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Pro gradu -tutkielma

Tama pro gradu -tutkielma kasittelee mobiililaiteeitapahtuvaa WWW-sovellusten
selailua ja niissa navigointia. Sen tilaaja ja gwwaija on Nordea Pankki Suomi.
Tutkielma on teoriaa testaava tutkimus. Sen ensimen&osa muodostaa teoreettisen
viitekehyksen toisen osan empiiriselle tutkimuksell Kasitteellis-teoreettinen
taustatutkimus luo  kokonaiskuvan tdmanhetkisista biigelaimista seka
viimeaikaisesta tieteellisesta tutkimuksesta, jokdsittelee mobiiliselaimia ja
navigointirakenteita mobiililaitteille suunnitelesa WWW-sovelluksissa.

Tutkielman toinen osa kéasittelee kontrolloitua latoriokoetta, jossa vertailtiin
kahden erityyppisen mobiilipankkipalvelun kaytettgttd. Kokeen tarkoituksena ol
selvittédd, onko linkkien sijoittelulla vaikutuksiaobiililaitteille suunnattujen WWW-
sovellusten kaytettavyyteen. Myos ristikkdisnavigon tarpeellisuutta tutkittiin. Kun
tuloksia analysoitiin, huomattiin, ettéa linkkienjaitelussa on pyrittdva sovelluksen
ulkoasun selkeyteen. Testisovelluksessa, joss&ilialikko oli nakyvilla jokaisen
sivun ylareunassa, oli huomattavia kaytettavyysbnge Kokeen toinen sovellus,
jossa navigointi tapahtui erillisille valikkosiviel allekkain sijoitettujen linkkien
kautta, todettiin paremmaksi kaikkien arvioitujeminaisuuksien suhteen: Sen kaytto
oli tehokkaampaa ja helpommin opittavaa, kaytteghtvat siind vdhemman virheita,
he olivat sovellukseen tyytyvaisempia ja tiesivatgmmin sijaintinsa sovelluksessa.
Kokeen tulokset ovat yleisesti hyddynnettavissa iialitteille tarkoitettujen WWW-
sovellusten suunnittelussa. Erityistd hy6tya niistin Nordea Pankille
mobiilipankkipalveluiden jatkokehityksessa seka Mb&, kun suunnitellaan uusia

suosituksia mobiilisovellusten rakenteeseen liiitye

AVAINSANAT: Navigointi, kaytettavyys, mobiililaite mobiiliselain, mobiililaitteelle

suunniteltu WWW-sovellus
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Master’s thesis

This master’s thesis considers browsing and nawigateb applications with mobile
devices. The thesis has been commissioned and@pednsy Nordea Bank Finland. It
is a theory-testing research consisting of twosarhe first part forms the frame of
reference for the empirical theory-testing expenmeBy reading the conceptual-
theoretical background research one can form argkepieture of the current mobile
browsers and the recent research considering breves®l navigation structures in

mobile environment.

The second part of this thesis describes the déedraboratory experiment, which is
comparative usability testing of two different miebibanking applications. The
purpose was to find out, whether the placing oflithkes has an impact on the usability
of mobile web applications. Also, the effects of fhossibility to cross-navigate were
tested. When analysing the results it was notihatithe placing of the links must aim
to clearness of the layout. The application, wheravigation bar was placed on the
upper edge of every page, suffered from severe ililgaproblems. The other
application, where navigation happened throughre¢panenu-pages where links were
placed beneath each other, was preferable in aluated aspects: learnability, errors,
efficiency of use, subjective satisfaction and tiser's awareness of her/his current
position in the application. The results are explde in mobile web application
development in general, and especially when corisgléhe further development of
Nordea Bank’s mobile banking applications. Nokisweell, benefits from the results,

when generating their guidelines for mobile appiaradevelopers.

KEY TERMS: navigation, usability, mobile device, bie browser, mobile web

application
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1 INTRODUCTION

This thesis considers browsing and navigating wgtlieations with mobile devices.
The first chapter introduces the topic, and proziggormation about the contents of
this report.

Mobile devices with internet connections, e.g. WARd GPRS, are becoming
widespread (Akerman 2003, 5). Although mobile wppliaations did not make their
expected breakthrough when first WAP services werieased, WAP 2.0 and
XHTML-Mobile Profile have given the mobile internatnew opportunity to succeed
(Kaikkonen & Roto 2003a, 329; Roto 2003). Partidylahe current HTML-enabled
browsers extend the possibilities to use mobileagsvfor internet browsing. At the
same time as the popularity of HTML-enabled browsecreases, also the amount of
mobile commerce applications is expected to risesickerably (Shih & Shim 2002,

199). To some extent this has already happened.

The adoption of mobile web applications is relatedheir usability, as it is with all
web applications (Nielsen 1999, 38avigation on the other hand is a very
significant part of usability design (Buchanan, rgat, Jones, Thimbleby, Marsden &
Pazzani 2001). To make the success of mobile wehcapions possible, browsers’
preferable features as well as applications’ pedfier navigational structure should be

widely studied.

FIGURE 1 illustrates the components that have #ndnce on mobile web usability:
the user, the device, the browser and the usedTsiie thesis focuses on the two latter

one, the browser and the site, from the point ewof navigation and its’ usability.
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FIGURE 1. Components, which affect the user expeaen mobile web applications
(Nokia 2004a).

1.1 Goals and outcomes of this thesis

The purpose of this thesis is to study browsing aravigating mobile web
applications. It should be noted that technicalettgyment of hardware components is
excluded from the focus of the study, although néxdd aspects do have an impact on

the usability of mobile web applications, too.

The contribution of the conceptual-theoretical lgaokind research is that it is the first
research to create a general and extensive vieWweofopic. So far the field of study

has been quite dispersed, and therefore a demattusdype of an overview exists.

The empirical part, a controlled laboratory expen which tested the effects of
navigation placing and cross-navigation in mobikbvapplications by comparing two
applications, creates contribution to the resedield, too. It is significant already
when thinking of its scale. The experiment involaddtest users, when normally there
are 8-15 test users. The subject of the experitastnot yet been covered in the
scientific research and, thus, it offers new infation for other researchers. Nordea
Bank Finland can adapt the results of the experinmethe development of their next
generation mobile banking applications, and NokimpGration can utilize the results
when they generate their style guides for the serproviders, as well as when they
develop their future devices and browsers.



1.2 Key concepts

Important concepts in this thesis are: navigatiosability, mobile device, mobile

browser and mobile web application. These termslafi@ed in this thesis as follows:

Navigation is “the path and actions needed to find a piecafofmation on a site and
get back when needed (Kaikkonen & Roto 2003a)is Ita basic part of using any
software, just as wayfinding is integral to grapaie environmental design. It covers
not only explicit sequential steps, but the abitifjusers to go from starting a program
to getting useful work done (Schubin & Perkins, 899In web applications browsing
is “navigating to information and then using it (8it et al. 2001, 122; Trevor et al.
2001, 123)". Nielsen (1999, 188) defines three amdntal questions of navigation, to
which the users have to be able to answer withheip of the navigation interface.
They are: Where am |I? Where have | been? and Wiagreé go? These questions are

later in this thesis called “the fundamental quesiof navigation”.

Usability is a multidimensional concept that is traditiopalissociated with five

attributes: learnability, efficiency, memorabilitgrrors, and subjective satisfaction
(Nielsen 1993, 26)-However, it is hard to define usability exhaustyvét is a field of

methods and concepts, through which the cooperaticthe user and the device is
tried to be made more efficient and pleasant froenuser’s point of view (Sinkkonen,
Kuoppala, Parkkinen & Vastamaki 2002, 19). There aso 1SO standard which aim
to define usability: 1ISO 9241 sets ergonomics neguents for office work, and 1SO
9126 defines usability requirements from the préduperspective (Abran, Khelifi,

Witold & Seffah 2003). In this thesis the first niemed definition made by Nielsen is
used, since it appears to define usability fainkyeasively from the user’s point of

view.

In addition to termmobile device, literature often uses terms “handheld device” and
“small screen device”. They all have the same nmgnalthough, with a slightly
different emphasis. In this thesis, we have chdseunse the term “mobile device”,
because it is the most commonly used one. Our itdefinof mobile devices is the
same as Weiss’ (2002, 2) definition of handheldicks: They operate without cables,

are easily used with one’s hands and support adddf applications or have internet
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connection capability. They are small, light andytihave small screens (Weiss 2002,
8-12). Weiss (2002, 21) divides the devices intedhcategories: phones, pagers and

PDAs. This research is concerned with devices oaitegd as mobile phones or PDAs.

Mobile browser, in this thesis, refers to internet browser aggian that runs on a

mobile device.

Mobile web application, in this thesis, refers to WWW-application, whibhs been
especially designed for mobile browsers runningnaile devices.

1.3 Research questions and hypotheses

There are two main research questions in thisghesi
1) How can web browsing be supported by browser fonelities in mobile
devices?

2) How should navigation in web applications be destyfor mobile devices?

Chapter two gives an answer to the first main mebequestion. There are three sub
research questions related to the subject:

1 a) What is the background for mobile browsingafiepment?

1 b) What is the situation of the current mobilevisers?

1 c) What types of approaches there are to mohitevding in the scientific

literature?

Chapter three, as well as the controlled laborageperiment, is related to the second
main research question. For being a part of thecequal-theoretical background
research, chapter three sheds light on the follgwub research questions:
2 a) What has been found out in studies considenignggation in mobile web
applications?

2 b) What has been stated about navigation in dpskeb applications?



11

The controlled laboratory experiment and its resalte presented and discussed in
chapters four, five and six. As mentioned above ekperiment is related to the second
main research question. The hypotheses, which tg@sted in the experiment, were:
Ho: There are no differences between the usabilitjwaf mobile banking
applications, when one of them follows menu pagsebdanavigation
approach and the other web navigation bar approach.
Hi: There are differences between the usability ob twobile banking
applications, when one of them follows menu pagsedanavigation

approach and the other web navigation bar approach.

By answering to these main and sub research gnsstmd by testing the hypotheses,
the aim of this thesis is to construct a concisgupe of navigating and browsing

mobile web applications.

1.4 Methods

Methods and approaches used in this thesis areceptral-theoretical research
method, theory-testing method, experimental re$eapproach, controlled laboratory

experiment, and comparative method.

The first part of this thesis is a background disigjon, which forms the frame of
reference to the second, empirical part. The backgt disquisition follows
conceptual-theoretical research method (see Jarvinen & Jarvinen 2000, 15). The
results of the conceptual-theoretical researclpeegented in chapters two and three.

The second part of this thesis ugbeory-testing method (see Jarvinen & Jarvinen
2000, 36-67). On the basis of the conceptual-thimatepart, hypotheses have been
formed, and they have been tested empirically. omp&esting has been carried out by

makinga controlled laboratory experiment (see Jarvinen & Jarvinen 2000, 43-55).

Controlled laboratory experiment belongs #&xperimental research approach.
Experimental research approach is often used iorrmdtion systems research (see

Benbasat 1989). When experimentally evaluating rmédion systems and their
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usability, it is quite common to compare two or mgystems, which are made for the
same purpose but are diverse in some aspects .ge®lason 1989, 22; Jarvinen &
Jarvinen 2000, 46-49). In information systems nedgaomparative method is usually
included in other research methods — for examplepntrolled laboratory experiment.
This is the case in our laboratory experiment, ab. Wherefore, it could be called as a

comparative laboratory experiment, too.

Comparative method, alone, is commonly used inasawgiences (see Ragin 1987),
where the comparison of variables is made, for glanbetween data gathered during
different periods of time or among different soaksses. The comparison of data sets
enables researchers to make conclusions of thengéshind the differences between
the variables (Ragin 1989, 1-18). This applies,amdy to social sciences, but also to

information systems research.

The purpose of the comparative, controlled laboyagxperiment made in this thesis,
has been to find out, whether there are differebedween the two applications, which
have been tested, or not. The dependent and indepewariables related to the

empirical experiment are mentioned in chapter 4.

1.5 Structure of this report

This first chapter has described the issue at hEmel goals and outcomes of the thesis,
as well as the methods that are used, have beeduced. In addition, the structure of
this report is explained beneath.

The following chapter answers to the first mainesesh question: How can web
browsing be supported by browser functionalitiesmiobile devices? The theme is
approached by looking at the current browsers &edstuggestions that researchers

have made in the literature considering mobile lsEvdevelopment.

From there on, this report aims to build up a respto the second main research
guestion: How should navigation in web applicatitbesdesigned for mobile devices?
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First step towards the answer is made by formingveew of the researches presented

in the literature. That has been made in chapteeth

Because navigating web applications with mobileicks/has not yet been extensively
studied, the answer to the second main researc$tigungs expanded by conducting
our own empirical study: a controlled laboratoryperiment, where we compare the
usability of two, slightly different, mobile inteeb applications. The background of the
experiment is explained in chapter four. Chaptee fintroduces the results of the

experiment. The conclusions of the experiment athaged to chapter six.

Finally, in chapter seven the findings of this themre discussed. Chapter eight is a

summary of this report.
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2 WEB BROWSING WITH MOBILE DEVICES

This chapter presents the background of mobile twetwsing. The purpose is to
describe how mobile web browsing differs from thesldop web browsing that we
have been used to. The main features of the curebtbrowsers designed for mobile
devices are introduced, and the research approaohegdering the future possibilities

of mobile web browsing are reported.

2.1 Background of mobile web browsing

There are a lot of differences between desktop raabile web browsing. Knowing
them helps to understand why web applications showit be the same for both
platforms. However, there are some basic rulesarmimeg web applications in general,

and they apply to navigation design for mobile vapblications, as well.

2.1.1 Differences between mobile and wired browsing

Mobile devices and desktop computers have fundaatgrdifferent characteristics.
These are e.g. mobility, display size, memory aath ¢torage abilities, data transfer
rate etc. (Weiss 2002, 3-4). The most significarthe small screen size (Weiss 2002,
12; MacKay 2003, 684; Kaikkonen & Roto 2002, 32Bhese are the differences,
which inflict that a structure which works for tiadnal internet web site has to be

redesigned to be compatible with mobile devicesi§&/2002, 67).

Because of the restricted characteristics of malelaces, their users do not surf in the
internet like wired users may do. On the contrangbile devices’ users often have in
advance planned assignments which they want tongacsh even if they were on the

move (Weiss 2002, 66). Being on the move meansthieatontext of use is varying a

lot (see Badre 2001, 197). Mobile users may naoalile to concentrate on the use of
the device with such an extent as desktop users dod they should not have to.
Application design should take into account thengfirag context of use. The structure

of mobile applications should not be too complidate
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In mobile web applications the detectable contekisse are time, identity of the user,
location of the user, and the device type (de G&aean Welie, 2002). The biggest
difference there, in comparison to desktop webiagpbns, is the possibility to track
down the location and the identity of the user. dtmn aware applications have
therefore been a subject of study for many reseascfe.g. Jin & Miyazawa 2002;
Kaasinen 2003; Aalto, Gothlin, Korhonen, Ojala 20@% well as personalisation (e.g.
Ozen, Kilic, Altinel & Dogac, 2001; Ho & Kwok, 2002These subjects are especially
interesting from the mobile commerce point of viesince they give totally new

possibilities for targeting advertisements.

There are many interface design challenges comsglenobile platforms, and the

examples of the differences between mobile anddwveb usage mentioned above
give only some ideas, from where the design chgdercome. In this thesis the main
focus is navigation. Navigation is said to be 80Bthe usability (Straub 2004) and a

lot of things relate to it.

2.1.2 Principles for navigation design

Sinkkonen, Kuoppala, Parkkinen and Vastaméki (2@02 say that navigation is often
the bottleneck of usability. “Navigation is harddyer a part of the product’s content,
but an instrument to find a way to the content, #tng navigating should be as easy
and natural as possible.” They emphasise that atwig should be designed from

usability’s point of view only.

Usability is hard to define and measure. Nielseé998l 26) mentions five attributes
that usability is traditionally associated with. €jh are learnability, efficiency,
memorability, errors and (subjective) satisfactibhe problem is that these attributes
do not always correlate with each other. This cansben in some of the studies
discussed in this report. However, these attribaéesgive some sort of an impression
of the usability of a system. Other usability pnoles that Nielsen mentions are, for
example, using concepts that are familiar to ther,ubeing consistent within the
application’s features (words, situations, actipgsjing enough feedback for the user,
providing clearly marked exits, and allowing expeded users to use shortcuts

(Nielsen 1993, 20). Also the user’s ability to aeswo the fundamental navigational
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guestions is important, because “if you don’t knetere you are, then you also don’t
have the ability to interpret the meaning of thk lyou just followed (Nielsen 1999,
188)".

When designing mobile commerce applications, ittnbesnoticed, that continuance is
one significant factor of their trustworthinessméans not only consistency within one
application, as Nielsen (1993, 20) mentions, bgb alonsistency between different
electronic channels (Hiltunen, Laukka & Luomala 20283). Bo Harald, who has

been named to be one of the most influential telciyists in the e-banking area (see
Financial Times 2004), stresses the transfereneseaf interaction models: Similarity

between different channels lows down the thresbbltisting new services (Hiltunen

et al. 2002, 186). Same terminology and interactsmnema should be used
consistently (Weiss 2002, 67). Information vol&tilichanges in the services’ contents
and structures) should be minimised when a useicises between large and small
screen, because s/he creates a mental model eéthiee when s/he visits it via one
service channel (MacKay 2003, 684). The user shbaldble to use the same mental
model within the same service on other channelsyels (MacKay 2003, 684). The

challenge is to design usable interfaces for dfednt service channels so that they

can be recognised as parts of a harmonious entirety

2.2 Current browsers

The current browsers for mobile devices enableuder to browse normal HTML-

pages on the internet. The logic of the browseldrisady somewhat satisfactory for
the users, as it has been stated in the study ma#aikkonen and Roto (2003b), but
still there are a lot of weaknesses in the browsEhés chapter presents the main

features of the current mobile browsers.
2.2.1 Current browser models and their characterigts

Most mobile phone models currently on the marketeh&PRS connection and an
internet browser. In addition to the browsers o tlevices’ producers (e.g. Nokia
browsers), there are products from other manufartutoo. These browsers can be
downloaded from the internet either for free or étwarge. At the moment there are
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mobile browsers available from Opera, Microsoftcéss, Fusion, NexGen Software

and Openwave Systems (Digitoday 2004).

Because of the fast developing nature of the tdolggo it is hard to find objective
information about the current mobile browsers. Bobdnformation is market oriented
and the evaluation of the browsers on the basimadketing material is difficult.
Therefore we interviewed Teppo Jansson, who isstanaf science in technology and
works as a mobile application specialist at Nord@smk Finland. Jansson (2004)
describes the development rate of mobile browssrexéremely fast. According to
him, the current trend is that the mobile browselgracteristics are approaching the
ones of a usual desktop browser. The time, whenilenbbowsers were still in their
infancy — when they supported only WML and had kland-white contents — is far
back in the past. Jansson emphasizes that thenturewsers understand standard
HTML language, as long as the content stays retisimple. For example, nested
tables are not yet supported widely, because mbbadesers run on small screens and
that makes rendering quite difficult. Nonethelassers have already access to almost

all WWW-pages with their mobile browsers.

Jansson (2004) says that all major phone prodgces, as Nokia and SonyEricsson,
have decent browsers in their devices. He notdsstirae produces even offer more
than one browser model to their products. For exanigokia offers some phones
equipped, in addition to Nokia’s own browser, algth Opera 6.10 browser, which is
possible to install to SonyEricsson’s models, adl. wansson (2004) also refers to
rumours in public (see Digitoday 2004) that in theire Nokia will offer also Mozilla

browser in its devices. (Jansson 2004)

Jansson (2004) estimates that browser manufactarersurning their backs to the
“new languages” like XHTML and XHTML MP (Mobile Pfite), and are building

such good browsers that it is possible to browehal existing services, which are
mostly written with HTML. For example, the latesblia products have browsers
which support HTML 4.01 (Nokia 2004c), and thustitan be compared to desktop

browsers.
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At the moment many mobile browsers, which cannot ygad HTML, support
XHTML Mobile Profile standard, WML 1.0 and WAP C%3$%the same time. It means
that with them users are able to browse both WAP XAHTML pages. For example,
Nokia Series 60 mobile browsers support them boith the user does not have to
know, how the pages, which s/he is browsing, agglemented (Nokia 2004b, 7). In
addition, the latest version supports also HTML14(Blokia 2004c, 7). Already the
support for XHTML has brought “normal web pages’hieh can be browsed with

desktop computers, to the mobile devices (Roto 2003

2.2.2 Original and narrow layout options

If a user wants to browse normal HTML sites, in hmsrent browsers it is possible to
choose between the original layout and the nareywut (see FIGURE 2). In original
layout, the layout is not changed from what it is desktop computer’s screen. The
difference is that on a mobile device the user s@m only one piece of the page at a
time, and s/he has to scroll, both in vertical datizontal directions, to see the
contents of the whole page. Narrow layout meansthieapage has been decreased in
horizontal direction so much that it needs to kel only downwards. (Roto 2003)
Most new browsers support this technique, althoiigimight be called differently
depending on the producer. For example, Operachits the technique Small-Screen
Rendering (Opera 2004).

Narrow layout has not yet been researched widelt/ there is one usability research
available from Kaikkonen and Roto (2003b). Theyéhemmade a usability study with 11
participants to explore the user experience oromalayout on mobile browsers.

Kaikkonen and Roto (2003b) used a WebViewer browseNokia 7650 phone. They
asked users to browse one or two pages, which whexg familiar with in desktop
environment, with the WebViewer, and asked theraaimment their experiences and
emotions while they were browsing the sites (thatdud technique). Kaikkonen and
Roto (2003b) found out that the reorganisationhaf page sometimes confused the
users. Because the pages are shown in long anglnformat, some elements on the
pages inevitable change their order. When uselgesktop web are used to looking for

some particular piece of information on a certaination, it was hard for them to
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locate it on the narrow layout page. Getting ayseif the whole site was considered
to be more difficult than in PC world. If a sitecheame contents on the upper corner of
every page, the users did not always notice tollsgoovn. However, the difficulties,
which the users had, were not insuperable. Overgdtession was that the idea of a
normal web page that was shrunk in horizontal tivaovas easy to understand for the
users. (Kaikkonen & Roto 2003b)
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FIGURE 2. Original lay out (left), where the pagesho be scrolled, both in vertical

and horizontal directions, and narrow layout (r)glhthere the page has to be scrolled
only in vertical direction. (Nokia 2004a) The areehich can be seen on a mobile
browser’s screen, is marked with a red square.

To some extent, the narrow layout has one of tbelpms mentioned in chapter 2.1.2
(see Hiltunen et al. 2002, 183, 186). If the sapise is available in several channels
— in this case in desktop and mobile environmargsrs get confused if the structures
are not convergent. If this and the difficulty afalling the pages could be overcome,

the narrow layout would be a very good techniquetfis so simple.
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In the following chapter we refer to approaches enad the literature considering
mobile browsing. They are more complex approachas the narrow layout, and there

the original content of a web page is sometimesiheiansformed.

2.3 Visions — transforming web pages with algorithrs

One approach to solve the problem of mobile welwbitng is to develop algorithms,
which transform the content of web pages into senalhits, which are suitable for
small screens. Algorithms reorganise the navigatistructure of web sites in a way
that is believed to be suitable for mobile usetsese approaches have not yet reached
commercial use, but there has been a consideradug @f researchers suggesting this

type of solutions.

First ones of the algorithmic approaches for mobtéeices were developed in 1990’s.
An example of these early approaches is a smaflinat browser called WEST (see
Bjork, Holmquist, Redstrom et al. 1999). The designof WEST browser believed
that all content in the internet would never becaedesigned (or otherwise fit) for
small screens, and so the demand for an approatlarsto WEST browser would

exist in the future, too.

WEST is based on cooperation between a client egipin (browser) and internet
service provider’'s proxy server. The server firgits the content of a web page into
small pieces, and then it extracts links to bire greces together. It uses text reduction
algorithms to create different kind of views to ttentent. Client application shows the
user a thumbnail view (which is a sort of a graphgummary), a keyword view and a
link view of the browsed page. (Bjork et al. 1999)FIGURE 3 there is a picture of a

thumbnail view presented on WEST browser.

Navigation inside the browsed page is arrangedibyidg the content into several
hierarchical levels. The user moves between thengxXample, with device’s softkeys
— one level up or down at a time. Within the cutidemel the user can zoom in and out

the pieces, of which the level is constructed. THwels, as well as the pieces of the
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levels, are called similarly as in WAP 1.x techr@gane level is called “a deck” and a

piece of information on a level is called “a car(Bjork et al. 1999, 193)

Palm OS’Emulater £

FIGURE 3. WEST browser’s thumbnail view (Bjork €99, 187).

Although the basis for navigation in this modelfasrly simple, it does not seem
obvious how the algorithm would divide the contertb pieces logically. Different
levels in the content are necessary in showingtlggnal page on a small screen, but
the user’s ability to answer to the fundamentaligational question “Where can |
go?” might not be easily answered on this type méagational structure. The user has
to navigate to the top level of the page, when s/aets to move to another part of the
content structure. The different content levelsckde are shown on the top level
similarly as cards are shown on the lower leveds thumbnails. If it is not clear at the
beginning, which deck the user wants to look die $1as to go through them all. The
user has to separately pick out every deck ondpdevel to take a closer look at the
deck’s contents. To make that, s/he has to go tfirdbe cards in that deck. After
seeing the contents of one deck, s/he has to rback to the top level to pick out the
next deck (if the information was not in that dewkjch s/he just went through).

Schilit, Trevor, Hilbert and Koh (2001) (also inrevor, Hilbert, Schilit and Koh,
2001) have presented a theory according to whidh wser interaction can roughly be
divided into two separate functions: navigating aedding. Reading may also be

replaced with other actions, such as writing aniendawnloading a PDF, etc. In
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general this means that web browsing is “navigatlmghformation and then using it”
(Schilit et al. 2001, 122; Trevor et al. 2001, 123¢hilit et al. (2001) (also in: Trevor
et al., 2001) suggest that when using a mobile cgégvihese functions should be
separated. This can be made through a middle-waney server, which divides the
content of a traditional web page into two pamsatink collection, and to the contents
connected to the links. Schilit et al. (2001) (alScevor et al., 2001) call the middle-

ware proxy architecture, which they have developsdylobile Links (M-Links).

M-Links proxy server operates in the middle, whemabile user requests a web site.
M-Links uses HTML parser to separate the diffei@ritent areas of a web site, and a
special link engine that has algorithms to sepatta¢eHTML links from the other
contents. The link engine names the existing linksre sensible if needed (for
example, “click here” -links are renamed so thatytkell something precise about the
contents; see: Trevor et al. 2001, 123 and Sacitildgl. 2001, 125, 127), it categorises
the long link lists (Trevor et al. 2001, 123; Sithét al. 2001; 127) and extracts new
links into the content (Trevor et al. 2001, 125hicet al. 127). In the described
version of M-Links it separates, for example, phaoenbers and addresses from other
HTML text areas (Schilit et al. 2001, 122). M-linktso identifies the client device’'s
type and formats the content suitably for it (Stlet al. 2001, 126). An example of a
link list provided by M-links is shown in FIGURE 4.

1 [acuson Solutions
2 [Jacuson Home

3 [ Jacuson Offices
4pJacuson Literatur
5 {E'650-969-9112

6 E'800-422-8766
Open Svycs

FIGURE 4. M-Links’ link list (Schilit et al.2001,2B).

The separation of the content and the links createsw problem: how does the user
recognise the context of the link. Schilit et allve this problem by making it easy to
flip back and forward between the content and tih&sl User gets the context
information by reading the text which is connedi@the link. (Schilit et al. 2001, 125)



23

Schilit et al. (2001, 124) see M-Links as a cledramtage for mobile web users. Even
in the future, when mobile devices develop, Schitital. (2001, 124) foresee, that
portability inevitably induces the small size oetmobile device’s screens, and thus
links and contents are best to be separated.

Yet, the technique has been developed for verylsoaens; at the time of the study a
medium sized screen in a mobile device was blackvamte and had the capability to
show 10 lines of text and very constricted graplficgvor et al. 2001, 121). It might
be argued that M-Links would only work for theseds of devices. Extensive link
lists, when they are separated from the conterdgnna lot of extra work for the user,
who has to open every link to see its context. §Jseemory load grows relatively
heavy in this model.

Also Banerjee, Gupta and Basu (2003) have presdhtsd model of proxy based
mobile browsing. In their suggestion a proxy serfeéches the web pages, which the
user has requested by typing the URL into the beowBhe proxy starts a session with
the client, downloads the requested page and mese according to a specific
algorithm. This algorithm operates mainly on thewrds of HTML syntax, and it
categorizes the information on a web page into gfreeld domain specific categories
and sub categories. The categories are recognizethdlysing the HTML tags. For
example <table>, </td> and <hr> tags indicate, thate might be a new category
beginning. Because a categorization based onhjhesettags would create too small
and overlapping categories, some of these unitsuareed and some irrelevant
information is pruned. For example, pictures, whachk smaller than 10 x 10 pixels,
are deleted. Also duplicate links and navigatiorspahich appear on multiple pages,
are pruned from others than the highest navigdé@oel. For identifying the semantic
units of a web page Banerjee, Gupta and Basu (2083 created a syntax-driven
approach, that can identify the units of a welustured web page, but so far it does
not work for more complex web pages. (Banerjee,t&8pBasu 2003)

In the paper that describes the study of BaneGemta and Basu (2003), there is no
reference to the user experiences on the systeitiheléhe usability was compared to
original layout, nor were the downloading timesared.
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Later the approaches, which use algorithms to fioams web pages, have been
developed further. Yin and Lee (2004) have preskatanodel, in which they first

construct a graph of the web page by dividing tbetent into separate items on the
basis of the layout and the visual shape of thesteFor example, separate text
paragraphs, links and pictures are all treatedrageselements. The algorithm creates
a tree model of the items. The tree model is basetthe original layout structure. The
purpose is to attach the interdependent elemenitsesich other so that when they are
presented in the final output, the interdependésments are shown close to one

another.

Xinyi's and Lee's algorithm is based on the asswnptof the attractiveness of the
different elements on a web page. Yin and Lee (2pddpose that not all contents on
a web page should be shown to a mobile user. Toiddrsave not only loading time,

but also the time that the user needs to browsrigiir the page. Also the processing

capacity of the mobile device would not have tdHa big. (Yin & Lee, 2004)

Yin and Lee (2004) say that according to their expents, they had to deliver only 39
% of the objects on a web page to gain 85% of tmeemnt that the users wanted to see.
This is done by calculating the probability of theer to become interested in the
contents of the page. The algorithm which Yin aee bave created takes into account
the size of the elements (the bigger, the more tapy, text length (longer text attract
more users), matching with the link name (the el@sméhat match with the name of
the link leading to the current page are more miévand the placement of the
elements (elements in the middle of the page anme nmaportant). After the elements
have been evaluated with the algorithm, the systees similar kind of ranking system
as Google PageRank algorithm. The most probabbresting elements are shown
first, and those parts, which are calculated tdartedevant, are excluded. Elements are
finally shown similarly as in narrow layout. Thoskements, that are considered not to
be important, are dropped out from the narrow layeeb page (about narrow layout,
see chapter 2.2.2). (Yin & Lee, 2004)

In our opinion a web page that has been transfonm#édthe Yin's and Lee’s system
is clearly better than the original one, when cdesng how easy it is to browse the
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page and to navigate the site that is formed froam pages. The user does not need to
scroll that much, and the content elements areda@® that the most interesting one
comes first. But the problem with this solution flsat when the users see only the
“shortened” version of the contents, they cannaivknwhether the original version
would have contained something extra which wouldehanterested them. For
example, if a user browses a news site, and thierayshows only the most likely
visited links, but the user has some other interésin most of the readers, how will
s/he know whether this information has been droppegdrom her/his mobile version
of the news site. Another point that might hindbe tuse of the system is its
implementation. Yin and Lee (2004) suggest thatsytem would work through a
personal gateway, and the algorithms would be ngwon the user's own PC, which
would be connected to the internet. However, ithhhlge forbidden to install additional
programs on one’s working place’s PC, and many niaiemobile users might not
have a PC with internet connection at home. How il@ois mobile internet
connection, which needs a running table PC witlogen internet connection to work
properly? Besides, if the system is not extrematypke and easy to install and use,

there probably are many users who do not bothiestall it on their computers.

2.4 Visions — browsers as navigation cultivators

Approaches, which use algorithms for transformimgweb pages, have been criticised
in the literature. For example, Wobbrock, Forlizgiudson and Myers (2002, 205)
claim that web pages are too complicated to benghwith assistance of algorithms.
Wobbrock et al. (2002) present another kind of smtuto browsing the web with
mobile devices. They have developed a browseraoten model which they see as
the best solution to presenting web pages on suoadens. This chapter introduces few
of the browser centric approaches. These browsetricemodels are not yet
commercially exploited, which is the case with #hgorithmic solutions as well.

Wobbrock et al. (2002) have designed their broweera pocket PC sized screen
which has a touch screen and a stylus as interatbiols. Their browser is called
WebThumb. It shrinks web pages so much that theyDiA's screen. A user can pick

up elements from the shrunken web page to havesgrclook at them. These chosen
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elements are shown as thumbnails on the screerthandger can select with the stylus
those thumbnail elements which s/he wants to ldakae carefully: The thumbnails
can be zoomed in and out. Text is presented wiapid Serial Visual Presentation
(RSVP) technique, which means, that the words played” one by one as a stream to
the user. (Wobbrock et al. 2002) FIGURE 5 benehttws an example of WebThumb
browser’s screen. In FIGURE 5 three elements haea lchosen to have a closer look

at.
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FIGURE 5. WebThumb browser, where three elemermis) fthe browsed web page
have been selected to look closer at (Wobbrock 082, 206).

Wobbrock’s et al. (2002) do not report on user e®pees considering WebThumb
browser. There is not any information availablehanv easy or hard it is to navigate
the shrunken web pages. Users are able to zoawrthe tcontent, but zooming, reading
with RSVP technique, and picking up elements addhé be made with different

tools. The user has to do a lot of clicking andnping out assignments. On the other
hand, the approach enables maintaining the origtnatture of the web page, and thus

the context of the information can be easily uniber.

Similar types of browser approaches have been stegjby other researchers, too. De
Bruijn, Spence and Tong (2001) have discussed BFRpresentation technique, as
well, but they use it in another context as Wobkreical. (2002). The RSVP technique
itself is old; it was first presented in the litene already in the 1970’s (Oquist 2001,
12). De Bruijn, Spence & Tong (2001, 209) compa&/R technique to riffling pages
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in a book to get an overall picture of it. De Brugand Spence together with Chong
have presented a browser model that is based snettinique (de Bruijn, Spence &
Chong 2002). The invention in this browser modeltas unite RSVP with the

navigation interface.

By using RSVP technique de Bruijn, Spence, and Gh@902, 245) try to avoid
unnecessary scrolling, which harms the user’stghii understand the structure of the
browsed page. The main principle of RSVP browsdo ishow new links, which are
available, as well as previously visited pageshviRiISVP technique (as a graphical
stream of links) to the user. The rate of one preskgraphic may vary between 0.1 to
1.0 seconds. (de Bruijn, Spence & Chong 2002, 246).

In De Bruijin’'s, Spence’s, and Chong’s test thetptype of RSVP browser had
sidebars, one of which expressed the current pasiaf the user in the navigational
structure of the current page. This one also hadction button, which started RSVP
browsing action that showed the user the availkfits in the current page. The other
sidebar indicated with small orbs the former sitdsich the user had visited during the
current browsing session. The title bar was ontdipeof the screen and in the middle
of the screen there was a viewing area. (de Br&@pence & Chong 2002, 246-247)
The prototype model of the browser was developeduoketased on a relatively big and
coloured screen, sized of 8 x 8 cm and 32 pixesi/(de Bruijn, Spence & Chong
2002, 248). The prototype version of the browseshswn in FIGURE 6. The sites that
were tested with RSVP browser were especially ndlifor the purpose. Their
structure was of the same kind as in typical WARss(de Bruijn, Spence & Chong
2002, 248).
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FIGURE 6. Prototype RSVP browser’s structure (deijBr Spence & Chong 2002,
247)

RSVP browser was designed to answer to the fund@amesvigation questions which
Nielsen has presented (de Bruijn, Spence & Chor@2,2046). The history list in
RSVP browser does not differ much from the histlsy in most current desktop
browsers, but presenting available links with R€hnique, and the user’s current
position in the page with orbs in the sidebar, re@er ideas. The sidebar clearly helps
the user to understand her/his current positicdheénapplication. As de Bruijn, Spence,
and Chong (2002, 251) state, there is still adaxplore in RSVP based navigation. In
our opinion, it might be worth investigating, whethsome of the functions of the
tested browser could be implemented in dynamic P§yH-pages browsed with a
mobile device. RSVP navigation is, however, not ubssitute for a site’s own

navigational structure, it might only support it.

Jern, Ricknas, Stam and Treloar (2003) have stul@@wsing technique that is based
on visual user interface (VUI) and zooming useerifsice (ZUI). It is designed for a
PDA device, but when the screen sizes in mobilenph@row, ZUI presumably is an
option for them, too The technique is an advanced version of WEST browse
(Wobbrock et al. 2001), which was introduced inptka 2.3. In Jern et al. (2003)
solution, there is no proxy server involved, likere was in WEST browser solution.

Instead, the technology is running on the mobilaae

Jern et al. (2003) made a usability study in whieky compared a traditional text-link
based system to a visual and zoomable user ingenf@tere images served as links and
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the users could zoom in and out within the imagee FIGURE 7). The application
was an on-line shop for daily products. Jern e{2803) found out that for beginners
the visual user interface seemed to be fasterddhemn the text-link system. The users
liked the visual user interface, because they csell the product brands. Jern et al.
(2003) emphasise this point, because being abfeaike choices by clicking on the
brand images instead of text links would be an athge especially for strong brand
owners. In the visual user interface version thersicould zoom in to the actual

product images. (Jern et al. 2003)
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FIGURE 7. An example of the Zooming User Interfashijch Jern et al. (2003) used
in their study considering mobile on-line shoppsaygtem.

Jern et al. (2003) do not report of any negativimiops about the VUI or ZUI. They

asked from all users about the fastness of thesydtut they only report one answer:
“The interface was fast enough.” We might thinkttbacause of the slow internet
connections in mobile environment, the graphics sidw down the use of the system.
Then again, we can see VUI and ZUI as future ambres, which can be useful, when

the data transfer rates grow large enough.



30

Gutwin and Fedak (2004) have evaluated zoomabéfattes on PDA sized screens,
too. They compared three different browsing techesy A two-level zooming
interface, a panning interface, and a fisheye vieanning means that the screen shows
only one piece of the original layout at a timegl @ime user can get an overview of the
whole page by moving the area that the screenawisly. Moving can be done by
mouse movements. Two-level zooming was in the stomghfemented so that the user
could either choose a reduced overview of the whalge (where the details cannot be
seen) or the same kind of panning view as in tmnipg interface. In the fisheye view
the users saw an overview of the whole page, butlsaneously there was also a

zoomed-in region inserted on the same screen.

Gutwin and Fedak (2004) found out that users littexl two-level zooming interface
the best. There was no significant difference betwthe fisheye view and the two-
level zooming view, but they both were considerafalgter to use than the panning
interface. The study can be criticised, becausewfauand Fedak (2004) used a
simulator instead of a real PDA device. The usa simulator has been criticised in an
article by Amant, Horton & Ritter (2004). The inaetion is very much different with a
simulator running on a PC than with a real PDA (Am&lorton & Ritter). In this case,
for example, it makes a difference, whether ther tses a mouse or a stylus or a

navigation button to control the movements of taered area.

2.5 Summary

There are fundamental differences between desktap raobile platforms when
considering web browsing. The result of the diffexes is that the existing web
applications have to be processed in some way teniem fit the mobile device’s

screen and capacity.

The current browsers are already fairly competeithh Woing this. The evolvement
started with WAP applications and has led us to HTéviabled browsers. The change
has been significant and fast. The current browsleosv the web pages first of all in
the original layout. In the original layout the ué@s to scroll the pages in vertical and

horizontal directions, which is challenging. Sedgndn most browsers there is the
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narrow layout option, which shows the page as suldmg and narrow form that it fits
the screen’s vertical limits. There the scrollingshto be done only downwards.

Pictures are shrunk and elements are rearrangebletow another.

There are some usability problems relating to taeaw layout solution, but it seems
that it is quite liked among the users. Yet, therevery little research information
available on the user experiences considering tinemt browsers and their features.

The current browsers should be studied more.

Comparing the results of the different studies mareng browsing with mobile

devices is difficult, because the researches hawe different starting points: both the
used devices and the analysed techniques diffen #ach other. However, we have
identified in the literature two main approachedtowsing the internet with mobile

devices. One of them is an approach based on #ilgwmi There the web pages are
downloaded though a proxy server to the client cevOn the proxy server the web
pages are analysed with varying algorithms to ntake fit the mobile browser’s and

mobile device’s capacity. The supporters of theosdcapproach criticise these
algorithm based solutions, since they think thgbathms cannot be so sophisticated
that they can process the content of web pagesdlbgi The participants of the other
approach try to create such a browser that can sheveriginal web page in such a
form that the content is easily understandableessy to browse through. Among the
both approaches there are sophisticated proposaibai mobile browsing could be

and how the mobile devices’ features could be supdoOn the other hand, some of
the earliest studies seem already to be out of when thinking of the devices and

browsers that are currently on the markets.
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3 REDESIGNING NAVIGATION FOR MOBILE USE

Whereas the previous chapter described the backdra@nd different browsing
possibilities for mobile devices, this chapter deaith studies that can be useful when
redesigning and manually authoring navigation fabite devices. Redesigned web
applications for mobile devices would be the bdwstice from usability’s point of
view, but it presumes that multiple versions of ¢lites are designed and implemented

(Gutwin & Fedak 2004), and in many cases that tsancoption.

Chapter 3.1 discusses studies which consider tlwggateon structure on mobile
applications. Due to novelty of the technology, slubject has been rarely studied, so
far. Thus, to deepen the view, this chapter alsesgmts studies considering the
navigation structure in desktop environments. Tadiest ones go back over twenty
years, e.g. the studies of Card (1982), LandaudrNerchbar (1985), and Somberg
(1987). These early studies considering menu sefeat graphical interfaces can be
seen as the basis for navigation research in mebN&gonment. The earliest desktop
applications have been developed for quite smadests and, thus, have a somewhat
convergent background with mobile applications. ijatmg in hyperspace has
fundamentally the same characteristics as menictariein the earliest graphical
computer applications, or even further back, inemdearches from dictionaries or
library catalogues (see Chan, Luk, Mak, Leong, Ho bu 2002). Some of the studies
considering desktop applications are cited in alaft2, as it is essential from the
mobile point of view. Sub chapter 3.3 introducésréiture that deals with the placing

and the naming of the links.

3.1 Navigation structure — studies in mobile enviroment

“Navigation is a basic part of using any softwgrest as wayfinding is integral to
graphic and environmental design. It covers noy @xiplicit sequential steps, but the
ability of users to go from starting a program &ttipng useful work done.” (Schubin &
Perkins, 1998)
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How then to make this basic part of an applicatMmrk? One of the most important
guestions of navigation is the structure of the igation tree (Giller, Melcher,
Schrammel, Sefelin & Tscheligi 2003). In an apglma made for mobile devices the
page lengths and the broadness versus deepneks ofatigation tree make a big
difference in the usability of the application. Baese of the small size of the screen,
users have to either scroll down the pages to kekealinks and the contents or find
their way through a long path of links to theirdirgoal on the site, and on the way to
wait for all the different pages to be downloadisdone of these choices better? Is

there a consensus about the optimal structure?

3.1.1 Tree structure, page lengths and scrolling thpages

Buchanan, Farrant, Jones, Thimbleby, Marsden & &azZ2001) carried out usability
studies in which they first evaluated WAP usabilitygeneral and then compared three
different types of WAP user interfaces. They eviedaWAP services which were
implemented using WAP 1.x technology, where theteainis made up of “decks”
(that are downloaded one at a time) and “cardstiwbelong to a certain deck. After a
deck has been downloaded, its’ cards can be browsedgh without waiting. Links

can exist between the cards within and betweeddbks. (Buchanan et al. 2001)

In their first study Buchanan et al. (2001) hadO ltest subjects, which is a
considerable amount in the usability testing fielthe purpose was to get an overall
idea of the users’ experiences on WAP scheme. énetraluation Buchanan et al.
(2001) used a simulator, which may have inducedesdistortion in the results. As we
have mentioned earlier, using a simulator instdam real device is not recommended
because the simulator does not create an authesgicexperience (see Amant, Horton

& Ritter (2004) comments about simulators).

All test subjects (n=110) in the first study weneiversity students with no former
experience on WAP applications. They were askdmtdwse three different WAP sites
and to find some information that interested théfter using the sites, users were
asked to give subjective ratings about the simgligffectiveness and the usability of
the sites. The average value that users gave wab orD scale -2 to +2. Users
considered the basic WAP scheme as easy to le@rfo(nf the users agreed) and
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simple, but they said that the system was ineffectdo use. The complex and error-
prone navigation was interpreted to be the reasoihfs. On the basis of some earlier
studies Buchanan et al. have made, they recommendiiy complex, deep
hierarchies. The more the users have to click enapplication, the less they will like
it. (Buchanan et al. 2001)

Buchanan et al. (2001) refer to another study, boayhich there were fifteen test
subjects who also did not have experience on WAPBliGgtions. The study was,
likewise, performed with a simulator. The simulgpoctured a black-and-white screen
that could show 6 lines of text, 20 characters o@ kine. The test subjects used three
different kinds of implementation of a news servidée news service showed all
together 9 headlines, but they all could not fi¢ #treen at once. (Buchanan et al.
2001)

The first design method was to show each headliigew on one line. It meant that

the users had to scroll horizontally to see thelehext lines. The users had to also
scroll downwards to see the tree last lines. Tleerse design choice was to write the
headlines on so short lines (max. 20 characteed)ttie users did not have to scroll
horizontally at all. This way, one headline tool Znes, and thus the users saw only
two first headlines on the first screen. They cosége the other headlines if they
scrolled down. To see the last line of the lastdhea, one had to scroll down

altogether 19 lines of text. The third design ckoras to divide the headlines onto
three cards. This time the lines were also madshed that the users only had to scroll
vertically. The first two headlines were shown be first screen, but to see the third
one, the users had to scroll down 2-3 lines. Toadethe headlines, the users had to
move to the next card twice. The users had to cetmptertain tasks in all three

versions of the news service, and the time usedyeds as the errors made, was

measured. (Buchanan et al. 2001)

The application, where the headlines were preseteaallong and narrow page and the
users had to scroll only downwards to see all tbadhnes (but did not have scroll
horizontally), was the fastest one to use and iadube smallest amount of errors. The

last interface, where the contents had been divaded three cards, was the slowest
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one to use and there the users made the largesindrmbmistakes. (Buchanan et al.
2001)

On the basis of their study, Buchanan et al. (20@tpmmend, that WAP services
should contain as little navigation as possibleingssimple hierarchies is the best
choice. The amount of the information in a WAP garvshould be cut down when
compared to normal web sites, and the amount dfcaérscrolling should be kept
minimum, as well as the number of keystrokes thatuser have to do. Buchanan et al.
(2001) do not state the reasons, why they recomraeadling vertical scrolling — the
interface with most vertical scrolling was afterthe fastest one to use and induced the
smallest amount of errors in their test. Buchartaal.€2001) do not mention anything

about horizontal scrolling in their recommendations

Overall the WAP 1.x technology has been createdh whort cards in mind. The
technology is based on an idea of a deck of cardse-downloads a whole deck of
cards at once, and then one can riffle the cardsirwthat deck without waiting for
downloading. This technique itself drops a hint thiae card should only contain little
information. It is like a card play, where one géte whole picture by browsing
through all the cards s/he has in her/his hand. &uit was shown in the study of
Buchanan et al. (2001), dividing the content ontanyncards might not be the best

solution, because the navigation structure thenies more complex.

Also Kaikkonen and Roto (2002) have studied WAPliappons. They did their study
with WAP 2.0, which is based on XHTML Mobile Prafiinstead of WML, which is
the mark up language in WAP 1.x technology. In WAP the data is downloaded as
single pages, not as decks of cards as in WAPKhaikkonen and Roto (2002) found
out that since in WAP 2.0 every page has to be ttmaded separately, users dislike
very short pages. Also in another study (Kaikkoaed Roto 2003a) the users felt that
they had to wait for the short pages a longer peabtime than for the long pages,
and, therefore, they did not like a deep site hadna combined to short pages. Sites
with flat hierarchy and long pages were consideéoelde more pleasant to use at least
with WAP 2.0. When considering WAP 2.0 applicatidhs pages should not be very
short When thinking of the results of Buchanan et abDO® study, one cannot
recommend very short pages for WAP 1.x either.
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In Nokia's guidelines for mobile applications thare no precise instructions for the
page lengths or the navigation tree, but it is fiaéd close related links are better to be
kept on one page than to purposelessly deepenrtiotuse just to divide the links onto
more pages (Nokia 2004b, 8). Roto (2003), toogestan the grounds of the usability
studies she has been involved with that if thediake closely related to each other,
even 30 links can be presented on one page. Thengpbf the content onto several
pages is not recommended for the devices using Gi®Risection because of the long
downloading times. (Roto, 2003) This is an impddhe mobility, and it will apply as

long as the data transfer rates stay at a relgtioel level.

The maximum length of the pages depends on thateod According to the study of
Kaikkonen and Roto (2003a, 334), plain text pagesansidered to be fine when they
have 20 screens full of information, but interagtpages are considered to be too long
when they fill 6 screens. Also Giller et al. (2008)ve found out that text pages are
more pleasant to use when they are long, than wheedivided onto several pages. In
their study the users commented that when theyscaoll down instead of choosing a
link to the next page, they can self regulate tepeed of reading. If they have to select
a link and wait for the next page to be downloadibay feel that the system is

controlling their speed of reading the text.

However, there are problems with long pages as Walkkonen and Roto (2002, 346;
2003b) havdound out that (novice) users do not always saoWn the page to see all
the information. If the users do not scroll dowe fiages, they do not see all contents
or links on a long page. This can cause severelgmsbwhen using the application.
The problem with scrolling the pages is contraryhi requirement mentioned above —

that users liked long pages more, since downloatdikes time.

Giller et al. (2003) compared in their study diéiet type of navigation trees with
different kind of mobile devices. They used an old®obile WAP phone with a
relatively small black-and-white screen, a neweibileophone with a large colour
screen and two different PDA devices. There wereethapplications, each with a
different kind of navigation tree, for all four degs. Giller et al. (2003) had designed

the navigation trees especially for every devicdfexknt devices actually need
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different application structures since their cheeastics are so dissimilar. Badre
(2001, 195-196), among others (Kaikkonen & Roto3)®Buchanan et al. 2001, 673),
has proved that the device has an impact on theexperience. Badre made a study
where he tried to find out differences betweenedéht tasks conducted with different
mobile devices. Devices that were used were all RIBxces (Palm Pilot, NeoPoint
Phone, HP Jornada and IBM Thinkpad). The resulthefstudy showed, that there
were no significant differences between the diffiéreasks (information gathering,
searching, shopping and browsing), but there wefferences between the PDA

devices.

In Giller et al. (2003) study, the navigation stures were designed taking into
consideration the device’'s screen capabilities. Ewery device, there was an
application where all the links could be seen aglance. This was the “best”

navigation tree design according to Giller et gpdthesis. The second navigation tree
had less depth and more breadth. The third navigatee was the opposite of the

second one: more depth and less breadth.

The first structure, which was the “average strigtuwas preferred in all device
classes according to the users’ opinions. Thicira was nor very deep neither very
broad, and the users could see all of the linkstata glace. Still, the structure in the
second application (the broadest structure) wasfdbest one to use in all device
classes. But when thinking of the users’ prefersntiee deepest structure was rated
higher than the broad one, even though it was ltheest one to use. The qualitative
data explains this finding: The items in the lifgtd are arranged more concise if the
structure is deeper. There are less links to chosbe&eh creates an impression of a
simpler structure. On the basis of their study|eBiét al. (2003) recommend that all
links should be able to see at a glance. (Gilled.€2003)

Giller et al. (2003) do not mention how their apptions were implemented: were they
real WAP services or not. For example, users’ contmabout the downloading times
were not mentioned. Slow downloading has been dneéh® main reasons for
recommending broad navigation trees (Roto 2003,i&2R04b). Also the fact that all
test subjects in Giller et al. (2003) study wereio® WAP users might have induced

the preference for deeper navigation trees: ifea issexperienced with the technology
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and the application, s/he might prefer a broadergaéion tree and a faster access to
the target information. This is, however, only gbthesis that would require further
studies. And after all, the “average” structureisé@ad the users the most — not the

deepest structure.

To sum up, the navigation tree should not be vexgpd Users do not like to make
clicks (Buchanan et al. 2001). In addition, openimayv pages takes needlessly time
(Kaikkonen & Roto 2003a). The maximum breadth & tfavigation tree depends on
the content. If there are links that are closelgreted with each other, they can be
presented together (Nokia 2004b, 8). According aoR2003), up to 30 links can be
presented on one page, but the rule of thumb tsalhinks should be able to see at a

glance, without scrolling (Giller et al. 2003).

The problem of the mobile applications is that ttevices and their screens are
evolving rapidly. The characteristics of the cliel@vice have an impact on the user
experience (Kaikkonen & Roto 2003a; Buchanan eR@0D1, 673; Badre 2001, 195-
196). This means that exact and universally apiplecguidelines are impossible to
create.

3.1.2 List of links, keyword search or WAP type selction

Kaikkonen and Roto (2003a) have tested navigatath Wwith a list of links and with a
keyword search. These tests have been conductadiwat different devices, Nokia
6510 and Nokia 7650 phones. Nokia 6510 has a velgtismall black-and-white
screen and Nokia 7650 has a relatively large, celbgcreen. In the tests, there were
20 test users using Nokia 6510, and ten test wseng 7650. The users had varying

experience on WAP applications.

In both tests all the users could easily understarttiselect a link from a list of links.
Surprisingly, also the keyword search was popBa&forehand Kaikkonen and Roto
(2003a) had thought that the keyword search mighba useful, since inserting text is
so laborious with the devices. The keyword searel inplemented so that when a
user started inserting a word, the system offereal possibly matching words for

her/him. Thus, the user did not have to type inwthele word (Kaikkonen and Roto
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2003a). Kaikkonen and Roto (2003a) do not mentramch are the exact figures of
the use of the keyword search, when compared togheof the list of links. It is also
not estimated, how small sites benefit from thevkmyl search. In desktop web,
keyword based search engines inside the site abenreended for those sites that have
more than 20 pages (Badre 2001, 143).

When using the smaller screened phone there wefferatices between the
experienced and the novice WAP users. The expatensers liked to use the
keyword search and the direct links to the mairepaigthe service. On the other hand,
the novice users liked the tree hierarchy instefathe keyword search. Seeing the
main sections helped the novice users to underdtamdtructure of the application.
(Kaikkonen & Roto 2002, 346)

Chittaro and Dal Cin (2002) evaluated WAP-navigatehoices in their study made
among 40 subjects. They used Nokia 7110 WAP phoreaaWAP service called
CineWap in their study. The task given to the stilsj@vas to search a particular movie
and to reserve seats to see it. The position erstats was assigned beforehand, as
well as the name of the movie theatre.

The goal of the study was to compare how the stdbmmmpleted their task with two
different kinds of navigation techniques. The reslears found out that for subjects,
who were novice users with WAP, the easiest wayatagate was a list of links and a
single choice selection. Other possibilities fawvigation were action and selection
screens. Action and selection screen means a@oluthere the user selects an option,
and then sees in a separate window the possibenador that option. The user then
selects an action, or can go back to the optiordewn (Chittaro & Dal Cin 2002)

Action and selection screens are a common way\gate in WAP applications.

The navigation choices that were compared in thelystdescribed above, were
different than in the study made by Kaikkonen amdoR2002; 2003a). However, the
rallying point in both studies is that navigatidmaugh a list of links was found out to

be easy.
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3.2 Navigation structure — studies in desktop envimment

As mentioned in the beginning of this chapter, tlgskapplications have somewhat
convergent background with the mobile applicatidrtse earliest desktop devices had
small screens and their graphical abilities wereveoy sophisticated. Also later on the
basic characteristics of navigation have been #imesin both platforms, and what is
most important, users are always about the sams.igwhy we ought to take a look

at the studies considering desktop environment, too

Navigation, in general, could be defined almostdhme as menu selection, which was
the early form of navigating in graphical interfac&lorman (1990, 3) defined menu
selection as follows: “Users are presented witistadf options from which they can
choose and some mechanism by which they can imdibatr choice.” What has been
said about wideness and broadness of the listesktdp environment? Are there rules
for creating a navigation structure? When shouldgaion be graphical, and when

should it be text based and happen through a mage?

3.2.1 Depth versus breadth

Ever since there were graphical user interfacesunselection has been studied. The
basic characteristics of the studies have rematihedame, and therefore we should
take a look at the older studies, as well. For eodamLandauer and Nachbar (1985)
made one of the earliest usability studies abowadih versus depth in menu
structures. They had alphabetically and numericaligered menus with differing
structures. In all of the structures the users tioafind one word or a number out of
4096 potential ones. In Landauer’s and Nachbarsuneee, the number of the menu
branches varied between 2 to 16. They found outhiead and shallow menus were
the fastest ones to use, but they were not cehawm widely the results might be
generalised. Landauer and Nachbar (1985) statethibige will always be variations in
the results, depending e.g. on the information miegdion, the screen layout and the
response mode (Landauer and Nachbar used a toredmicThis is very much true.
For example, finding a certain word from an alphiiadly ordered list is simple, and
the list can be wide, because the user does nettbaead through all of the words but
only to take a glance on them, like was the casg@enLandaur and Nachbar’s study.
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But if the user is not certain, which word has besad to describe the phenomenon
that s/he wants to find, semantically grouped memasa deeper navigation tree might
be more efficient, which is the case in the nex¢éspnted study. In a mobile
environment the screen size and the users’ custoserdll or not to scroll down the
screen is one factor to add on this complex problem

A more recent study about menu structures has ineele, for example, by Larson and
Czerwinski (1998). They conducted a study, in whicly compared three different
demo web sites, where the menu structures diffbyetheir deepness and broadness.
The data that they used was names of plant andahspacies and names of plants and
animals. The broadest structure had 32 top levelgoaies, and each one of these 32
top level categories had 16 sub level categoriée Jecond structure had the same
amount of levels in the navigation, but it had &p tevel categories and 32 sub level
categories under every one of these top level oategy The third structure was deeper
but also narrower: it had 8 top level categories] beneath every one of them 8 sub
level categories, and under every one of thesaub4evel categories there was again 8
content level categories. All of the structures BA@ bottom level nodes. (Larson &
Czerwinsky, 1998)

In the study there were 29 test subjects, whosatievery one of these three web sites
in order to find the asked piece of informationeTisers had different tasks in every

application so that they could not learn from thevppus searches which they had

already made. The metrics that were measured werdostness rates, the reaction

times and the subjective ratings. (Larson & Czeskyn 1998)

Larson and Czerwinski (1998) found out that thectiea times were shortest in the
second application, where there were 16 top leagories and beneath every one of
them 32 sub level categories. The slowest applicat use was the 8x8x8 application.
The difference between the 16x32 and 32x16 apmitatwas not statistically
significant, but the 8x8x8 structure was remarkatywer than both of them. It was
clear that a deep structure harmed the performdree lostness rate (how much did
the route, which the users took, differ from thdimpl path) gave the same kind of
results: the 16x32 structure was the best for #ersy in the 32x16 structure the users

got a little bit lost, and in the 8x8x8 structuhe tusers were already very much lost.
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Again, the differences between the two first aggilans were not that significant as
when compared to the 8x8x8 application. But whensta and Czerwinski (1998)
asked the subjective opinions of the users, theeeewo significant differences

between the ratings.

In Larson and Czerwinski (1998) study, all linksreveorganised on the screen in
(several) vertical lines (if needed), so that thees no need to scroll. The fact that the
32 x 16 structure was slower to use and inducecraoors than the 16 x 32 structure,
proves that it is better to show less links for tisers at once. Users got more lost in
the 32 x 16 structure, even though the links inkibth structures could fit one screen.
(Larson & Czerwinski 1998)

On the basis of the study of Larson and Czerwi(898) one cannot say what would
be the optimal navigation tree structure in moleiferironment. Obviously there the
amount of the links that can fit one screen is msicialler. In any case it is clear that
in Larson and Cherwinski’'s (1998) study, the deeptscture was the flabbiest. This
consolidates the findings, which we reported integhwith the studies in mobile

environment. Also in those studies the deepesttsires were slower and induced

more errors than the flatter structures.

It is worth to notice, that the user preferencekrbt match with the results gathered
from the quantitative metrics in the study desdilsbove (Larson & Czerwinki,

1998). The users preferred the broadest struciltregugh they had needed more time
and had made more false selections than while usmgnore narrow structure. Users’

preferences of the three tested navigation strestcan be seen in TABLE 1.
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TABLE 1. Users’ preferences of the different navigia structures in Larson’s and
Czerwinski's study (1998).

%MM M

Best preferred application

Second best preferred applicati 2 3 14
Last preferred application 11 5 3
3.2.2 Scrolling

When it comes to scrolling of the pages, we shdbidk of the immaturity of the
mobile applications. For example, in 1996 Jakobid¢ie wrote that only 10% of the
desktop web users bothered to scroll down the paggthus the pages, especially the
index page, should not be made longer than whabfitone screen (Jakob Nielsen’s
Alertbox 1996). If this recommendation is strictllowed in mobile environment, it
sets a requirement for short pages and a deepat@vigree. Mobile screens are so
small that only a limited amount of links can fit them. Yet, we must bear in mind
that in 1999 Nielsen wrote that during the pastdhyears the desktop users had
learned to scroll — if the needed information was visible on the first screen, the
users already knew to look for it by scrolling theege down (Jakob Nielsen’s Alertbox
1999). We might presume that this trend will beiimwith mobile devices. Mobile
internet applications are at the moment still newrfiost of the users, and when using
a mobile internet application the pages are oftarnyat scrolled down to see the whole
contents of the page (Kaikkonen & Roto 2002, 34603b). Perhaps the same
development that happened with desktop web apmitatvill apply to mobile internet
applications, too. Maybe already in the near futueecan give up the recommendation

of trying to make the pages as short as possible.

3.2.3 Cross-navigation and site maps

There are also navigation related studies, whichsider other points than the
navigation tree structure or the page lengths. é&@mple, Zimmerman and Walls
(2000) report a study, in which they compared tker tsatisfaction in two different
web sites. They did not compare the deepness andrttadness of the navigation
three, but the effects of the possibility to crassdigate within the pages. Zimmerman

and Walls (2000) had two applications, one of whield a structure that was similar to
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the basic hierarchical organisational pattern &edother one a structure that followed

the web organisational structure (see FIGURE 8 &ibe
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FIGURE 8. Basic hierarchical organisational patt@eft) and web organisational
structure (right) (Zimmerman & Walls 2000). Theserw the navigational structures
that Zimmerman and Walls (2000) compared in thaidy They did not find any
significant differences in the users’ performanocespreferences between these two
structures.

Zimmerman and Walls had 33 users, who all used lobtthe applications. 25
gualitative questions about the applications weleed from the users. The questions
covered the feelings of lost and frustration, tlesbof finding information and how
organized the users felt that the applications wete. Also the numbers of total
movements during the given tasks were gatherechm&rman and Walls did not find
any significant differences between the two streguwhich is somewhat surprising.
The reasons for not finding any differences werearalyzed in the research paper.
We think that the amount of the links has slowewmlahe user performance in the
web organisational structure. There the users batan through a wider amount of
links, whereas in the hierarchical organisatiortalicture the navigational paths are
longer than in the web organisational structuré, s none of them is more efficient
or more pleasant to use. We are not aware of ype tof a study in mobile

environment.

In desktop web environment, there should be anséte if there are more than 20 pages
within the site (Badre 2001, 141). Although thessmhap is good in desktop web
applications, there are not yet research resuliadole about the site maps in mobile
environment. The problem is how the site maps @prbsented on mobile screens. If
the site structure is so complex that the site mvapld benefit the users, it will be

quite hard to present it clearly and in a simpleng on a mobile screen.
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3.2.4 Book index navigation or enriched navigatiometaphor

Badre (2001, 61-66) has compared how two diffenanigational metaphors work in a
desktop web application. Both of the applicatiomsevmuseum web sites and they had
the similar content, but their navigation was sgigrin contrast with each other. First
one of the applications had a book index systeitsamvigational metaphor. There the
users could see the key words in an index formad, @uld use them as the main
navigation links. The other application had a 3fiat&al navigation, where the users

could picture themselves actually visiting a museum

Badre (2001, 61-66) found out that, if users haveaccomplish a distinct task of
finding a certain piece of information the indexsed method is more efficient. In the
index based method the users make fewer clicks reesdl less time to find the
information they need. On the other hand, the satsfaction is higher when using the
enriched navigation. The users are able to remembeeg things about the contents of
the web site, if it is based on a 3-D spatial natran method with enriched graphics.
(Badre 2001, 62-66) We must, though, bear in mihdt in mobile environment the
users are mostly searching a certain piece of nmition or making assignments
planned in advance (Weiss 2002, 66), and they ateespecially pleased to see
entertaining pictures, if those slow down the ac@ssignment (Nokia 2004b, 8).
Therefore, at the moment the index based navigationld be the best choice for
mobile applications. But later, when the charast@s of the mobile devices’ usage
perhaps change into more entertaining directioaplgical interfaces might be better in

some of the mobile applications.

3.3 Naming and grouping the links

“The user has certain tasks to accomplish and, esuesitly, wants to direct the
computer to perform a subset of those tasks. Toklgm from the user’'s perspective
is knowing what the computer can do and knowing howirect it to do those tasks”
(Norman 1990, 4-5). Here, when considering the getion, one needs to think of the
naming and the grouping of the links.
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Card reported already in 1982 about a study, ircivthie compared different kind of
groupings of the menu items. He compared threeilgessvays to structure the
contents of graphical menus: alphabetical ordeouging to similar functions or
grouping randomly. Menu items in the Card’s expeninwere word processor
functions. In the test the users were first shawenwhole menu, then they were shown
the name of the menu item which they should lookdad during the performance the
time to select the item was measured. Card espestaldied the eye movements and
the visual recognition of the searched menu item.félund out that alphabetically
ordered menus were the fastest to use. (Card Id&2problem in this study is that in
a normal situation the user does not always ex&eityw the name of the link or the
menu item which s/he is looking for. In that kinél @ situation we presume that
grouping the similar functions or links would bestier to use than alphabetically
ordered items.

Later, word processor (and some other applicationehus as well) have grown
significantly, and more efficient ways to presdrg menu items have to be considered,
as Findlater (2004) points out. She has studieticstadaptive and adaptable split
menus in desktop environments. Findlater (2004) paed the speed and the error
rates from 27 users, who all used three applicatioith different split menu designs:
static, adaptive and adaptable split menus. Sm@iturmeans that on the upper corner
of the menu there are few items, which are sepanaith a line from the other items.
These items are the most frequently or recentlg iteens of that menu. Under the line
there are all the rest of the menu items, for msta in alphabetical order. (For
example, Microsoft Office applications use a somawhkimilar kind of a menu
system.) The items in the upper corner can be regtagic, or they can dynamically
change, or they can be personalized by the usenssttlves.

In Findlater's experiment there were four itemsthie upper split area. In the first
application they were static, in the second ong ttfeanged to respond to the most
frequently and recently used items (adaptive), mnthe third application the users
could select, which items were shown as the foat ftems (adaptable). The adaptive
menu was in the test the slowest one. Betweentdiie and the adaptable menus there
was only a small difference, for the adaptable rnefayvour. The adaptable menu was
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preferred by most of the users. (Findlater 2004pnight be useful to consider, if the
results could be utilized in mobile environment®).tFor example, on mobile internet
sites’ index pages there are often a lot of stalirilkes. Maybe they could be either

adaptable or adaptive.

In the earliest studies, static split menus hawnk#iscovered to be much faster than
traditional menus (Sears and Shneiderman 1994jldter (2004) found out that users
strongly prefer the adaptable split menus. The lprolihat relates to the customizable
menus is that the users are not very keen to cistdimem, if they are not forced to do
that (Mackay 1991). But then again, automaticatlg@ive menus are problematic, as
well. They do not take into account that the ugersl to memorize the use of the
systems. If the items in the menu move “randontlydse users, who are familiar with
a certain menu structure, have troubles findingntleau items (Straub 2004). So, there
are a lot of questions that are connected to theopalized and adaptive menus. There

is also very little research information availabtesidering mobile applications.

Naming the link properly is important, too. Bad20Q1, 138) has stated, that the
effectiveness of a link is related to its name #@sdocation in relation to the other
links. A link’'s name should tempt the user to selgéc and to give a matching

description of the result for selecting it. (Ba@@01, 138)

Users take advantage of their existing mental nsoadlen they use a new application
or a web site. Users have, in other words, assompton the appearance and the
functionality of the system. Into these assumptithiesusers can adapt new knowledge.
Learning to use an application will be quickeritifeminds the user of some known
system, and s/he can make use of her/his formewxlkdge. (Badre 2001, 47-50) For
example, in a banking application the users miglke tadvantage of their former
experiences on visiting a bank's branch office. yTinéght expect that the same phrases
and terms apply in an internet banking applicatesmwell. In any case, it requires a
thorough study to find out, what actually are tleens’ expectations. For example,
young bank customers may not have the experienesiting a bank’s branch office,
and the branch offices' terms (e.g. daily serviogight confuse them. As Badre (2001,
50) says, designers should understand how the osgagsise their knowledge of the
real word, and design the applications respectively
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3.4 Summary

When it comes to the structure of the navigati@e tand the page lengths in mobile
internet applications, there are no specific answé&€hey both are dependent on the
contents of the page — whether it is a text padiekaage or an interactive page — and
on the type of the device that the user has.

The difference between the broadness and the deephthe navigation tree, from the
users’ point of view, is that when there are mankd on the same level (a broad
structure) the application is relatively fast teeusiller et al. 2003). However, there
are users, especially novice users, who do notyalwaroll down the pages to see all
the contents (Kaikkonen & Roto 2002). This is aesevproblem. Application
designers should bear in mind, that the structeeams clearer, when there are less
links available (Giller et al. 2003). That makee #pplication more pleasant to look at
— and to use, at least when one is not experiewnitbdhe application.

Users’ preferences do not always match with thentipadive results (e.g. Larson &
Czerwinski 1998), and, thus, the designers shooltdnly consider, which structure is
the most efficient to use, but to find out, whas¢ #ine user preferences. It has to be
remembered, too, that the more links the users t@vellow in order to get to their
goal, the more time it takes. Larson and Czerwirf$R98) and Giller et al. (2003)
claim that deeper navigation structures are slaweise. We assume, that experienced
users become annoyed, if they constantly have @oausystem where new pages are
slow to download (with the slow mobile connectiorem)d there are a lot of

unnecessary levels to go through.

When it comes to the navigational structure of Kttgs) web applications, it has been
found out that neither is a traditional organisadiionavigation structure nor a complex
web organisational structure better (Zimmerman &II8V2000). There is no research
information available about this matter in mobileveonment, and we do not know,
either, if the strict implementation of the navigat structures mentioned above has
inflicted the equal results. In reality, a navigatistructure often has some features of a
web organisational navigation, even though it maiwas designed to follow the

traditional organisational navigation structure.
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In mobile applications the page’s content guideslémgth of the page. Text pages can
be relatively long, up to 20 screens, but intev@&cpages cannot. Six screens for an
interactive page are too much. (Kaikkonen & Rot039) Link lists can be long, if the
links are closely connected to each other (Roto320@okia 2004b). In the early
studies considering desktop applications it hasnike been stated, that alphabetically
ordered link lists can be long (Landauer & Nachh@B5). However, it would be
preferable if all the links in a mobile applicatioould be seen at once (Giller et al.
2003).

How much one screen can contain text or other el&syaepends on the device, which
Is used to browsing the application. It is impottemremember that the characteristics
of the client device make a difference in the useperience (Kaikkonen & Roto
2003a; Badre 2001, 195-19&)nd though the need to scroll does partly deterrtiee
page lengths, this might change in the future a&ditwith desktop web pages (cf. the
comments about scrolling in desktop applicationgdakob Nielsen’'s Alertbox 1996
and 1999).

If the users are likely to search for a certainceieof information, index based
navigation method is better than graphical navigaiiBadre 2001). This applies at
least to desktop applications, but most likely tobife environments, too. If the
purpose is to create a strong and entertainingicgtioin, graphical user interface is
better (Badre 2001). This will be possible in théufe mobile applications, when the

data transfer rates evolve.
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4 EXPERIMENT — COMPARISON OF NAVIGATION DESIGNS

This chapter describes the background of the thtstyng empirical experiment,
which compared the usability of two mobile interapplications. The experiment was
done in controlled laboratory environment. The geals to test the following

hypotheses:

Ho: There are no differences between the usabilitjwaf mobile banking
applications, when one of them follows menu pagsebdanavigation
approach and the other web navigation bar approach.

Hi: There are differences between the usability ob twobile banking
applications, when one of them follows menu pagselanavigation

approach and the other web navigation bar approach.

The hypotheses have been formed on the basis of ctimeeptual-theoretical

background study, presented in the previous chapter

4.1 Overview

The experiment was made for Nordea Bank Finlanay atko sponsored it, and it was
conducted in collaboration with Nokia Research €eninformation about the

companies can be found on their home pages (N@@@4 Nokia 2004e).

In the experiment, two demo versions of an intebreetking service were tested. The
applications had the same characteristics, exdeptnavigation placing and the
possibility to cross-navigation. There were 31 tashjects, who all performed the
same test tasks in both of the applications. Dutiregexperiment we gathered data,
through which the usability of the applications lcbiie estimated.
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4.2 Background for the hypotheses

In desktop web applications navigation is ofteraaged through a menu bar, which is
usually available on every page of the site, oftlrwed on the upper edge of the page.
It allows the user to cross-navigate within thefettégnt sections of the site without
going back to index page or separate menu pagesvaiited to find out, whether the
web navigation bar would work in mobile interneplgations, too. In the literature
there are not any studies covering the effectsitbBethe navigation placing or the
cross-navigation possibility in mobile environmeraad we found the topic important
to investigate.

The hypotheses considering the experiment are oradiin the beginning of this
chapter. HJ was formed on the bases of the study of Zimmerarath Walls (2000),
which we have discussed on pages 43-44 of thisrtteplbere the researchers did not
find any differences between two applications, \wrsapported different navigational
patterns. The navigation approaches in the studg wenilar as in our experiment.
However, in our experiment, the implementation loé havigation approaches was
different than in Zimmerman’s and Wall's study, and experiment was conducted in

mobile environment.

H, presumes that there are differences between iieagons. This hypothesis can be
justified on the basis of the results of some otitedies. For example, Buchanan et al.
(2001) recommend using simple hierarchies whengdesy navigation (more detail,

see page 35 of this report). In our experiment, afrthe tested applications contained
menu pages, where the links were organised hiacalthbeneath each other. On the
other hand, the other application supported cresggation within the sub categories
of the application, and thus offered shortcuts,clvthas been claimed to be important

for experienced users (Nielsen 1993, 20).

4.3 Methods

As mentioned in chapter 1.4, the experiment presem this chapter is based on
theory-testing method (see Jarvinen & Jarvinen 208®-67). The hypotheses,
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mentioned in the beginning of this chapter, werenfed on the basis of the conceptual-
theoretical research, and in the experiment theyewested empirically. Theory-
testing was carried out by making a controlled fabmry experiment (see Jarvinen &
Jarvinen 2000, 43-55). Also comparative method wsead: two applications were

compared in the experiment.

Usability assessment methods, which were useddneitperiment, are observation,
thinking aloud (see Nielsen 1993, 195-198), quesiires (see Nielsen 1993, 209-
214) and performance measurement. The performaregsurement was done by
calculating the time it took from the users to cdetg the tasks, and the clicks they

made during the tasks.

4.4 Metrics and variables

Since the experiment was also a usability testimgdefinition of usability needs to be
considered. From the definition one can derive rinerics for the experiment. As
mentioned earlier, the five attributes, which asalitionally associated with usability
are learnability, efficiency, memorability, erraaad (subjective) satisfaction (Nielsen
1993, 26). Other usability principles which Nielse®ntions are e.g. using concepts
that are familiar to the user, being consistenhivithe application’s features (words,
situations, actions), giving enough feedback far tiser, as well as providing clearly
marked exists and allowing the experienced usetséoshortcuts (Nielsen 1993, 20).
Also the user’s ability to answer to the fundamengvigational questions: ‘Where am
I?’, ‘Where have | been?’ and ‘Where can | go?’glNen 1999, 188) is important from

the point of view of the experiment.

From the attributes mentioned above, our experinvenered the following ones:
learnability, efficiency, errors and subjectiveisfaiction. After the test sessions we
asked the users to evaluate how well they weretald@swer to the basic navigational
guestions (Where am I? Where have | been? Wheregz®). In this way we aimed to
create an extensive estimation of which one ofajhglications was more usable from
the user’s point of view. In chapter 5.5 we mentsmme usability problems which

were noticed during the test sessions. They ar@ativinto four groups: problems
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which relate to the device, problems which relatéhe browser, problems which relate

to the application and problems which relate taragkhe opinions of the users.

Because of the experimental research method, theendent, independent and
controlled variables need to be defined. In thipesxnent the independent variables
were: users’ former experience with mobile appima, applications’ navigation
design (lay-out and structure), and the optimahgatonsidering the test tasks. The
dependent variables were: amount of clicks, timengsmumber of accomplished tasks,
user preferences, and user feedback.

4.5 Testing conditions

The experiment’s tests were carried out with a Bd@650 phone that has a Symbian
60 platform and a Series 60 operating system (N2R24d). The phone has a 176 x
208 resolution colour screen and a 5-way scroll kéyich allows the user to move in
vertical and horizontal directions on the screed &mselect an object or a link by

pressing the scroll key down. The test browseravigkia browser.

The test cases were recorded with a microphongvemdigital cameras, one of which

was shooting the expressions of the test subjekile Whe other, extra small camera,
was shooting the screen of the test phone. The-camiera and the view, which it

videotapes, can be seen in FIGURE 9. The two mstwere mixed together into one
screen. The videotape that was hereby created e to confirm the observations,

which were made during the testing. In all testsges there were 1-3 observers
monitoring and taking notes of the events. The tleéveen the clicks, which the

users made, was traced with a PHP-script that wasing on the same server as the
test applications. The amount of the clicks madddbe traced down from the PHP

log page and the recorded tapes.
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y &
FIGURE 9 Mini-camera, which was attached to thengh(left) and the view that it

videotapes (Nyyssonen, Kaikkonen & Roto, 2002shibuld be noted, that the phone
and the view are not related to our experiment.

4.6 Test subjects

There were 31 test subjects, 17 men and 13 womee. @& the test sessions is
excluded from results other than the subjectivallieek, because during that test
session the GPRS connection dropped down severas tand the data gathered during
the session is defective. In this defected sesHientest subject was a 22-year-old

female.

In the rest of the test sessions the age of thgeatsbvaried between 23 and 58 years
(mean 36 years; standard deviation 9,6 years).didtebution of test users, sorted by
the year of their birth, can be seen in FIGUREAIDof the subjects had used mobile
phones and desktop internet applications beforethair level of experience varied a
lot. Some had an expertise experience with mohtermet applications and some had

not used any mobile internet application before.

Although there were all kinds of test users whensatering their skills with mobile
phones and mobile internet applications, thereavesnsiderable group of experienced
users, possibly more than there would be in a purdom sample. 14 (47 %) test users
used text message services or mobile internetcesrweekly or daily. On the other
hand, 12 (40 %) test users had not used text messagyices or mobile internet
services at all. By text message services are englant services that can by ordered

with SMS, for example, weather forecasts or contdotrmation.



55

56-50 years

6,7%

51-55 years

6.7% 21-25 years

46-50 years

3)-35 years

30,0%

FIGURE 10. This graph illustrates the range of testrs’ age. Slices in the picture
describe the percentages of the whole group. Aarntbe seen, there were no users
between 41 and 45 years.

Only three test subjects out of 31 did not normake any internet banking service.
71% (22 subjects) used Nordea Bank’s internet lmgn&ervice regularly, which might

have eased their orientation in the tested appitst Yet, we assume that this has not
inflicted any significant distortion in the expeemt’s results, since all Finnish banks
have somewhat similar internet services at the nmbraed the words describing the

services are about the same in all banks.

4.7 Tested applications

The tested applications were written in XHTML, ah@y were running on a normal
WWW-server. They were mobile banking applicationwhjch seemed to have about

the same banking services as Nordea bank’s intsemeice has.
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The navigation structures in the test applicati@se not designed to be extremely
conflicting, but to represent two possible waysatcange the navigation. One of the
applications (application A) had the main navigatamly on its menu pages, while the
other enabled cross-navigation within the applowds sub-categories. However, both
applications had links to the index page, to threnfer page and to the sign out page on
the bottom of every page. Both test applicatiors&d, at the most, three levels of the
navigation structure at once. In application A links were on the menu pages, and
they were hierarchically organised in index form.application B the links within the

current sub categories were presented on evergrbpage. The layout structure of
the applications can be seen in FIGURE 11 and FIGUR
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FIGURE 11. Lay-out in application A. Links in themlication A were arranged
hierarchically beneath each other. This arrows sttmvpath from the index page to
the account information page. The red lines appnai¢ly indicate the amount of the
information that fits on one screen.
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FIGURE 12. Lay-out in application B. Links in themication B were placed on the
upper corner of the pages and they enabled croggat@n within the current
subsection. The arrows show the path from the ingbege to the account information

page. The red lines approximately indicate the arhofi the information that fits on
one screen.

4.8 Testing process

At first, the test subjects were asked to fill ire tbackground information form (see
ATTACHMENT 1). After filling in the information, te form was scanned through by
the test observers and the test subject was ieteed briefly. Then the test observers
explained how the recording system worked and ¢lasans for recording. If the test
user was not familiar with the testing device, sites shortly informed about the

functions of the phone and the browser.

The test users were asked to do the tasks in olirspeed, without hurry, as if the
observers were not present. The test subjectsalsveasked to think aloud, while they
were doing the tasks so that the observers woutdvkih some particular point was
easy, difficult, confusing or pleasing. The thinlbwd technique is one of the most
popular techniques in usability studies, especiallyen it is combined with other
techniques (Nielsen, Clemmensen & Yssing, 2002js,Ithough, criticised because
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thinking is faster than talking, and furthermoréoughts are spontaneous and
sometimes hard to express with words (Nielsen, @lensen & Yssing, 2002).
Thinking aloud may needlessly slow down the uspedormance (Nielsen 1993, 195-
198). However, to ask test users to think aloudksahe researchers to get some kind
of picture of the users’ mental processes (Niel€dammensen & Yssing, 2002) and
their conceptions of the system (Nielsen 1993, 1Bb)his experiment the benefits of
the think aloud —technique were considered grehger the risk of its influence on the

time spent.

During the test session the observers wrote dowat e test subject did and said
(clicks and comments) and these notes were aftdevavised from the tapes and the
PHP-logs. After completing both tests, the subjestsre asked to give verbal
comments, which were written down, and to fill in @uestionnaire (see
ATTACHMENT 2). When a test user had used both efdpplications and had filled
in a form about them both, s/he was asked to fillai third evaluation form (see
ATTACHMENT 3), which made her/him to compare thelagations with each other.
During the filling of the last form s/he could alsdke a look at print-outs of both of the
applications.

4.9 Test tasks

Before the test session started, the context amdatks were orally explained to the
test subject. The test subjects were told that thene in the following situation: S/he
has sold a lap-top computer to a student, who t@siped to make an account transfer
of 500 euros to pay for it. At the present moméme, student has made the account
transfer on an ATM a moment ago. The test subjectatly is on her/his way home,
and s/he wants to check with her/his mobile phétigei payment really has arrived on
her/his account. While doing this, s’lhe remembkad $/he has to pay 15 euros for

her/his colleague for a lunch. S/he has the acdafmtmation with her/him.

During the test session, the tasks were givenddadesbt user on separate pieces of paper
(see ATTACHMENT 4), so that the user did not hawedcall any information on

her/his own. The test situation started from thaexpage of the banking service, and
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it seemed about the same in both applications.oth bpplications the user had two
own accounts, which s/he could see on the accodotmation page. When making
the payment, the test user had to choose the aigfdunt from the two possible ones.

Test tasks are listed below:

1. Find out if a 500 euro payment has arrived on yagount number 102135-
73422.
Move to a page, where you can make a payment tofsiend Kaisa Koski.
Make a payment.

Payment information:

Recipient’s account number: 102135-123123

Recipient’'s name: Kaisa Koski

Message: Lunch

From your account: 104535-12356

Amount: 15 euros

Confirmation code A: 1234
Go to the index page.
Check if the payment really left from your acconotnber 104535-12356
Check the stock rates of the day.

W

o0k

The last task was given orally, after the subjext hoticed, that the 15 euros had left

from her/his account.

The test subjects performed the same tasks with test applications so that every
other test subject started with application A amdrg other with application B. This
was done to outline the possible learning effeatsich might have effected the

amount of the clicks made and the time spent wiulag the test tasks.
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5 EXPERIMENT’'S RESULTS

This chapter presents the results of the experingarhe of the results are discussed

here, too, although the final conclusions of thpegiment are presented in chapter six.

"Human performance is an observable factor thamnast often used in
assessing the ergonomics of a system. Performanaefunction of three
basic variables: Speed, accuracy and quality. dédigned systems reduce
the time that it takes for the user to performskitat the same time, error
rate should be kept at a minimum. The severityrodre depends on their
type. Some are easily correctable, others are tirags (Norman 1990, 8)”

Above Norman lists three factors, which should lbsesved: speed, accuracy and
quality. These are the basis also in our experimgat, the results are organised
according to the usability metrics that are mergtnn subchapter 4.2 Goals and
metrics. The following ones of the usability medriare estimated: learnability,
efficiency, errors and subjective satisfaction. Séhenetrics include speed, accuracy
and quality, as well: speed is one of the factdrsefficiency, accuracy can be
associated with the amount of errors, and quadlty loe estimated with the subjective
satisfaction. The users’ ability to answer to thedamental navigational questions:
Where am 1? Where have | been? Where can | godvired, too. In addition to this,
few other points considering the usability of tipplecations are mentioned in the last
subchapter 5.5 Notes during the test sessions.

5.1 Learnability

According to Nielsen (1993, 27-30), learnability tte most fundamental usability
attribute, because most systems need to be edsgrio Nielsen suggests that the ease
of learning is estimated by measuring the timeakets to reach a certain level of
proficiency in using the system. The learning cuwkbich depicts the ease of use, can

be formed by comparing the time used and the egpdevel that has been reached.

In this case the learning can be estimated in thases, which were exactly the same

in both applications. They are related to fillimgthe information on the New payment
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page. Of course, one cannot say what would beintla¢ $hape of the learning curve,
but it can be estimated, if there appeared learb@tgeen the first and the second time
of completing a certain task, and how significahis tchange was. One cannot
unambiguously say, if the learning appeared in qughre application or using the

device, but we presume it was the both.

The learning effect, while filling in the paymenfarmation, was significant. The page
was the same in both applications. When the ussested the payment information in
their first application, they needed an averagé ofinutes and 51 seconds. When they
inserted the payment information for the seconaktithey used only 3 minutes and 3
seconds, on average. This means, that they imprttregdperformance with 35 % only
by practising the task once. In ANOVA analysis thésiance of means gets a highly
significant value (p=0). Yet, it has to be consatkrthat a part of the effect can be a
consequence of using the think aloud technique. Ude¥s probably have had same
type of thoughts when they used their second agpic, as what they had when they
used their first application, and thus some ofubkers might have not mentioned them
aloud during the second time anymore. Neverthelassur opinion, the difference is
also a consequence of the learning. During the tiimee of usage, the users probably
have talked aloud more, but they certainly have d@lought more, and even the

wondering of the effects of making a movement, sakere time at the first time.

What can be concluded from this is that even thautgsk would be hard for the users
when they complete it for the first time, they lear lot already with one practice. In
our case we do not know, if the time would haveidisimed further on during a third

usage of the application, and how many times ottmra do users need in order to
attain their optimal speed. We cannot distingushlearning related to the application
and to the device, either, but we can say, thattime that the users need for
completing a task for the first time is not vergrsficant, because it might amend
quickly. The paramount thing is that the usersadile to perform a task once; on the

second time the difficulties of usage can be alyesagnificantly reduced.

When using the applications for the first time, maers had problems with selecting
the account number from the pull down menu. Itnignesting that when they used

their second application, only one user could eb¢ct the account number, and only



62

two users hesitated before the selection. Thesstatiabout the use of the pull down
menu can be seen in TABLE 2 below. The learningatfivas strong in this detail, too.

As mentioned, in our opinion, the biggest challefuyehe application designers seems
to be, how to make such applications that usersusanthem once — when they use it
for the second time, the usage is already mucleeasi

TABLE 2. Differences in using the pull down menu.
Result/ f'or Didnot Could not select Hesitated but  Succeeded with

2" time notice the account succeeded no difficulties
First time 7 4 10 10
Second time 2 1 2 26

An interesting point considering the learning isatdissed also in subchapter 5.2 Time
spent. It is noted there, that the time spent wdsiced more when the users used the
application A for the second time than when thesduthe application B for the second

time.

5.2 Efficiency

This subchapter presents the results that arescelat efficiency. They are the time

spent and the clicks made.

5.2.1 Time spent

Efficiency of use can be measured by the average ii takes to complete certain
specified tasks (Nielsen 1993, 193). In this expenit, the users were not told that the
time they used was tracked. They were only askedotdhe tasks in their normal
speed. We thought that the awareness of timing dvbal’e made some users nervous
or tempted them to needlessly hurry, and thusebkelts would have differed from the
normal situation. But then again, now the usershirtiigve spent more time completing
the tasks than in a normal situation, since theyewasked to think aloud. As
mentioned in subchapter 4.5, the think aloud teplnis arguable, because thinking is
faster than talking. Verbalising ones thoughts midie complicated and take

unnecessarily much time (Nielsen, Clemmensen &nss2002; Nielsen 1993, 195-
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198). This is why we did not remind the usershafking aloud, if they seemed not to
do it easily. Despite of the possible distortioniaththink aloud —technique might have
caused to the time spent, we assume, that theefigare in the right ballpark. The

possible distortions should be the approximatehesaith both applications.

When considering the time spent, application B igtrior results to application A.
The test users spent more time doing test assigsnianapplication B than in
application A: In application B the average timeersppwas 10,78 minutes (647
seconds) and in application A it was 9,77 minus&6(seconds). From these results we
have ignored those test sessions, where the GPR&ctiion was notably slower than

normally. The timing results are calculated onlibsis of 26 tests sessions.

When comparing the times with ANOVA analysis, initepof the one minute
difference, there is no statistically significantference between the means of time
spent in application A and B (p=0,359).

Yet, there is a very significant statistical difface between the applications that the
users used either first or second. In their firppl&ation the users spent time
approximately 11,83 minutes (710 seconds) andeir second application only 8,72
minutes (523 seconds). There the margin is notdlidger and also statistically
significant (p=0,003). It means that there wasgaificant transfer effect between the
applications. It was related either to applicatiammntents and structure or to the using

of the device.

We can confirm that some of the transfer effeateiated to the application and not
only to getting used to the device. This we carctigie on the basis of the statistically
significant difference (p=0,021) between the growpsich are formed by taking into
account both: the application that was used, amrdafder in which the test was
conducted (e.g. if it was application A or B, amdtiwas used first or second). In
TABLE 3 the means are listed and in FIGURE 13 ther@ bar graph that depicts the
difference between these groups. From the grapbesehat the time which the users
needed to complete the tasks in application A wasiderably smaller when they used
it after using application B first. This means thiat application A, the users could

more easily make use of their former knowledge lué service's contents and



64

structure. It seems that it was easier to undedistla@ structure of the application A,
and thus to adapt the former knowledge of the tésis, than in application B. Some
of the users noticed the transfer effect betweean ttho applications, too: “This

[application B] would be much harder, if | hadn&ed the application A first.”

Since the groups in this case were relatively sfddllusers) we cannot make very far-
reaching conclusions, but we can say that the egidn A seems to be easier to use
when considering the time spent, although themmistatistically significant difference
between the means of the time spent in applicaoasd B.

TABLE 3. Means of times spent in application A @dwhen considering were they
used first or second.

Application and order Time spent (seconds)

Application A first 697
Application A second 476
Application B first 724
Application B second 570
Total 617

800

7009

600 1

500 9

Mean Time spent

400 )
Application A first Application B first
Application A second  Application B second

Application and order

FIGURE 13. Means of the times spent, when taking atcount the application and
the order in which the applications were used.
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5.2.2 Differences in the amount of clicks

The ease of use can be measured, for example,rbgatong the amount of (mouse)
clicks in two applications (Badre 2001,6). The amtoaf the clicks is the meter of the
ease of use also in this experiment. The amoudlialfs describes the efficiency of the
applications, too. We should also bear in mindt tha less the users have to click in
the applications, the more they will like it (Buctza et al. 2001).

Differences in the total amount of clicks

The optimal amount of clicks was somewhat smatiexgplication B. There one could,
theoretically, go through the tasks by making liéksl whereas in application A one
needed the minimum of 20 clicks. We counted alsgef the browser’s Back button
as a click. The total amounts of clicks made duthegytests are listed in TABLE 4. As
it can be seen, in both applications there weresubat could complete the tasks with
the smallest possible amount of clicks, but in Eaplon B the users did more
unnecessary clicks and, thus, the mean in apgicdiis higher than in application A.

When considering the efficiency of the applicatigastual number of clicks divided

by the optimal number of clicks), application A get result closer to 1 (efficiency =
1,2315). This means that in application A the useest through the tasks, on the
average, closer to the optimal route. In applica®d (efficiency = 1,3888) they did

more unnecessary clicks.

As it can be seen in TABLE 4 below, the range @f dmount of clicks is wide. The
distribution of the total amount of clicks is illwated in FIGURES 16 and 17. In
ANOVA variance analysis, it can be seen that therao statistically significant
difference between the complete amount of clickdenan applications A and B
(p=0,840).
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TABLE 4. Statistics about the clicks made during tést.

Statistics about the clicks made App. A
Mean
95% confidence interval for mean| 24,63 1,299 25,00 | 1,468
— Lower bound 21,98 22
Higher bound 27,89 28
5% trimmed median 23,48 23,89
Median 23 23
Variance 50,654 64,621
Standard deviation 7,117 8,039
Minimum amount of clicks 20 18
Maximum amount of clicks 58 59
Range 38 41
Skewness 3,858 0,427 2,935 | 0,427
Kurtosis 17,388 | 0,833 10,803 | 0,833

Differences in the amount of clicks within the sepate tasks

The amount of clicks within the separate tasks lbancompared, as well. In the

amounts one can find some statistically signifiadifferences.

In tasks number two and six, there was, accordindNOVA variance analysis, a
statistically significant difference when compariting means of the amount of clicks
between the two tested applications. In task nuntver in which the users had to
move from the account information to a page whbey tcould make a payment, the
difference is obvious (p=0): The route to take wves steps shorter in application B. In
application B the optimal amount of clicks was Bdan application A the smallest
possible amount of clicks was 4. The average amofioticks in application A was
4,33 clicks and in application B 2,57 clicks. Whemparing the effectiveness figures,
it can be seen that in application B the userawbde unnecessary clicks. Even though
application B was quicker to use according to tmewant of clicks, using it was harder

than using application A, when thinking of the ambof mistaken clicks.

The other statistically significant difference betm the numbers of clicks can be
found in task number six, which was the last tagie layouts of the pages related to
this task can be seen in FIGURE 14 and FIGUREgask number six the users were
on the account information page, and they were ch$&efind the stock rates. The
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optimal amount of clicks was the same in both aapilons: Users needed at the
minimum four clicks to find the stock rates. In &pgtion A the average value was
6,37 clicks. In application B the average value B8d¥/ clicks. This difference was,
according to ANOVA analysis, statistically somewlaginificant (p=0,058). The

difficulties in application B were inflicted by thamount of links that had to be

scanned through to find the link to the stock rates

The amount of sub links was same in both applioatidut the difference was, as all
around the applications, that in application Alihks were arranged vertically beneath
each other, and the level of the links was inditdig indention. In application B the
sub links were shown one after another on rowsars¢gd by a vertical line. The level
of the links was shown by a bold typeface. Whenuber had opened the stock rates
page, in application B the links stayed in the wppmener of the page, and the content
appeared beneath.

Sijoitukset Sijoitukset
Varat
Eg:j::;t'll;?:!m Varat | Kaupankaynti |
Porssitiedot

Parssitietopalvelu

Kauppalehti Online | Tinkimus ja analyysit |

Rahastot myt Paheluinfo

Wuotuiset julkiset FPorssitietopalvelu |

tapaamiset Kauppalehli Online | Rahastot

Lataa kurssi iyt | Wuotuiset julkiset
Tutkimus ja anatudsi tapaamizel | Lataa kurssi
Pahreluinfo

Yalitse haluamasi

Takaisin etushlle porssitiedot-palvely

Lopetus
E::zﬁ:ﬁﬂ Palaa etusivlle | Lopetus |
Posti COhje | Asetukset | Posti

FIGURE 14. View of the pages in application A (Jedhd B (righ), when the user has
opened the link Market information (Porssitieddi)e red line approximately indicates
the size of the phone’s screen.
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Mobiilipankki |
Mobiilipankki _______| [N
Porssitiedot Varat | Kaupankoayti |
Pirssitiedot
Yalitettavasti sivut Porssifiedot | Tutkimus ja analyysit |
- Parssilietopalvelu, Patveluinfo
kKauppalehti Online, Rahastot Parssitietopalvelu |
rigl, Vuntuiset julkiset Kauppalehti Online | Rahastot
tapaamiset ja Lataa kurss| md | Vuotulset julkiset
eival ole saatavilla, tapaamiset | Lataa kurssi

Palaasdellisallo-shaille Valitettavasti tama sivy gl olg

saatavilla.
Takaisin etushaille
Lopetus Palaa adelliselle shaille
Cihjeet
Asetukset Palaa etushulle | Lopetus |
Paosti Ohje | Asetukset | Posti

FIGURE 15. View of the pages in application A (Jedthd B (right), when the user has
opened the link Stock rate information (Pdrssipalgelu). The red line approximately
indicates the size of the phone’s screen.

As it can be seen in FIGURE 15, in application B tiser had to scroll down the page
to see the text “This page is not available” (\&tdvasti tama sivu ei ole saatavilla).

Many users did not scroll down, and so they didfimat any contents on the page.

Differences in the amount of clicks due to gendemal expertise level

There can be found a difference between the amadmigcks, if the users are divided
into two groups by their gender. In FIGURE 16, @&ncbe seen that male users
completed the tasks with fewer amount of clickstiiade female users. This can be a
consequence of the female users’ smaller amourgxpérience on mobile internet
applications. It can be seen, as well, that thekeer FIGURE 16 are approximately as
far from axis Y as from axis X. It means that tls=rs did about the same amount of
clicks in both applications, though many femalersissem to have made more clicks
in application B than in application A (the roundtslin FIGURE 16 are more often
below the dash line than above it). Because there wiore inexperienced users in the

women than there were in the men, we can conchaletlhe application B was harder
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to use for the inexperienced users than the apigicaB, and vice versa, the

application A was easier to use for the inexperengesers than the application B.

Total amount of clicks
on applications A and B
60
O

501
<
c
2 401
(]
S ,
S ‘ q
% 304 ,’, O
£ oY
w d
o o § O Sex
£ 204 rEEﬁ%)
%) e O Male
X
o
O 10 i} i} i} i} O Female

10 20 30 40 50 60
Clicks made in application B

FIGURE 16. Total amount of clicks in applicationsaAd B divided by the test users’

gender. On the axis Y we see the amount of clicksest has made in application A, on
the axis X we see the amount of clicks made iniegtbn B. On the dots (23, 24) and

(28, 23) there are two female users. It can be,dbah the male users completed the
tasks with lesser amount of clicks than femalesiser

FIGURE 17 describes the means of the total amo@irdlicks as functions of the
former experience. It can be seen that for appiicaB the curve has a constant
downward movement — the amount of clicks is invigrpeoportional to the amount of
former experience with mobile internet and SMS e, This means that those users,
who were experienced with mobile applications imegal, could benefit from their
know-how in application B. Actually, one could s#lyat the user needed to be
experienced to cope with the application B. Thadrm the curve, which describes the
amount of clicks made in application A, is not telabng. The former experience with
mobile internet and SMS services did not correlatdh the amount of clicks so

strongly there, as it did in application B. Als@$le users, who did not have very much
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experience with mobile internet and SMS serviced, approximately very well in

application A, when thinking of the amount of chkck

32

301

28 4

)
X~
L
O 264
o
c
=1
g 244
© . .
= Application name
S 224
- Application A
@
q) . .
= 20 . . . Application B
Not at all Once in a month Daily
Few times a year Weekly

Former experience

FIGURE 17. The amount of clicks in applications AdaB illustrated as functions of
former experience with mobile applications or SM&viges. We can see that
experienced users completed test tasks with srmadluat of clicks. Some test
subjects with an average amount of experience witfile applications or SMS
services (used them once in a month) made a qloteoé clicks in application A. On

the other hand users with very little experiencéhwnobile applications could

complete the tasks in application A with a very Braanount of clicks.

5.3 Errors - differences in task completion

Every test subject tried to perform the test tagils both applications. Within these 60
performances there were all together 360 sepaasaks,tand 12 times we confronted a
situation, where a user could not complete the rgitask. They are presented in
TABLE 5 below. Ten of these situations happenedemnying to find the stock rates
from application B: Ten subjects stated that thapnot find the stock rates from
application B. Some of the test subjects were cared that there were no stock rates
in application B. All subjects, though, could fitite stock rates from application A. In

both applications the links and the paths to tlekstate information were the same,
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only the positioning of the links was different. &tarrangement of the links in
application B, however, caused the need for sagh in appplication B the users had
to scroll down to see any of the contents. Sincaymssers did not scroll at all, they
did not see the contents of the page, and thuevealithat there were no stock rates at
all. FIGURE 14 and 15 in subchapter 5.2.2 illugtrtite path to the stock rates in task

no. 6.

One subject would have stopped the test in the taskber three, while he was
inserting the payment information, if he had nateiged any help. This happened in
the first application that he was using (applicatd). During the second time, while
he was using application B, he could do the taskimself. The page for inserting the
information was the same in both applications. @ subject could not perform the
task number five in application B; she could natdfithe information of the paid
amount of money from her account information. Tiwisblem occurred, because she
did not realize that she would have had to scrolm the page to see the information.
In application A she did complete the task, becalmecould see already on the first
screen some of the text considering the accountrmdtion. This hint guided her to
scroll down the page in order to see the whole text

TABLE 5. Failed tasks in applications A and B.

Task number Failed performances  Failed performances
in application A in application B

3 — Inserting payment 1 0

information

5 — Checking, if the 0 1

payment really has left

6 — Checking the stock 0 10

rates

5.3 Subjective satisfaction

When comparing the opinions of the test subjegbplieation A was, in general,
considered to be easier to use than applicatiohhB.feedback was given right after
the test assignments. The users were asked ia fillquestionnaire, which evaluated

the application on Likert scale (see ATTACHMENT Jhese questionnaires were
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filled in after both test applications. Users wergked to circulate a number that
described if they completely agreed with the statetmor completely disagreed, or
something in between. The numbers were from 1-fnbanr 1 meant a complete
disagreement and number 7 complete agreementsllFRubjective measures we have
counted the feedback from all 31 test subjects,redeefor the other results we have
counted only 30 test sessions. This is a consequehthe failed GPRS connection,
which caused problems in one test, and, thus, an glrticular test session no other

than subjective measures could be included.

On Likert scale, application A got the average @15points, when the average value
for application B was 5,22 points. Those test sttbjewho used application A first,
gave it the average of 5,41 points, and those wded tapplication A after using
application B first, gave application A the averamfe5,81 points. This means that
application A was ranked even higher when the usadshad the chance to compare it
with application B. Although the differences betwethese average values are not
statistically significant (in ANOVA variance analgstheir significance value is > 5
%), they are in line with the results of the congam questionnaire, where the users
could compare the applications. There the userkedhmpplication A higher in the
average of 50 % of the questions, when applica@iavas ranked higher only in 24 %
of the questions. In 27 % of the questions, thesuseuld not tell, which one of the

applications they preferred.

When comparing the answers of the single questiatatistically significant

differences between the two applications can badoin those questionnaires, where
the users separately evaluated the applicationhntiiey just had used there was a
considerable difference in statements “Links wel@cgd on the screen well” and

“There was the right amount of links visible ondiges”.

To a statement “Links were placed on the screefi #iw users gave application B the
average of 4,55 points, and application the avecdgk 5,71 points. The difference
between these answers is, according to ANOVA vadaanalysis, statistically
significant (p=0,005). To the other statement “Enh&ras the right amount of links
visible on all pages” application B received therage of 4,55 points, and application
A 5,52 points (p=0,014). These statistical diffexes clearly prove that, in application
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B, the links were placed poorly on the screen -ntleau bar type of navigation placing
did not work in our experiment.

There were considerable differences in the ansteetse single questions, which were
partially formed on the basis of the fundamentaigetional questions (Nielsen 1999,

188). The answers can be seen as bar charts iInFEGL8 and as pure numbers in
TABLE 6.

= = t
5 & &
[ [ [
o o =
Ppplicaton A Cannot |3y Ppplcation A Cannot s3w Ppplication A Cannot |3y
Application B Applicaton B Ppplication B
Easzier to use Lirkz are placed better Firding information is easier
O =] =]
O =]
= = t
o o g
[} [} [T
o o [v
Fpplication A Cannot =3y Fpplication A Cannot say Fpplication A Cannot say
Ppplication B Ppplication B Ppplicaton B
Knewwbetter where | came Krew better where | was Krew better where | could go
i i L]

FIGURE 18. User preferences, when the users wéexlas compare the applications
with each other. It should be noted that here, e &5 in all of the user preference
results, we have counted the answers from 31 tdgeds, although in the non-
subjective measures there are results only frosuBiects.

Although, in general, application A was preferredthe answers, there were few
guestions, where application B was ranked highbes& were “In which application
you knew better from where you had come to theeturpage” and “In which
application you knew better, where you could gos.iAwas expected, the users found

application B better in these questions, probatdgaose the links were visible on
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every page. But we would have expected that thisldvbave benefited the application
more. At first sight, it is also surprising that doquestion “In which application you
knew better, where you currently were?” the uséisse application A to be better.
This can be explained by the users’ experiencésamast task, where many users were
complete lost in application B. This happened, beean application B there were so
many links on the upper corner of the page thauters did not notice the change on
the page. These results are also discussed inechagt Knowing where you are,

where you can go and how you can go back.

TABLE 6. The information of FIGURE 18 is presentedre in table format: User
preferences, when the users were asked to commpaigplications with each other. It
should be noted that here, as well as in all of uker preference results, we have
counted the answers from 31 test subjects, althanghe non-subjective measures
there are results only from 30 subjects.

Application A Application B Cannot say

(amount / %) (amount / %) (amount / %)

Which application was 21 (67,7%) 7 (22,6%) 3 (9,7%)
easier to use?
In which application the 23 (74,2%) 7 (22,6%) 1 (3,2%)

links were placed on the
screen better?

In which application itwas 16 (51,6%) 7 (22,6%) 8 (25,8%)
easier to find the
information you were
looking for?

In which application you 8 (25,8%) 9 (29%) 14 (45,2%)
knew better from where
you had com to the current
page?
In which application you 14 (45,2%) 3 (9,7%) 14 (45,2%)
knew better, where you
currently were?

In which application you 10 (32,3%) 11 (35,5%) 10 (32,3%)
knew better, where you
could go?

Total 92 (49,5%) 44 (23,6%) 50 (26,9%

The users often commented that application A waseedo use and it seemed
somehow clearer. Other words, which were used sordee application A right after
the test sessions, were: simple, easy to piecah@egdogical, hierarchical, guiding,

calm, handy, fast, usable, clinical, pure, too slaalks me over.
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Some users, who preferred application B, statetl dpplication B guided the user
better by showing the path that the user had taBeme of the users also mentioned
that application B allowed them to move within thésections without going back to
the first page. 25 out of 30 test users used imatelgi the possibility to cross-navigate
in application B, but only eight users mentiondttithe ability to cross-navigate was
so significant that they would prefer applicationa®d even these users said that there
were too many links on the page when trying to fihd stock rate information in
application B. The words, which were used to déscrapplication B, were: fast,
clever, confusing, absolutely better, full, too mdmks, quite intuitive, too much

information, inconvenient, simple enough.

5.4 Knowing where you are, where you can go and hoyou can go back

It is extremely important for the user to know wherhe is, where s/he can go and
how s/he can get back from there. These aspeaete el the fundamental navigational
guestions stated by Nielsen (1999, 188). The dir& of these questions is said to be
the most important (Norman 1990, 25; Nielsen 20@3).

Having used both applications, the users were askedt their preferences on the
applications. The results can be seen in TABLE [6vbeWhile answering, the users
had a chance to look at printouts of both appliceti To a question “On which of the
applications you knew better on which page youently were?” the users clearly
preferred application A. 14 of the test users faad they knew better where they were
while using application A. Only 3 users chose aggtion B to be better in this sense.

14 users could not choose their favourite.

Ten of the users said that they knew better iniegibn A to which places they could
go at the moment. Eleven users said that applicd&iavas better in this sense. The

remaining ten users could not choose their faveurit

The users were also asked, on which one of thdcapiphs they knew better, from
where they had come to the page they were usingse8s said that application A
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supported better their knowledge of where they caiora. 9 users chose application B

to be better from this aspect, but 14 users coolathoose their favourite.

As we can see from the TABLE 7, application A was,general, better when
considering the basic navigational questions. Adtbgr 32 subjects favoured

application A, when only 23 subjects preferred magpion B.

TABLE 7. The preferred applications when considgtime fundamental navigational
guestions.

Application A Application B Cannot say

Knowing where 14 3 14
you are

Knowing where 10 11 10
you can go

Knowing where 8 9 14
you came

Total 32 23 38

Before the experiment we assumed that applicationight support the aspects of the
fundamental navigational questions better. For ganthe users were asked to check
the movements on their accounts, and right aftatr ey were asked to make a new
payment. In application B the users could sedittketo the payments already on the
upper corner of the account information page. Quliegtion A the users were forced

either to scroll down the page and choose a linthéprevious page or to the index
page, or to press the Back button at least twiceder to be able to see the link to the
new payments. If the user did not remember thei@gdmns’ structure, in application

A s/he had to “go blind” backwards to find out t{h&th to the payments. Yet, because
the navigation bar in application B grew later agé that it was, for most users, hard
to understand its structure anymore, it eliminatesl good features of the navigation

structure.

5.5 Notes during the test sessions

During the test sessions we noticed some situgtishsre problems often occurred to

the users. Some of them are related to the usapiiihciples that Nielsen (1993, 20)
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has mentioned: naming of the links is related iagisoncepts that are familiar to the
user, the placing of the links relates to both;vahmg clearly marked exists and
allowing experienced users to use shortcuts. Tresuawareness of her/his current
position in the application relates to the placwfighe links as well (see Nielsen 1999,
188). The causes are here divided according tahitee components that affect the
user experience in mobile applications (see FIGUR& page 5). For making the
future applications easier to use, we give someyestgpns, how to improve these
problematic features. The data has been gatheremb&grving the users in the test

situation.

5.5.1 Device dependent problems

Using the scroll key is difficult for many users. Moving the cursor into four directions
is hard for many users. This gives a good reasathitdk, whether the applications
should only contain links one below another so thatneed for horizontal movements
would be minimized. Users’ comments: “The menu if§icdit to use, it's hard to
move.” “l have to say again that this button i$ foo a woman with long fingernails.”
“It's a little bit hard to choose that link...” “Thifcursor] doesn’'t obey me. This is
much too hard.” “If | was younger... | have this eomsin my fingers.” “Moving
downwards with the scroll key was easier than ngpgidewards.”

Scroll key should not contain too many functions. In our test phone, the scroll key
could indicate movements to five directions, pluBad different functions depending
on how long the user pressed the button. A shedspdownwards selected an object
(e.g. a link or a text field) but a little longeress opened the Bookmarks page, which
was very confusing for some of the users. Two ysel® opened the Bookmarks
page, managed to get over it with a little helpréeEhother users had to interrupt the
task at that point, when the Bookmarks page opemechuse they, for some reason,
kept opening it again and again. We presume itsease sort of stress reaction, since
using the scroll key was so hard for them. Uselditya to estimate time-out lengths
(time-out is an automatic change in the user iat&rffrom one mode to another) has
been studied by Marila and Ronkainen (2004), wladesthat learning the time-out
lengths is very hard for some users, when thene igisual or auditory feedback of the

time-out length. In our case, the time-out of usihg scroll-key to select a link was
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quite short. Selecting an object was hard, tocabse the scroll key had a round

shape. Pressing the right edge of the round daeglivas considered hard.

5.5.2 Browser dependent problems

Scroll bar could help users to understand that they need to scroll down. Tkald
be some sort of an indicator that would help useranderstand, whether they have

already seen all contents of the page, or whetteretis something left to see on the

page.

Pull down menus are hard to use. As we already mentioned, there were troubles using
the pull down menu. Pull down menus should indicateheir appearance by which
button they can be opened with. If there is anvarto right, the pull down menu
should be opened by pressing the scroll key ta.righr test browser indicated the pull
down menu by showing an arrow to the right, bwtas opened by pressing the scroll
key down. For eight users, it was very hard to foud, how to open the pull down
menu. Some users did not notice the menu at ah #wugh they should have used it
according to the task description. Users’ commduating the test: “An arrow to right?
No. Options-button? No. Cancel-button??” “An arrtwright...? How can | open
this?” “This arrow to the right is bad. | firsted to press the scroll key to right.”
However, if the user succeeded, he might have likegull down menu: “Wow, balls!
That was great!” “Ha! When I've done it once | kndvw it works!” “Why isn’t this
working? Well, | will bravely try — oh, it worked! will remember that for the next

time!”

5.5.3 Application dependent problems

Links on the upper corner of the pages should not fill out the whole screen. This
conclusion came up already in the earlier subchsmensidering the test results, but
we still want to emphasize its importance. If timké are the only thing visible on the
screen, many users do not realize that they hawerdl down the page to see the
other contents. In our test, it was insuperable Iforusers to understand that they
should scroll down to see the text contents, and tthey failed the last task in
application B. There were also others, who had s@mablems in finding the
information from the stock rate page. Altogethegrenthan two-thirds of the users
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suffered from the links filling the whole screensdys’ comments during the task:
“This somehow doesn’t go there.” “This is a wrongae.” “Did | go anywhere?”
“This didn’t move at all. Hey, this navi-button dwet work!” “Isn’t this the right
path?” “It [the information] isn’t here.” “Oh, itidn’t go there... Now | am a little lost.

| am trying to go to Kauppalehti-online and | cafimid it.”

Extra space between the lines should be minimized, so that there would not have to be
unnecessary scrolling. Three users mentioned thrngl the test. They all were
experienced mobile internet users. User's commi@&itorter line spaces would help

here...”

Showing the current position of the user has to be designed carefully. Showing the
user's current position is defined to be one of thest important qualities of a
navigation structure (Norman 1990, 25; Nielsen 2008B; etc). Also, when a user
selects an item, it should be highlighted (Badr@12a.69). Our structure did not seem
to point this out clearly enough. The location & tuser was indicated by a
background colour in the menu bar: the name ofatest chosen link had a light blue
background. Also the name of the main section vi@®d in the upper corner of the
screen. Our background colour was, however, noayghing enough and was mixed
up with the indicator colour of the cursor. Onlyfeisers mentioned aloud that they
had noticed the background colour of the latessehdink, and even they seemed to
mention it only to point out that the backgroundoco was much too similar with the
cursor colour. We can presume that a clearer itmlicaf the user’'s current positions
would have boosted the application B’s successaum there were a lot of links
shown to the user at a same time, and some usem®tseem to be fully aware, which
link they just had chosen. If this type of soluti@nchosen to indicate the user's

position, at least the colours should be chosesfaiy.

Links on the bottom of the page are mainly used, when they happen to be visible on the
screen. In our test applications, we offered lihks “Back to the first page”, “Quit”,
“Post” etc. on the bottom of every page. When thersihad to move back to the index
page, eight users consciously looked for the liEighteen users used the link only if it
was shown on the screen without scrolling. Fivesissed it in the beginning only if it

was shown on the screen, but during the “secondd’o@when using their second



80

application) they looked for the link purposely.rfame inexperienced user, the fact
that the link to the first page was on the bottdnthe pages, was very inconvenient.
For her, it was very hard to move downwards onphges. If the page was long, she
did not go down enough to see the main links. fenwanted to go back to the first
page of the application, she was totally lost. 8as also not quite sure, what would
happen if she would press the Back -button of ttevber. This is a situation that
should not happen to any user. Here are some cotarfrem the users when they
were trying to navigate back to the index page:wWNavonder from where | can go...
[looks for the index page link] Using Back-buttango inconvenient. | don’t want to
use the Back-button, | want to have a link.” “I haduse the Back-button twice before
| found the link to the index page.” “I have to aitrawfully long way before | get to
the index page link.” However, as we mentioned, albtisers even think about using
the main navigational links: “Using Back-buttoresier than using the links.”

Numbers are hard to insert in a text field. Numeric fields should be in number format
as default. During the 62 performances, there wseen cases, where inserting
numbers in a text field seemed clearly problematicaddition to this, there were 10
performances during which a user mentioned thatrimg numbers to a text field
irritated him/her. Users’ comments during and aftey test: “How do | get numbers
here?” “This is too slow.” “Uups, this does somathelse... How do | get text insert
off?” “Oh damn... | wonder if | somehow get the numgen.” “It irritates me when
taping the numbers is this hard. It should workMast irritating was inserting the

numbers.”

*-signs are not good in a password field. Many users thought that they inserted a
wrong mark when it changed into a *-sign. Somereléahe whole field, because they
thought they made something wrong. For eleven usetsf 31 the *-signs in the
password field caused confusion. For one user, as \wmsuperable to fill in the
password. Users’ comments: “The fact, that the sark turning into *-signs confuses
me, it's not easy to notice a mistake.” “This passfield should show me what |

inserted — | would not make mistakes so easily.”

Link names are often not self-explanatory. Norman (1990, 19) mentions that menus
can give a lot of information to the user, and thusage may require only little or no
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training. In our case some of the link names hadignous meanings for the users. For
example “Daily services” and “Payments” as well “dgarket information” -links
seemed to lead the users to different associatiesysecially those users, who had long
experience in the banking field, were irritatedtttid®e naming of the links did not
correlate with their expectations. After all, almed users chose the right link after
wondering what that link name might mean. Usershewnts: “I wonder which one it
is. Perhaps Daily services.” “This [Daily servicesjuld be more precisely named.” “I
presume it is that [Daily services].” “This confgsme a little: is it a New payment or
Own transfer? Maybe the Own transfer means my owtownts.” “I suppose
Payments means that | would pay something, notyeneat that has arrived.” “Do |
have to choose Market information or Research aradyais?” “Why does this say
Market information instead of Stock rates?” Findthg best matching names for the
links is extremely important to make the applicatiwork. The following citation is
from Norman (1990, 4-5):

“The user has certain tasks to accomplish and,ecurently, wants to direct
the computer to perform a subset of those tasks. Aroblem from the
user’'s perspective is knowing what the computerd@amand knowing how
to direct it to do those tasks”.

In a web application, this means that the linksentoybe named correctly. Otherwise
the user does not find the information or transecpage s/he is looking for.

5.5.4 Problems in asking the users’ opinions

Identifying the characteristics of the tested application and separating them from the
browser and device dependent features is hard doresusers. For example, the
browser windows (e.g. Bookmarks page) could be egevith almost the same way as
navigating the application was done (pressing thmellskey), and this confused some
users when they gave feedback. Users also unddrslio&ing the links and punching

the scroll key (while scanning through the pagel emoving between the links on a
page) convergent. Taping in the numbers and leittetise text fields (while inserting

the payment information) was considered “clickinyy’ some users. This might have
caused some distortion while filling in the questiaires. This should be taken into

account, when formulating the questionnaires inftitere. In our case, this, however,
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does not make a big difference, because in bothcagipns the browser and device

dependent features were exactly the same.

5.3 Summary

In this chapter, we have presented the results adrdrolled laboratory experiment,
which was a usability testing of two different miebinternet applications. The
usability aspects were covered from the followingwpoints: learnability, efficiency,
errors and subjective satisfaction. We also consdlehe users’ ability to answer to the
fundamental navigational questions: Where am 1? M/have | been? and Where can |
go?

The differences between the tested applications wetated to their navigation design.
The links were placed on the screen differentlythim first application (application A),
the links were placed one beneath another on theimages, and the user had to go
back to the menu pages in order to move betweesuhesections of the site. In the
second application (application B), the links walewn on every page, and they
allowed the user to cross-navigate within the qurseib section’s pages. In application
B, the links were organised to the screen the wayumbars often are in desktop
applications — to the upper edge of the pages. l&heuts of the applications are
presented in FIGURE 11 and FIGURE 12 on pages 56f3bis report. In all of the
observed aspects, application A got better resutien thinking of the usability

aspects.

The learnability of the applications was quite hréstimate, but we did conclude that
it was easier to learn to use the application Aosehusers, who did not have a lot of
experience with mobile internet or SMS servicesotef did not have particularly
much problems in application A, though, in appi@atB, the inexperienced users
seemed to have made a lot of unnecessary clicksn FIGURE 17 one can see that
the users needed to be experienced with mobilenieteor SMS services to cope with
the application B. In application A, also thoserasevho did not have very much
experience with mobile internet and SMS serviced, approximately well, when

thinking of the amount of clicks. On the basis 86BRE 13, one could also conclude
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that it was easier for the users to transfer tf@mer knowledge about the mobile
banking service to application A, than to applicatB. The structure of the application

A was easier to understand for the users.

Application A was also more efficient to use. Treers needed less time to perform
the tasks in application A. When thinking of thecamt of clicks made, the results
were consistent with the time used. The total arhanclicks was smaller in

application A, although the optimal amount of cliclas higher. It means that the

users were able to use application A more effityahian application B.

The error rate, meaning the failed task performsnakso tells a harsh fact about the
problems in application B. There were 11 failedk$as application B, whereas the
number in application A was only one. 10 of thdefhitasks in application B were
related to the last task. The users were suppasdidd the stock rates information
from the application. In application B, the linkghich were related to the investments
and were placed on the upper corner of the pdtgg Hut the whole screen. To see the
actual stock rates information, the users had tollsdown the page to see the text
contents below the links. Only 21 users out of 3tceeded in doing this. In
application A, where the stock rates informatiorswaible already on the first screen,

there naturally was no problem in finding it.

The last nail to the coffin was the results of tiser preference questionnaire. It is not
a surprise that even there the application A washenaverage the better one. When
thinking of the other results, the surprise actualithat it was not ahead of application
B more. In some single questions, application B we@ssidered better. Two of those
were related to the fundamental navigational qaesti Application B gave better
support for the users when thinking of their awas=snof the route they had took. In
other words, in application B, the users knew bdttan where they had come to the
current page. Also, when thinking of the questionhere can | go? application B
supported the users more. This was natural, be¢hasesers could see the links on the
pages. But to the question: Where am |I? whichastlbst important one, application B
did not give good enough support for the userss Thliates to the last task, in which
many users got totally lost. They were not surethdrethey had already pressed the
link, which should lead them to a page that costéive stock rate information, or not.
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Some of the users were sure that the link was roking. Some told us that the
application did not contain the stock rates at@&dime users clearly admitted that they

were lost.

In subchapter 5.5.3, we stated that the links shover fill out the whole screen

when there is some text contents on the page,liosubchapter 5.5.2, we suggested
that adding a scroll bar to the browsers might le¢pusers to understand, whether the
page contains some more information than is alreamlythe screen. Some other

usability flaws were also discussed in subchapter 5
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6 CONCLUSIONS OF THE EXPERIMENT

When analysing the results of the experiment, is i@und out that index based

navigation approach, where the links were hieraadlyi beneath each other on the
menu pages, was considered to be easier to usewblamavigation bar approach,

where a menu bar was available on every page. dexibased navigation approach
was more efficient both in the time used and in @n@ount of clicks made, and it

induced a smaller amount of errors for the useesaBse some of the differences were
also statistically significant, the conclusion abthe hypotheses is the followingp k$

invalid, and H is valid. Differences between the applicationsexi

Although the experiment was the first one to inigege the effects of the navigation
placing and the ability to cross-navigate withie tmobile applications sub sections,
one notices that the results are congruent withigbelt of the former studies in mobile

environment.

The most striking usability flaw of the menu bawigation was that it contained a
page, where the links filled out the whole scresmg there was still something left to
see on the page beneath the links. When the ukekedca link on this page, a new
page where the content was beneath the links opemedthe first screenful of the
page did not change. This inflicted strongly on tiser’s awareness of his/her current
position. The users were not sure, whether theychekied the link or not, whether the
link worked at all, whether they had chosen a wrbnk, or whether there were any
information available about the subject at all, @aoe third — 10 users out of 31 — did
not find the content on this type of a page. 2Irsusid find the contents, but it was
hard also for some of them to understand to scisllwe have mentioned on page 19
of this thesis, Kaikkonen and Roto (2003b) haventbout, that if a site has the same
contents on the upper corner of every page, usereotlalways notice to scroll down.

That was the case in our experiment as well.

The scrolling of the page in mobile applicationscisarly not yet internalized. The

difficulties of scrolling have been stated alreaily the earlier studies. In our
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experiment, we saw that only on those pages, wihevas obvious that the content
shown on the first screen is continuing somewhetebsight, the users understood to
look for it and to scroll down. The earlier studies/e proved that plain text pages are
all right when they contain 20 screens full of miation (Kaikkonen & Roto 2003a,
334). Also on link pages it is fine to present op30 links, if the links are closely
connected with each other (Roto 2003). In thesinesldhe essential thing is that the

content has to provoke the users to keep on readidgcrolling down.

On the basis of our experiment, the rule of thuhai the user should be able to see all
the links at a glance without scrolling (Giller & 2003), can be expanded. Our
contribution to this rule of thumb is that, if thage includes some other contents than
the links, also a part of this other contents lmabé visible on the first screen. The
users have to be allured to scroll down the pdgsy; have to be forced to understand
that there is still something hidden, out of sight,the page. Because the scrolling is
not yet internalized as a basic function, the auisteof the page have to strongly
support the need for scrolling. If the site struettequires so many links that they fill

out one whole screen, navigation should not bengad with a navigation bar.

In his 1990 published book, Norman says that thdy @aenu systems have been
criticised because of their menu structure. Acaaydd Norman (1990, 25), the menu
structures were earlier often designed so th#teifuser wanted to go backwards in the
navigation structure, s/he could not return to ghene point in the menu where s/he
originally was. This is also somewhat the casénendapplication A in our experiment.
The user is not able to directly change betweentitierent states in the application;
on the contrary, s/lhe has to always move through rttenu pages. Before the
experiment, we presumed that when the users cooidpare this somehow old
fashioned way of navigating with more flexible meyar navigation (in application B),
they might prefer the ability to move between tliffecent sections of the application
without always returning to the menu pages. Howewerfound out that the menu bar
navigation was hard to use, on the one hand, beaaiusardware features (selecting
the links with a scroll key is harder when one teasiove in four directions than if one
has to move only up and down) and, on the othedhaecause of the unclear

positioning of the links. The users preferred thkd to be linearly one beneath another
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on the menu pages, where the level of the link&iwithe structure could be shown

clearly by indenting the links differently.

When comparing these results with the former stjdibey are, again, similar.
Kaikkonen and Roto (2002, 346), for example, hawaeed that in their test the novice
users liked to use links, which were organisedrting to the navigation hierarchy
tree of the application, and seeing the main sestwf the service helped the users.
The navigation hierarchy tree equates with the layout of the application A in our
experiment. The layout of the links in applicatidnclearly made it easier to perceive
the structure of the application. As we mentionegage 15 of this report, “navigation
is hardly ever a part of the product’s content, &utinstrument to find a way to the
content, and thus navigating should be as easyhandal as possible (Sinkkonen, et
al. 2002, 49)". In application B, the navigatiorr baok too much space on the screen
and therefore became a part of the content of #geg The placing of the links in
application A was better — the links were an insieat to find a way to the content,

but they were not visible on the actual contentegag

In chapter 3.2.3, we referred to a study made bynzZerman and Walls (2000), which
was done in desktop environment, but otherwise amesvhat similar to our
experiment. Zimmerman and Walls compared the uagsfaction in two different
kinds of web sites. As in our experiment, they dat compare the deepness or the
broadness of the navigation three, but the effetthe possibility to cross-navigate
within the pages. One of their applications hadracture that was similar to the basic
hierarchical organisational pattern and the otlasr & structure that was based on the
web organisational structure. Zimmerman and Walts bt find any significant
differences in the usability of these two sites. Wésed our Hhypothesis on their
study, but it was proven invalid. In mobile envinoent the links have to be organised
on the screen so that the structure is easy torstaahel. The possibility to cross-
navigate does not compensate the unclear view,hwigsults from the links that are
arranged as a menu bar. The menu bar, on the loémel, is essential to enable the

cross-navigation.

We found out, too, that if the Back to the firsgpdinks etc. are meant to be used, and
are essential for the fluent use of the applicatibshould be considered whether they
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could be placed already on the upper corner ofphge. On the grounds of our
experiment, the users do not often bother to sefarcthe main navigation links from

the bottom of the page, but use a Back button aalste even when the path to go
backwards would be relatively long.

In our experiment, we discovered two important dietelated to showing the current
position of the user, which is, as mentioned, aeafito be one of the most important
qualities of a navigation structure (Norman 1998; Rielsen 2000, 188-189). It is
clear that, when a user selects an item, it shbeltighlighted (Badre 2001, 169). In
application B, the user’s current location in thevigation structure was shown by a
background colour of the last chosen link in thenmbar, and by stating the name of
the main section of the application in the uppaneo of the screen. The background
colour of the last chosen link was, however, na@-egtching enough and it was often
mixed up with the cursor. This is a type of a usgbilaw which one should not fall
down to. Also a scroll bar type of an indicator ttltan be found in all desktop
browsers should be added to the mobile browsers.ldtk of a scroll bar or some
other indicator that would show to the user how Imocthe page s/he has already seen
should quickly be added to all mobile browsers. ot that the users are not yet used
to scroll down the pages in mobile applicationsaé surprising, when the browser

does not in any way indicate, whether there is sbimg left to see on the current

page.

In our experiment, we noticed some other importi@ators influencing the user
experience and the usability of the applications, Some of them are related to the
browsers and some to the device. For example, ihpesof the scroll key and its
functions should be designed carefully — the ustrisuld not find the use of the
application hard just because the use of the skegllis so difficult. Also the browsers
should make the graphical appearance of the pwlindmenus more intuitive. This
type of difficulties should be considered by thevser and the device manufacturers,
because they affect to the usability of the moagplications in a negative way.

The index based navigation’s supremacy over theuntsar navigation in mobile
applications applies at least to those cases, wthere are a lot of sub category links.
On the basis of our experiment, a structure wheedibks have been organised to the
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screen one beneath another, and the hierarchigsesmented by drawing in those lines,
which present the sub categories links, is notodutate. The users liked this kind of
presentation format, and they used very positivedaiowhen they were asked to
describe it.

It must be remembered, too, that our experimeessilts are related to mobile banking
applications. They might be generalized to oth&mgaction applications, which do not
have an entertaining purpose. If the purpose ofag@ications would have been to
entertain the user, the results might have bederdiit. Also, when the devices and the
browser types develop, and the users in generat Imaere experience on mobile
applications, the results of this experiment migbt be valid anymore. For example,
the scroll bars in the browsers will probably hiéflp users to understand how much of
the contents they have already seen. Then thelisgrahight not be that big of a
problem anymore, and the links can be placed osdheen differently.
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7 DISCUSSION

When it comes to mobile browsing, the researchl firels been very scattered. It is a
consequence of the novel technology — mobile dewaigh an ability to use internet
applications have not been on the markets but arigw years. The researchers have
had very different visions about the future develept of the mobile browsers and
their functionalities. These visions have been gmtsd in chapter 2 of this report.
Some of these approaches are already “out of daggguse at the time of the studies
the devices were much more immature than whatdneyow. It is clear, though, that
some of the features discussed in chapter 2 cansidihe future visions of the mobile

browsers are worth to think of.

In the future, when the mobile applications andrises develop further and become
common, and the rate of the changes in the mobileds has slowed down a little bit,
the researchers will probably gain more unifiedioris about the best interaction
techniques for the mobile browsers. The currenwbess are already quite capable in
browsing normal HTML pages, but it is clear thag fluture brings development to
their features. An obvious example is the lack e scroll bars in many current

browsers at the moment.

In our opinion, the wisest thing to do in the brewslevelopment would be that the
research would concentrate on developing the nataywut technique further. The
narrow layout is already supported by most of tlodbihe browsers, and it seems that it
has come to stay. Making the narrow layout to woekter than what it does now,
maybe by combining it with some techniques thatengnesented in chapter 2 of this

report, would really benefit the mobile interneérss

When thinking of navigating in mobile applicationise rapid rate of the development
of the screen capabilities induces difficulties fong term research. Comparing the
studies with each other is challenging, becauseaites a big difference if the study
was made with a tiny black-and-white screen dewd@ch can only show 6 lines of

text, than if it was conducted on a device thatdnagy coloured screen. When the data
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transfer capabilities have an impact to the recontded size of the pages, too, it is
easy to understand that making use of the eads&arch is challenging. However, we
have noticed some common regulations for the néwigastructure: The navigation
tree structure can be neither too deep, nor toadbrbhe pages cannot contain as much
information as in desktop environment, but the sis#o not like to wait for the
downloading, either, if they do not get anythingrasponse (Kaikkonen and Roto
2003a). The pages can be relatively long if theyta@io e.g. text (Kaikkonen and Roto
2003a, 334) or links which are closely relatedaoheother (Roto 2003; Nokia 2004b).
If the navigation tree is deep and the pages avd,sie application naturally seems
easier to use (Giller et al. 2003) — the need ¢oolbng, which is hard for many users,
decreases — but on the other hand it takes moee tiingo through a deep structure
(Larson & Czerwinski 1998; Giller et al. 2003), hase it means that the user has to

select much more links and wait for the pages tddvenloaded.

In Nokia's guideline for mobile application devedop it has been stated that the
developers should carefully consider whether thesgdnto provide all the contents of a
traditional web site in the mobile service, or wbjust the information that the users
are likely to need on the move be enough. With teobrowsers the users are not
likely to surf, but to search some current inforiorat like flight information or weather

forecasts. (Nokia 2004b, 8) This is very much tiTiee mobile devices and browsers
have their limitations, and it would be extremelgrdh to design a mobile internet
system that contains a huge amount of informatiath ia easily usable at the same

time.

Our experiment, a usability testing of two slightijiffering mobile banking
applications, covered two points, which had not lyeén studied. Our applications
differed from their navigation placing and from ghessibility to cross-navigate within
the application. We found out that it is more intpat to offer a clear navigation
structure than to offer the possibility to crossigate. The problems in the visual
appearance of the application’s layout in a membhaed navigation are so prominent
that one should stick to the traditional index lbasavigation when designing mobile

applications — at least for a while.
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Our experiment was not perfectly designed. Firsalbfit was a controlled laboratory
experiment, and therefore the mobile context, whippears in the real world, was not
involved. The environment was not natural to mohikage. Though, laboratory
experiment was the only realistic possibility tdlect the data as extensively during

the experiment, as we did.

In addition, we noticed that our user interfaceduded some obvious flaws which we
might have been able to predict by doing a morecisenheuristic evaluation (see
Nielsen 1993, 225). The background colour, whicls vapposed to indicate the
current position of the user, was chosen poorlyvds very hard to distinguish this
background colour of the last chosen link from ¢hesor indicator. Some other minor
user interface flaws were recognised during theadest sessions, too. Some of these
problems, as the text fields in the payment infdromapage, might have gained
needlessly much attention from the users, and wghtrhave gotten more feedback
about the other features of the application, iEéhebvious usability problems had not
existed. The problems in the test applicationsyel as other usability problems that

we noticed during the test sessions, are presamtdchapter 5.5.

However, we can say that these design problems magrsignificant from the point of
view of the final results, and that our experimests generally speaking successful.
The general knowledge of the usability of mobilelagations has been expanded
through our experiment. The results can be expmlpifer example, in the further
development of the mobile banking applications airdéa Bank. Also Nokia
Corporations can utilize the results, when theyegate their style guides for the

service providers, as well as when they develop thire devices and browsers.
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8 SUMMARY

In this thesis we have studied browsing and nawigawveb applications with mobile
devices. Our research has been composed of twa: parconceptual-theoretical
research part, which has formed the frame of raeterdo the second part, which was
an empirical study, a controlled laboratory expenmiy which compared two mobile
applications. In this thesis we had two main reseguestions, which were: How can
web browsing be supported by browser functionaliiie mobile devices? and How
should navigation in web applications be desigmedrfobile devices? The conceptual-
theoretical background research covered the firgsinnnesearch question and gave
some answers to the second main research questiomvell. In the conceptual-
theoretical background research the recent researdithe state of the art in mobile
browsing were introduced, and the studies consigemavigating in mobile
applications were discussed. The empirical pathigfthesis was an experiment, where
we tested the usability of two differing mobileentet applications. With the empirical

part we expanded the answer to the second maiarobsquestion.

In the conceptual-theoretical research we firsemedd to the background of mobile
browsing development, and then to the current meobilowsers, which are quite
mature already. They are capable of browsing mds¥iHpages and use mostly the
narrow layout technique to present the web pagdsad been stated that the users are
quite satisfied with this technique (see Roto 20@3) mentioned, our opinion is that
from now on the research should concentrate on lolewg the narrow layout

technique further.

After presenting the current browsers, we introdutbe scientific research considering
mobile browsing. This we divided into two categsri€irst, we presented a research
approach, which concentrates on transforming tiggnad web page with algorithms.

The algorithms are often running on a proxy seevat their purpose is to transform
the original web page so that it fits the mobilevide’s screen. The other approach,
which we identified, was to develop the actual serg and their features. We found

out, that these browsers presented in the litexadte often very complicated to use.
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The contribution of the conceptual-theoretical pHrthis thesis is that it deals with a
subject that has not yet been covered as genarsllye do here — at least we are not
aware of that kind of a study. The research fiedd bbeen very scattered and by
constructing this overview of the topic we have matleasier to evaluate, which

would be the relevant further research topics is field.

The research considering navigating in mobile m#erapplications has been very
challenging to go through. As stated, the rapidwament of the mobile devices and
technologies has had a great impact on the reseastlits. There are hardly two
studies made from the exact same starting poiuit tlaet makes the comparison of the
studies hard. However, we found out some genetat rnwhich one should think of
when designing the navigation structure for moli&yices. For example, a broad
navigation tree structure is relatively fast to (Gdler et al. 2003), but on long pages
especially novice users do not always scroll dot pages to see all the contents
(Kaikkonen & Roto 2002). Then again, deeper naiegastructures are slow to use
(Larson & Czerwinskil998; Giller et al. 2003). Inohbile applications the page’s
content guides the length of the page. Text pagesbe relatively long, up to 20
screens, but for an interactive page six screeast@ much (Kaikkonen & Roto
2003a). Link lists can be long, if the links aresdly connected to each other (Roto
2003; Nokia 2004b).

What we noticed on the basis of the former studias that the efficiency, at least
when it comes to the speed of using an applicatonot very relevant when thinking
of usability. In many studies it has been found that the time spent and the user
preferences do not necessarily correlate. Wherkitignof mobile applications, the
ease of use is more important than the abilityddhlgough the application as fast as

possible.

In our experiment we found out, that the menu keseld navigation does not work
with the current mobile devices and browsers. T¢eraiin our experiment thought that
the links which were arranged as a menu bar, seemedy on the small screen. The
majority of the users preferred the applicationevehthe links were organised one
beneath another on the menu pages of the apphcaftthough the menu bar
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navigation enabled the users to cross-navigateirwitie application, the problems
with the menu bar navigation were so significahtattthe benefits of the cross-

navigation were not worth it.

The most striking usability flaw of the menu bawigation was related to a page,
where the links in the upper corner filled out Huweeen entirely. For one third of the
subjects it was overwhelmingly hard to find out ttentents from the page, because
the links (the navigation bar) filled out the whdiest screen. 10 out of 31 subjects
could not find the contents of the stock rates pagapplication B. The investments
section included so many sub category links, thatactual contents of the page could
not be seen on the first screen of the page. Tdngused the users, and they either
thought that the page had not changed at all {tiegt had not succeeded to select the
link) or that they had chosen a wrong link and th@yld have to choose the right one
again. As a consequence, the users got totallyalodtirritated. Scrolling down was
better understood when the test subjects couldsea®e part of the actual content
already on the first screen of the page. This mdhas when the site structure requires
so many links that they fill out one screen, theigation should not be arranged with a

navigation bar.

Giller et al. (2003) have stated in their studyt tha one page there should not be more
links than what the user can with one glance see.sWte, that it is not enough, that
the user can see the links at one glance. The gkerdd not only see the links, but

also other contents of the page, if the page aossomething else than the links.

When interpreting the results of our experiment st remember that so far they are
validated only in our test applications. They midstly apply to other applications,
which have a similar structure and which are nomaining applications, as well.
But when it comes to entertaining the users ossthecture of the service is very much
different, our results are not directly exploitabhen the browsers and devices

develop further, our results may not count anymore.

In any case, we have proven the impact of the pilao¢ of the links on the usability of
the applications. As far as we know, the subjec$ wat studied before. Our results

show that in the described circumstances the mlaairthe links must aim to clearness
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of the layout. In our experiment the links seemedbe easy to use, when they were

placed one beneath another.

During the experiment we have confronted a lot raénesting subjects for further
research. The impacts of the placing of the linkstlee screen have to be studied
further. Our experiment has scratched the surfatieecsubject. We showed that when
comparing two different placing of the links, onasabetter than the other. Certainly
there is some way, how the links can be placed evere efficiently and pleasantly,

than in our experiment.

It is also clear that there are applications, whbee possibility to cross-navigate is
essential. How can the cross-navigation be impléeteso that the usability does not

suffer, as it did in our experiment?

A very important research field at the moment &ee features of the browsers. What
would be the best way to illustrate to the usemy houch of the contents s/he has
already seen on the current page? At the momeny iogwsers do not offer scroll

bars in their interfaces. How should the scrollsbbe implemented to the mobile
browsers? How much do they help the user, wheontes to realizing whether one

should scroll down the page or not?

There are future research questions consideringdéwices, too. For example, the
features of the scroll key should be developedarntHow could the moving into four

directions be made easier for the users?

The research considering mobile internet applicatis interesting. We are convinced,
that the future research will reveal how the mobpelications can be made even more
usable. There are a lot of problems with their Uggatat the moment. Studying the

navigation further is one step forward in this degenent.
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Taustatiedot ATTACHMENT 1

Tiedot kasitelladn luottamuksellisesti ja nimettdmna.

1 Perustiedot

1.1 Sukupuoli:

O Mies O Nainen

1.2 Syntymavuosi: 19

1.3 Koulutus

O Peruskouly, keskikoulu tai kansakoulu
O Keskiaste (ammattikoulu)
O Ylioppilas
O Alin korkea-aste (esim. merkonomi, sairaanhoitaja, teknikko)
O Alempi korkeakoulututkinto (esim. insindori, kandidaatti)
O Ylempi korkeakoulututkinto (esim. maisteri, laakari)
O Tutkijakoulutus
1.4 Olen télla hetkella
O Palkkaty0Ossd, tehtava / ammatti:
O Yrittaja
O Opiskelija
O Tyoton
O Eldkeldinen
1.5 Ala: O Maatalous, kala- ja riistatalous O Metsatalous
O Kaivos-ja kaivannaistoiminta [0 Teollisuus
O Energia-ja vesihuolto O Rakentaminen
O Kauppa O Majoitustoiminta
O Ravitsemustoiminta O Kuljetus
O Tietoliikenneala O Rahoitus-ja vakuutustoiminta
O Kiinteistd- ja vuokraustoiminta O Tekninen palvelu ja palv. liike-elam.
O Julkinen hallinto O Maanpuolustus
O Suojeluala, poliisi, palolaitos 0O Koulutusala
O Tutkimus O Terveyspalvelut
O Sosiaalipalvelut O Virkistys- ja kulttuuripalvelut
O Uskonnollinen toiminta O Muut palvelut
O Siivous- ja pesulatoiminta O Jarjestotoiminta
O Muu, mika
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2 Aiempi internetin ja matkapuhelinpalveluiden kidyttokokemus

2.1 Olen kayttanyt matkapuhelinta
en koskaan

alle puoli vuotta
0,5 -1 vuotta

2 —4 vuotta

yli 5 vuotta

Oooooao

2.2 Matkapuhelimeni on

ensimmadinen matkapuhelimeni
toinen matkapuhelimeni

3 — 6:s matkapuhelimeni

yli kuudes matkapuhelimeni
Minulla ei ole matkapuhelinta.

ooooao

2.3 Tamanhetkisen matkapuhelimeni merkki ja malli:

2.4 Kaytan matkapuhelintani
O satunnaisesti, ehka kerran viikossa
O useita kertoja viikossa
O koko ajan

2.5 Kéaytan matkapuhelintani yleensa seuraaviin tehtaviin:

2.6 Kaytan tekstiviestipalveluita tai niin kutsuttuja mobiileja internet-palveluita (esim.
WAP tai www-selain) matkapuhelimellani

O En kayta tekstiviestipalveluita tai mobiileja internetpalveluita koskaan

Kaytan tekstiviestejd vain henkilokohtaiseen viestintaan

muutaman kerran vuodessa

kerran kuukaudessa

muutamia kertoja kuukaudessa

viikoittain

Ooooooao

paivittain
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2.7 Yleisimmin kayttamani tekstiviestipalvelut tai matkapuhelimella kdytettavat internet-
palvelut ovat:

2.8 Maksan puhelimen kayttomaksut itse
O Kylla O Ei

2.9 Olen kayttanyt internetia

En kayta internetia lainkaan
alle puoli vuotta

0,5 -1 vuoden ajan

2 —4 vuoden ajan

yli 5 vuoden ajan

Oooooo

2.10a Kaytan internet-pankkipalveluita
O Kylla O Enkayta

2.10b Kaytan Nordean internet-pankkipalveluita (Solo)
O Kylla O Enkayta

2.11 Kaytan matkapuhelimella pankkipalveluita
O Kylla O Enkayta

3 Aiempi pankki- ja finanssialan tuntemus

3.1 Pankkien kdyttama terminologia on minulle tuttua

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

3.2 Olen mielestani asiantuntija rahaan ja talouteen liittyvissa asioissa
| | | | | [ |

1 2 3 4 5 6 7

TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
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3.3 Tunnen sijoittamiseen liittyvia asioita hyvin

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

3.4 Tunnen vakuutuksiin liittyvia asioita hyvin

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

3.5 Olen mielestani keskimaardistd kiinnostuneempi talouteen liittyvista asioista

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

3.6 Maksan laskuja ainakin kerran kuukaudessa
O Kylla O Ei

3.7 Minulla on useampi kuin yksi tili
O Kylla O Ei

3.8 Minulla on sijoituksia, esim. osakkeita, rahastoja tms.
O Kylla O Ei

3.9 Tunnen lainanhaku- ja hoitokdytannot
O Kylla O Ei

3.10 Hoidan sijoituksiani saannollisesti, esimerkiksi seuraan salkkuni kehitysta ja teen
toimeksiantoja
O Kylla O Ei

3.11 Seuraan rahamarkkinoita, esimerkiksi korkotasojen vaihteluja, valuuttakursseja jne.
O Kylla O Ei

3.12 Koulutukseni pitaa sisallaan talouspainotteisia asioita
O Kylla O Ei

3.13 Tiedan minkalainen on eldkevakuutuksen verokohtelu
O Kylla O Ei
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Kysely - Testisovellus A ATTACHMENT 2

Taman lomakkeen avulla voit antaa palautetta a&kgttamastasi pankkipalvelu-sovelluksesta.
Vastauksiesi avulla saadaan tarkeaa tietoa testlskgen hyvista ja huonoista puolista.

Ota huomioon kaikki tehtavat, joita suoritit testislluksessa. Lue vditteet huolella ja ympyroi
asteikolta se numero, joka kuvastaa parhaiterk@kmaa vai eri mielta vaitteen kanssa vai et.

Toivomme sanallisia kommenttejasi kaikkiin kohtiin, joihin pystyt niitd antamaan!

Ympyroi mielipidettdsi vastaava vaihtoehto (vain yksi)

1) Olen yleisesti ottaen tyytyvainen siihen, kuinka helppoa palvelun kaytto oli.
| | | | | [ |

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

Kommentit:

2) Palvelun kayton oppi nopeasti.
| I | | | I |

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
Kommentit:
3) Pystyin suorittamaan kaikki minulle annetut tehtavat.
I I I I I I I
1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

Kommentit:
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4) Tehtyani virheen minun oli helppo korjata se.
| I | | | I |
1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
Kommentit:
5) Testisovelluksessa en kohdannut tilanteita, joissa normaalitilanteessa olisin

lopettanut sovelluksen kayton.

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

Kommentit:

6) Linkit olivat sijoitettu naytolle hyvin.
| I [ [ [ I |

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
Kommentit:
7) Testissa minun oli helppo 16ytda tarvitsemani tieto tai palvelun oikea sivu.
I I I I I I I
1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
Kommentit:

8) Tiesin koko ajan sijaintini sovelluksessa.
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1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
Kommentit:
9) Tiesin koko ajan, mistd pddsisin siirtymaan seuraavalle haluamalleni sivulle.
I I I I I I I
1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
Kommentit:
10)  Tiesin koko ajan, mihin kaikkialle voisin siirtya.
I I I I I I I
1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA
Kommentit:
11)  Tiesin aina, mistd olin kdyttamilleni sivuille tullut.
I I I I I I I
1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

Kommentit:
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12)  Sovelluksessa ei tarvinnut tehda turhia klikkauksia

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

Kommentit:

13)  Linkkeja nakyi sopivasti kaikilla sivuilla.
| | | | | I |

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

Kommentit:

14)  Yleisesti ottaen olen tyytyvdinen sovellukseen.

1 2 3 4 5 6 7
TAYSIN TAYSIN
ERI MIELTA SAMAA MIELTA

Kommentit:
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Testisovellusten vertailu ATTACHMENT 3

Kaytettydsi molempia sovelluksia, voit antaa niista viela vertailevaa palautetta.
Vastatessa on hyva miettiad kaikkia testissa suorittamiasi tehtavia.

1. Kumpaa testisovelluksista oli mielestasi helpompi kayttaa (katso kuva liitteend)?
O Sovelluksessa A
O Sovelluksessa B
O En osaasanoa

Mista ero johtui?

2. Kummassa sovelluksessa linkit oli sijoitettu naytolle paremmin?
O Sovelluksessa A
O Sovelluksessa B
O En osaasanoa

Mista ero johtui?

3. Kummassa testisovelluksessa oli mielestdsi helpompi 10ytda oikea tieto/tarvitsemasi

sivu?
O Sovelluksessa A
O Sovelluksessa B
O En osaa sanoa
Miksi?

4. Kummassa sovelluksessa tiesit paremmin, mista olit tullut kdyttamallesi sivulle?
O Sovelluksessa A
O Sovelluksessa B
O En osaasanoa

Miksi?
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5. Kummassa sovelluksessa tiesit paremmin, milld sivulla parhaillaan olit?
O Sovelluksessa A
O Sovelluksessa B
O En osaasanoa

Miksi?

6. Kummassa sovelluksessa tiesit paremmin, mihin kaikkialle voisit siirtya?
O Sovelluksessa A
O Sovelluksessa B
O En osaasanoa

Miksi?

7. Kun ajattelet molempia testisovelluksia, mitkd ominaisuudet niissa olivat hyvia?
Miksi?

8. Mistd ominaisuuksista pidit testisovelluksissa vahiten? Miksi?

9. Jos voisit vield parantaa parempana pitdmaadsi sovellusta, mitd muutoksia siihen
tekisit?

10. Kayttaisitko testisovelluksia vastaavaa pankkisovellusta matkapuhelimellasi, jos
sinulla olisi selaimella varustettu matkapuhelin?

O Kylla

O En
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Miksi et kdyttdisi / Missa tilanteessa kayttdisit, kuinka usein ja mita palveluita kayttaisit?

11. Paljonko olisit valmis maksamaan palvelun kaytosta?

12. Kuinka stressaavana koit testitilanteen asteikolla 1-7 (1=ei lainkaan stressaava, 7=
hyvin stressaava)?

1 2 3 4 5 6 7
EI LAINKAAN HYVIN
STRESSAAVA STRESSAAVA

Mista stressaavuus / ei-stressaavuus johtui?

Kiitos vastauksistasi!
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ATTACHMENT 4

Tilanne.

On 19. tammikuuta 2004. Olet juuri myynyt vantaalaiselle opiskelijalle
vanhan kannettavan tietokoneesi. Veit koneen opiskelijan asunnolle, ja kavitte
opiskelijan kanssa automaatilla, missd han siirsi tilillesi 500 euroa
korvaukseksi koneestasi.

Olet nyt matkalla kotiin, ja haluat saman tien tarkistaa, tuliko maksu
varmasti tilillesi.

Samalla muistat, ettd olet unohtanut maksaa ystavallesi Kaisa Koskelle 15
euroa, jonka olet velkaa yhteisestd lounaastanne. Pdatat maksaa heti velkasi
takaisin.

Tehtava.
Tarkista, onko tilillesi 102135-73422 tullut +500,00 euron suuruinen siirto.

Tehtava.
Etsi palvelusta kohta, jossa voit maksaa maksun.

Tehtava.
Maksa maksu seuraavilla tiedoilla:

Saajan tilinumero: 102135-123123
Saajan nimi: Kaisa Koski

Viesti: Lounas

Maksaja (automaattisesti Testi Henkil0)
Tililta: 104535-12356

Summa: 15 euroa

Maksupaiva: 190104

Vahvistustunnus: 1234

Tehtiva.
Palaa takaisin etusivulle.

Tehtdva.
Katso, lahtiko tililtasi 104535-12356 juuri tekemasi maksu Kaisalle.

Suullisesti annettu tehtivd.
Etsi palvelusta piivin pérssikurssit.



