory. Agresnis particularly good for 12 referents (2, 35483, 9, 10,
11, 15, 16, 23, 24), all of which are above theage agreement score. These referents mostly egjirénee
Website Navigation, Interaction with Page Contérgb Browsing and Miscellaneous categories of web
browser functions.

Wobbrock et al (2009) and Mauney et al (2010) o there tends to be higher agreement (i.e. aimiay

of thinking) between users for the simpler taskantthose that are complex. This implies that #&uges
with high agreement scores were considered to roplei and the ones with low agreement scores were
considered to be more complex. This means thatathie above also presents the referents by contplexi

from the participants’ perspective, with the masinplex at the top and the least complex at thebott

Having presented the analysis of the various diiessof the gestures elicited, the following settises

the findings to propose a final gesture set foheddhe 24 referents used in the study.

4.6 USER-DEFINED GESTURE SET

The final user-defined gesture set for conductingirdormational search on a multi-touch tablet web
browser, based on gestures elicited from parti¢gyavas successfully completed using the methodiged
in Chapter 3 (section 3.3.1.1 Creation of Gestw®. 3\l conflicts were resolved, resulting in ahevent

gesture set with the gestures (and their non-ainitj alternatives) for each of the 24 referenssprasentet

* Some of the i images used in creating the illustrations below were used courtesy of the following websites:
http://www.kickerstudio.com/blog/2008/12/touchscreen-stencils/
http://www.clker.com/
http://commons.wikimedia.org/
http://openclipart.org/
http://footage.shutterstock.com/
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below. Key information relating to these gestusepriesented below, for detailed information on ezfctine

gestures please refer to Appendix C (Detailed magion on User-Defined Gesture Set).

4.6.1 Referent 1 — Input Search Query

The key points relating to this referent are ako¥as:
20 gestures were elicited.
1 gesture was excluded due to internal confliabaflicts between the gestures for a single referent
as previously explained in the Methodology chapter)
1 gesture was excluded due to external conflidef{icts between gestures for different refereass,
previously explained in the Methodology chapter).
Following the exclusions of conflicts, 6 gesturesravassigned to this referent:
0 Gesture 1 — Single Tap on “Keyboard Button”; preggzbby 9 participants.
0 Gesture 2 — Single Tap on Google Textbox; propases participants.
Gesture 3 — Flick Keyboard Up; proposed by 1 pigeiat.
Gesture 4 — Write in Google Textbox with a Fingerfiroposed by 1 participant.
Gesture 5 — Write in Google Textbox with a Styliyposed by 1 participant.

o O o o

Gesture 6 — Simulate Typing Action; proposed bdtipipant.
The agreement score for this referent was 0.3HgWerage agreement score was 0.327).

The gestures assigned to this referent are tabiubetiew.
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Gesture Namr

Gesture 1 — Single Tap
on “Keyboard Button”

Gesture 2 — Single Tap
on Google Textbox

Gesture 3 — Flick
Keyboard Up

Table 22: Gestures Assigned to Referent 1 — Input Search Query

Referent 1 — Input Search Query

Gesture Summa Gesture lllustratiol

Google

The user calls up a keyboard by
tapping once on a “keyboard
button”.

The user calls up a keyboard by
tapping once on the Google
textbox.

Google

The user calls up a keyboard by
“flicking it up” from the lower

edge of the screen by i SN S
performing a single finger flick o
at the lower edge of the screen.
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Gesture Name

Gesture 4 — Write in
Google Textbox with a
Fingertip

Gesture 5 — Write in
Google Textbox with a
Stylus

Gesture 6 — Simulate
Typing Action

Gesture Summary

The user uses his / her fingertip
as if it is a pen to “write” the
search query in the Google
textbox.

The user uses a stylus to “write”

the search query in the Google
textbox.

To bring up a keyboard, tt

participant pretends that he / she

is typing on the screen. This
gesture begins with a tap of the
right index, right middle, right
ring and right pinkie finger (in
any order) in quick succession.
This is followed by with a tap of
the left index, left middle, left
ring and left pinkie finger (in
any order) in quick succession.
This is followed with a tap of
the right index, right middle,
right ring and right pinkie finger
(in any order) in quick
succession. This is followed by

Referent 1 — Input Search Query

Gesture lllustration

Google..

Google

Google




Referent 1 — Input Search Query

Gesture Name Gesture Summary Gesture lllustration

with a tap of the left index, le
middle, left ring and left pinkie
finger (in any order) in quick
succession.

Go /gic_

4.6.2 Referent 2 — Go to Previous Webpage

The key points relating to this referent are ako¥as:
20 gestures were elicited.
0 gestures were excluded due to internal conflmsflicts between the gestures for a single raferas previously explained in the Methodology
chapter).
2 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 2 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap on “Back Button”; proposgd.® participants.
0 Gesture 2 — Drag Finger from Right to Left; projbbg 4 participants.
The agreement score for this referent was 0.4 &gterage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.
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Table 23: Gestures Assigned to Referent 2 — Go To Previous Webpage

Referent 2 — Go to Previous Webpage

Gesture Name Gesture Summary Gesture lllustration

The user taps on the “Back”

Gesture 1 — Single Tap button

on “Back Button”

The user performs a drag gesture

Gesture 2 —Drag Finger ¢ ioht to left.

from Right to Left

4.6.3 Referent 3 — Go to next webpage

The key points relating to this referent are ako¥as:
20 gestures were elicited.
4 gestures were excluded due to internal conflmtsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
0 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).

Following the exclusions of conflicts, 2 gesturesrevassigned to this referent:
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0 Gesture 1 — Single Tap on “Forward Button”; promblg 12 participants.
0 Gesture 2 — Drag Finger from Left to Right; propgbbg 4 participants.
The agreement score for this referent was 0.425qWerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Table 24: Gestures Assigned to Referent 3 — Go To Next Webpage

Referent 3 — Go to next webpage

Gesture Name Gesture Summary Gesture lllustration

Gesture 1 — Single Tap The user taps on the “Forward”
on “Forward Button” button.

Gesture 2 — Drag Finger The user performs a drag gesture
from Left to Right from left to right.

4.6.4 Referent 4 — Stop loading webpage content

The key points relating to this referent are aloios:

20 gestures were elicited.
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0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different refereais,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 3 gesturemrevassigned to this referent:
0 Gesture 1 — Single Tap on “Stop Button”; proposgd b participants.
0 Gesture 2 — Palm Tap; proposed by 2 participants.
0 Gesture 3 — Single Tap on Screen; proposed bytzipants.
The agreement score for this referent was 0.5&5gtlerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.

Table 25: Gestures Assigned to Referent 4 — Stop loading webpage content

Referent 4 — Stop loading webpage content

Gesture Namr Gesture Summa Gesture lllustratiol

The user stops the webpage
from loading by tapping once on
a “stop button”.

Gesture 1 — Single Tap
on “Stop Button”
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Referent 4 — Stop loading webpage content

Gesture Name Gesture Summary Gesture lllustration

The user stops the webpage
from loading by tapping once on
the screen with the palm of the
hand.

Gesture 2 — Palm Tap

The user stops the webpage
Gesture 3 — Single Tap from loading by tapping once on
on Screen the screen with a single finger.

4.6.5 Referent 5 — Refresh / reload webpage content

The key points relating to this referent are aoios:
20 gestures were elicited.
0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
3 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).

Following the exclusions of conflicts, 2 gesturer@vassigned to this referent:
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0 Gesture 1 — Single Tap on “Refresh Button”; propdsg 16 participants.
0 Gesture 2 — Trace Circle; proposed by 1 participant
The agreement score for this referent was 0.6%0gWlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Table 26: Gestures Assigned to Referent 5 — Refresh / reload webpage content

Referent 5 — Refresh / reload webpage content

Gesture Name Gesture Summary Gesture lllustration

The user refreshes / reloads the
webpage by tapping once on a
“refresh button”.

Gesture 1 — Single Tap
on “Refresh Button”

The user refreshes / reloads the
webpage by tracing a circle (in
an anti-clockwise direction) on
the screen.

Gesture 2 — Trace Circle:
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4.6.6 Referent 6 — Make webpage content larger

The key points relating to this referent are akovas:
20 gestures were elicited.
1 gesture was excluded due to internal conflictsflicts between the gestures for a single referamtpreviously explained in the Methodology
chapter).
3 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 7 gesturer@vassigned to this referent:
0 Gesture 1 — Drag Two Fingers Apart; proposed bgrfigipants.
Gesture 2 — Single Tap on “Magnify Button”; propd$sy 4 participants.
Gesture 3 — Drag Five Fingers Apart; proposed pgr8cipants.
Gesture 4 — Drag Finger to Corner of Screen; preghdry 1 participant.
Gesture 5 — Drag Two Palms Apart; proposed by figiaaint.
Gesture 6 — Drag Two Fingers Apart - Using Both d#arproposed by 1 participant.

O O O o o o

Gesture 7 — “Magnifying Scale” Widget; proposedlbyarticipants.
The agreement score for this referent was 0.145gWerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Table 27: Gestures Assigned to Referent6 — Make webpage content larger

Referent 6 — Make webpage content larger

Gesture Name Gesture Summary Gesture lllustration

The user makes the webpage
content larger by dragging his /
her thumb and index finger
apart.

Gesture 1 — Drag Two
Fingers Apart

The user may also use fingers on
different hands.

The user makes the webpage
content larger by tapping on a
“magnify button”.

Gesture 2 — Single Tap
on “Magnify Button”
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Gesture Name

Gesture 3 — Drag Five
Fingers Apart

Gesture 4 — Drag Finger
to Corner of Screen

Gesture 5 — Drag Two
Palms Apart

Referent 6 — Make webpage content larger

Gesture Summary

The user makes the webpage
content larger by placing all 5
fingers on the screen and
dragging them all apart from
each other.

The user makes the webpage
content larger by dragging with
a single finger an inner section
of the screen to the corner of the
screen.

The user makes the webpage
content larger by placing the
sides of both hands on the
screen (towards the centre of the
page) and dragging them apart
(the left hand towards the left
edge of the screen, and the right
hand towards the right edge of
the screen).

Gesture lllustration
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Gesture Name

Gesture 6 — Drag Two
Fingers Apart - Using
Both Hands

Gesture 7 —
“Magnifying Scale”
Widget

Gesture Summary

The user makes the webpe
content larger by dragging his /
her right thumb and index finger
from the centre of the screen
towards the bottom right and top
right corners of the screen
respectively. This is done while
simultaneously dragging the left
thumb and index finger from the
centre of the screen to the
bottom left and top left corners
of the screen respectively.

The user makes the webpage
content larger using a scale at
the bottom of the screen.
Dragging the arrow rightwards
enlarges the size of the content.

4.6.7 Referent 7 — Make webpage content smaller

The key points relating to this referent are ako¥was:

20 gestures were elicited.

Referent 6 — Make webpage content larger

Gesture lllustration
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0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
4 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:
0 Gesture 1 — Drag Two Fingers Together; proposesl fgrticipants.
Gesture 2 — Single Tap on “Minify Button”; propodegl4 participants.
Gesture 3 — Drag Five Fingers Together; propose?l frticipants.
Gesture 4 — Drag Finger from Corner of Screen; @seg by 1 participant.
Gesture 5 — Drag Two Fingers Together - Using Btahds; proposed by 1 participant.

O O O o o

Gesture 6 — “Magnifying Scale” Widget; proposedlbyarticipant.
The agreement score for this referent was 0.145gWerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 28: Gestures Assigned to Referent7 — Make webpage content smaller

Referent 7 — Make webpage content smaller

Gesture Name Gesture Summary Gesture lllustration

The user makes the webpage
Gesture 1 — Drag Two  content smaller by dragging his /
Fingers Together her thumb and index finger
together.
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Gesture Name

Gesture 2 — Single Tap
on “Minify Button”

Gesture 3 — Drag Five
Fingers Together

Referent 7 — Make webpage content smaller

Gesture Summary

The user may also use fingers on
different hands.

The user makes the webpage
content smaller by tapping on a
“minify button”.

The user makes the webpage
content smaller by sprawling all
5 fingers on the screen and
dragging them towards from
each other.

Gesture lllustration
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Gesture Name Gesture Summary

The user makes the webpage
content smaller by dragging
with a single finger from the
corner of the screen to the inner
section of the screen.

Gesture 4 — Drag Finger
from Corner of Screen

The user makes the webpage
content smaller by dragging his /
her right thumb and index finger
from the bottom right and top
right corners of the screen
respectively towards the centre
of the screen. This is done while
simultaneously dragging the left
thumb and index finger from the
bottom left and top left corners
of the screen respectively

Gesture 5 — Drag Two
Fingers Together - Using
Both Hands

towards the centre of the screen.

Referent 7 — Make webpage content smaller

Gesture lllustration
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Referent 7 — Make webpage content smaller

Gesture Name Gesture Summary Gesture lllustration

The user makes the webpage

Gesture 6 — content larger using a scale at
“Magnifying Scale” the bottom of the screen.
Widget Dragging the arrow leftwards

decreases the size of the content.

4.6.8 Referent 8 — Pan down the webpage

The key points relating to this referent are aoios:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
5 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturer@vassigned to this referent:
0 Gesture 1 — Drag Finger Downward (Right Edge o&8w); proposed by 4 participants.
0 Gesture 2 — Drag Finger Downward (Scrollbar); pemgabby 4 participants.
0 Gesture 3 — Flick Finger Downward (Right Edge afe®a); proposed by 2 participants.
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Gesture 4 — Drag Finger Downward (Middle of Screpn)posed by 1 participant.
Gesture 5 — Drag Multiple Fingers Downward; projbisg 1 participant.

Gesture 6 — Flick Finger Downward (Bottom Edge afe®gn); proposed by 1 participant.
Gesture 7 — Flick Finger Downward (Scrollbar Arroppjoposed by 1 participant.

O O O o o

Gesture 8 — Drag Half-Closed Palm Down; proposedi pgrticipant.
The agreement score for this referent was 0.4%0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Table 29: Gestures Assigned to Referent 8 — Pan down the webpage

Referent 8 — Pan down the webpage

Gesture Namr Gesture Summa Gesture lllustratio

Gesture 1 — Drag Finger The user drags a single finger
Downward (Right Edge downwards on the right edge of
of Screen) the screen.

Gesture 2 — Drag Finger The user drags a single finger
Downward (Scrollbar)  downwards on the scrollbar.
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Gesture Name

Gesture 3 — Flick Finger
Downward (Right Edge
of Screen)

Gesture 4 — Drag Finger
Downward (Middle of
Screen)

Gesture 5 — Drag
Multiple Fingers
Downward

Referent 8 —

Gesture Summary

The user flicks a single finger
downwards on the right edge of
the screen.

The user drags a single finger
downwards in the middle of the
screen.

The user drags with the pinkie,
ring, middle and index fingers
from the top to the bottom of the
screen.

Pan down the webpage

Gesture lllustration
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Referent 8 — Pan down the webpage

Gesture Name Gesture Summary Gesture lllustration

Gesture 6 — Flick Finger The user flicks a single finger
Downward (Bottom downwards at the bottom edge
Edge of Screen) of the screen.

The user flicks a single finger
downwards on the scrollbar
arrow that points down.

Gesture 7 — Flick Finger
Downward (Scrollbar
Arrow)

The user drags a half-closed
palm from the top to the bottom
on the right edge of the screen.

Gesture 8 — Drag Half-
Closed Palm Down
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4.6.9 Referent 9 — Pan up the webpage

The key points relating to this referent are ako¥as:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
5 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturer@vassigned to this referent:
0 Gesture 1 — Drag Finger Upward (Right Edge of Sgrgaroposed by 4 participants.
Gesture 2 — Drag Finger Upward (Scrollbar); progdsg4 participants.
Gesture 3 — Flick Finger Upward (Right Edge of Snjeproposed by 2 participants.
Gesture 4 — Drag Finger Upward (Middle of Screemyposed by 1 participant.
Gesture 5 — Drag Multiple Fingers Upward; propdsgd. participant.
Gesture 6 — Flick Finger Upward (Top Edge of Scygeroposed by 1 participant.
Gesture 7 — Flick Finger Upward (Scrollbar Arropdoposed by 1 participant.

O O O o o o o

Gesture 8 — Drag Half-Closed Palm Up; proposed pgriicipant.
The agreement score for this referent was 0.4%0gtlerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.
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Gesture Name

Gesture 1 — Drag Finger
Upward (Right Edge of
Screen)

Gesture 2 — Drag Finger
Upward (Scrollbar)

Gesture 3 — Flick Finger
Upward (Right Edge of
Screen)

Table 30: Gestures Assigned to Referent 9 — Pan up the webpage

Gesture Summary

The user drags a single finger
upwards on the right edge of the
screen.

The user drags a single finger
upwards on the scrollbar.

The user flicks a single finger
upwards on the right edge of the
screen.

Referent 9 — Pan up the webpage

Gesture lllustration
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Referent 9 — Pan up the webpage

Gesture Name Gesture Summary Gesture lllustration

Gesture 4 — Drag Finger The user drags a single finger
Upward (Middle of upwards in the middle of the
Screen) screen.

The user drags from the bottom
to the top of the screen with the
pinkie, ring, middle and index
fingers.

Gesture 5 — Drag
Multiple Fingers
Upward

Gesture 6 — Flick Finger The user flicks a single finger
Upward (Top Edge of  upwards at the top edge of the
Screen) screen.
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Referent 9 — Pan up the webpage

Gesture Name Gesture Summary Gesture lllustration

Gesture 7 — Flick Finger The user flicks a single finger
Upward (Scrollbar upwards on the scrollbar arrow
Arrow) that points up.

The user drags a half-closed
palm from the bottom to the top
on the right edge of the screen.

Gesture 8 — Drag Half-
Closed Palm Up

4.6.10 Referent 10 — Pan across the webpage

The key points relating to this referent are aloios:
20 gestures were elicited.

3 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
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0 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturemrevassigned to this referent:
0 Gesture 1 — Drag Finger Left (Bottom Edge of Scyegroposed by 4 participants.
Gesture 2 — Drag Finger Left (Middle of Screenpgwsed by 3 participants.
Gesture 3 — Flick Finger Left (Bottom Edge of Saje@roposed by 2 participants.
Gesture 4 — Flick Finger Left (Middle of Screempposed by 1 participant.
Gesture 5 — Flick Finger Left (Right Edge of Scieg@noposed by 1 participant.
Gesture 6 — Flick Finger Left (Scrollbar Arrow)ppiosed by 1 participant.
Gesture 7 — Drag Multiple Fingers Left; proposedliparticipant.

O O O o o o o

Gesture 8 — Drag Vertical Hand Right; proposed Ipagicipant.
The agreement score for this referent was 0.5%0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Table 31: Gestures Assigned to Referent 10 — Pan across the webpage

Referent 10 — Pan across the webpage

Gesture Name Gesture Summary Gesture lllustration

Gesture 1 — Drag Finger The user drags a single finger
Left (Bottom Edge of from right to left at the bottom
Screen) edge of the screen.

The user drags a single finger
from right to left in the middle
of the screen.

Gesture 2 — Drag Finger
Left (Middle of Screen)
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Referent 10 — Pan across the webpage

Gesture Name Gesture Summary Gesture lllustration

Gesture 3 — Flick Finger The user flicks a single finger
Left (Bottom Edge of from right to left at the bottom
Screen) of the screen.

The user flicks a single finger
from right to left in the middle
of the screen.

Gesture 4 — Flick Finger
Left (Middle of Screen)

Gesture 5 — Flick Finger The user flicks a single finger
Left (Right Edge of from right to left at the right
Screen) edge of the screen.
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Referent 10 —

Gesture Name Gesture Summary

The user flicks a single finger
left to right on the scrollbar
arrow that points right.

Gesture 6 — Flick Finger
Left (Scrollbar Arrow)

The user drags from the right to

Gesture 7 — Drag the left of the screen with the
Multiple Fingers Left pinkie, ring, middle and index
fingers.

Pan across the webpage

Gesture lllustration
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Referent 10 — Pan across the webpage

Gesture Name Gesture Summary Gesture lllustration

The user drags the side of 1
hand from the right to the left in
the middle of the screen.

Gesture 8 — Drag
Vertical Hand Right

4.6.11 Referent 11 — Search for text on the webpage

The key points relating to this referent are aloios:
20 gestures were elicited.
2 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
0 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “Search Button”; propdsei2 participants.
Gesture 2 — Select Option from Main Menu; propdse@ participants.
Gesture 3 — Use Keyboard Shortcut (Alt + F); preglosy 1 participant.
Gesture 4 — Trace “Search Box”; proposed by 1 @pent.
Gesture 5 —Tap with Both Palms; proposed by 1 @pétnt.

O O O o o

Gesture 6 — “Search Circle”; proposed by 1 paréiotp
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The agreement score for this referent was 0.3%0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

It should be noted that the participants were retpaeto provide gestures that would call up a @xihto which they could provide their search gegriThe
gestures for providing this search query were ficited as these were addressed in Referent 1ut B@arch Query.

Gesture Namr

Gesture 1 — Single Tap

on “Search Button”

Gesture 2 — Select
Option from Main Menu

Table 32: Gestures Assigned to Referent 11 — Search for text on the webpage

Referent 11 — Search for text on the webpage

Gesture Summa

The user calls up a textbox into
which he / she can provide the
search query by tapping on a
“search button”.

The user calls up a textbox ir
which he / she can provide the
search query by calling up a
main menu and selecting the
appropriate option. This is done
by tapping once on a button that
calls up the main menu (Phase
1), and tapping once on the
menu item that enables him / her
to provide a search query (Phase
2).

Gesture lllustratiol
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Gesture Name

Gesture 3 — Use
Keyboard Shortcut (Alt
+F)

Gesture 4 — Trace
“Search Box”

Gesture 5 — Tap with
Both Palms

Referent 11 — Search for text on the webpage

Gesture Summary

The user calls up a keyboard by
“flicking it up” from the lower
edge of the screen by
performing a single finger flick
at the lower edge of the screen
(Phase 1).

The user calls up a textbox into
which he / she can provide the
search query by using a
keyboard shortcut — the user
presses the “Ctrl” key (Phase 2)
and taps the “F” key (Phase 3)
while pressing it.

The user calls up a textbox into
which he / she can provide the
search query by tracing a box to
the right of the address bar.

The user calls up a textbox into
which he / she can provide the
search query by tapping on the
screen with both palms a couple
of times. The palms taps are
done in quick succession.

Gesture lllustration
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Referent 11 — Search for text on the webpage
Gesture Name Gesture Summary Gesture lllustration

The user calls up a textbox ir
which he / she can provide the
search query by “making a
circle” with the right thumb and

Gesture 6 — “Search right index finger, and placing

Circle” these on the screen. This is
achieved by twisting the wrist so
that the length of the thumb and
index finger are in contact with
the touch screen.

4.6.12 Referent 12 — Copy a section of text on the webpage

The key points relating to this referent are ako¥as:
20 gestures were elicited.
0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
17 gestures were excluded due to external conflarisflicts between gestures for different refeseiais previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 2 gesturer@vassigned to this referent:
0 Gesture 1 — Press and Drag Finger Over Text; peapbg 2 participants.
0 Gesture 2 — Single Tap on Words, Highlight and Capgposed by 1 participants.
The agreement score for this referent was 0.1H0gWlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiew.
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Table 33: Gestures Assigned to Referent 12 — Copy a section of text on the webpage

Referent 12 — Copy a section of text on the webpage

Gesture Name Gesture Summary Gesture lllustration

The user copies a section of text
pressing with a single finger
where the text begins, and
dragging the finger over the text
(from left to right).

Gesture 1 — Press and
Drag Finger Over Text

The user copies a section of text
by tapping on each of the words
to be copied (Phase 1), tapping

Gesture 2 — Single Tap once on a “Highlight Button” —

on Words, Highlight and which highlights the words

Copy which were tapped (Phase 2),
tapping once on a “Copy
Button” — which copies the
highlighted words (Phase 3).

4.6.13 Referent 13 — Paste section of text into search engine

The key points relating to this referent are ako¥as:
20 gestures were elicited.

7 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology

chapter).
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0 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 7 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on Google Textbox, Single dra“Paste Button”; proposed by 3 participants.
Gesture 2 — Use Keyboard Shortcut (Ctrl + V); psgubby 1 participant.
Gesture 3 — Select Option from Context Menu on Godgxtbox; proposed by 2 participants.
Gesture 4 — Single Tap with Finger, Drag FingerhiRigroposed by 1 participants.
Gesture 5 — Drag Finger Left on Google Textboxppsed by 1 participant.
Gesture 6 — Two Finger Tap; proposed by 1 partitipa

O O O o o o

Gesture 7 — Drag Text from “Easel Button” or “PaBtdton”; proposed by 1 participant.
The agreement score for this referent was 0.1@5gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 34: Gestures Assigned to Referentl3 — Paste section of text into search engine

Referent 13 — Paste section of text into searcineng

Gesture Name Gesture Summary Gesture lllustration

The user pastes a section of text
into Google by tapping once on
the Google textbox (Phase 1),
and tapping once on the “Paste
Button”.

Gesture 1 — Single Tap
on Google Textbox,
Single Tap on “Paste
Button”
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Gesture Name

Gesture 2 — Use
Keyboard Shortcut (Ctrl

+V)

Gesture 3 — Select
Option from Context
Menu on Google
Textbox

Referent 13 — Paste section of text into searcineng

Gesture Summary

The user taps once on the
Google text box to bring up the
keyboard (Phase 1).

The user uses a keyboard
shortcut to paste the text — this
comprises of pressing the “Ctrl”
key (Phase 2) and tapping the
“C” key (Phase 3) while
pressing it.

The user taps once on the
Google textbox (Phase 1). The
user taps again on the Google
textbox — to the right of where
the initial tap was done (Phase
2). Doing so bring up a context

menu. The user taps once on the

“Paste” menu item (Phase 3) to
paste the text.

Gesture lllustration
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Gesture Name

Gesture 4 — Single Tap
with Finger, Drag Finger
Right

Gesture 5 — Drag Finger
Left on Google Textbox

Referent 13 — Paste section of text into searcineng

Gesture Summary

The user presses on the Google
textbox with the index finger
(Phase 1). The user then taps
with on the Google textbox with
the middle finger (Phase 2),
while still pressing with the
index finger. The user then
drags the middle finger to the
right on the Google textbox
(Phase 3) to paste the text.

The user pastes a section of text
into Google by dragging a finger
from right to left on the Google
textbox. This is not done along
the entire length of the textbox,
but towards the left edge of the
textbox.

Gesture lllustration
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Referent 13 — Paste section of text into searcineng

Gesture Name Gesture Summary Gesture lllustration

The user pastes a section of text
Gesture 6 — Two Finger into Google by tapping once on
Tap the Google textbox with both the
index and middle fingers.

The user pastes a section of text
Gesture 7 — Drag Text  into Google by dragging a finger
from “Easel Button” or  from the “Easel Button” or
“Paste Button” “Paste Button” to the Google
textbox.

4.6.14 Referent 14 — Open link on the webpage in a new tab

The key points relating to this referent are aloios:
19 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology

chapter).

122




1 gesture was excluded due to external confliabefiicts between gestures for different referemis,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturemrevassigned to this referent:
0 Gesture 1 — Drag Link to “New Tab Button”; propodsd4 participants.
Gesture 2 — Drag Link to “New Tab Area”; proposgtitparticipants.
Gesture 3 — Double Tap Link; proposed by 4 pardicip.
Gesture 4 — Single Tap on Link, Quickly Tap on “N&ab Button” (Jump); proposed by 2 participants.
Gesture 5 — Drag Link to “New Tab Area” with Twangiers; proposed by 1 participant.
Gesture 6 — Press Link, Select Option From Coriéeetiu; proposed by 1 participants.
Gesture 7 — Drag Finger Over Link, Select OptiamfrContext Menu; proposed by 1 participants.
Gesture 8 — Draw “Tab” on Link; proposed by 1 p@p@ant.

O O O o o o o

The agreement score for this referent was 0.247gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Table 35: Gestures Assigned to Referent14 — Open link on the webpage in a new tab

Referent 14 — Open link on the webpage in a new tab

Gesture Nar Gesture Summa Gesture lllustratio

The user opens a link on the
Gesture 1 — Drag Link to webpage in a new tab by
“New Tab Button” dragging the link to the “New
Tab Button”.
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Referent 14 — Open link on the webpage in a new tab

Gesture Name Gesture Summary

The user opens a link on the
webpage in a new tab by
Gesture 2 — Drag Link to dragging the link to the “New
“New Tab Area” Tab Area” (which is the grey
area towards the right of the
“New Tab Button”).

The user opens a link on the
webpage in a new tab by double
tapping on the link.

Gesture 3 — Double Tap
Link

The user opens a link on the
Gesture 4 — Single Tap webpage in a new tab tapping on
on Link, Quickly Tap on the link (Phase 1) and quickly

“New Tab Button” tapping on the “New Tab
(Jump) Button” immediately afterwards
(Phase 2).

Gesture lllustration
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Referent 14 — Open link on the webpage in a new tab

Gesture Name Gesture Summary Gesture lllustration

The user opens a link on the
webpage in a new tab by
Gesture 5 — Drag Link to dragging the link to the “New
“New Tab Area” with Tab Area” (which is the grey
Two Fingers area towards the right of the
“New Tab Button”) with 2
fingers.

The user opens a link on the
webpage in a new tab by
Gesture 6 — Press Link, pressing on the link with 1
Select Option From finger (Phase 1) — this brings up
Context Menu a context menu. The user then
taps once on the relevant menu
item (Phase 2).

The user drags 1 finger over the
link to be opened in a new tab
(Phase 1) — this highlights the
link. The user taps on the link to
bring up a context menu (Phase
2). The user then taps on the
relevant menu item (Phase 3).

Gesture 7 — Drag Finger
Over Link, Select
Option from Context
Menu
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Referent 14 — Open link on the webpage in a new tab

Gesture Name Gesture Summary Gesture lllustration

The user opens a link on the
webpage in a new tab by
drawing a “tab” on the link. This

Gesture 8 — Draw “Tab” consists of a short drag to the

on Link right, a short drag up, another
short drag to the right, a short
drag down and a final drag to
the right.

4.6.15 Referent 15 — Open a new browsing tab

The key points relating to this referent are ako¥as:
20 gestures were elicited.
0 gestures were excluded due to internal conflmsflicts between the gestures for a single raferas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different referemis,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “New Tab Button”; progosg 11 participants.
Gesture 2 — Single Tap on “New Tab Area”; propdsg@ participants.
Gesture 3 — Double Tap on Whitespace; proposedfdaytitipants.
Gesture 4 — Select Option from Main Menu; propdsed participant.
Gesture 5 — Draw “Tab” on “New Tab Area”; propossdl participant.

O O O o o

Gesture 6 — Palm Taps While Moving Hands Apartppsed by 1 participant.
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The agreement score for this referent was 0.345qWlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Gesture Narr

Gesture 1 — Single Tap
on “New Tab Button”

Gesture 2 — Single Tap
on “New Tab Area”

Gesture 3 — Double Tap
on Whitespace

Table 36: Gestures Assigned to Referentl5 — Open a new browsing tab

Gesture Summa

The user opens a hew browsing
tab by tapping once on the “New
Tab Button”.

The user opens a new browsing
tab by tapping once on the “New
Tab Area” (which is the grey
area towards the right of the
“New Tab Button”).

The user opens a hew browsing
tab by double tapping with 1
finger on whitespace.

Referent 15 — Open a new browsing tab

Gesture lllustratio
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Gesture Name

Gesture 4 — Select
Option from Main Menu

Gesture 5 — Draw “Tab”
on “New Tab Area”

Gesture 6 — Palm Taps
While Moving Hands
Apart

Referent 15 —

Gesture Summary

The user opens a hew browsing
tab by calling up a main menu
and selecting the appropriate
option. This is done by tapping
once on a button that calls up the
main menu (Phase 1) and
tapping once on a menu item
that enables him / her to open a
new browsing tab.

The user opens a new brows
tab by drawing a “tab” on the
“New Tab Area” (which is the
grey area towards the right of
the “New Tab Button”). This
consists of a short drag to the
right, a short drag up, another
short drag to the right, a short
drag down and a final drag to
the right.

The user opens a new browsing
tab by tapping with the palms
while moving the palms towards
the edges of the screen; the left
hand moves towards the left
edge of the screen while the
right hand moves towards the
right edge.

4.6.16 Referent 16 — Close a browsing tab

The key points relating to this referent are ako¥as:

20 gestures were elicited.

Open a new browsing tab

Gesture lllustration
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0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology

chapter).

0 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology

chapter).

Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:

0

O O O o o

Gesture 1 — Single Tap on “Close Tab” Cross; pregdsy 15 participants.

Gesture 2 — Flick Tab “Off The Screen” With MulggFingers (Downward); proposed by 1 participant.
Gesture 3 — Drag Tab “Off The Screen” with Two g proposed by 1 participant.

Gesture 4 — Trace “X” on Tab; proposed by 1 pgréini.

Gesture 5 — Push Tab Beneath Adjacent Tab; progmsédoarticipant.

Gesture 6 — Single Tap on Tab; proposed by 1 [aafit.

The agreement score for this referent was 0.5&gterage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

129




Gesture Name

Gesture 1 — Single Tap
on “Close Tab” Cross

Gesture 2 — Flick Tab
“Off The Screen” With
Multiple Fingers
(Downward)

Gesture 3 — Drag Tab
“Off The Screen” with
Two Fingers

Table 37: Gestures Assigned to Referent 16 — Close a browsing tab

Referent 16 — Close a browsing tab

Gesture Summary Gesture lllustration

The user closes a browsing tab
by tapping once on the “Close
Tab” cross (“X”).

The user closes a browsing tab
by flicking the tab directly
downwards using the index,
middle, ring and pinkie fingers.

The user closes a browsing tab
by dragging the tab towards the
left edge of the screen in a
downward motion with 2
fingers.
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Referent 16 — Close a browsing tab

Gesture Name Gesture Summary Gesture lllustration

The user closes a browsing tab
by tracing an “X” on the tab i.e.
Gesture 4 — Trace “X”  dragging a finger diagonally
on Tab from left to right, and then
dragging the finger diagonally
from right to left.

The user closes a browsing tab
by “pushing it beneath” an
adjacent tab. This is done by
dragging a finger from right to
left over the tab.

Gesture 5 — Push Tab
Beneath Adjacent Tab

The user closes a browsing tab
by tapping on it once with 1
finger.

Gesture 6 — Single Tap
on Tab

131




4.6.17 Referent 17 — View record of visited webpages

The key points relating to this referent are akovas:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different refereais,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 7 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap On “History Button”; propibég 8 participants.
Gesture 2 — Select Option From Main Menu; propdsed participants.
Gesture 3 — Flick History “Out Of Address Bar”; pased by 3 participants.
Gesture 4 — Use Keyboard Shortcut (Ctrl + H); pegabby 2 participants.
Gesture 5 — Drag History Bar Out From Left Edg&ofeen; proposed by 1 participant.
Gesture 6 — Trace Triangle at Top of Screen; preghdy 1 participant.

O O O o o o

Gesture 7 — Double Tap with Vertical Side of Hapiiposed by 1 participant.
The agreement score for this referent was 0.225gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Gesture Name

Gesture 1 — Single Tap
On “History Button”

Gesture 2 — Select
Option From Main
Menu

Gesture 3 — Flick
History “Out Of Address
Bar”

Table 38: Gestures Assigned to Referent 17 — View record of visited webpages

Referent 17 — View record of visited webpages

Gesture Summary

The user views a record of
visited webpages by tapping
once on a “History Button”

The user views a record of
visited webpages by calling up a
main menu and selecting the
appropriate option. This is done
by tapping once on a button that
calls up the main menu (Phase
1), and tapping once on the
menu item that enables him / her
to view a record of visited pages
(Phase 2).

The user views a record of
visited webpages by flicking the
history record “out of the
address bar”. This is done
downwards on the address bar.

Gesture lllustration
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Gesture Name

Gesture 4 — Use
Keyboard Shortcut (Ctrl
+ H)

Gesture 5 — Drag
History Bar Out From
Left Edge of Screen

Gesture 6 — Trace
Triangle at Top of
Screen

Referent 17 — View record of visited webpages

Gesture Summary

The user calls up a keyboard by
“flicking it up” from the lower
edge of the screen by
performing a single finger flick
at the lower edge of the screen
(Phase 1). The user views a
record of visited webpages by
using a keyboard shortcut — the
user presses the “Ctrl” key
(Phase 2) and taps the “H” key
(Phase 3) while pressing it.

The user views a record of
visited webpages by dragging
the record out from left edge of
the screen with a single finger
drag from left to right.

The user views a record of
visited webpages by tracing a
triangle (upside down) on at the
top of screen — around the
region of the address bar. This
done by performing 3 short
drags from each of the sides.

Gesture lllustration
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Referent 17 — View record of visited webpages

Gesture Name Gesture Summary Gesture lllustration

The user views a record of
Gesture 7 — Double Tap visited webpages by performing
with Vertical Side of a double tap with the vertical
Hand side of the hand. This is done on
the right edge of the screen.

4.6.18 Referent 18 — Delete entry from record of visited pages

The key points relating to this referent are aloios:
19 gestures were elicited.
5 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different refereais,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 9 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap On History Item, Single ®apDelete Button”; proposed by 4 participants.
Gesture 2 — Drag Finger Over History Item, Singhg Dn “Delete Button”; proposed by 1 participants.
Gesture 3 — Trace “X” on History Item; proposedlbyarticipants.
Gesture 4 — Select Checkbox, Single Tap on “Déeitton”; proposed by 1 participant.
Gesture 5 — Single Tap And Drag Finger Over Histtasn, Trace “X” on History Item; proposed by 1 fi@pant.

O O O o o

Gesture 6 — Select Option From Context Menu; pregdsy 1 participant.
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0 Gesture 7 — Drag Finger Over History Item to “Ru®ut”; proposed by 1 participant.

0 Gesture 8 — Select History Item and Delete Usingdgard Button; proposed by 1 participant.

0 Gesture 9 — Select History Item and “Rub It Out'tWMiand; proposed by 1 participant.

The agreement score for this referent was 0.1@8gWlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Gesture Namr

Gesture 1 — Single Tap
On History Item, Single
Tap on “Delete Button”

Gesture 2 — Drag Finger
Over History Item,
Single Tap on “Delete
Button”

Table 39: Gestures Assigned to Referent 18 — Delete entry from record of visited pages

Referent 18 — Delete entry from record of visitedigs

Gesture Summa

The user deletes an item from
the record of visited pages by
tapping once on the item
(Phasel) and tapping once on a
“Delete Button”.

The user deletes an item from
the record of visited pages by
dragging a finger over the item
from left to right (Phasel) and
tapping once on a “Delete
Button”.
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Gesture Name

Gesture 3 — Trace “X”
on History Iltem

Gesture 4 — Select
Checkbox, Single Tap
on “Delete Button”

Referent 18 — Delete entry from record of visitedigs

Gesture Summary

The user deletes an item from
the record of visited pages by
tracing an “X” over the item i.e.
dragging a finger diagonally
from left to right (Phase 1), and
then dragging the finger
diagonally from right to left
(Phase 2).

The user deletes an entry from
the record of visited pages by
tapping on a checkbox alongside
the item (Phase 1) and tapping
on the “Delete Button”.

Gesture lllustration
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Gesture Name

Gesture 5 — Single Tap
And Drag Finger Over

History Item, Trace “X”
on History Iltem

Gesture 6 — Select
Option From Context
Menu

Referent 18 — Delete entry from record of visitedigs

Gesture Summary

The user taps once on the item
to be deleted (Phase 1). The user
then drags a finger from left to
right over the item (Phase 2).
The user then traces an “X” over
the item i.e. dragging a finger
diagonally from left to right
(Phase 3), and then dragging the
finger diagonally from right to

left (Phase 4) to delete it from
the record of visited pages.

The user taps once on a but
that calls up a context menu
(Phase 1). The user then taps
once on the menu item that
activates the delete function
(Phase 2). The user then taps
once on the time period during
which the item to be deleted
exists (Phase 3) —in the
illustration, the time period is
“Today”. The user taps once on
the item to delete it from the
record of visited pages (Phase
4).

Gesture lllustration
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Gesture Name

Gesture 7 — Drag Finger
Over History Item to
“Rub It Out”

Gesture 8 — Select
History Item and Delete
Using Keyboard Button

Referent 18 — Delete entry from record of visitedigs

Gesture Summary

The user deletes an item of the
record of visited pages by
“rubbing out” the entry. This is
done by dragging the finger
from left to right over the item
(Phase 1). The user then drags
the finger from right to left over
the item (Phase 2). The user then
drags the finger from left to
right over the item (Phase 3).
The user then drags the finger
from right to left over the item
(Phase 4).

Theuser deletes an item fro

the record of visited pages using
a keyboard shortcut. The user
taps once on the item to be
deleted (Phase 1). The user calls
up a keyboard by “flicking it

up” from the lower edge of the
screen by performing a single
finger flick at the lower edge of
the screen (Phase 2). The user
then deletes the item by tapping
once on a “Delete” button on the
keyboard.

Gesture lllustration
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Referent 18 — Delete entry from record of visitedigs

Gesture Name Gesture Summary Gesture lllustration

The user drags a finger from left
to right over the item to be
deleted (Phase 1). The user then
“rubs it out” by tapping on it

with the lower part of the palm
(Phase 2). This is the only
gesture during this part of the
hand was used.

Gesture 9 — Select
History Item and “Rub It
Out” With Hand

4.6.19 Referent 19 — Save current webpage address within the browser for viewing at a later stage

The key points relating to this referent are ako¥as:
20 gestures were elicited.
5 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
4 gestures were excluded due to external conflaisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “Favourites Button”, &nitpp on “Add Button”; proposed by 5 participants.
0 Gesture 2 — Press on Webpage, Drag Webpage to UFRasButton”; proposed by 1 participant.
0 Gesture 3 — Single Tap on Webpage, Quickly Tapravoéurites Button” (Jump); proposed by 1 partictpan
0 Gesture 4 — Select Option from Main Menu; propdse@ participants.
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0 Gesture 5 — Drag Webpage with Two Fingers to AddBss'; proposed by 1 participant.

0 Gesture 6 — Drag Finger Over Address Bar Twiceppsed by 1 participant.

The agreement score for this referent was 0.140gWerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Table 40: Gestures Assigned to Referent 19 — Save current webpage address within the browser for viewing at a later stage

Gesture Name

Gesture 1 — Single Tap
on “Favourites Button”,
Single Tap on “Add
Button”

Gesture 2 — Press on
Webpage, Drag
Webpage to “Favourites
Button”

Referent 19 — Save current webpage address withibrowser for viewing at a later stage

Gesture Summary

The user saves the address of the
current webpage within the
browser by tapping once on the
“Favourites Button” (Phase 1) —
this calls up a list of webpages
that has been saved,
“Favourites”. The user taps once
on the “Add Button” to save it.

The user saves the address of the
current webpage within the
browser by pressing on the
webpage (Phase 1), and
dragging it to the “Favourites
Button” (Phase 2).

141

Gesture lllustration




Gesture Name

Gesture 3 — Single Tap
on Webpage, Quickly
Tap on “Favourites
Button” (Jump)

Gesture 4 — Select
Option from Main Menu

Referent 19 — Save current webpage address withibrowser for viewing at a later stage

Gesture Summary

The user saves the address of the
current webpage within the
browser by tapping on the page
(Phase 1) and quickly tapping on
the “Favourites Button”.

The user saves the address of the
current webpage within the
browser by calling up a main
menu and selecting the
appropriate option. This is done
by tapping once on a button that
calls up the main menu (Phase
1), and tapping once on the
menu item that enables him / her
to save the webpage within the
browser (Phase 2).
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Referent 19 — Save current webpage address withibrowser for viewing at a later stage

Gesture Name Gesture Summary Gesture lllustration

The user saves the address of the

Gesture 5 — Drag current webpage within the

Webpage with Two browser by dragging the

Fingers to Address Bar webpage to the address bar with
2 fingers.

The user saves the address of the
current webpage within the
browser by dragging a finger

over the address bar from left to
right (Phase 1). The user then
drags the finger from right to

left (Phase 2).

Gesture 6 — Drag Finger
Over Address Bar Twice:

4.6.20 Referent 20 — Call up saved webpage address
The key points relating to this referent are aloios:
20 gestures were elicited.

4 gestures were excluded due to internal conflmtsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
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3 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 5 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “Favourites Button”, &nigap on “Saved Webpage”; proposed by 9 partidgan
Gesture 2 — Single Tap on “Favourites Button”, Oeukap on “Saved Webpage”; proposed by 1 partidipan
Gesture 3 — Select Option from Menu; proposed pgriicipant.

Gesture 4 — Drag Finger Over Address Bar, Singledra“Saved Webpage”; proposed by 1 participant.

O O o o

Gesture 5 — Double Tap on Address Bar With Two &iagDrag Finger Over “Saved Webpage”; proposet! pgrticipant.
The agreement score for this referent was 0.235gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 41: Gestures Assigned to Referent 20 — Call up saved webpage address

Referent 20 — Call up saved webpage address

Gesture Name Gesture Summary Gesture lllustration

The user calls up a saved
webpage address by tapping
Gesture 1 — Single Tap once on the “Favourites Button”
on “Favourites Button”, (Phase 1) — this lists all the
Single Tap on “Saved  saved webpages. The user then
Webpage” taps once on the one he / she
wants opened (Phase 2).
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Gesture Name

Gesture 2 — Single Tap
on “Favourites Button”,
Double Tap on “Saved
Webpage”

Gesture 3 — Select
Option from Menu

Gesture 4 — Drag Finger
Over Address Batr,
Single Tap on “Saved
Webpage”

Referent 20 — Call up saved webpage address

Gesture Summary

The user calls up a saved
webpage address by tapping
once on the “Favourites Button”
(Phase 1) — this lists all the
saved webpage addresses. The
user then double taps on the one
he / she wants opened (Phase 2).

The user calls up a sav

webpage address by calling up a
menu that lists all saved

webpage addresses and selecting
the appropriate option. This is
done by tapping once on a

button that calls up a menu of
saved webpage addresses (Phase
1), and tapping once on the one
he / she wants opened (Phase 2).

The user calls up a saved
webpage address by dragging a
finger from left to right over the
address bar (Phase 1) — this lists
all the saved webpage addresses.
The user then taps once on the
one he / she wants opened
(Phase 2).

Gesture lllustration
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Referent 20 — Call up saved webpage address

Gesture Name Gesture Summary Gesture lllustration

The user calls up a saved
webpage address by double
tapping on the address bar with
2 fingers (Phase 1) — this lists all
the saved webpage addresses.
The user then drags a finger
from left to right on the one he /
she wants opened (Phase 2).

Gesture 5 — Double Tap
on Address Bar With
Two Fingers, Drag
Finger Over “Saved
Webpage”

4.6.21 Referent 21 — Save image on webpage to memory

The key points relating to this referent are ako¥as:
20 gestures were elicited.
2 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
5 gestures were excluded due to external conflaxsflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 10 gestunege assigned to this referent:
0 Gesture 1 — Lasso Image, Single Tap on “Save Butpsoposed by 1 participant.
Gesture 2 — Trace Box Around Image, Single TapSeawvé Button”; proposed by 2 participants.
Gesture 3 — Lasso Image, Select Option from Coldiextu; proposed by 1 participant.
Gesture 4 — Trace Box Around Image, Double Tap enpgoposed by 1 participant.
Gesture 5 — Drag Finger Over Upper and Right Eddmage, Single Tap on “Save Button”; proposed lpa#icipants.

O O O o o

Gesture 6 — Single Tap on Image, Place Both Handmage; proposed by 1 participant.
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Gesture 7 — Select “Snipping Tool” from Main Melrag Fingers Along Boundary of Image; proposed Ipaticipant.
Gesture 8 — Lasso Image, Double Tapping Image Witiee Fingers; proposed by 1 participants.
Gesture 9 —Tapping on Image with Two Fingers; psepldy 1 participant.

o O o o

Gesture 10 — Select Option from Special Image Gomenu; proposed by 1 participant.
The agreement score for this referent was 0.0@Dgtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 42: Gestures Assigned to Referent 21 — Save image on webpage to memory

Referent 21 — Save image on webpage to memory

Gesture Name Gesture Summary Gesture lllustration

The user saves an image on the
webpage to memory by lassoing

Gesture 1 — Lasso the image i.e. dragging the

Image, Single Tapon  finger in an ellipse around the

“Save Button” image (Phase 1), and tapping
once on the “Save Button”
(Phase 2).
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Gesture Name

Gesture 2 — Trace Box
Around Image, Single
Tap on “Save Button”

Gesture 3 — Lasso
Image, Select Option
from Context Menu

Gesture 4 — Trace Box
Around Image, Double
Tap Image

Referent 21 — Save image on webpage to memory

Gesture Summary

The user saves an image on the
webpage to memory by drawing
a box around the image i.e.
dragging the finger in a
rectangle around the image
(Phase 1), and tapping once on
the “Save Button” (Phase 2).

The user saves an image on the
webpage to memory by lassoing
the image i.e. dragging the

finger in an ellipse around the
image (Phase 1), pressing on the
image (Phase 2) to callup a
context menu, and tapping once
on the option that enables the
user to save the image (Phase 3).

The user saves an image on the
webpage to memory by drawing
a box around the image i.e.
dragging the finger in a
rectangle around the image
(Phase 1), and double tapping
with 1 finger (Phase 2).

Gesture lllustration
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Gesture Name

Gesture 5 — Drag Finger
Over Upper and Right
Edge of Image, Single
Tap on “Save Button”

Gesture 6 — Single Tap
on Image, Place Both
Hands on Image

Gesture 7 — Select
“Snipping Tool” from
Main Menu, Drag
Fingers Along Boundary
of Image

Referent 21 — Save image on webpage to memory

Gesture Summary

The user saves an image on the
webpage to memory by
dragging the finger along the
upper and right edge of the
image (Phase 1), and tapping
once on the “Save Button”
(Phase 2).

The user saves an image on the
webpage to memory by tapping
once on the image (Phase 1).
The user then places both hands
on the image to save it (Phase
2).

The user saves an image on the
webpage to memory by
selecting a “Snipping Tool”

from the main menu and
“cutting out” the image to be
saved. This is done by tapping
once on a button that calls up the
main menu (Phase 1), and
tapping once on the “Snipping
Tool” option (Phase 1). The user
then “cuts out” the image by
tracing a box around the image.

Gesture lllustration
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Referent 21 — Save image on webpage to memory
Gesture Name Gesture Summary Gesture lllustration

To trace the left side of the bc
the user drags the thumb and
index apart (Phase 3). The trace
the upper and lower sides of the
box, the user drags the thumb
and index finger, simultaneously
from left to right along the

length of the image (Phase 4).
To trace the right side of the
box, the user drags the thumb
and index finger together (Phase
5).

The user saves an image on the
webpage to memory by lassoing
the image i.e. dragging the
finger in an ellipse around the
image (Phase 1), and double
tapping with 3 fingers on the
image (Phase 2).

Gesture 8 — Lasso
Image, Double Tapping
Image With Three
Fingers
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Referent 21 — Save image on webpage to memory

Gesture Name Gesture Summary

The user saves an image on the
webpage to memory by tapping
on the image with 2 fingers.

Gesture 9 —Tapping on
Image with Two Fingers

The user saves an image on the
webpage to memory by tapping
on a special widget that is
present on all images on
webpages (Phase 1). When
tapped, this widget calls up a
context menu. The user then
taps once on the option that
enables him / her to save the
image (Phase 2).

Gesture 10 — Select
Option from Special
Image Context Menu

4.6.22 Referent 22 — Save current webpage to memory

The key points relating to this referent are aloios:

20 gestures were elicited.

Gesture lllustration
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1 gesture was excluded due to internal conflictsflccts between the gestures for a single referastpreviously explained in the Methodology
chapter).
7 gestures were excluded due to external conflaxsflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:
0 Gesture 1 — Select Option from Main Menu; propdse@ participants.
Gesture 2 — Single Tap on “Save Button”; proposed participants.
Gesture 3 — Trace Boundary Box on Webpage, Dousge\Webpage; proposed by 1 participant.
Gesture 4 — Drag Finger Over Upper and Right Ed§¥abpage, Single Tap on “Save Button”; proposed lparticipant.
Gesture 5 — Use Keyboard “Save Button”; proposeti pgrticipant.

O O O o o

Gesture 6 — Select Option from Special WebpageexbMenu; proposed by 1 participant.
The agreement score for this referent was 0.1@5gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 43: Gestures Assigned to Referent 22 — Save current webpage to memory

Referent 22 — Save current webpage to memory
Gesture Name Gesture Summary Gesture lllustration

The user saves the current
webpage to memory by calling
up a main menu and selecting
the appropriate option. This is
Gesture 1 — Select done by tapping once on a
Option from Main Menu button that calls up the main
menu (Phase 1), and tapping
once on the menu item that
enables him / her to provide a
search query (Phase 2).
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Gesture Name

Gesture 2 — Single Tap
on “Save Button”

Gesture 3 — Trace
Boundary Box on
Webpage, Double Tap
Webpage

Referent 22 — Save current webpage to memory

Gesture Summary

The user saves the current
webpage to memory by tapping
once on a “Save Button”.

The user saves the current
webpage to memory by drawing
a box around the frame of the
webpage i.e. dragging the finger
in a rectangle around the current
frame of the webpage (Phase 1),
and double tapping with 1 finger
(Phase 2).

Gesture lllustration
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Gesture Name

Gesture 4 — Drag Finger
Over Upper and Right
Edge of Webpage,
Single Tap on “Save
Button”

Gesture 5 — Use
Keyboard “Save Button”

Referent 22 — Save current webpage to memory

Gesture Summary

The user saves the current
webpage to memory by
dragging the finger along the
upper and right edge of the
webpage (Phase 1), and tapping
once on the “Save Button”
(Phase 2).

The user calls up a keyboard by
“flicking it up” from the lower
edge of the screen by
performing a single finger flick
at the lower edge of the screen
(Phase 1). The user then taps
once on “Save Button” on the
keyboard.

Gesture lllustration
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Referent 22 — Save current webpage to memory

Gesture Name Gesture Summary Gesture lllustration

The user saves the current
webpage to memory by tapping
on a special widget that is
Gesture 6 — Select present on all on webpages
Option from Special (Phase 1). When tapped, this
Webpage Context Menu widget calls up a context menu.
The user then taps once on the
option that enables him / her to
save the webpage (Phase 2).

4.6.23 Referent 23 — Request help

The key points relating to this referent are aloios:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
4 gestures were excluded due to external conflmisflicts between gestures for different refergats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 5 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap on “Help Button”; proposgd B participants.
0 Gesture 2 — Trace a Question Mark in Middle of 8org@roposed by 1 participant.
0 Gesture 3 — Select Option from Main Menu; propdsged participant.
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0 Gesture 4 — Triple Tap on Screen; proposed by ticfgant.
0 Gesture 5 — Two Finger Press on Screen; proposédhayticipant.
The agreement score for this referent was 0.3&0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Table 44: Gestures Assigned to Referent 23 — Request help

Referent 23 — Request help

Gesture Name Gesture Summary Gesture lllustration

The user requests help by
tapping once on a “Help
Button”.

Gesture 1 — Single Tap
on “Help Button”

The user requests help by
tracing a question mark in the
middle of the screen. This
consists of a curved drag
(denoting the curved part of the
question mark) and a tap
(denoting the dot below the
curved part).

Gesture 2 — Trace a
Question Mark in
Middle of Screen
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Referent 23 — Request help

Gesture Name Gesture Summary Gesture lllustration

The user requests help by calling
up a main menu and selecting
the appropriate option. This is
Gesture 3 — Select done by tapping once on a
Option from Main Menu button that calls up the main
menu (Phase 1), and tapping
once on the menu item that
provides help (Phase 2).

The user requests help by
tapping three times in quick
succession with one finger.

Gesture 4 — Triple Tap
on Screen

The user requests help by
pressing on the screen with two
fingers.

Gesture 5 — Two Finger
Press on Screen
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4.6.24 Referent 24 — Close web browser

The key points relating to this referent are akovas:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different refereais,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 4 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap on "Close Button" (Top Rigbtner of Screen); proposed by 14 participants.
0 Gesture 2 — Drag Hands from Left and Right Edge3eotre of Screen; proposed by 2 participants.
0 Gesture 3 — Trace "X" Across The Screen; propogedl marticipants.
0 Gesture 4 — Drag Hand Across Screen ("Waving GogtJbproposed by 1 participants.
The agreement score for this referent was 0.5¥gWerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Gesture Name

Gesture 1 — Single Tap
on "Close Button" (Top
Right Corner of Screen)

Gesture 2 — Drag Hands
from Left and Right
Edges to Centre of
Screen

Gesture 3 — Trace "X"
Across The Screen

Table 45: Gestures Assigned to Referent 24 — Close web browser

Referent 24 — Close web browser

Gesture Summary Gesture lllustration

The user closes the web browser
by tapping once on a “Close
Button” located at the top right
corner of the screen.

The user closes the web brow
by dragging the lower part of the
left hand from the left edge of
the screen to the middle of the
screen (Phase 1), while
simultaneously dragging the
lower part of the right hand from
the right edge of the screen to
the middle (Phase 2).

The user closes the web browser
by tracing an “X” across the
screen i.e. dragging a finger
diagonally from the top left
corner of the screen to the
bottom right corner (Phase 1)
and then dragging a finger from
the top right corner of the screen
to the bottom left corner (Phase
2).
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Referent 24

Gesture Name Gesture Summary

The user closes the web browser
by dragging the palm of the

hand across the screen from
right to left.

Gesture 4 — Drag Hand
Across Screen ("Waving
Goodbye")

— Close web browser

Gesture lllustration
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4.7 CONCLUSION

This concludes the Data Analysis chapter whichgres] the demographics of participants, provided da
on the gestures provided by participants and désmlishese data in relation to the hypotheses nmattei
previous chapter. This chapter also presenteditlia toherent user-defined gesture set for comagicn
informational search, which was the aim of the gtl¢hch gesture that comprises the final gesturevae

illustrated graphically, and accompanied by itslaites.

It should be noted that the final gesture is faliagge and comprises a variety of gestures for &aottion.
This diversity in the approaches employed by piaiats to complete tasks implies that tasks shimadded
be designed in a way that enables users to complete in varying ways — allowing, for example, thse of

different gestures for the same task, or diffedombinations of gestures for that task.
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5. DISCUSSION

This chapter discusses the various consideratmmgesture design, emanating from the results pteden
the previous chapter and the hypotheses. It exptaia significance and implications of these rasidt the
design of tablet web browsing gestures. Importasulis are highlighted and explanations are pravide

where there are unexpected results.

5.1 CO-EXISTENCE OF ONE-HAND AND TWO HANDED GESTURE S

As illustrated in the previous chapter, data sumabHypothesis 1: when asking novice users to sitaul
gestures for tasks related to an informationalctean a multi-touch tablet device, the use of caeded
gestures is more likely to be observed than theofigevo-handed gestures. Based on this, the foligwi
implications arise:

The use of two-handed gestures should be limited.

If two-handed gestures are developed for a spefifiction, an alternative one-handed gesture

should be made available.

It is also worth noting that during the experimepiarticipants did not actually hold the iPad ieitthands —
it was placed on the table, facing participantaraincline. It should not be forgotten that tabkats hand-
held devices and that in other scenarios the tabégt be held in one hand, while the other handugest
This means that although participants had both shawailable for gesturing, they still opted to wses-
handed gestures. While this adds further credemtieetimplication above there is, however, an efioafo

these.

Frisch et al (2009) had noted that two-handed gestoad been preferred for two tasks, these wiatedeto
resizing; thescale nodeask (where the size of a single node is eitheremed or decreased) and Hoem
diagramtask (where the size of the entire diagram is eifiereased or decreased). Similarly, Hinrichs and
Carpendale (2011) had pointed out users had peefeéor gesture with one hand instead of two, with th
resizing being the only exception. It is therefoateworthy that the referents for which the mosi-tvanded
gestures were elicited were for the gestures ngldb resizing; Referent 6 — Make webpage contanger
and Referent 7 — Make webpage content smaller. Thjdies that two-handed gestures should be
specifically considered for functions that relaterésizing. For these functions, if a one-handestuge has

been developed, a two-handed gesture should be awvadable as an alternative.
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5.2 INCLUSION OF DESKTOP COMPUTING ADAPTATIONS IN T ABLET BROWSING

Three hypotheses addressed desktop computing sidapta
Hypothesis 2A: When asking novice users to simulatgtures for tasks related to an informational
search on a multi-touch tablet device, the majodfyparticipants will use gestures that are
adaptations of desktop computing, with single finiggs substituting mouse clicks and single finger
drags substituting mouse drags.
Hypothesis 2B: When asking novice users to sireulatks related to an informational search on a
multi-touch tablet device the majority of participg will provide gestures using their index fingers
Hypothesis 2C: When asking novice users to simuksgks related to an informational search on a
multi-touch tablet device, the majority of partiaigs will incorporate the use of menus (main menus

and context menus) into their gestures.

The data collected strongly supported Hypothesisa@é Hypothesis 2B. This suggests that when brawsin
on tablet devices, users rely heavily on desktoppding as a point of reference for their gestubeassuch
the following implications arise:
It is not be advisable to create completely nowestgres for tablet web browsing that do not
correspond to any of the ways in which desktop tarelwvsing is performed.
Should novel gestures be developed for tablet welwding, gestures that are desktop computing
adaptations, including those that require menu ss;cghould be made available as alternatives to

users.

A key observation is that users drew upon theireegmces of desktop computing despite the remafval o
graphical elements relating to Windows or Macintopbkrating systems; these included menus, title &ad
buttons — including the navigation icons / buttmweh as “Back”, “Refresh”. Epps et al (2006) had
explained that the extensive use of the index fingaheir study may have resulted from the “Windeaw
centric” screen shots presented to the participditis study, however, also found that participdatgely
used their index fingers despite the absence ofd@¥ius or Macintosh elements. Similar to the findings
Epps et al (2006) for example, most participantsddt of 20) tapped on an imaginary “X” in the taght-
hand corner of the screen for closing the appbca(Referent 24 — Close web browser). This is dedpe
fact that none of the referents had the “Minimis#aximise” and “Close” buttons typically found dhe
top right corner of windows. This reflects thewseof Wobbrock et al (2009) who point out that depk
computing is deeply ingrained is users’ minds. Ashs it may be prudent to use desktop computing

adaptations for web browsing on tablets.
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A major disadvantage of using of desktop compuéidgptations is that they may not make the besbtise
multi-touch technology, especially given the predwnt use of single finger taps. The advantagehisf t
approach, however, is that users can move betwesndesktops, which they are familiar with, andith
tablet devices without having to learn or memongs& ways with which to interact with the tablet web
browser. Micire et al (2009) share a similar viesvthey suggest that mouse-type interactions shioald

carried over into the multi-touch domain as thisildomake gesture sets easier for users to learn.

Adopting this approach, however, introduces certaimplexities; scrolling provides a good exampléhis.
Mauney et al (2010) note that in their study, agpnately 70% of the participants that owned devites
employed swiping gestures (drags / flicks) for Borg up or down, dragged / flickeabwardson the screen

in order to scroldown In contrast, Mauney et al (2010) note that apipnakely 50% of participants who
owned devices that employed arrow keys or scro¥,bdragged / flickedlownwardsto scrolldown The
fact that Windows and Macintosh operating systemsetally employ arrow keys or scroll bars explains
why it is that most participants (13 out of 20)tihis study dragged or flicked downwards on the estri®
scroll down the webpage, and vice vérsehe complexity introduced by adopting a desktomputing
adaptation in this situation, and allowing usersltag downwards in order to scroll down, means tisatrs
that have become accustomed to dragging / flickaugs/to scroll down will find this method of sciod

unintuitive.

In this situation, both types of users, those wragdipwards to scroll down (and vice versa) andehsho
drag downwards to scroll down (and vice versa)noaiboth be accommodated, as one gesture (indkis c
dragging down) cannot produce two different outcenide recommendation in such situations wouldbe t
allow users to decide which outcomes should be ymed when dragging downwards or upwards by
allowing users to configure what function shouldnb&pped to which gesture. Although used as an ebeamp
it should be noted that scrolling is an action thsers perform frequently when web browsing, witkers
sometimes viewing information that is located & kbwer areas on long pages (Budiu and Nielsen;201
Budiu and Nielsen, 2011). This highlights anothéseyvation; users tended to apply their gestures fo
scrolling up and down the right edge of the screethe middle of the screen — as illustrated inuber-
defined gesture set. This implies that enough spac# be made available on the right edge of theescto

allowing for scrolling gestures, which is a reconmuiation also provided by Budiu and Nielsen (2011).

® A similar stance may be taken for Referent 2 — Go to previous webpage and Referent 3 — Go to next webpage where
participants dragged left to revert to the previous page and dragged right to move to the next page as browsers tend to
have an arrow button pointing to the left for reverting to the previous page, and an arrow button pointing to the right for
going to the next page.
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Budiu and Nielsen (2011) further recommended tlegighers or developers should avoid covering pages

with carousels and other design features that miayfere with scrolling gestures.

The use of desktop computing adaptations shouldetier, not overshadow the fact that several ppsitis
produced novel gestures, such as dragging a fregeatedly over an item to delete it, as if “rulgpbihout”
(Referent 18), dragging a browsing tab “off theeser’ to close it (Referent 16) and tracing a qoestark

on the screen to activate the “Help” function (Ref¢ 23), but to mention a few. These should not be
excluded from the gestures set, but as previouggtioned designers and developers should try tarens
that such gestures co-exist with gestures thatlas&top computing adaptations, including thoseugest

that require the use of menus.

Micire et al (2009) reported that less than a tlifdhe participants in their study requested meaocess.
This was contrary to the studies conducted by Wadbret al (2009) and Mauney et al (2010). The
explanation offered was that the application donadicontrolling robot teams, which the study cortddc

by Micire et al (2009) investigated, was not comniomlesktop computing. This is not the case, howeve
with web browsing, and yet even few participantguieed menu access; 10.082% of all gestures prdvide
required menu access. A possible explanation far ith that the participants in this study use menus
sparingly when web browsing on desktops, and as digtnot require a great deal of menu access. bmot
possible explanation is that users had no diffieslin coming up with gestures for the various nefes
presented to them. Mauney et al (2010) pointediimaitt participants in their study requested a meharw
they had difficulty thinking of a gesture. Giveratack of gestures that require menu access snsthiy, it
may be argued that participants found it easy &ater gestures and as such used menus less frgquent!
Despite the infrequency of gestures that requireuneecess, it is important for these to be madéadla to

users as an alternative way of carrying out varfaastions, as noted by Norman and Nielsen (2010).

5.3 ENABLING GESTURE RE-USE

Two hypotheses address gestures re-use
Hypothesis 3A: When asking novice users to simulastures for tasks related to an informational
search on a multi-touch tablet device, gestureseewill be observed i.e. participants will attempt
using the same gesture to accomplish differenstéialdifferent interactive contexts).
Hypothesis 3B: When asking novice users to simuggstures for complex tasks related to an
informational search on a multi-touch tablet deyiparticipants will sequence gestures but in
different combinations based on their judgmenta# lihe task should be decomposed.

The data collected strongly supported HypothesisaBd Hypothesis 3B. Based on this, the following

implications arise:
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Tasks should be designed is such a way that thgybmaompleted with a variety of gestures.
Complex tasks should be designed in such a way ttlegt may be achieved through varying
combinations of gestures.

The right-most column of Table 12 (Frequency ofGédistures Used) is entitled “Different GesturesdJse
and shows the variety of gestures used for eaehnemf. The first thing to note when looking at thadumn

is that all the referents, without exception, #¢#di different gestures from participants. ReferriStop
loading webpage content” elicited the least variatygestures with 3 different gestures being usddle
Referent 21 “Save image on webpage to memory'tetidhe greatest variety of gestures, with 12 gestu

in total being used. This reinforces the existimpwledge that users differ in how they go comptgtin
various tasks. For designers and developers, ithsnéhat gesture re-use is essential and should be
maximised, while obviously ensuring that no condlioccur. There are 5 gestures specifically thatirie be
taken into account by designers and developers wharse is being considered, as shown in the data
collected; the one finger tap, the one finger dthg,one finger flick, the one finger press anddhe finger
double-tap. These accounted for 86.065% of allugestprovided by participant across all referenit) the

one finger tap and one finger drag jointly accaumfior 74.855%.

As would be expected, similar dominance of thisr di gestures was seen when analysing sequential
compound gestures, accounting for 87.077% of ajusetial compound gestures used. Putting these two
gestures aside, however, only 8 of the remaininge3iures were re-used in sequential compoundrgsstu

This once more illustrates the limited scope otgres that participants are readily willing to used re-use.

5.4 CONCLUSION

This chapter discussed the key considerations éstuges design, based on the results presentdiein t
previous chapter as well as the hypotheses. laggd the significance and implications of theseilts for

the design of tablet web browsing gestures.

It should be noted that the all the above constiers are encapsulated in the user-defined gesteire

presented in this study, which serves as a keyubufthis study.
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6. CONCLUSION

This chapter provides conclusions regarding theareh problem that was set out at the start opdper. It
provides a brief summary of the research repottlights the limitations of the study and identifiegure

research directions arising from the study.

6.1 RESEARCH PROBLEM

The research problem this study set out to solv& what is the most intuitive user-defined gesseefor
conducting an informational search on a multi-totedblet web browser? The gesture set producediby th
study answers this question, with the key obsewmalieing that users generally attempt to replitiaer
desktop experience, substituting the mouse pointir their fingers; typically using one finger taghat
resemble clicks, and one finger drags that resemaese drags. This implies that pointer-type gestur
should be used in gesture design. It should bedpbtavever, that there are situations where usefgipto

use multi-touch gestures that are not derivativelesktop computing. These are in the minority, boev.

To accommodate users that have strong relianceskia@p computing, as well as those that wish tatera
new and different experience, while also tryingotst utilise the offerings of multi-touch technofod is
incumbent on designers and developers of tablet wetvsers to find ways with which the pointer-based
interactions and novel, multi-touch gestures caexist.

6.2 AIM OF THE STUDY

The study has achieved its aim of creating a uséneld gesture set for conducting an informaticeglrch
on a multi-touch tablet web browser based on gesteticited from participants. This was achieved by
utilising the design science research paradigmesmploying participatory design methods to elicistgees
from participants. For each of the gestures irfitied user-defined gesture set, the following htites were
provided:
Form; which relates to which, and how many, paxfshe hand(s) were used and how these part(s)
made contact with the screen
Nature; which relates to whether the gesture wasbsiic, physical, metaphorical or arbitrary
Binding; which relates to whether the gesture wdédggeda-centric, world-dependent, world-
independent, or had mixed dependencies
Flow; which relates to whether the gesture wasreismr continuous

These were accompanied by an illustration of tietuye.
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6.3 LIMITATIONS

This study had various limitations that need tadben in consideration. The first of these is fhaticipants
were mainly university staff. This means that thegy not be representative of the general population
Furthermore all the participants in the study wadelts; the average age of the participants wageé@s.
Hinrichs and Carpendale (2011) have shown thatsduald children tend to differ in their choice esStures

— as such the gesture set may have been diffeaeinthie participant group constituted children enggers.

A further limitation, with respect to the particiga is that they were mainly right-handed. The ipigant
group was, therefore, not representative of thesigdrpopulation in terms of handedness. The gesteire

may have been different had there been greatezgeptation of left-handed people.

No work was done in analysing the gestures providedlation to the demographics of the participang.
identifying whether there were any patterns or ¢gnies in the gestures provided by male particgpant
comparison to those provided by female participamtscontrasts in the gestures proposed by paatitip
that use Google frequently and those that usedasienally. This type of analysis may have reveatmte

insights in terms of the participants’ demograplata influenced their choice of gestures.

The final limitation is with respect to the funat®for which gestures were elicited. As previousiyed, the
study only addressed functions that directly enablsupport the activity of conducting an infornoathl
search on the front-end; all functions relatingokground configurations, preferences and settiveye
excluded from the analyses of functions. This mehas while the user-defined gesture set addregsed
key functions for conducting an information seaiitliloes not cover the full complement of web briogs

functions.

6.4 FUTURE RESEARCH

There are various implications for future reseaidte first of these would be to conduct usabilitydgses on
the user-defined gesture set, using completelgdifit participant groups, to determine the extenttich
the gestures presented in this study are usalpleatice. Prospective research questions coulddec!

How learnable and memorable are user-defined gestiar comparison to those used in existing

multi-touch tablet web browsers?
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What difficulties, if any, would experienced usewé multi-touch tablet devices encounter in
adopting a user-defined gesture set based on usgtrdimited or no experience of touch screen
devices?
Following investigation of these research questidimgher studies could determine the extent toctviall
the gestures provided may be supported by existinigi-touch hardware and gesture recognition saftya
addressing whether it would be feasible for a talkh browser to support the large gesture seepted by
this study, and if not, how best the gesture seidcte reduced without adversely affecting usahilit
Furthermore, an investigation could be conductedtten reliability of recognising the novel gestures

presented.

It would be recommended that other similar stubegsonducted for tablet devices, but focusing gareety
of other application contexts, such as word praongsaote taking, viewing videos, playing music and
gaming. With tablet devices becoming more populéhiw the public domain, it becomes increasingly
important to ensure that usability requirementstf@r various activities that tablet devices suppogt well

understood by those in practice.

6.5 IMPLICATIONS FOR DESIGNERS AND DEVELOPERS

The results of Research and Development endeaumdsrtaken by companies involved in designing
interfaces or web browsing software for multi-todahlet devices are generally not made publiclylabke.
When these results are eventually published fodipudonsumptions, it is often after a significaihé
period has passed since the completion of the nesea after the company has already enjoyed fiitster
advantage based on the knowledge acquired thrdoghresearch effort. Patents and other proprietary
standards that inhibit competitors from using thme gestures generally follow. This would be exgeets
these companies need to create or maintain a caimpetdvantage in order to remain profitable. Walthe
research efforts of these companies, the resultthisf study are made publicly available for general

consumption, and fairly quickly upon completion.

This study offers a user-defined gesture set fadooting an informational search on multi-touchesalkveb
browser. The gestures were elicited from a studyineixperienced tablet users who served as the
participants.. This user-defined gesture set mayuded as it currently exists by gesture designers o
developers who to use it in new versions of welwing software for multi-touch tablet devices @&6ible

to do so). As the gesture set is fairly large, glesis may decide only to use certain gesturesy oradify
certain gestures, as they deem fit for their aptibos. Furthermore, while these gestures have trestted
specifically for conducting an informational searohm a multi-touch tablet web browser, it is not
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inconceivable that designers may employ some ofgésures presented in this study in various other
application contexts as functions such as “seagclim text” or “request help” are not limited to kwe

browsing application context.

In addition to the user-defined gesture set, thiglys provided various insights for multi-touch teibl
browsing more especially the gestures related i® atitivity; as presented in the previous chaplbese
enhanced the understanding or appreciation of whkets, specifically those have had limited or norpr
experience with touch screen devices, consideetotuitive. This understanding will enable designt
design gestures that are aligned to the naivetarala@xpectations of their users, and would thereefesults
in satisfactory or enjoyable experiences for thessrs — potentially attracting such other usersoorusers,

to their applications.

6.6 CONCLUSION

As noted by Bruno and Muzzupappa (2010): the desigthe interface is a critical task in the product
development process, because it directly influertbes customers’ satisfaction and, consequently, the
success of the product on the market. The impostaricusability in today’s fiercely competitive tabl
market can, therefore, not be overstated. In snchggressive market, each contribution made, rézssof

its magnitude, becomes invaluable. The contributibthis study to current practice is a coheresgru
defined gesture set for conducting an informaticgrch on a multi-touch tablet device — as walilyi

set out in aims of the study. In addition to thie study provided insights that relate to gestie@gign. Both
these contributions may prove beneficial not omythose designing and developing multi-touch tablet

interfaces, but also to their users.
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APPENDIX A - PARTICIPATORY GESTURE DESIGN VS
GESTURE VALIDATION

The section below provides a contrast between gigatory gesture design (wherein users are actively
involved the design of gestures from the start) gesture validation (wherein users are involveq amithe

validation of gestures that have already been deeel).

THE ARGUMENT FOR PARTICIPATORY GESTURE DESIGN — AN ILLUSTRATION

Norman and Nielsen (2010) point the finger at maotufrers such as Apple, Google and Microsoft, ds we
as the general developer community, for ignoringgkianding conventions and introducing ill-concdive
ones when it comes to the design of gestural imted. They call for all manufacturers and deve®per
apply the principles and conventions that have hwemen through HCI research when designing gestura
interfaces. HCI research, however, does not prgwidetitioners with an all-encompassing manualaf o
create gestures that appeal to users, and thgesttimpplication of HCI principles and conventi@asnot
guarantee that practitioners will be able to degigstures that are intuitive to users. This isitated by the
study conducted by Morris et al (2010).

In their study Morris et al (2010) asked twenty-twarticipants to rate a set of 81gestures on Majftos
Surface. The gestures in this gesture set didelaterto any specific application context; they evarset of
gestures for basic interactions with 2D shape<lésr triangles, squares etc.) such a rotating tbem
changing their sizes. This gesture set consistedsef-defined gestures and gestures designed bgI3 H
researchers; all 3 of which have received formzddamic tuition in both computer science and HCB af
which are experts in the field of HCI and specificgesture interaction and all 3 of which haveigeed
and evaluated various gestural interfaces. Thecpanhts, who were uninformed as to which gestwese
user-defined and which were designed by the relseegcrated the suitability of gestures for théomst they
were designed to perform. The results of the sindicated that users preferred the user-definetliges

over those who created by the researchers or expert

Morris et al (2010) report that the gestures defibg the researchers tended to be more complesjgaily
and conceptually, than those defined by the usdosris et al (2010) also note that the user-defigestures
were also more likely to use a single finger tHaose defined by the researchers and point outhihawhile
users found the researcher-defined gestures “Cletteey ultimately preferred simplicity. This would

suggest that when users, who are the intended ibemigfs of HCI principles and conventions, are times
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who design how a gestural interface should workatwthey put forward should supersede existing HCI

principles and conventions if ever there is a gohfietween what research stipulates and whatréayire.

Morris et al (2010) acknowledge that usability amekign professionals complete extensive training to
become experts, and that it is such experts tpatally design interaction techniques. These agea tiefined

via user testing and iterative design. Their figginsuggest, however, that participatory design
methodologies should be used for gestusationand not merely in gesturalidationand refinement. They
specifically single out the user-centred gestuigtation methodology used by Wobbrock et al (2089)
being exemplary. It should be noted, however, thatstudy conducted by Morris et al (2010), whistan
extension to the study completed by Wobbrock ¢2@09), measured users’ preferences in the absdrace
specific application context. Morris et al (2010pind out that such an approach is appropriate for
understanding general differences between useneatfjestures and those authored by researchesgllas
as for evaluating cross-application gesture sets, umderstanding how a specific application context
influences gesture preference is a valuable aneéufther study. This validates the need for tlasearch,
which will be addressing gesture preference for b browsing application context, and will be

identifying how this application context influenab® user-defined gestures proposed by users.

THE SHORTCOMINGS OF GESTURE VALIDATION APPROACH — A N ILLUSTRATION

As previously pointed out, users are generally Ive after a design solution has been created arelyn

serve a validation role (Olsson, 2004; livari, 2D0this is what was done by Sax and Lawrence (2009)

Sax and Lawrence (2009) conducted usability teststlie browsing of Hypertext Mark-up Language
(HTML) web pages on a touch screen tablet devickthay report on some of the differences between th
gestures designed by professionals and those meéfby users. These usability tests were spedififat
browsing on a prototype of the Portable Medical Mming Computer (PMMC), a medical information
system with its own in-built gestural browser titsafpports registered nurses in nursing homes. For th
usability tests, the users were introduced to Wadlable gestures on the PMMC, but were not toléngtthe

gestures could be performed. These gestures amshd-igure 7 below.
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Figure 7: The available gestures on the PMMC; the dot indicates the starting point of a gesture and arrow
indicates its path

These gestures had been designed to perform gpactfons by the designers of the system, with nvi
backwards and forwards between pages and scralfmeards and downwards on a page, being the only
gestures designed for browsing. As the participamt® not told which actions the gestures werenihed to
perform, the participants’ instinctive use of thgestures would either validate or invalidate tlseitability

for the actions they were designed to perform.

The study by Sax and Lawrence (2009) indicatesifgignt differences between what had been designed
and what the users preferred in terms of navigdiaakwards and forwards between pages;
for navigating from the current page to the presipage, users generally preferred to swipe from
left to right, which was in direct contrast to tivay the designers had designed the “back” gesture
(swiping from right to left)
for navigating from the current page to the nexgepausers generally preferred to swipe from right
to left, which was in direct contrast to the wag tthesigners had designed the “forward” gesture
(swiping from left to right)
for scrolling upwards, some users preferred to ntbee finger downwards in order to scroll up the
page, which was in direct contrast to the way thasighers had designed the “scroll up” gesture
(moving the finger upwards),
for scrolling downwards, some users preferred toertheir finger upwards in order to scroll down
the page, which was in direct contrast to the wey designers had designed the “scroll down”

gesture (moving the finger downwards).

While these results highlight the difference betvéee gestures designed by professionals and thase
users would prefer to use, specific to the appboatontext of browsing, it is important to notethhe
PMMC prototype used by Sax and Lawrence (2009nhdicuse multi-touch technology, which many current
tablet devices use. Furthermore, the PMMC protdsybeowser was not a general-purpose browser (@nlik
Google Chrome or Safari for example) and had venpke and limited functionality; navigating backwlar
and forwards between pages and scrolling up anddoswthose pages, and yet the designers were teot ab

meet their users’ expectations.
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APPENDIX B - EXPERIMENT PROCEDURE AND CONSENT
FORM

Invitation to Participate in the Study: Participatory Gesture Design — An Investigation of User-

Defined Gestures for Conducting an Informational Sarch on a Tablet Device

Introduction

Good day, my name is Tsele Rakubutu and | am dlyrenmpleting my Master of Commerce degree in
Information Systems at the University of the Witeratand, in collaboration with the University of /o

Africa. | thank you for considering to participatethis study.

Should you choose to participate, you will be refige to carry out experimental tasks which requine to
propose touch screen gestures for various web Imgwanctions. During this process, video and audio
recordings of you will be captured. You will alse lequested to rate each gesture you suggestns tdrits
suitability for the function presented and the eagtb which it can be performed. It is envisagedttthe

experimental tasks, including ratings will colleely last approximately 45 minutes.

Please note that the video and audio recordinggelsas information you provide will only be useat the
purposes of this specific research. Your namengriaformation that you could uniquely identify youwill
not be associated with any data that are colledteshg the experiment and will not be used in tsearch
report or any documents related to this study. 8hgau choose to participate, you should also baraw

that you will be free to withdraw from the experimte tasks at any stage, and for any reason.

Declaration

I have chosen to participate in this

study, and as a participant:
| am participating freely without being forced inyaway to do so.
| understand that | can withdraw from the experitaktasks at any point should | wish to.

| will do my best to provide honest and accuraferimation.
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| give consent to the research team to captureovaaiel audio recordings of me while | am doing the
experimental tasks as | understand that this igired, in order analyse the gestures and information
| provide.

As you carry out the experimental tasks, we humétpest to take pictures of you, which we wouleihg

the research report or related documents, suchesermtations on this research. You are free t@reghant

or deny us permission to do so.

I give/ do not give (please tick the correct option) conge the researchers to take pictures of me

during the experimental tasks for the researchrtepul related documents.

Signature:

Demographic Information

Age:

Please tick the appropriate box for the statenteeitsw.

Gender: Male Female

Handedness: Right Left

| generally use Google to search for information:

Never Rarely Occasionally Frequently

I have used touch screen devices (such as touelrsphones, or tablets):

Never Rarely Occasionally Frequently

Experiment Procedure
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For each of the experimental tasks, you will bespnéed with a short video recording (on an iPad)
illustrating one web browsing function. This videdl show the output of the function. You will bequired
to propose any gesture of your liking that woulddurce the output displayed.

The steps that will be taken during the experindatks are explained below. Please note that goustop
to ask questionat any point during the experiment, and that there are no limiés imposed on you during

any of these steps.

The experimental tasks will be done as follows:
1. The researcher explain the function that will bespnted to you
2. The research will play a video of the function aniad, and if necessary re-played as many times
as required until you understand what the fundton
You will be requested to confirm that you underdtére function
If you require, you can take some time to thinkwbahich gesture you would like to propose; as
previously mentioned, there are no time limits god can take as much time as you need
5. The video will be played once again, but with asglaheet covering the iPad
You will be requested to
a. perform the gesture(s) that you have in mind ferftinction on the glass sheet, and to
b. “think aloud” as you perform the gesture(s) andoaéise any thoughts or reasoning for the

gesture(s) you are proposing.

Please note that if you are unsatisfied with thetige(s) you have proposed for the function, yolli lvé
allowed to redo it/them immediately after your poegl i.e. before proceeding to the next gesturau Yo
should also note that you will not be permitteduse the same gesture(s) for different functionse Th
researcher will assist you in this regard.

When performing the gesture (Step 6.a.), if you tieg you require an additional widget (i.e. amyiol or
mechanism that you feel is useful or necessargdarying out the gesture) you will be allowed tewse it
was present — provided you explained in detail whatwidget is, the form you expected it to takd how

you expected it to work.

Preference Ratings
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You will be required to rate each gesture you psapa terms of how well you think it suits the ftino and

how easy it is to perform. You will be requesteddte each gesture immediately after you perform it

Please indicate the extent to which you agree ®atth of the following statements about the gestymes
proposed, where 1 represents that you stronglgsawith the statement and 5 represents thattyongdy

agree.
Gesture 1: Input search query
The gesture | picked is a good match for its inéehpurpose

1 2 3 4 5
Strongly Disagree Strongly Agree
The gesture | picked is easy to perform

1 2 3 4 5
Strongly Disagree Strongly Agree
Gesture 2: Go to previous page
The gesture | picked is a good match for its inéehpurpose

1 2 3 4 5
Strongly Disagree Strongly Agree
The gesture | picked is easy to perform

1 2 3 4 5
Strongly Disagree Strongly Agree
Gesture 3: Go to next page
The gesture | picked is a good match for its inéehpurpose

1 2 3 4 5

Strongly Disagree Strongly Agree

The gesture | picked is easy to perform
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Strongly Disagree

Gesture 4: Stop loading page content

The gesture | picked is a good match for its inéehpurpose

Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 5: Refresh/reload page content

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 6: Make content of the page larger

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5

Strongly Disagree

The gesture | picked is easy to perform

1 2 3 4 5
Strongly Disagree
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Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree




Gesture 7: Make content of the page smaller
The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5

Strongly Disagree

The gesture | picked is easy to perform

Strongly Disagree
Gesture 8: Pan down the page
The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree
The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree
Gesture 9: Pan up the page
The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree
The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 10: Pan across the page

The gesture | picked is a good match for its inéehpurpose
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Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree




Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 11: Find text on the page

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 12: Copy section of text on the page
The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree
The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree
Gesture 13: Paste section of text into search engin
The gesture | picked is a good match for its inéehpurpose

1 2 3 4 5
Strongly Disagree
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Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree




The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 14: Open link on the web page in new tab

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 15: Create a new browsing tab

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 16: Close a browsing tab

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5

Strongly Disagree

The gesture | picked is easy to perform

1 2 3 4 5
Strongly Disagree
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Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree




Gesture 17: View record of visited pages

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 18: Delete record of visited pages

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Gesture 19: Save current page address within the bwser for viewing the same page later

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree
The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 20: Open saved page address

The gesture | picked is a good match for its inéehpurpose
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Strongly Agree

Strongly Agree




Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 21: Save image on page to memory

The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree

The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree

Gesture 22: Save webpage to memory
The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree
The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree
Gesture 23: Request help
The gesture | picked is a good match for its inéehpurpose

1 2 3 4 5
Strongly Disagree
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Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agree




The gesture | picked is easy to perform
1 2 3 4 5
Strongly Disagree Strongly Agree

Gesture 24: Close web browser
The gesture | picked is a good match for its inéehpurpose
1 2 3 4 5
Strongly Disagree Strongly Agree
The gesture | picked is easy to perform

1 2 3 4 5
Strongly Disagree Strongly Agree
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APPENDIX C — DETAILED INFORMATION ON USER-DEFINED
GESTURE SET

This section provides detailed information for #ie gestures in the final user-defined gesturefaet

conducting an informational search on a multi-touahlet web browser. lllustratiochgor each of the

gestures assigned to a referent are provided, anayof the what the gesture entails is preserasayell

as the gesture’s attributes (Gesture Complexityst@e Nature, Gesture Binding, Gesture Flow, Pointe

Type).

1.

REFERENT 1 - INPUT SEARCH QUERY

The key points relating to this referent are ako¥as:

20 gestures were elicited.
1 gesture was excluded due to internal confliateflicts between the gestures for a single referent
as previously explained in the Methodology chapter)
1 gesture was excluded due to external conflidsf{icts between gestures for different refereass,
previously explained in the Methodology chapter).
Following the exclusions of conflicts, 6 gesturesravassigned to this referent:
0 Gesture 1 — Single Tap on “Keyboard Button”; preggzbby 9 participants.
Gesture 2 — Single Tap on Google Textbox; propbses participants.
Gesture 3 — Flick Keyboard Up; proposed by 1 pigeiat.
Gesture 4 — Write in Google Textbox with a Fingerfiroposed by 1 participant.
Gesture 5 — Write in Google Textbox with a Stylisyposed by 1 participant.

O O O o o

Gesture 6 — Simulate Typing Action; proposed bdtipipant.

The agreement score for this referent was 0.3HgWerage agreement score was 0.327).

The gestures assigned to this referent are tabiubetiew.

® Some of the i images used in creating the illustrations below were used courtesy of the following websites:

http://www.kickerstudio.com/blog/2008/12/touchscreen-stencils/
http://www.clker.com/

http://commons.wikimedia.org/

http://openclipart.org/

http://footage.shutterstock.com/
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Table 46: Gestures Assigned to Referent 1 — Input Search Query

Gesture lllustratiol Gesture Informatio
Gesture 1 — Single Tap on “Keyboard Button”
Summary The user calls up a keyboard by tapy
once on a “keyboard button”.

Gesture Complexity  Simple

Gesture Nature Metaphorical
Gesture Bindin Objec-centric
Gesture Flow Discrete
Pointer-Type Yes
Gesture 2 — Single Tap on Google Textbox
Summar The user calls up a keyboard by tapg

once on the Google textbox.

Gesture Complexity  Simple

Gesture Natui Metaphorica
Gesture Binding Object-centric
Gesture Floy Discrete
Pointe-Type Yes
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Gesture lllustration Gesture Information

Gesture 3 — Flick Keyboard Up
Summar'

Gesture Complexity
Gesture Natui
Gesture Binding
Gesture Flow

Pointe-Type
Gesture ~ Write in Google Textbox with a Finger
Summar'

Gesture Complexit

Gesture Nature

Gesture Bindin
Gesture Flo
Pointer-Type
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The user calls up a keyboard

“flicking it up” from the lower edge of
the screen by performing a single fing
flick at the lower edge of the screen.

Simple

Physica
World-dependent
Discrete

No

The user uses his / her fingertip as
is a pen to “write” the search query in
the Google textbox.

Complex— Sequential: Each letter

considered to be a phase of the gesture;

phases are sequential

Metaphorical: The finger is usef is
was a pen and the webpage as if it w
a sheet of paper
Objec-centric
Continuou

Yes




Gesture lllustration Gesture Information
Gesture 5 — Write in Google Textbox with a Stylus
Summar The user uses a stylus to “write” t
search query in the Google textbox.

Gesture Complexit  Complex— Sequential: Each letter
considered to be a phase of the gesture;
phases are sequential

Gesture Nature Metaphorical: The webpage is used
if it was an actual sheet of paper

Gesture Binding Object-centric
Gesture Floy Continuots
Pointe-Type No
Gesture & Simulate Typing Actio
Summary To bring up a keyboard, the participe

pretends that he / she is typing on the
screen. This gesture begins with a ta)
of the right index, right middle, right
ring and right pinkie finger (in any
order) in quick succession.
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Gesture lllustration
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Gesture Information
Summary This is followed by with a tap of the
left index, left middle, left ring and left
pinkie finger (in any order) in quick
succession.

Summar This is followedwith a tap of the righ
index, right middle, right ring and righ
pinkie finger (in any order) in quick
succession.




Gesture lllustration Gesture Information
Summary This is followed by with a tap of the
left index, left middle, left ring and left
pinkie finger (in any order) in quick
succession.

Gesture Complexit  Complex— Sequential: Each tap, «
either hand, is a phase of the gesture;
phases are sequential

Gesture Nature Metaphorical: The user types deifet
are keyboard keys at the bottom of the
screen

Gesture Bindin World-depender

Gesture Flow Discrete

Pointer-Type No

2. REFERENT 2 - GO TO PREVIOUS WEBPAGE
The key points relating to this referent are aoios:
20 gestures were elicited.
0 gestures were excluded due to internal conflmsflicts between the gestures for a single raferas previously explained in the Methodology
chapter).
2 gestures were excluded due to external conflaxsflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 2 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap on “Back Button”; proposgd 8 participants.
0 Gesture 2 — Drag Finger from Right to Left; projbbg 4 participants.

The agreement score for this referent was 0.4&gterage agreement score was 0.327).
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The gestures assigned to this referent are taloubetiew.

Table 47: Gestures Assigned to Referent 2 — Go To Previous Webpage

Gesture lllustratiol Gesture Informatio
Gesture 1 — Single Tap on “Back Button”
Summary The user taps on the “Back” button.

Gesture Complexit  Simple

Gesture Nature Metaphorical
Gesture Bindin Objec-centric
Gesture Flov Discrete
Pointe-Type Yes
Gesture — Drag Finger from Right to Le
Summary The user performs a drag gesture frc
right to left.

Gesture Complexity  Simple

Gesture Nature Metaphorical
Gesture Bindin World-independer
Gesture Flow Discrete
Pointer-Type No

195




3. REFERENT 3 - GO TO NEXT WEBPAGE
The key points relating to this referent are ako¥as:
20 gestures were elicited.
4 gestures were excluded due to internal confcisflicts between the gestures for a single referas previously explained in the Methodology
chapter).
0 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 2 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “Forward Button”; propblsg 12 participants.
0 Gesture 2 — Drag Finger from Left to Right; propgbbg 4 participants.
The agreement score for this referent was 0.425gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiew.
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Table 48: Gestures Assigned to Referent 3 — Go To Next Webpage

Gesture lllustration
Gesture = Single Tap on “Forward Butto

Gesture - Drag Finger fronLeft to Righ
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Gesture Information

Summar The usr taps on the “Forward” buttc

Gesture Complexit  Simple

Gesture Nature Metaphorical

Gesture Binding Object-centric

Gesture Floy Discrete

Pointe-Type Yes

Summary The user performs a drag gesture frc
left to right.

Gesture Complexity  Simple

Gesture Natui Metaphorica
Gesture Binding World-independent
Gesture Flow Discrete
Pointe-Type No




4., REFERENT 4 — STOP LOADING WEBPAGE CONTENT
The key points relating to this referent are ako¥as:
20 gestures were elicited.
0 gestures were excluded due to internal conflmsflicts between the gestures for a single raferas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different referemais,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 3 gesturemrevassigned to this referent:
0 Gesture 1 — Single Tap on “Stop Button”; proposgd b participants.
0 Gesture 2 — Palm Tap; proposed by 2 participants.
0 Gesture 3 — Single Tap on Screen; proposed bytzipants.
The agreement score for this referent was 0.5&5gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Table 49: Gestures Assigned to Referent 4 — Stop loading webpage content

Gesture lllustration

Gesture *+ Single Tap on “Stop utton”

Gesture — Palm Ta|

199

Summar'

Gesture Complexit
Gesture Natui
Gesture Binding
Gesture Flow
Pointe-Type

Summary

Gesture Complexit

Gesture Nature

Gesture Bindin
Gesture Flow
Pointer-Type

Gesture Information

The user stops the webpage fr
loading by tapping once on a “stop
button”.

Simple
Metaphorics
Object-centric
Discrete

Yes

The user stops the webpage from
loading by tapping once on the screel
with the palm of the hand.

Complex— Parallel: Gesture compris
a tap of all 5 fingersimultaneousl
Physical: The user stops the webpage
like how one would physically stop a
moving objec
World-independer
Discrete

No




Gesture lllustration Gesture Information
Gesture 3 — Single Tap on Screen
Summnary The user stops the webpage fr
loading by tapping once on the screel
with a single finger.

Gesture Complexit  Simple

Gesture Natui Arbitrary

Gesture Bindin World-independer
Gesture Floy Discrete
Pointe-Type No

5. REFERENT 5 - REFRESH / RELOAD WEBPAGE CONTENT
The key points relating to this referent are aloios:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
3 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 2 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap on “Refresh Button”; propdsg 16 participants.

0 Gesture 2 — Trace Circle; proposed by 1 participant
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The agreement score for this referent was 0.6%0gWlerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.

Table 50: Gestures Assigned to Referent 5 — Refresh / reload webpage content

Gesture lllustratiol Gesture Informatio

Gesture *+ Single Tap on “Refresh Butto

Summary The user refreshes / reloads the

webpage by tapping once on a “refres
button”.

Gesture Complexit  Simple

Gesture Nature Metaphorical
Gesture Bindin Objec-centric
Gesture Floy Discrete
Pointer-Type Yes
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Gesture lllustration Gesture Information
Gesture 2 — Trace Circle
Summar The user refreshes / reloads
webpage by tracing a circle (in an ant
clockwise direction) on the screen.

Gesture Complexit  Simple

Gesture Natui Symbolic

Gesture Binding World-independent
Gesture Flov Discrete
Pointer-Type No

6. REFERENT 6 - MAKE WEBPAGE CONTENT LARGER

The key points relating to this referent are aloios:
20 gestures were elicited.
1 gesture was excluded due to internal conflictsflicts between the gestures for a single referamtpreviously explained in the Methodology
chapter).
3 gestures were excluded due to external conflaxsflicts between gestures for different refereats previously explained in the Methodology
chapter).

Following the exclusions of conflicts, 7 gesturer@vassigned to this referent:
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Gesture 1 — Drag Two Fingers Apart; proposed bgriigipants.

Gesture 2 — Single Tap on “Magnify Button”; propt$y 4 participants.

Gesture 3 — Drag Five Fingers Apart; proposed pgrdcipants.

Gesture 4 — Drag Finger to Corner of Screen; pregay 1 participant.

Gesture 5 — Drag Two Palms Apart; proposed by figyaeint.

Gesture 6 — Drag Two Fingers Apart - Using Both diamproposed by 1 participant.

O O O O o o o

Gesture 7 — “Magnifying Scale” Widget; proposedlbyarticipants.
The agreement score for this referent was 0.145gWerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 51: Gestures Assigned to Referent6 — Make webpage content larger

Gesture lllustration Gesture Information
Gesture 1 — Drag Two Fingers Apart
Summar' The user makes the webpage con
larger by dragging his / her thumb an(
index finger apart.

Gesture Complexii Complex— Parallel: Gesture compris
a drag with the thumb and index finger
simultaneously

Gesture Natui Metaphorica
Gesture Binding World-independent
Gesture Flow Continuous
Pointer-Type No
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Gesture lllustration

Gesture 2 — Single Tap on “Magnify Button”

204

Gesture Information

Summary

Summary

Gesture Complexity
Gesture Natur
Gesture Binding
Gesture Flow
Pointe-Type

The user may also use fingers on
different hands.

The user makes the webpage contet
larger by tapping on a “magnify
button”.

Simple
Metaphorica
Object-centric
Discrete
Yes




Gesture lllustration
Gesture 3 — Drag Five Fingers Apart

Summar'

Gesture Complexit

Gesture Nature
Gesture Binding
Gesture Flov
Pointer-Type

Gesture 4 — Drag Finger to Corner of Screen
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Summary

Gesture Complexit
Gesture Nature
Gesture Binding
Gesture Flow
Pointer-Type

Gesture Information

The user makes the webpage con
larger by placing all 5 fingers on the
screen and dragging them all apart fr
each other.

Complex- Parallel: Gesture compris
5 drags done simultaneously
Metaphorical
World-independent
Continuou
No

The user makes the webpage contetr
larger by dragging with a single finger
an inner section of the screen to the
corner of the screen.

Simple
Metaphorical
World-dependent
Continuous
No




Gesture lllustration
Gesture 5 — Drag Two Palms Apart
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Summar'

Gesture Complexit

Gesture Nature

Gesture Bindin

Gesture Flow

Pointe-Type

Gesture Information

The user makes the webpage con
larger by placing the sides of both
hands on the screen (towards the cer
of the page) and dragging them apart
(the left hand towards the left edge of
the screen, and the right hand toward
the right edge of the screen).

Complex— Parallel: Gesture compris
a drag with each hand done
simultaneousl

Metaphorical: The drags with both
hands are metaphorical

World-dependent: Both phases i
world-dependent

Continuous
No




Gesture lllustration Gesture Information
Gesture 6 — Drag Two Fingers Apart - Using Both éan

Summar The user makes the webpage con
larger by dragging his / her right thum
and index finger from the centre of the
screen towards the bottom right and t
right corners of the screen respective
This is done while simultaneously
dragging the left thumb and index
finger from the centre of the screen tc
the bottom left and top left corners of
the screen respectively.

Gesture Complexiit Complex— Parallel: Each drag dot
with each finger is a phase of the
gesture; all phases are done
simultaneously

Gesture Natui Metaphorical: The drags with bo
hands are metaphorical

Gesture Binding World-dependent: All phases are
world-dependent

Gesture Flow Continuous

Pointer-Type No
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Gesture lllustration Gesture Information
Gesture 7 — “Magnifying Scale” Widget
Summar The user makes the webpage con
larger using a scale at the bottom of t
screen. Dragging the arrow rightward
enlarges the size of the content.

Gesture Complexity  Simple

Gesture Nature Metaphorical
Gesture Binding Object-centric
Gesture Flo\ Continuou
Pointer-Type Yes

7. REFERENT 7 — MAKE WEBPAGE CONTENT SMALLER
The key points relating to this referent are aloios:

20 gestures were elicited.
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0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
4 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:
0 Gesture 1 — Drag Two Fingers Together; proposesl fgrticipants.
Gesture 2 — Single Tap on “Minify Button”; propodegl4 participants.
Gesture 3 — Drag Five Fingers Together; propose?l frticipants.
Gesture 4 — Drag Finger from Corner of Screen; @seg by 1 participant.
Gesture 5 — Drag Two Fingers Together - Using Btahds; proposed by 1 participant.

O O O o o

Gesture 6 — “Magnifying Scale” Widget; proposedlbyarticipant.
The agreement score for this referent was 0.145gWerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.
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Table 52: Gestures Assigned to Referent7 — Make webpage content smaller

Gesture lllustration Gesture Information
Gesture + Drag Two Fingers Togeth
Summar The user makes the webpage con
smaller by dragging his / her thumb a
index finger together.

Gesture Complexity Complex — Parallel: Gesture aisep
a drag with the thumb and index finger
simultaneously

Gesture Natui Metaphorica

Gesture Binding World-independent

Gesture Floy Continuou

Pointe-Type No

Summar The user may also use fingers

different hands.
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Gesture lllustration

Gesture 2 — Single Tap on “Minify Button”

Gesture &~ Drag Five Fingers Togett

211

Gesture Information

The user makes the webpage con
smaller by tapping on a “minify
button”.

Summar'

Gesture Complexity  Simple
Gesture Nature Metaphorical
Gesture Binding Object-centric
Gesture Flow Discrete
Pointer-Type Yes

The user makes the webpage contetr
smaller by sprawling all 5 fingers on
the screen and dragging them toward
from each other.

Summary

Complex — Parallel: Gesture aisep
5 drags done simultaneously

Gesture Complexity

Metaphorica
World-independent
Continuou
No

Gesture Natui
Gesture Binding
Gesture Flo\
Pointer-Type




Gesture lllustration

Gesture 4 — Drag Finger from Corner of Screen
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Summar'

Gesture Complexity
Gesture Natui

Gesture Bindin
Gesture Flow
Pointe-Type

Gesture Information

The user makes the webpage con
smaller by dragging with a single fingt
from the corner of the screen to the
inner section of the screen.

Simple
Metaphorica
World-depender

Continuous
No




Gesture lllustration

Gesture 5 — Drag Two Fingers Together - Using Btihds
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Summar'

Gesture Complexit

Gesture Nature

Gesture Bindin

Gesture Flow
Pointer-Type

Gesture Information

The user makes the webpaontent
smaller by dragging his / her right
thumb and index finger from the
bottom right and top right corners of
the screen respectively towards the
centre of the screen. This is done whi
simultaneously dragging the left thum
and index finger from the bottom left
and top left corners of the screen
respectively towards the centre of the
screen.

Complex- Parallel: Each drag dot
with each finger is a phase of the
gesture; all phases are done
simultaneousl

Metaphorical: The drags with both
hands are metaphorical

World-dependent: All phases &
world-dependent

Continuous
No




Gesture lllustration Gesture Information
Gesture 6 — “Magnifying Scale” Widget
Summar The user rakes the webpage conte
larger using a scale at the bottom of t
screen. Dragging the arrow leftwards
decreases the size of the content.

Gesture Complexity Simple

Gesture Natui Metaphorics
Gesture Bindin Objec-centric
Gesture Flow Continuous
Pointe-Type Yes

8. REFERENT 8 — PAN DOWN THE WEBPAGE
The key points relating to this referent are ako¥as:
20 gestures were elicited.

0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
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5 gestures were excluded due to external conflamisflicts between gestures for different refereass previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturesrevassigned to this referent:
0 Gesture 1 — Drag Finger Downward (Right Edge o&8w); proposed by 4 participants.
Gesture 2 — Drag Finger Downward (Scrollbar); pegabby 4 participants.
Gesture 3 — Flick Finger Downward (Right Edge afe®a); proposed by 2 participants.
Gesture 4 — Drag Finger Downward (Middle of Screpnyposed by 1 participant.
Gesture 5 — Drag Multiple Fingers Downward; projbise 1 participant.
Gesture 6 — Flick Finger Downward (Bottom Edge afe®gn); proposed by 1 participant.
Gesture 7 — Flick Finger Downward (Scrollbar Arropoposed by 1 participant.

O O O o o o o

Gesture 8 — Drag Half-Closed Palm Down; proposedi pgrticipant.
The agreement score for this referent was 0.4%0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Table 53: Gestures Assigned to Referent8 — Pan down the webpage

Gesture lllustration Gesture Information
Gesture + Drag Finger Downward (Right Edge Screen
Summar The user drags a single fing
downwards on the right edge of the
screen.

Gesture Complexity  Simple

Gesture Natui Metaphorica
Gesture Binding World-dependent
Gesture Floy Continuou
Pointe-Type Yes
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Gesture lllustration
Gesture 2 — Drag Finger Downward (Scrollbar)
Summar'

Gesture Complexit

Gesture Nature

Gesture Ending

Gesture Floy

Pointer-Type
Gesture & Flick Finger Downward (Right Edge of Scre

Summary

Gesture Complety

Gesture Nature
Gesture Binding

Gesture Flo
Pointe-Type
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Gesture Information

The user drags a single fing
downwards on the scrollbar.

Simple
Metaphorical
Objec-centric
Continuou
Yes

The user flicks a single finger
downwards on the right edge of the
screen.

Simple

Metaphorical
World-dependent

Continuou
No




Gesture lllustration

Gesture 4 — Drag Finger Downward (Middle of Screen)

Summar'

Gesture Information

The user drags a single fing
downwards in the middle of the scree

Gesture Complexity  Simple

Gesture Nature
Gesture Binding
Gesture Flow
Pointe-Type

Gesture 5 — Drag Multiple Fingers Downward
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Summary

Metaphorical
World-dependent
Continuous

No

The user drags with the pinkie, ring,
middle and index fingers from the top
to the bottom of the screen.

Gesture Complexity Complex — Parallel: Gesture aisep

Gesture Natul

Gesture Bindin
Gesture Flo
Pointer-Type

a drag with each finger done
simultaneously

Metaphorical: The drags a
metaphorical; they “direct” the screen
in the required direction

World-independer
Continuou
No




Gesture lllustration Gesture Information
Gesture 6 — Flick Finger Downward (Bottom Edge ofe®n)
Summar The user flicks a single fing
downwards at the bottom edge of the
screen.

Gesture Complexit  Simple

Gesture Natui Metaphorica

Gesture Bindin World-depender

Gesture Flov Continuou

Pointer-Type No

Gesture 7 — Flick Finger Downward (Scrollbar Arrow)

Summary The user flicks a single finger
downwards on the scrollbar arrow tha
points down.

Gesture Complexity  Simple

Gesture Nature Metaphorical
Gesture Bindin Objec-centric
Gesture Floy Continuou
Pointer-Type No
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Gesture lllustration Gesture Information
Gesture 8 — Drag Half-Closed Palm Down
Summar The user drags a hrclosed palm fron
the top to the bottom on the right edg:
of the screen.

Gesture Complexity  Simple

Gesture Natui Metaphorica
Gesture Bindin World-depender
Gesture Flov Continuou
Pointer-Type No

9. REFERENT 9 - PAN UP THE WEBPAGE
The key points relating to this referent are ako¥as:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
5 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturer@vassigned to this referent:
0 Gesture 1 — Drag Finger Upward (Right Edge of Sgrgaroposed by 4 participants.
0 Gesture 2 — Drag Finger Upward (Scrollbar); propdsge4 participants.
0 Gesture 3 — Flick Finger Upward (Right Edge of 8oje proposed by 2 participants.
0 Gesture 4 — Drag Finger Upward (Middle of Screpmyposed by 1 participant.
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Gesture 5 — Drag Multiple Fingers Upward; propdsed participant.
Gesture 6 — Flick Finger Upward (Top Edge of Scygeroposed by 1 participant.
Gesture 7 — Flick Finger Upward (Scrollbar Arrowjpposed by 1 participant.

o O o o

Gesture 8 — Drag Half-Closed Palm Up; proposed pgriicipant.
The agreement score for this referent was 0.4%0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 54: Gestures Assigned to Referent9 — Pan up the webpage

Gesture lllustratiol Gesture Informatio
Gesture + Drag Finger Upward (Right Edge of Scre
Summary The user drags a single finger upwat
on the right edge of the screen.

Gesture Complexity  Simple

Gesture Natui Metaphorica
Gesture Binding World-dependent
Gesture Floy Continuou
Pointe-Type Yes
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Gesture lllustration

Gesture 2 — Drag Finger Upward (Scrollbar)

Summar'

Gesture Complexit
Gesture Nature
Gesture Binding
Gesture Flo\
Pointer-Type

Gesture & Flick Finger Upward (Right Edge of Scre

222

Summary

Gesture Complexity

Gesture Natui
Gesture Binding
Gesture Floy
Pointer-Type

Gesture Information

The user drags a singlinger upward:
on the scrollbar.

Simple
Metaphorical
Object-centric
Continuou
Yes

The user flicks a single finger upwart
on the right edge of the screen.

Simple
Metaphorica
World-depender
Continuou

No




Gesture lllustration
Gesture 4 — Drag Finger Upward (Middle of Screen)
Summar'

Gesture Complexity

Gesture Natui
Gesture Binding
Gesture Flow
Pointe-Type

Gesture 5 — Drag Multiple Fingers Upward
Summar'

Gesture Complexit

Gesture Nature

Gesture Bindin
Gesture Flo
Pointe-Type
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Gesture Information

The user drags a single finger upds
in the middle of the screen.

Simple
Metaphorica
World-dependent
Continuous
No

The user drags from the bottom to
top of the screen with the pinkie, ring,
middle and index fingers.

Complex— Parallel: Gesture compris
a drag with each finger done
simultaneously

Metaphorical: The drags are
metaphorical; they “direct” the screen
in the required direction

World-independer
Continuou
No




Gesture lllustration Gesture Information
Gesture 6 — Flick Finger Upward (Top Edge of Scyeen
Summar The user flicks a single finger upwa
at the top edge of the screen.

Gesture Complexity  Simple

Gesture Natui Metaphorica
Gesture Bindin World-depender
Gesture Floy Continuou
Pointer-Type No
Gesture 7 — Flick Finger Upward (Scrollbar Arrow)
Summary The user flicks a single finger upwari

on the scrollbar arrow that points up.

Gesture Complexit = Simple

Gesture Natui Metaphorica
Gesture Bindin Objec-centric
Gesture Flow Continuous
Pointe-Type No
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Gesture lllustration Gesture Information
Gesture 8 — Drag Half-Closed Palm Up
Summar The user dres a hal-closed palm fron
the bottom to the top on the right edg
of the screen.

Gesture Complexit  Simple

Gesture Nature Metaphorical
Gesture Binding World-dependent
Gesture Flov Continuou
Pointe-Type No

10. REFERENT 10 — PAN ACROSS THE WEBPAGE
The key points relating to this referent are ako¥as:
20 gestures were elicited.
3 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology
chapter).
0 gestures were excluded due to external conflamisflicts between gestures for different refereass previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturer@vassigned to this referent:
0 Gesture 1 — Drag Finger Left (Bottom Edge of Scyeproposed by 4 participants.
0 Gesture 2 — Drag Finger Left (Middle of Screenjigwsed by 3 participants.
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Gesture 3 — Flick Finger Left (Bottom Edge of Sale@roposed by 2 participants.
Gesture 4 — Flick Finger Left (Middle of Screenjomosed by 1 participant.
Gesture 5 — Flick Finger Left (Right Edge of Scieg@noposed by 1 participant.
Gesture 6 — Flick Finger Left (Scrollbar Arrow)ppiosed by 1 participant.
Gesture 7 — Drag Multiple Fingers Left; proposedliparticipant.

O O O O o o

Gesture 8 — Drag Vertical Hand Right; proposed ipagicipant.
The agreement score for this referent was 0.5%0gWerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Table 55: Gestures Assigned to Referent1l0 — Pan across the webpage

Gesture lllustration Gesture Information
Gesture + Drag Finger Left (Bottom Edge of Scre
Summar The user drags a single firr from
right to left at the bottom edge of the
screen.

Gesture Complexit  Simple

Gesture Natui Metaphorica
Gesture Binding World-dependent
Gesture Flow Continuous
Pointer-Type No
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Gesture lllustration
Gesture 2 — Drag Finger Left (Middle of Screen)
Summar'

Gesture Complexit
Gesture Natui
Gesture Binding
Gesture Flow
Pointer-Type

Gesture &~ Flick Finger Left (Bottom Edge of Scret
Summary

Gesture Complexit

Gesture Nature
Gesture Binding
Gesture Flow
Pointer-Type

228

Gesture Information

The user drags a single finger fr
right to left in the middle of the screer

Simple
Metaphorica
World-dependent
Continuous
No

The user flicks a single finger from
right to left at the bottom of the screer

Simple
Metaphorical
World-dependent

Continuous
No




Gesture lllustration Gesture Information
Gesture 4 — Flick Finger Left (Middle of Screen)
Summar The user flicks a single finger fro
right to left in the middle of the screer

Gesture Complety  Simple

Gesture Natui Metaphorica

Gesture Binding World-dependent

Gesture Flow Continuous

Pointer-Type No

Gesture 5 — Flick Finger Left (Right Edge of Scieen

Summary The user flicks a single finger from
right to left at the right edge of the
screen.

Gesture Complexity  Simple

Gesture Natui Metaphorics
Gesture Binding World-dependent
Gesture Flow Continuous
Pointer-Type No
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Gesture lllustration Gesture Information
Gesture 6 — Flick Finger Left (Scrollbar Arrow)
Summar The user flicks a single finger left
right on the scrollbar arrow that points
right.

Gesture Complexit  Simple

Gesture Natui Metaphorica
Gesture Binding World-dependent
Gesture Flow Continuous
Pointe-Type No
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Gesture lllustration
Gesture 7 — Drag Multiple Fingers Left

Gesture 8 — Drag Vertical Hand Right

231

Summar'

Gesture Information

The user drags from the right to the |
of the screen with the pinkie, ring,
middle and index fingers.

Gesture Complexity Complex — Parallel: Gesture aisep

Gesture Natul

Gesture Binding
Gesture Flo\
Pointer-Type

Summar

a drag with each finger done
simultaneously

Metaphorical: The drags a
metaphorical; they “direct” the screen
in the required direction

World-independent
Continuou
No

The user drags the side of 1 hand fi
the right to the left in the middle of the
screen.

Gesture Complexity  Simple

Gesture Nature
Gesture Binding
Gesture Flow
Pointer-Type

Metaphorical
World-dependent
Continuous
No




11. REFERENT 11 — SEARCH FOR TEXT ON THE WEBPAGE
The key points relating to this referent are ako¥as:
20 gestures were elicited.
2 gestures were excluded due to internal conflmsflicts between the gestures for a single raferas previously explained in the Methodology
chapter).
0 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “Search Button”; propdsedl2 participants.
Gesture 2 — Select Option from Main Menu; propdse@ participants.
Gesture 3 — Use Keyboard Shortcut (Alt + F); pregldsy 1 participant.
Gesture 4 — Trace “Search Box”; proposed by 1 @pent.
Gesture 5 —Tap with Both Palms; proposed by 1 @pétnt.

O O O o o

Gesture 6 — “Search Circle”; proposed by 1 paréiotp
The agreement score for this referent was 0.3%0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

It should be noted that the participants were retpaeto provide gestures that would call up a @xihto which they could provide their search geeriThe

gestures for providing this search query were hoited as these were addressed in Referent 1ut B@arch Query.
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Table 56: Gestures Assigned to Referentll — Search for text on the webpage

Gesture lllustration
Gesturel — Single Tap on “Search Buttc

Gesture 2 — Select Option from Main Menu

233

Summar'

Gesture Complexit
Gesture Natui
Gesture Bindin
Gesture Flow
Pointer-Type

Summar

Gesture Information

The user calls up a textbox into whi
he / she can provide the search query
by tapping on a “search button”.

Simple
Metaphorics
Objec-centric
Discrete

Yes

The user calls up a textbox into whi
he / she can provide the search quen
by calling up a main menu and
selecting the appropriate option. This
done by tapping once on a button tha
calls up the main menu (Phase 1), an
tapping once on the menu item that
enables him / her to provide a search
query (Phase 2).

Gesture Complexity Complex — Sequential: Gesture

Gesture Natui
Gesture Binding
Gesture Flow
Pointe-Type

comprises 2 taps done sequentially.

Metaphorical: Phase 1 an
Object-centric: Phase 1 and 2
Continuous

Yes




Gesture lllustration Gesture Information
Gesture 3 — Use Keyboard Shortcut (Alt + F)
Summar The uer calls up a keyboard t
“flicking it up” from the lower edge of
the screen by performing a single fing
flick at the lower edge of the screen
(Phase 1).
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Gesture lllustration
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Summary

Gesture Complexit

Gesture Natui
Gesture Binding

Gesture Floy
Pointer-Type

Gesture Information
The user calls up a textbox into whic
he / she can provide the search quen
by using a keyboard shortcut — the us
presses the “Ctrl” key (Phase 2) and
taps the “F” key (Phase 3) while
pressing it.

Complex- Sequential: Phase 1 and-
first part of Phase 2 are done
sequentially.

Complex — Parallel: The second part
Phase 2 and Phase 3 are done in
parallel.

Physical: Phase

Metaphorical: Phase 2 and 3

World-dependent: Phase 1
Object-centric: Phase 2 and 3

Continuou
No




Gesture lllustration Gesture Information
Gesture 4 — Trace “Search Box”

Summar The user calls up a textbox into whi
he / she can provide the search query
by tracing a box to the right of the
address bar.

Gesture Complexii Complex— Parallel: Gesture compris
4 drags to trace the sides of the box.

Gesture Natui Symbolic
Gesture Binding World-dependent
Gesture Flow Discrete
Pointer-Type No
Gesture 5 —Tap with Both Palms
Summary The user calls up a textbox into whic

he / she can provide the search query
by tapping on the screen with both
palms a couple of times. The palms
taps are done in quick succession.

Gesture Complexit  Complex— Parallel: Gesture compris
palms taps done simultaneously (both
hands tap at the same time).

Complex — Sequential: Gesture
comprises palms taps done sequentially
(the taps of each hand are sequential)

Gesture Nature Arbitrary: all phases are of theuges
are arbitrary.

Gesture Bindin World-independer

Gesture Flov Discrete

Pointe-Type No
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Gesture lllustration
Gesture 6 — “Search Circle”

12. REFERENT 12 — COPY A SECTION OF TEXT ON THE WEBPAGE
The key points relating to this referent are aloios:

20 gestures were elicited.

Summar'

Gesture Complexit

Gesture Natui
Gesture Binding

Gesture Flow

Pointer-Type

Gesture Information

The user calls up a textbox into whi
he / she can provide the search query
by “making a circle” with the right
thumb and right index finger, and
placing these on the screen. This is
achieved by twisting the wrist so that
the length of the thumb and index
finger are in contact with the touch
screen.

Complex— Parallel: Gesture compris
a tap with the thumb and index finger
simultaneously.

Arbitrary
World-independent

Discrete
No

0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology

chapter).

17 gestures were excluded due to external conflarisflicts between gestures for different refeseiais previously explained in the Methodology

chapter).
Following the exclusions of conflicts, 2 gesturer@vassigned to this referent:

0 Gesture 1 — Press and Drag Finger Over Text; psapbg 2 participants.

0 Gesture 2 — Single Tap on Words, Highlight and Capgposed by 1 participants.
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The agreement score for this referent was 0.1H0gWlerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.

Table 57: Gestures Assigned to Referent12 — Copy a section of text on the webpage

Gesture lllustratiol
Gesture = Press and Drag Finger Over T
Summary

Gesture Complexit

Gesture Nature
Gesture Bindin
Gesture Flow
Pointer-Type
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Gesture Informatio

The user copies a section of text
pressing with a single finger where th
text begins, and dragging the finger
over the text (from left to right).

Complex— Sequential: Gestu
comprises a press and a drag done
sequentially.

Metaphorical
Objec-centric
Continuous
Yes




Gesture lllustration
Gesture 2 — Single Tap on Words, Highlight and Copy
Summar'

Gesture Complexit

Gesture Nature

Gesture Bindin

Gesture Flow

Pointe-Type

13. REFERENT 13 — PASTE SECTION OF TEXT INTO SEARCH ENGINE

The key points relating to this referent are aoios:

20 gestures were elicited.

Gesture Information

The user copies a section of text
tapping on each of the words to be
copied (Phase 1), tapping once on a
“Highlight Button” — which highlights
the words which were tapped (Phase
tapping once on a “Copy Button” —
which copies the highlighted words
(Phase 3).

Complex— Sequential: Phase 1 (whi
comprises single finger taps done
sequentially), Phase 2 and Phase 3 are
done sequentially.

Physical: Phase 1; words are pointe
out as one would point words in a boc
or document.

Metaphorical: Phase 2 and 3

Objec-centric: All phases are obj«-
centric

Continuous
Yes

7 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology

chapter).

0 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology

chapter).
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Following the exclusions of conflicts, 7 gesturer@vassigned to this referent:

0 Gesture 1 — Single Tap on Google Textbox, Single dra“Paste Button”; proposed by 3 participants.
Gesture 2 — Use Keyboard Shortcut (Ctrl + V); psgubby 1 participant.
Gesture 3 — Select Option from Context Menu on Godgxtbox; proposed by 2 participants.
Gesture 4 — Single Tap with Finger, Drag FingetRigroposed by 1 participants.
Gesture 5 — Drag Finger Left on Google Textboxppsed by 1 participant.
Gesture 6 — Two Finger Tap; proposed by 1 partitipa

O O O o o o

Gesture 7 — Drag Text from “Easel Button” or “PaBtdton”; proposed by 1 participant.
The agreement score for this referent was 0.1@5gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.
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Table 58: Gestures Assigned to Referentl3 — Paste section of text into search engine

Gesture lllustration Gesture Information
Gesture *+ Single Tap on Google Textbox, Single Tap on “P&stton”
Summar The user pastes a section of text |
Google by tapping once on the Googl|
textbox (Phase 1), and tapping once (
the “Paste Button”.

Gesture Complexit  Complex— Parallel: Gesture compris
2 taps done sequentially.

Gesture Nature Metaphorical: Phase 1 and 2

Gesture Binding Object-centric: Both phases are object-
centric.

Gesture Flow Continuous

Pointer-Type Yes
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Summar

The user taps once on the Googlet
box to bring up the keyboard (Phase

242




Gesture lllustration

243

Summary

Gesture Complexit

Gesture Nature
Gesture Bindin
Gesture Flow
Pointe-Type

Gesture Information
The user uses a keyboard shortcut t:
paste the text — this comprises of
pressing the “Ctrl” key (Phase 2) and
tapping the “C” key (Phase 3) while
pressing it.

Complex— Sequerial: Phase 1 and tf
first part of Phase 2 are done
sequentially.
Complex — Parallel: The second part
Phase 2 and Phase 3 are done in
parallel.
Metaphorical: Phase 1, 2 and 3
Objec-centric: Phase 1, 2 an
Continuous
Yes




Gesture lllustration

Gesture 3 — Select Option from Context Menu on Godgxtbox
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Summar'

Summary

Gesture Information

The user taps once on the Goc
textbox (Phase 1).

The user taps again on the Google
textbox — to the right of where the
initial tap was done (Phase 2). Doing
so bring up a context menu. The user
taps once on the “Paste” menu item
(Phase 3) to paste the text.

Gesture Complexity Complex — Sequential: Phaseahd?

Gesture Nature

Gesture Binding
Gesture Flow
Pointer-Type

3 are done sequentially.

Metaphorical: Phase 1 and 3
Arbitrary: Phase 2
Object-centric: Phase 1, 2 and 3

Continuous
Yes




Gesture lllustration Gesture Information
Gesture 4 — Single Tap with Finger, Drag Fingertirig
Summar The user presses on the (gle textbox
with the index finger (Phase 1).

Summar' The user then taps with on the Goa
textbox with the middle finger (Phase
2), while still pressing with the index
finger.
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Gesture lllustration Gesture Information

Summary

Gesture Complexity

Gesture Nature

Gesture Binding

Gesture Flow

Pointe-Type
Gesture 5 — Drag Finger Left on Google Textbox

Summary

Gesture Complexit
Gesture Natui
Gesture Binding
Gesture Flow
Pointer-Type

246

The user then drags the middle finge
to the right on the Google textbox
(Phase 3) to paste the text.

Complex — Sequential: Phaseahd?
3 are done sequentially
Complex — Parallel: Phase 2 and 3 ar
done in parallel with Phase 1

Metaphorical: Phase 1 and 3
Arbitrary: Phase 2

Object-centric: Phase 1, 2 and 3

Continuous
Yes

The user pastes a section of text intc
Google by dragging a finger from righ
to left on the Google textbox. This is
not done along the entire length of the
textbox, but towards the left edge of tl
textbox.

Simple
Arbitrary
Object-centric
Discrete
No




Gesture lllustration
Gesture 6 — Two Finger Tap
Summar'

Gesture Complexit

Gesture Natul
Gesture Bindin

Gesture Flo

Pointe-Type
Gesture ~ Drag Text from “Easel Button” or “Paste Bulttt
Summary

Gesture Complexit
Gesture Nature

Gesture Bindin
Gesture Flov
Pointe-Type
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Gesture Information

The user pastes a section of text |
Google by tapping once on the Googl|
textbox with both the index and middl
fingers.

Complex— Parallel: Gesture
comprises 2 taps done simultaneously

Arbitrary
Objec-centric
Discrete

No

The user pastes a section of text intc
Google by dragging a finger from the
“Easel Button” or “Paste Button” to th
Google textbox.

Simple
Physical

Objec-centric
Continuou
Yes




14. REFERENT 14 — OPEN LINK ON THE WEBPAGE IN A NEW TAB

The key points relating to this referent are ako¥as:
19 gestures were elicited.
0 gestures were excluded due to internal conflmsflicts between the gestures for a single raferas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different referemais,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 8 gesturemrevassigned to this referent:
0 Gesture 1 — Drag Link to “New Tab Button”; propossd4 participants.
Gesture 2 — Drag Link to “New Tab Area”; proposgtitparticipants.
Gesture 3 — Double Tap Link; proposed by 4 parictp.
Gesture 4 — Single Tap on Link, Quickly Tap on “N&ab Button” (Jump); proposed by 2 participants.
Gesture 5 — Drag Link to “New Tab Area” with Twangiers; proposed by 1 participant.
Gesture 6 — Press Link, Select Option From Coriteattu; proposed by 1 participants.
Gesture 7 — Drag Finger Over Link, Select OptiamfrContext Menu; proposed by 1 participants.
Gesture 8 — Draw “Tab” on Link; proposed by 1 p@p&@ant.

The agreement score for this referent was 0.247gtlerage agreement score was 0.327).

O O O o o o o

The gestures assigned to this referent are taloubetiow.
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Table 59: Gestures Assigned to Referent14 — Open link on the webpage in a new tab

Gesture lllustration

Gesture = Drag Link to “New Tab Buttor

Gesture 2 — Drag Link to “New Tab Area”

249

Gesture Information

Summar The user opens a link on the webp.
in a new tab by dragging the link to th
“New Tab Button”.

Gesture Complexity  Simple

Gesture Natul Physica

Gesture Bindin Objec-centric

Gesture Flo\ Continuou

Pointer-Type Yes

Summar The user opens a link on the webp.

in a new tab by dragging the link to th
“New Tab Area” (which is the grey
area towards the right of the “New Ta
Button”).

Gesture Complexity  Simple

Gesture Nature Physical
Gesture Binding Obiject-centric
Gesture Flov Continuou
Pointer-Type Yes




Gesture lllustration
Gesture 3 — Double Tap Link
Summar'

Gesture Complexit

Gesture Natui
Gesture Binding
Gesture Flow
Pointer-Type

Gesture 4 — Single Tap on Link, Quickly Tap on “N&ab Button” (Jump)
Summary

Gesture Complexit

Gesture Nature
Gesture Bindin
Gesture Flow
Pointe-Type

250

Gesture Information

The user opens a link on the webp.
in a new tab by double tapping on the
link.

Complex— Sequential: Gestut
comprises 2 taps done in quick
succession

Arbitrary
Obiject-centric
Discrete
Yes

The user opens a link on the webpa
in a new tab tapping on the link (Phas
1) and quickly tapping on the “New
Tab Button” immediately afterwards
(Phase 2).

Comple; — Sequential: Gestut
comprises 2 taps done in quick
succession.

Metaphorical
Objec-centric

Continuous
No




Gesture lllustration
Gesture 5 — Drag Link to “New Tab Area” with Twangers
Summar'

Gesture Complexit

Gesture Natui
Gesture Binding
Gesture Flow
Pointer-Type

Gesture 6 — Press Link, Select Option From Corl#exiu
Summary

Gesture Complexit

Gesture Nature

Gesture Binding
Gesture Flov

Pointer-Type
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Gesture Information

The user opens a link on the webp.

in a new tab by dragging the link to th
“New Tab Area” (which is the grey
area towards the right of the “New Ta
Button”) with 2 fingers.

Complex— Parallel: Gesture compris
2 drags done simultaneously
Physica

Object-centric
Continuous
No

The user opens a link on the webpa
in a new tab by pressing on the link
with 1 finger (Phase 1) — this brings u
a context menu. The user then taps
once on the relevant menu item (Pha:
2).

Complex— Sequential: Gestut
comprises a press and a tap done
sequentially.

Arbitrary: Phase 1
Metaphoric: Phase 2

Object-centric: Phase 1 and 2
Continuou

Yes




Gesture lllustration

Gesture 7 — Drag Finger Over Link, Select OptiamfrContext Menu
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Summar'

Summary

Gesture Complexit

Gesture Nature

Gesture Bindin
Gesture Flo
Pointe-Type

Gesture Information

The user rags 1 finger over the link 1
be opened in a new tab (Phase 1) —tl
highlights the link.

The user taps on the link to bring up
context menu (Phase 2). The user the
taps on the relevant menu item (Phas
3).

Complex — Sequential: Gestut
comprises a drag and 2 taps done
sequentially.

Metaphorical: Phase 1 and 3
Arbitrary: Phase 3
Objec-centric: Phase 1, 2 ani
Continuou
Yes




Gesture lllustration
Gesture 8 — Draw “Tab” on Link
Summar'

Gesture Complexit

Gesture Natui
Gesture Binding
Gesture Floy
Pointer-Type

15. REFERENT 15 — OPEN A NEW BROWSING TAB
The key points relating to this referent are aloios:

20 gestures were elicited.

Gesture Information

The user opens a link on the webp.

in a new tab by drawing a “tab” on the
link. This consists of a short drag to tt
right, a short drag up, another short
drag to the right, a short drag down al
a final drag to the right.

Complex— Sequential: Gestu
comprises 5 drags done sequentially.
Symbolic

Object-centric: All phases
Discrete
No

0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology

chapter).

1 gesture was excluded due to external confliabefiicts between gestures for different refereais,previously explained in the Methodology

chapter).

Following the exclusions of conflicts, 6 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap on “New Tab Button”; progoisg 11 participants.
0 Gesture 2 — Single Tap on “New Tab Area”; propdsg@ participants.
0 Gesture 3 — Double Tap on Whitespace; proposedgartitipants.
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0 Gesture 4 — Select Option from Main Menu; propdsed participant.
0 Gesture 5 — Draw “Tab” on “New Tab Area”; proposgdl participant.
0 Gesture 6 — Palm Taps While Moving Hands Apartppeed by 1 participant.
The agreement score for this referent was 0.345gtlerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.

Table 60: Gestures Assigned to Referentl5 — Open a new browsing tab

Gesture lllustration
Gesture 1 — Single Tap on “New Tab Button”

Summar The user opens a hew browsing tak
tapping once on the “New Tab Button

Gesture Information

Gesture Complexit  Simple
Gesture Nature Metaphorical

Gesture Binding Object-centric

Gesture Flo Discrete
Pointe-Type Yes
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Gesture lllustration
Gesture 2 — Single Tap on “New Tab Area”

Gesture = Double Tap on Whitespa
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Gesture Information

Summar'

Gesture Complexity
Gesture Nature
Gesture Binding
Gesture Flov
Pointe-Type

Summary

Gesture Complexity

Gesture Nature
Gesture Bindin
Gesture Flo\
Pointe-Type

The user opens a new browsing tak
tapping once on the “New Tab Area”
(which is the grey area towards the
right of the “New Tab Button”).

Simple
Metaphorical
Obiject-centric
Discrete
No

The user opens a new browsing tab
double tapping with 1 finger on
whitespace.

Complex — Parallel: Gesture aisep
2 taps done in quick succession.

Arbitrary
World-independer
Discrete
No




Gesture lllustration
Gesture 4 — Select Option from Main Menu

Gesture 5 — Draw “Tab” on “New Tab Area”
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Gesture Information

Summar'

Gesture Complexity

Gesture Nature
Gesture Binding
Gesture Flov
Pointer-Type

Summary

Gesture Complexit

Gesture Nature
Gesture Binding
Gesture Flow
Pointer-Type

The user opens a new browsing tak
calling up a main menu and selecting
the appropriate option. This is done b
tapping once on a button that calls up
the main menu (Phase 1) and tappinc
once on a menu item that enables hin
her to open a new browsing tab.

Complex — Sequential: Gesture
comprises 2 taps done sequentially.

Metaphorical: Phase 1 and 2

Object-centric: Phase 1 and 2
Continuou

Yes

The user opens a new browsing tab
drawing a “tab” on the “New Tab
Area” (which is the grey area towards
the right of the “New Tab Button”).
This consists of a short drag to the
right, a short drag up, another short
drag to the right, a short drag down al
a final drag to the right.

Complex— Sequential: Gestut
comprises 5 drags done sequentially.

Symbolic

Object-centric: All phases
Discrete

No




Gesture lllustration Gesture Information
Gesture 6 — Palm Taps While Moving Hands Apart
Summar The user opens a new browsing tak

tapping with the palms while moving
the palms towards the edges of the
screen; the left hand moves towards 1
left edge of the screen while the right
hand moves towards the right edge.

Gesture Complexity Complex — Parallel: Gestures
comprises palms taps with both hands
done simultaneously.

Gesture Natui Arbitrary
Gesture Bindin World-depender
Gesture Flo\ Discrete
Pointer-Type No

16. REFERENT 16 — CLOSE A BROWSING TAB
The key points relating to this referent are aloios:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
0 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 6 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap on “Close Tab” Cross; pregdmsy 15 participants.
0 Gesture 2 — Flick Tab “Off The Screen” With MulégFingers (Downward); proposed by 1 participant.
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Gesture 3 — Drag Tab “Off The Screen” with Two gy proposed by 1 participant.
Gesture 4 — Trace “X” on Tab; proposed by 1 paréini.
Gesture 5 — Push Tab Beneath Adjacent Tab; progmsédoarticipant.

o O o o

Gesture 6 — Single Tap on Tab; proposed by 1 [aafit.
The agreement score for this referent was 0.5%4gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.

Table 61: Gestures Assigned to Referent 16 — Close a browsing tab

Gesture lllustratiol Gesturelnformatior
Gesture = Single Tap on “Close Tab” Crc

Summary The user closes a browsing tab by
tapping once on the “Close Tab” cros

Gesture Complexit = Simple

Gesture Nature Metaphorical
Gesture Bindin Objec-centric
Gesture Flow Discrete
Pointer-Type Yes
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Gesture lllustration

Gesture 2 — Flick Tab “Off The Screen” With MulgpFingers (Downward)

Summar'

Gesture Information

The user closes a browsing tab
flicking the tab directly downwards
using the index, middle, ring and pink
fingers.

Gesture Complexity Complex — Parallel: Gesture aisep

Gesture Nature
Gesture Bindin
Gegure Flow
Pointe-Type

Gesture 3 — Drag Tab “Off The Screen” with Two Frgy
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Summary

4 flicks (with the above-mentioned

fingers) done simultaneously.
Physical

Objec-centric

Continuou

No

The user closes a browsing tab by
dragging the tab towards the left edge
of the screen in a downward motion
with 2 fingers.

Gesture Complexity Complex — Parallel: Gesture aisep

Gesture Nature
Gesture Bindin
Gesture Floy
Pointe-Type

2 drags done simultaneously.
Physical

Objec-centric

Continuou

No




Gesture lllustration
Gesture 4 — Trace “X” on Tab

Summar'

Gesture Complexit

Gesture Natui
Gesture Binding
Gesture Flow
Pointer-Type

Gesture 5 — Push Tab Beneath Adjacent Tab
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Summary

Gesture Information

The user loses a browsing tab t
tracing an “X” on the tab i.e. dragging
finger diagonally from left to right, anc
then dragging the finger diagonally
from right to left.

Complex— Sequential: Gestut
comprises 2 drags done sequentially.
Symbolic

Object-centric

Discrete

No

The user closes a browsing tab by
“pushing it beneath” an adjacent tab.
This is done by dragging a finger fron
right to left over the tab.

Gesture Complexity  Simple

Gesture Natui
Gesture Binding
Gesture Floy
Pointer-Type

Physica
Object-centric
Continuou
No




Gesture lllustration Gesture Information

Gesture 6 — Single Tap on Tab
Summiry The user closes a browsing tab
tapping on it once with 1 finger.

Gesture Complexity  Simple

Gesture Nature Arbitrary
Gesture Binding Object-centric
Gesture Flow Discrete
Pointer-Type No

17. REFERENT 17 — VIEW RECORD OF VISITED WEBPAGES

The key points relating to this referent are aloios:

20 gestures were elicited.

0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology

chapter).

1 gesture was excluded due to external confliabafiicts between gestures for different referemis,previously explained in the Methodology

chapter).

Following the exclusions of conflicts, 7 gesturemrevassigned to this referent:
0 Gesture 1 — Single Tap On “History Button”; propbsy 8 participants.
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Gesture 2 — Select Option From Main Menu; propdsed participants.

Gesture 3 — Flick History “Out Of Address Bar”; pased by 3 participants.

Gesture 4 — Use Keyboard Shortcut (Ctrl + H); pegabby 2 participants.

Gesture 5 — Drag History Bar Out From Left Edg&ofeen; proposed by 1 participant.
Gesture 6 — Trace Triangle at Top of Screen; preghdy 1 participant.

O O O O o o

Gesture 7 — Double Tap with Vertical Side of Hapiaiposed by 1 participant.
The agreement score for this referent was 0.225gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiew.

Table 62: Gestures Assigned to Referent 17 — View record of visited webpages

Gesture llustratior Gesture Informatio
Gesture = Single Tap On “History Buttor
Summary The user views a record of visited
webpages by tapping once on a
“History Button”

Gesture Complexity  Simple

Gesture Natur Metaphorics
Gesture Binding Object-centric
Gesture Flow Discrete
Pointer-Type Yes
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Gesture lllustration

Gesture 2 — Select Option From Main Menu
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Summar'

Gesture Complexit

Gesture Nature
Gesture Binding

Gesture Flov
Pointe-Type

Gesture Information

The user views a record of visit
webpages by calling up a main menu
and selecting the appropriate option.
This is done by tapping once on a
button that calls up the main menu
(Phase 1), and tapping once on the
menu item that enables him / her to
view a record of visited pages (Phase
2).

Comple; — Sequential: Gestut
comprises 2 gestures done sequentially.

Metaphorical: Phase 1 and 2
Object-centric: Phase 1 and 2

Continuou
Yes




Gesture lllustration

Gesture Information

Gesture 3 — Flick History “Out Of Address Bar”
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Summar The user views a record of visit
webpages by flicking the history recot
“out of the address bar”. This is done
downwards on the address bar.

Gesture Complexity  Simple

Gesture Nature Metaphorical
Gesture Bindin Objec-centric
Gesture Flow Discrete
Pointer-Type No




Gesture lllustration Gesture Information
Gesture 4 — Use Keyboard Shortcut (Ctrl + H)
Summar The user calls up a keyboard
“flicking it up” from the lower edge of
the screen by performing a single fing
flick at the lower edge of the screen
(Phase 1).
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Gesture lllustration

266

Summary

Gesture Complexity

Gesture Nature
Gesture Bindin

Gesture Flow
Pointer-Type

Gesture Information
The user views a record of visited
webpages by using a keyboard shortt
— the user presses the “Ctrl” key (Phg
2) and taps the “H” key (Phase 3) whi
pressing it.

Complex — Sequential: Phasedlitzen
first part of Phase 2 are done
sequentially.

Complex — Parallel: The second part
Phase 2 and Phase 3 are done in
parallel.

Physical: Phase 1
Metaphorical: Phase 2 and 3

World-dependent: Plse !
Object-centric: Phase 2 and 3

Continuous
No




Gesture lllustration

Gesture 5 — Drag History Bar Out From Left Edg&ofeen

Gesture & Trace Triangle at Top of Scre
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Summar'

Gesture Complexit
Gesture Natui
Gesture Bindin
Gesture Flow
Pointe-Type

Summary

Gesture Information

The user views a record of visit
webpages by dragging the record out
from left edge of the screen with a
single finger drag from left to right.

Simple
Metaphorica
World-depender

Continuous
No

The user views a record of visited
webpages by tracing a triangle (upsid
down) on at the top of screen — aroun
the region of the address bar. This do
by performing 3 short drags from eacl
of the sides.

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature

Gesture Bindin

Gesture Floy
Pointer-Type

comprises 3 drags done sequentially.
Symbolic: All phases make up
symbolic gesture

World-depender

Discrete
No




Gesture lllustration Gesture Information
Gesture 7 — Double Tap with Vertical Side of Hand
Summar The user views a record of visit
webpages by performing a double taf
with the vertical side of the hand. This
is done on the right edge of the scree

Gesture Complexit Complex— Sequential: Gestut
comprises 2 taps done sequentially.

Gesture Nature Arbitrary
Gesture Bindin World-depender
Gesture Flov Discrete
Pointer-Type No

18. REFERENT 18 — DELETE ENTRY FROM RECORD OF VISITED PAGES
The key points relating to this referent are aoios:
19 gestures were elicited.
5 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabafiicts between gestures for different referemis,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 9 gesturer@vassigned to this referent:
0 Gesture 1 — Single Tap On History Item, Single dapDelete Button”; proposed by 4 participants.
0 Gesture 2 — Drag Finger Over History Item, Singig Dn “Delete Button”; proposed by 1 participants.
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Gesture 3 — Trace “X” on History Item; proposedlbyarticipants.

Gesture 4 — Select Checkbox, Single Tap on “Déeitton”; proposed by 1 participant.

Gesture 5 — Single Tap And Drag Finger Over Histtasn, Trace “X” on History Item; proposed by 1 fi@pant.
Gesture 6 — Select Option From Context Menu; pregdsy 1 participant.

Gesture 7 — Drag Finger Over History Item to “Ruut”; proposed by 1 participant.

Gesture 8 — Select History Item and Delete Usingti$ard Button; proposed by 1 participant.

O O O O o o o

Gesture 9 — Select History Item and “Rub It Out'thWand; proposed by 1 participant.
The agreement score for this referent was 0.1@8gWlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.
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Table 63: Gestures Assigned to Referent 18 — Delete entry from record of visited pages

Gesture lllustration Gesture Information
Gesture = Single Tap On History Item, Single Tap on “DeletgtBn”

Summar The user deletes an item from
record of visited pages by tapping onc
on the item (Phasel) and tapping onc
on a “Delete Button”.

Gesture Complexit Complex— Sequential: Gestut
comprises 2 taps done sequentially.

Gesture Natui Physical: Phase
Metaphorical: Phase 2

Gesture Bindin Objec-centric: Phase 1 anc

Gesture Flow Continuous

Pointer-Type Yes
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Gesture lllustration Gesture Information
Gesture 2 — Drag Finger Over History Item, Singig Bn “Delete Button”
Summar The user deletes an item from -
record of visited pages by dragging a
finger over the item from left to right
(Phasel) and tapping once on a “Del
Button”.

Gesture Complexity Complex — Sequential: Gesture
comprises a drag and a tap done

sequentially.
Gesture Nature Metaphorical: Phase 1 and 2
Gesture Binding Object-centric: Phase 1 and 2
Gesture Flow Continuous
Pointer-Type Yes
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Gesture lllustration Gesture Information
Gesture 3 — Trace “X” on History Item
Summar The user deletes an item from -

record of visited pages by tracing an
“X” over the item i.e. dragging a finge
diagonally from left to right (Phase 1),
and then dragging the finger diagonal
from right to left (Phase 2).

Gesture Complexit Complex— Sequential: Gestut
comprises 2 drags done sequentially.

Gesture Nature Symbolic: Phases make up a sym|
gesture

Gesture Bindin Objec-centric: Phase 1 anc

Gesture Flow Discrete

Pointer-Type No
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Gesture lllustration

Gesture Information

Gesture 4 — Select Checkbox, Single Tap on “Déetton”
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Summar The user deletes an entry from
record of visited pages by tapping on
checkbox alongside the item (Phase :
and tapping on the “Delete Button”.

Gesture Complexity Complex — Sequential: Gesture
comprises 2 taps done sequentially.

Gesture Nature Metaphorical: Phase 1 and 2
Gesture Bindin Objec-centric: Phase 1 anc
Gesture Flow Continuous

Pointer-Type Yes




Gesture lllustration

Gesture 5 — Single Tap And Drag Finger Over Histtagn, Trace “X” on History ltem
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Summar'

Summary

Gesture Information

The user taps once on the item tc
deleted (Phase 1).

The user then drags a finger from lei
to right over the item (Phase 2).




Gesture lllustration Gesture Information
Summary The user then traces an “X” over the
item i.e. dragging a finger diagonally
from left to right (Phase 3), and then
dragging the finger diagonally from
right to left (Phase 4) to delete it from
the record of visited pages.

Gesture Complexit  Complex— Sequential: Gestut
comprises a tap and 3 drags done
sequentially.

Gesture Natui Physical: Phase
Metaphorical: Phase 2
Symbolic: Phase 3 and 4

Gesture Binding Object-centric: All phases
Gesture Flow Continuous
Pointe-Tvpe Yes
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Gesture lllustration

Gesture 6 — Select Option From Context Menu
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Summar'

Summary

Gesture Information

The user taps once on a button 1
calls up a context menu (Phase 1). Tt
user then taps once on the menu iten
that activates the delete function (Phe
2).

The user then taps once on the time
period during which the item to be
deleted exists (Phase 3) —in the
illustration, the time period is “Today”
The user taps once on the item to del
it from the record of visited pages
(Phase 4).

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature

Gesture Bindin
Gesture Flov
Pointer-Type

comprises 4 taps done sequentially.

Metaphorical: Phase 1 and 2
Physical: Phase 3 an
Objec-centric: All phase

Continuou
Yes




Gesture lllustration Gesture Information
Gesture 7 — Drag Finger Over History Item to “Rubut”

Summar The user deletes an item of the rec
of visited pages by “rubbing out” the
entry. This is done by dragging the
finger from left to right over the item
(Phase 1).

Summay The user then drags the finger fr
right to left over the item (Phase 2).
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Gesture lllustration

278

Summary

Summar

Gesture Information
The user then drags the finger from |
to right over the item (Phase 3).

The uer then drags the finger fro
right to left over the item (Phase 4).

Gesture Complexity Complex — Sequential: Gesture

Gesture Natul

Gesture Binding
Gesture Flov
Pointer-Type

comprises 4 drags done sequentially.

Metaphorical: The finger is used as i
were an eraser

Object-centric: All phases
Continuou

No




Gesture lllustration
Gesture 8 — Select History Item and Delete Usinghi$ard Button

Summar The user deletes an item from -
record of visited pages using a
keyboard shortcut. The user taps onc
on the item to be deleted (Phase 1).

Gesture Information
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Gesture lllustration

280

Summary

Gesture Information

The user calls up a keyboard by
“flicking it up” from the lower edge of
the screen by performing a single
finger flick at the lower edge of the
screen (Phase 2). The user then dele
the item by tapping once on a “Delete
button on the keyboard.

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature

Gesture Biding

Gesture Flow
Pointer-Type

comprises a tap, flick and another tag
all done sequentially.

Physical: Phase land 2
Metaphorical: Phase 3

Objec-centric: Phase 1 anc
World-dependent: Phase 2

Continuous
Yes




Summar

The user drags a finger from left

right over the item to be deleted (Pha
1).
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Gesture lllustration

Summary

Gesture Information
The user then “rubs it out” by tapping
on it with the lower part of the palm
(Phase 2). This is the only gesture
during this part of the hand was used

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature

Gesture Binding
Gesture Flo\
Pointe-Type

comprises 2 taps done sequentially.

Metaphorical: Phase 1 and 2 — Fing
used as a highlighter and lower part ¢
palm used as if it were an eraser

Object-centric: Phase 1 and 2
Continuou
No

19. REFERENT 19 — SAVE CURRENT WEBPAGE ADDRESS WITH IN THE BROWSER FOR VIEWING AT A LATER STAGE

The key points relating to this referent are ako¥as:

20 gestures were elicited.

5 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology

chapter).

4 gestures were excluded due to external conflmisflicts between gestures for different refergats previously explained in the Methodology

chapter).

Following the exclusions of conflicts, 6 gesturer@vassigned to this referent:

0 Gesture 1 — Single Tap on “Favourites Button”, &nitpp on “Add Button”; proposed by 5 participants.




Gesture 4 — Select Option from Main Menu; propdse@ participants.

O O O o o

Gesture 6 — Drag Finger Over Address Bar Twicepgsed by 1 participant.
The agreement score for this referent was 0.140gtlerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.

Gesture 2 — Press on Webpage, Drag Webpage to URssButton”; proposed by 1 participant.

Gesture 5 — Drag Webpage with Two Fingers to AddB=s; proposed by 1 participant.

Gesture 3 — Single Tap on Webpage, Quickly Tapravburites Button” (Jump); proposed by 1 partictpan

Table 64: Gestures Assigned to Referent 19 — Save current webpage address within the browser for viewing at a later stage

Gesture lllustration

Gesture 1 — Single Tap on “Favourites Button”, &ntap on “Add Button”
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Summar'

Gesture Information

The user saves the address of
current webpage within the browser b
tapping once on the “Favourites
Button” (Phase 1) — this calls up a list
of webpages that has been saved,
“Favourites”. The user taps once on tl
“Add Button” to save it.

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature
Gesture Bindin
Gesture Flow
Pointe-Type

comprises 2 taps done sequentially.

Metaphorical: Phase 1 and 2
Objec-centric: Phase 1 anc
Continuous

Yes




Gesture lllustration

Gesture 2 — Press on Webpage, Drag Webpage to URtesButton”
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Summar'

Gesture Complexit

Gesture Nature

Gesture Binding

Gesture Flow
Pointe-Type

Gesture Information

The user saves the address of
current webpage within the browser b
pressing on the webpage (Phase 1),
dragging it to the “Favourites Button”
(Phase 2).

Complex— Sequential: Gestu
comprises a press and a drag done
sequentially.

Physical: Webpage handled like &
an actual sheet of paper

Mixed Dependencies: Phase 1 - the
press may be world-independent or
world dependent.

Object-centric: Phase 2

Continuous
Yes




Gesture lllustration

Gesture 3 — Single Tap on Webpage, Quickly TapFav6urites Button” (Jump)
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Summar'

Gesture Complexit

Gesture Nature

Gesture Bindin

Gesture Flow
Pointe-Type

Gesture Information

The user saves the address of
current webpage within the browser b
tapping on the page (Phase 1) and
quickly tapping on the “Favourites
Button”.

Complex— Sequential: Gestut
comprises 2 gestures done sequentially.

Physical: Phase 1
Metaphorical: Phase 2

World-independent: Phask
Object-centric: Phase 2

Continuous
No




Gesture lllustration Gesture Information
Gesture 4 — Select Option from Main Menu
Summar The user saves the address of

current webpage within the browser b
calling up a main menu and selecting
the appropriate option. This is done b
tapping once on a button that calls up
the main menu (Phase 1), and tappin
once on the menu item that enables
/ her to save the webpage within the
browser (Phase 2).

Gesure Complexit Complex— Sequential: Gestut
comprises 2 taps done sequentially.

Gesture Natui Metaphorical: Phase 1 an
Gesture Binding Object-centric: Phase 1 and 2
Gesture Flo\ Continuou

Pointer-Type Yes
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Gesture lllustration

Gesture Information

Gesture 5 — Drag Webpage with Two Fingers to AddBar
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Summar'

Gesture Complexity

Gesture Natui
Gesture Bindin
Gesture Flow
Pointe-Type

The user saves the address of
current webpage within the browser b
dragging the webpage to the address
bar with 2 fingers.

Complex — Parallel: Gesture aisep
2 drags done in parallel.

Physica
World-independer

Discrete
No




Gesture lllustration
Gesture 6 — Drag Finger Over Address Bar Twice
Summar'

Summar'

Gesture Complexit

Gesture Natui
Gesture Binding
Gesture Flov
Pointe-Type
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Gesture Information

The user saves the address of
current webpage within the browser b
dragging a finger over the address ba
from left to right (Phase 1).

The user then drags the finger fr
right to left (Phase 2).

Complex— Sequential: Gestut
comprises 2 drags done sequentially.
Arbitrary: Phase 1 anc

Object-centric
Discrete
No




20. REFERENT 20 — CALL UP SAVED WEBPAGE ADDRESS
The key points relating to this referent are ako¥as:
20 gestures were elicited.
4 gestures were excluded due to internal confcisflicts between the gestures for a single referas previously explained in the Methodology
chapter).
3 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 5 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “Favourites Button”, &nicap on “Saved Webpage”; proposed by 9 partid¢gpan
Gesture 2 — Single Tap on “Favourites Button”, Oeukap on “Saved Webpage”; proposed by 1 parti¢gipan
Gesture 3 — Select Option from Menu; proposed pgrlicipant.

Gesture 4 — Drag Finger Over Address Bar, Singledra“Saved Webpage”; proposed by 1 participant.

o O o o

Gesture 5 — Double Tap on Address Bar With Two &iagDrag Finger Over “Saved Webpage”; proposet! pgrticipant.
The agreement score for this referent was 0.235gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubetiow.
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Table 65: Gestures Assigned to Referent 20 — Call up saved webpage address

Gesture lllustration
Gesture + Single Tap on “Favourites Button”, Single Tap omV8d Webpage
Summar'

Gesture Information

The user calls up a saved webp
address by tapping once on the
“Favourites Button” (Phase 1) — this
lists all the saved webpages. The use
then taps once on the one he / she
wants opened (Phase 2).

Gesture Complexity Complex — Sequential: Gesture

Gesture Natul

Gesture Binding
Gesture Flow
Pointer-Type

Gesture 2 — Single Tap on “Favourites Button”, Deubap on “Saved Webpage”
Summary

Gesture Complexit

Gesture Natui
Gesture Binding
Gesture Flov
Pointe-Type
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comprises 2 taps done sequentially.

Metaphorical: Phase 1 an

Object-centric: Phase 1 and 2
Continuous
Yes

The user calls up a saved webpage
address by tapping once on the
“Favourites Button” (Phase 1) — this
lists all the saved webpage addresse:
The user then double taps on the one
/ she wants opened (Phase 2).

Complex— Sequential: Gestu
comprises 3 taps done sequentially.

Metaphorical: Phase 1 an
Object-centric: Phase 1 and 2

Continuou
Yes




Gesture lllustration
Gesture 3 — Select Option from Menu

Summar'

Gesture Information

The user calls up a saved webp
address by calling up a menu that list
all saved webpage addresses and
selecting the appropriate option. This
done by tapping once on a button tha
calls up a menu of saved webpage
addresses (Phase 1), and tapping ont
on the one he / she wants opened
(Phase 2).

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature
Gesure Binding
Gesture Flow
Pointer-Type

Gesture ~ Drag Finger Over Address Bar, Single Tap on “Sakxebpage
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Summar

Gesture Complexit

Gesture Nature
Gesture Binding
Gesture Flo

Pointe-Type

comprises 2 taps done sequentially.
Metaphorical: Phase 1 and 2
Objec-centric: Phase 1 anc
Continuous
Yes

The user calls up a saved webp
address by dragging a finger from left
to right over the address bar (Phase
this lists all the saved webpage
addresses. The user then taps once ¢
the one he / she wants opened (Phas
2).

Complex— Sequential: Gestu
comprises 2 taps done sequentially.

Metaphorical: Phase 1 and 2
Object-centric: Phase 1 and 2
Continuou

Yes




Gesture lllustration

Gesture Information

Gesture 5 — Double Tap on Address Bar With Two &isgDrag Finger Over “Saved Webpage”
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Summar'

Summar

The ser calls up a saved webpz
address by double tapping on the
address bar with 2 fingers (Phase 1) -
this lists all the saved webpage
addresses.

The user then drags a finger from |
to right on the one he / she wants
opened (Phase 2).

Gesture Complexity Complex — Parallel: Phase 1istmef

Gesture Natul

Gesture Bindin
Gesture Flow
Pointe-Type

tapping with 2 fingers simultaneously.
This is done twice.

Complex — Sequential: Gesture
comprises a 2 double taps and a drag
done sequentially.

Arbitrary: Phase :

Metaphorical: Phase 2

Objec-centric: Phase 1 anc
Continuous
No




21. REFERENT 21 - SAVE IMAGE ON WEBPAGE TO MEMORY
The key points relating to this referent are ako¥as:
20 gestures were elicited.
2 gestures were excluded due to internal conflmsflicts between the gestures for a single raferas previously explained in the Methodology
chapter).
5 gestures were excluded due to external conflaxisflicts between gestures for different refereats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 10 gestunese assigned to this referent:
0 Gesture 1 — Lasso Image, Single Tap on “Save Butpsoposed by 1 participant.
Gesture 2 — Trace Box Around Image, Single TapSeawve Button”; proposed by 2 participants.
Gesture 3 — Lasso Image, Select Option from Colfiextu; proposed by 1 participant.
Gesture 4 — Trace Box Around Image, Double Tap Bnpgoposed by 1 participant.
Gesture 5 — Drag Finger Over Upper and Right Eddmage, Single Tap on “Save Button”; proposed lpa#icipants.
Gesture 6 — Single Tap on Image, Place Both Handmage; proposed by 1 participant.
Gesture 7 — Select “Snipping Tool” from Main Melrag Fingers Along Boundary of Image; proposed Ipaticipant.
Gesture 8 — Lasso Image, Double Tapping Image Witiee Fingers; proposed by 1 participants.
Gesture 9 —Tapping on Image with Two Fingers; psepdy 1 participant.

O O O o o o o o o

Gesture 10 — Select Option from Special Image Gomenu; proposed by 1 participant.
The agreement score for this referent was 0.0@&0gtlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.
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Table 66: Gestures Assigned to Referent 21 — Save image on webpage to memory

Gesture lllustration Gesture Information
Gesture = Lasso Image, Single Tap on “Save Butl
Summar The user saves an image on
webpage to memory by lassoing the
image i.e. dragging the finger in an
ellipse around the image (Phase 1), a
tapping once on the “Save Button”
(Phase 2).

Gesture Complexity Complex — Sequential: Gesture
comprises a drag and a tap done
sequentially.

Gesture Natul Metaphorical: Phase 1 and 2; in Ph
1 the finger is used as if it is a utility
knife, to cut out the image.

Gesture Bindin Objec-centric: Phase 1 anc
Gesture Flow Continuous
Pointer-Type Yes
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Gesture lllustration

Gesture 2 — Trace Box Around Image, Single TapSavée Button”
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Summar'

Gesture Complexity

Gesture Natul

Gesture Bindin
Gesture Flow
Pointe-Type

Gesture Information

The user saves an image on
webpage to memory by drawing a bo:
around the image i.e. dragging the
finger in a rectangle around the image
(Phase 1), and tapping once on the
“Save Button” (Phase 2).

Complex — Sequential: Gesture
comprises 4 drags (for each side of the
box) and a tap, done sequentially.

Metaphorical: Phase 1 and 2; in Ph

1 the finger is used as if it is a utilit

knife, to cut out the image.

Objec-centric: Phase 1 anc
Continuous

Yes




Gesture lllustration

Gesture 3 — Lasso Image, Select Option from Comfextu
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Summar'

Gesture Complexity

Gesture Nature

Gesture Bindin
Gesture Flow
Pointe-Type

Gesture Information

The user saves an image on
webpage to memory by lassoing the
image i.e. dragging the finger in an
ellipse around the image (Phase 1),
pressing on the image (Phase 2) to c:
up a context menu, and tapping once
the option that enables the user to sa
the image (Phase 3).

Complex — Sequential: Gesture
comprises a drag, a press and a tap
done sequentially.

Metaphorical: Phase 1 and 3; ineP
1 the finger is used as if it is a ultilit
knife, to cut out the image.

Arbitrary: Phase 2

Objec-centric: Phase 1, 2 an
Continuous
Yes




Gesture lllustration

Gesture Information

Gesture 4 — Trace Box Around Image, Double Tap Bnag
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Summar'

Gesture Complexity

Gesture Nature

Gesture Binding

Gesture Flov
Pointe-Type

The user saves an image on
webpage to memory by drawing a bo:
around the image i.e. dragging the
finger in a rectangle around the image
(Phase 1), and double tapping with 1
finger (Phase 2).

Complex — Sequential: Gesture
comprises 4 drags (for each side of the
box) and 2 taps, done sequentially.

Metaphorical: Phase 1; finger isdt
as if it is a utility knife, to cut out th
image.

Arbitrary: Phase 2

Object-centric: Phase 1 and 2

Continuou
No




Gesture lllustration Gesture Information
Gesture 5 — Drag Finger Over Upper and Right Eddmage, Single Tap on “Save Button”

Summar The user saves an imaon the
webpage to memory by dragging the
finger along the upper and right edge
the image (Phase 1), and tapping onc
on the “Save Button” (Phase 2).

Gesture Complexit Complex— Sequential: Gestut
comprises 2 drags and a tap done

sequentially.
Gesture Natui Arbitrary: Phase
Metaphorical: Phase 2
Gesture Bindin Objec-centric: Phase 1 anc
Gesture Flow Continuous
Pointe-Type Yes
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Gesture lllustration

Gesture 6 — Single Tap on Image, Place Both Handmage
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Summar'

Summar

Gesture Information

The user savian image on th
webpage to memory by tapping once
on the image (Phase 1).

The user then places both hands or
image to save it (Phase 2).

Gesture Complexity Complex — Sequential: Phasedl an

Gesture Nature

Gesture Bindin
Gesture Flov
Pointe-Type

Phase 2 are done sequentially.
Complex — Parallel: Phase 2 compris
2 palm taps done simultaneously

Physical: Phase 1
Arbitrary: Phase 2

Objec-centric: Phase 1 anc
Continuou
Yes




Gesture lllustration Gesture Information
Gesture 7 — Select “Snipping Tool” from Main Memrag Fingers Along Boundary of Image

Summar The user saves an image on
webpage to memory by selecting a
“Snipping Tool” from the main menu
and “cutting out” the image to be
saved. This is done by tapping once ¢
a button that calls up the main menu
(Phase 1), and tapping once on the
“Snipping Tool” option (Phase 1).
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Gesture lllustration

301

Summary

Gesture Information

The user then “cuts out” the image b
tracing a box around the image. To
trace the left side of the box, the user
drags the thumb and index apart (Ph:
3). The trace the upper and lower sid
of the box, the user drags the thumb
and index finger, simultaneously from
left to right along the length of the
image (Phase 4). To trace the right si
of the box, the user drags the thumb
and index finger together (Phase 5).

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature
Gesture Bindin
Gesture Flow
Pointer-Type

comprises 2 taps and first part of Pha
3 done sequentially.

Complex — Parallel: Phase 3, 4 and 5
comprise 3 drags with the thumb and
with the index finger, done
simultaneously.

Metaphorical: All phases
Objec-centric: All phase

Continuous

Yes




Gesture lllustration

Gesture 8 — Lasso Image, Double Tapping Image Wtlee Fingers
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Summar'

Gesture Information

The user saves an imagethe
webpage to memory by lassoing the
image i.e. dragging the finger in an
ellipse around the image (Phase 1), a
double tapping with 3 fingers on the
image (Phase 2).

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature

Gesture Bindin
Gesture Flow
Pointe-Type

comprises a drag and 3 finger double
tap done sequentially.

Metaphorical: Phase 1; the finge
used as if it is a utility knife, to cut ot
the image.

Arbitrary: Phase 2
Objec-centric: Phase 1 anc

Continuous

No




Gesture lllustration

Gesture 9 —Tapping on Image with Two Fingers
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Summar'

Gesture Information

The user saves an image on
webpage to memory by tapping on th
image with 2 fingers.

Gesture Complexity Complex — Parallel: Gesture aisep

Gesture Nature
Gesture Binding
Gesture Flow
Pointer-Type

2 taps done simultaneously.

Arbitrary
Obiject-centric
Discrete

No




Gesture lllustration
Gesture 10 — Select Option from Special Image Gomenu
Summar'

Gesture Complexit

Gesture Natui
Gesture Bindin
Gesture Floy
Pointer-Type

22. REFERENT 22 — SAVE CURRENT WEBPAGE TO MEMORY

The key points relating to this referent are aloios:

20 gestures were elicited.

Gesture Information

The user saves an image on
webpage to memory by tapping on a
special widget that is present on all
images on webpages (Phase 1). Whe
tapped, this widget calls up a context
menu. The user then taps once on the
option that enables him / her to save i
image (Phase 2).

Complex— Sequential: Gsture
comprises 2 taps done sequentially.
Metaphorical: Phase 1 an
Objec-centric: Phase 1 anc
Continuou

Yes

1 gesture was excluded due to internal conflictsflicts between the gestures for a single referamtpreviously explained in the Methodology

chapter).

7 gestures were excluded due to external conflamisflicts between gestures for different refereats previously explained in the Methodology

chapter).
Following the exclusions of conflicts, 6 gesturer@vassigned to this referent:

0 Gesture 1 — Select Option from Main Menu; propdse8 participants.
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Gesture 2 — Single Tap on “Save Button”; proposed participants.

Gesture 3 — Trace Boundary Box on Webpage, Dousge\Webpage; proposed by 1 participant.

Gesture 4 — Drag Finger Over Upper and Right Ed§¥abpage, Single Tap on “Save Button”; proposed lparticipant.
Gesture 5 — Use Keyboard “Save Button”; proposetd pgrticipant.

O O O o o

Gesture 6 — Select Option from Special WebpageexbMenu; proposed by 1 participant.
The agreement score for this referent was 0.1@5gtlerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.

Table 67: Gestures Assigned to Referent 22 — Save current webpage to memory

Gesture lllustration Gesture Information
Gesture 1 — Select Option from Main Menu

Summar The user saves the current webpac
memory by calling up a main menu al
selecting the appropriate option. This
done by tapping once on a button tha
calls up the main menu (Phase 1), an
tapping once on the menu item that
enables him / her to provide a search
query (Phase 2).

Gesture Complexit  Complex— Sequential: Gestut
comprises 2 taps done sequentially.

Gesture Natui Metaphorical: Phase 1 an
GestureBinding Objec-centric: Phase 1 anc
Gesture Flow Continuous

Pointe-Type Yes
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Gesture lllustration

Gesture 2 — Single Tap on “Save Button”
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Summar'

Gesture Complexit
Gesture Nature
Gesture Bindin
Gesture Flow
Pointer-Type

Gesture Information

The user saves the current webpac
memory by tapping once on a “Save
Button”.

Simple
Metaphorical
Objec-centric
Discrete
Yes




Gesture lllustration

Gesture 3 — Trace Boundary Box on Webpage, Doudye\Webpage
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Summar'

Gesture Complexit

Gesture Nature

Gesture Bindin
Gesture Flow
Pointe-Type

Gesture Information

The user saves the cent webpage t

memory by drawing a box around the
frame of the webpage i.e. dragging th
finger in a rectangle around the currel
frame of the webpage (Phase 1), and
double tapping with 1 finger (Phase 2

Complex— Sequential: Geure

comprises 4 drags (for each side of the

box) and 2 taps, done sequentially.
Metaphorical: Phase 1; finger isdt

as if it is a utility knife, to cut out th

webpage.

Arbitrary: Phase 2

Objec-centric: Phase 1Ind Z
Continuous
No




Gesture lllustration Gesture Information
Gesture 4 — Drag Finger Over Upper and Right Edgfebpage, Single Tap on “Save Button”

Summar The user saves the current webpac
memory by dragging the finger along
the upper and right edge of the
webpage (Phase 1), and tapping onct
on the “Save Button” (Phase 2).

Gesture Complexity Complex — Sequential: Gesture
comprises 2 drags and a tap done

sequentially.
Gesture Nature Arbitrary: Phase 1
Metaphorical: Phase 2
Gesture Binding Object-centric: Phase 1 and 2
Gesture Flow Continuous
Pointe-Type Yes
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Gesture lllustration Gesture Information
Gesture 5 — Use Keyboard “Save Button”
Summar The user calls up a keyboard
“flicking it up” from the lower edge of
the screen by performing a single fing
flick at the lower edge of the screen
(Phase 1). The user then taps once o
“Save Button” on the keyboard.

Gesture Complexit  Complex— Sequential: Gestut
comprises a flick and tap done

sequentially.
Gesture Nature Physical: Phase 1
Metaphorical: Phase 2
Gesture Bindin World-dependent: Phast
Object-centric: Phase 2
Gesture Flo\ Continuou
Pointe-Type No
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23. REFERENT 23 — REQUEST HELP

Gesture lllustration
Gesture 6 — Select Option from Special Webpage éxoiMenu
Summar'

Gesture Complexity

Gesture Nature

Gesture Bindin
Gesture Floy

Pointe-Type

The key points relating to this referent are ako¥as:

20 gestures were elicited.

Gesture Information

The user saves the curravebpage tc
memory by tapping on a special widg
that is present on all on webpages
(Phase 1). When tapped, this widget
calls up a context menu. The user the
taps once on the option that enables
him / her to save the webpage (Phase
2).

Complex — Sequential: Gesture
comprises 2 taps done sequentially.

Metaphorical: Phase 1 and 2

Objec-centric: Phase 1 anc
Continuou

Yes

0 gestures were excluded due to internal conflmsflicts between the gestures for a single referas previously explained in the Methodology

chapter).
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4 gestures were excluded due to external conflmisflicts between gestures for different refergats previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 5 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on “Help Button”; proposgd B participants.
Gesture 2 — Trace a Question Mark in Middle of 8areroposed by 1 participant.
Gesture 3 — Select Option from Main Menu; propdsed participant.
Gesture 4 — Triple Tap on Screen; proposed by ticjant.

O O o o

Gesture 5 — Two Finger Press on Screen; proposédohyticipant.
The agreement score for this referent was 0.3&0gWlerage agreement score was 0.327).

The gestures assigned to this referent are taloubeiow.
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Table 68: Gestures Assigned to Referent 23 — Request help

Gesture lllustration Gesture Information
Gesture = Single Tap on “Help Buttor

Summar The user requests help by tapping
on a “Help Button”.

Gesture Complexit  Simple
Gesture Natui Metaphorica
Gesture Binding Object-centric
Gesture Floy Discrete

Pointer-Type Yes
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Gesture lllustration Gesture Information
Gesture 2 — Trace a Question Mark in Middle of 8ore

Summar The user requests help bacing a
question mark in the middle of the
screen. This consists of a curved drag
(denoting the curved part of the
question mark) and a tap (denoting th
dot below the curved part).

Gesture Complexity Complex — Sequential: Gesture
comprises a drag and a tap done

sequentially.
Gesture Nature Symbolic
Gesture Binding World-dependent
Gesture Flow Discrete
Pointe-Type No
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Gesture lllustration
Gesture 3 — Select Option from Main Menu

Gesture + Triple Tap on Scre

314

Summar'

Gesture Complexit

Gesture Natui
Gesture Bindin
Gesture Flow
Pointe-Type

Summar'

Gesture Complexit

Gesture Nature
Gesture Bindin
Gesture Flo\
Pointe-Type

Gesture Information

The user requests help by calling u
main menu and selecting the
appropriate option. This is done by
tapping once on a button that calls up
the main menu (Phase 1), and tappin
once on the menu item that provides
help (Phase 2).

Complex— Sequential: Gestut
comprises 2 taps done sequentially.

Metaphorical: Phase 1 an

Objec-centric: Phase 1 anc
Continuous

Yes

The user requests help by tappinee
times in quick succession with one
finger.

Complex— Sequential: Gestu
comprises 3 taps done sequentially iri
quick succession.

Arbitrary
World-independer
Discrete
No




Gesture lllustration Gesture Information
Gesture 5 — Two Finger Press on Screen

Summar The user requests help by pressin¢
the screen with two fingers.

Gesture Complexii Complex— Parallel: Gesture compris
2 presses done in parallel.

Gesture Natui Arbitrary

Gesture Bindin World-independer
Gesture Flov Discrete
Pointe-Type No

24. REFERENT 24 — CLOSE WEB BROWSER
The key points relating to this referent are ako¥as:
20 gestures were elicited.
0 gestures were excluded due to internal conf(msflicts between the gestures for a single referas previously explained in the Methodology
chapter).
1 gesture was excluded due to external confliabefiicts between gestures for different refereais,previously explained in the Methodology
chapter).
Following the exclusions of conflicts, 4 gesturesrevassigned to this referent:
0 Gesture 1 — Single Tap on "Close Button" (Top Rigbtner of Screen); proposed by 14 participants.
0 Gesture 2 — Drag Hands from Left and Right Edge3dietre of Screen; proposed by 2 participants.
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0 Gesture 3 — Trace "X" Across The Screen; propogedl marticipants.
0 Gesture 4 — Drag Hand Across Screen ("Waving GogtJbproposed by 1 participants.

The agreement score for this referent was 0.5¥gWerage agreement score was 0.327).
The gestures assigned to this referent are taloubetiew.

Table 69: Gestures Assigned to Referent 24 — Close web browser

Gesture lllustratiol
Gesture + Single Tap on "Close Eton" (Top Right Corner of Scree
Summary The user closes the web browser by
tapping once on a “Close Button”

located at the top right corner of the
screen.

Gesture Informatio

Gesture Complexil  Simple

GestureNature Metaphorica
Gesture Binding Object-centric
Gesture Floy Discrete
Pointe-Type Yes
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Gesture lllustration
Gesture 2 — Drag Hands from Left and Right EdgeSentre of Screen
Summar'

Gesture Information

The user closes the web browset
dragging the lower part of the left han
from the left edge of the screen to the
middle of the screen (Phase 1), while
simultaneously dragging the lower pa
of the right hand from the right edge ¢
the screen to the middle (Phase 2).

Gesture Complexity Complex — Parallel: Gesture aisep

Gesture Nature

Gesture Bindin
Gesture Flow

Pointe-Type

317

2 drags done simultaneously.

Metaphorical: Phase 1 and 2. The L
makes as if he / she is closing a book

World-dependent: Phase 1 ar
Discrete

No




Gesture lllustration
Gesture 3 — Trace "X" Across The Screen
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Summar'

Gesture Information

The user closes the web browset
tracing an “X” across the screen i.e.
dragging a finger diagonally from the
top left corner of the screen to the
bottom right corner (Phase 1) and the
dragging a finger from the top right
corner of the screen to the bottom left
corner (Phase 2).

Gesture Complexity Complex — Sequential: Gesture

Gesture Nature

Gesture Binding

Gesture Flow
Pointer-Type

comprises 2 drags done sequentially.

Symbolic: Phases make up a sym|
gesture

Mixed dependencies: The phases
either be object-centric or worlc
dependent.

Discrete
No




Gesture lllustration

Gesture Information

Gesture 4 — Drag Hand Across Screen ("Waving Gosltjby
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Summar'

Gesture Complexity
Gesture Natui

Gesture Binding
Gesture Flow

Pointe-Type

The user closes the web browset
dragging the palm of the hand across
the screen from right to left.

Simple

Metaphorical: The user makes as if t
she is waving goodbye.

World-dependent
Discrete

No




APPENDIX D — APPROVAL OF RESEARCH REPORT TITLE AND
CHANGE OF RESEARCH REPORT TITLE

Below are scanned versions of the:
School of Economic and Business Science (SEBS) Gastuate Degrees Committee’s approval of
this research report’s initial title. This documergo contains the Ethics Number (CINFO/1002) for
this research report.

Approval for changing the title of this researcho# to the one it currently has.
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