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Abstract

This thesis analyzes how to automatically adapt mohbtiermpgdepending on the cultural background of the user.
Concrete guidelines for the design of mobile appbcalibaseht cultures are suggested and the implementation
of an adaptive prototype, which incorporates parts gfitledises, is described. A domain ontology is used for
de ning the presentation of the menus and the navigatiomyhséructure and for assigning cultural dimensions to
those components. A qualitative evaluation with Swissearg@rticipants tries to validate some of the proposed
guidelines and assesses the quality of the assignmiaipbiomelnenus to certain cultures. Furthermore it gives
information about the usability of the user interfaceetsnpiothe prototype and indicates differences between

the preferences of users from those two countries.






Zusammenfassung

Diese Diplomarbeit analysiert wie man mobile Applé@tometisch an den kulturellen Hintergrund des Benutzers
anpassen kann. Konkrete Richtlinien fur die Gestattobgero Applikationen fur verschiedene Kulturen werden
vorgeschlagen und die Implementation eines adajptiyperProtlcher Teile dieser Richtlinien ber Uoksidhtigt
beschrieben. Eine Domanen-Ontologie wird benutzrstaltliegdder Menus und der Struktur der Navigations-
Hierarchie zu de nieren und um diesen Komponentds Rirteredionen zuzuweisen. Eine qualitative Evaluation
mit Schweizern und Chinesen versucht einige der gengesBlitatlinien zu validieren und beurteilt die Qualita
der Zuweisung der Mobiltelefon-Menus zu gewissen Ausseamlem gibt sie Aufschluss uber die Bedienbarkeit
der Komponenten der Benutzerober ache des Prototgertiand Unterschiede in den Praferenzen von Be-

nutzern dieser beiden Lander hin.
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Introduction

1.1 Motivation

1.1.1 Culture in uences cognition

Several studys conducted by Nisbett have shown that éheevesyve the world is in uenced by our cultural
background. East Asians were more sensitive to chiategésathan to focal object changes. For example, when
shown changes in pictures, East Asians noted more thamgeggnound and Westerners noted more changes
at the focal object in the foreground [Nisbett, 2003; &tasNdsett, 2006]. In addition Westerners tend to group
objects in taxonomic ways whereas East Asians tendhigegt®dpmending on their relation to each other. For
instance when asked to group a cow with a chicken or a casswitfegterners tended to group the cow with
the chicken, because they are both animals (taxonomieveas)East Asians tended to group the cow with the
grass, because the cow eats grass (relational viey2(l93pet

1.1.2 Culture in uences the performance of human computenterac-
tion

As shown by research on culturally adapted web site$aaed,ictdture has an impact on certain preferences
in web design [Barber and Badre, 1998; Burgmann et and260Gjerformance of users [Badre, 2000; Rei-
necke, 2005]. Heimgartner found that human commdorinbetween different cultures differs signi cantly
[Heimgartner, 2007a; Heimgartner, 2007b]. The Warv8yijoh showed that among other cultural dimensions
uncertainty avoidance and individualism in uencehoogilespge [Van Biljon, 2006].

Therefore the goal must be to adapt the user interfacéttioathegackground of the user. Doing this manually is
very time consuming [Reinecke, 2005]. So one proposésitbeluse of interfaces that automatically adapt to the
cultural background of the user [Reinecke and Bel@igleihe2@st adaptation should be handled automatically
by the application. Further changes of the user inufdagndlerlie computer supported adaptations, which
means that the user can intervene if proposed changdssirechoReinecke mentions the intention to develop
a prototype system to test the most promising adaptiititgnalgThe Culturally Adaptive Mobile Phone Menu
(CAMPA) which is introduced in this thesis is such a.prototyp

1.1.3 Problem statement

This thesis tries to tackle the problem of adapting ahoiebiggpplication to the cultural background of the user.
As chapter 2 will show there is no such adaptive apgicAtiparticular challenge is to translate the results from
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research of cultural differences in human computarirgandesktop computers to possible differences in mobile
applications.

1.1.4 Why a solution in form of a mobile application

There are two reasons why a solution in form of a mobil®mpydis developed. Firstly, a lot of people in
developing countries do not have access to a comp@gdliaie access to a mobile phone. This is shown in
the charts in gure 1.1. The number of mobile phone spscri®®0 people is clearly growing faster than the
number of personal computers per 1000 people for bottithenjgdle income and people with low income. In
2004 there were 294 mobile phone subscriptions per 1600 peagle income countries, but only 61 personal
computers. Low income countries had 42 mobile phopttoosshseri1000 people compared to 11 personal
computers. The boom of mobile phone subscriptionsmcomddéend low income countries is even more evident
when looking at gure 1.2. By 2004 there were 3.73 mokilsuybiscriptions per personal computer in low income
countries and 4.82 mobile phone subscriptions percpenpaited in middle income countries and these ratios are
rising sharply since about the year 2000. De nitionaofitieegroups can be found in appendix A.
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Figure 1.1:Diagrams showing the change in mobile phone subsqudrseahdomputers (from [ITU, 2006])
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Figure 1.2:Chart showing the number of mobile phone subscribempécpeputer (from [ITU, 2006])

In order to evaluate whether it is possible to give thelliseils adapted interface, it makes more sense to
present that interface on a device he is already famikaichvias a cell phone - instead of a desktop computer.
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Secondly, this solution helps to show that the user nimdetused. Another diploma thesis implemented
an adaptive website to display in a desktop browserr ireesiateof this mobile application, both the desktop
application and the mobile application could access tisersaradel. This could show that the user model can be
stored in a central place and used by different applications

1.2 De nitions

1.2.1 Culture

There are many de nitions of culture, whereas one ty MiEosella and Yamada [Marsella and Yamada, 2000]
is particularly interesting:

Shared learned meanings and behaviors that are triioemititinih a social activity context for pur-
poses of promoting individual/societal adjustmeint.amaadevelopment. Culture has both external
(i.e, artifacts, roles, activity contexts, instimntidigernal (i.e., values, beliefs, attitudes, activity c
texts, patterns of consciousness, personality stgles|egy) representations. The shared meanings
and behaviors are subject to continuous change andamawlireaponse to changing internal and
external circumstances.

Further Marsella and Yamada state that culture is theefepkter we use in constructing, de ning and
interpreting reality. This de nition suggests thatfpmopdéferent cultural contexts will de ne and experience
reality in very different ways [Marsella and Yamad@h0i8@onsistent with the studies, which are mentioned in
section 1.1.1.

1.2.2 Cultural dimensions of Hofstede

Geert Hofstede analysed data of IBM workers from différes and developed a model that differentiates
ve culture dimensions [Hofstede, 2001]. These vedistaasilso used in the Cultural User Model Ontology
[Reinecke et al., 2007] and in the domain model ontdtdugtivhie used in the prototype of this thesis. Therefore
the meaning of the ve dimensions will be explained tigfd/sinous, 2002]. Note that even though Hofstede's
model is well established, there are also criticismedéitfdancus, 2006].

Power distance (PDI): The extent that people accept large or small distaneasospoial hierarchies.
Individualism vs. collectivism (IDV): The orientation to individual or group achievements.

Masculinity vs. femininity (MAS): The degree to which a culture separates / does not selitzoatd trender
roles.

Uncertainty avoidance (UAV): The degree to which a culture is uncomfortable withtyncertai

Long-term time orientation (LTO): The orientation to Confucian thought, which emphasimss pat
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1.2.3 User interfaces and culture

There are two categories of topics that are affected sompuger interaction localization [Heimgartner, 2007b]

1. Presentation of information (e.g. color, time anthuttédons, font size) and language (e.g. font, writing
direction)

2. Dialog design (e.g. menu structure and complekityjdggdpositions) and interaction design (e.g. navi-
gation concept, system structure, interaction patticintgweed)

This thesis covers the second category. Reasonsudingahiacist category can be found in the Limitations
in Chapter 7.

1.2.4 Localization

Localization is the process of modifying products®tsandount for differences in distinct markets [ZISA, 200

1.2.5 Difference between adaptable and adaptive

In an adaptable application the user controls the adapliagiceas in an adaptive application the adaptation is
controlled by the system [Findlater and McGrenere, 2004].



Related Work

2.1 Known user interface components for mobile applica-
tions

2.1.1 Differences between cell phone brands and countries

Different current cell phone models which are availétizieriarl were evaluated to determine the current state
of the art of cell phone menus. Some foreign and olderesel@igalso explored so far as information about
them was available.

Evaluated cell phones

The following cell phones currently sold in Switzedasdwated in particular. They have the same screen
resolution. This is crucial, because a higher scréen irwelases the display possibilities. Sectiofe&hc@ee
to these cell phones. The available menus and compexplatifaddn more detail in that section.

Sony Ericsson: The device evaluated was a Sony Ericsson K800i withriviedafbg swiss mobile telecom-
munication operator Swisscom. It uses grids for theum@Eengure 2.1a); and lists (see gure 2.1b) and tabs
(see gure 2.1c) for the submenus. The K800i has a shree2d@igixels and a screen height of 320 pixels [Sony
Ericsson, nd]. It uses a lot of icons. When focused,fireheome&nu items in the main menu are animated and
the name of the function is shown in the title bar. Thetbed®eoi items in the main menu can not be changed.
More screenshots are provided in appendix C.1.

Nokia: The evaluated Nokia 6131 also had a Vodafone rmwagskitiesvw the icons in the screenshots look
similar to those of the Sony Ericsson K800i (see appertuixn@2gation hierarchy structure was compared to a
Nokia 6131 without Vodafone rmware and there werehariffslignces, so the Vodafone speci ¢ menu items
were not taken into account in the navigation structari; $hevappendix. The Nokia 6131 uses a grid menu as
default main menu layout with animated icons and lisbrserfusenus (see gures C.2a, C.2f, C.2h and C.2i).
The style of the main menu can be changed into list or &denmgmeg C.2c and C.2d). There are two grid styles
available. One shows icons and text, the second oneysitows antl the menu item name in the title bar (see
gures C.2a and C.2b). The order of the items in the maéam ineimeely de ned by the user. The Nokia 6131 has
a screen resolution of 240 x 320 pixels [Nokia, nd] ard al$at @f icons as with the Sony Ericsson K800i.
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‘;!Elll. <

Silent mode
Increasing ring
Vibrating alert

(a) Main menu (b) Messaging menu (c) Settings menu

Figure 2.1:Screenshots of Sony Ericsson K800i

Foreign cell phones

Evaluation of foreign cell phones was much harder, &iecaligéhere are not many people in Switzerland who
have such cell phones. The following cell phones arsanr®winédland, however, the following section should
give an impression of some foreign cell phones.

au by KDDI: KDDI is a Japanese telecommunication operator. Ibleds pessiccess to a Sanyo A5514SA for

a short evaluation, but unfortunately, not for a commreh@hsation. Some screenshots of the Sanyo A5514SA
give an impression of the user interface. There are ayhibet®menu items which indicate direct access via
keypad (see gure 2.2a). There is not much use of iconeraratéficons, they are not colorful. The main menu
contains animated icons (see gures 2.2b, 2.2¢), bataheylzue. The data folder menu also contains has icons
next to each folder. In the data folder list there are cheisdidate how many elements a folder contains (see
gure 2.2d). The phonebook gives the possibility ta gisptayf each contact which is not the case for the Swiss
cell phones (see gure 2.2e). The tabs in the phonebgmogtewghose names start with the same syllable. This
is useful in Japan, because a lot of names start with thkasden€sBretscher, personal communication, March
31, 2008).

DoCoMo FOMA: The DoCoMo FOMA phones are japanese cell phones. elyrtoetenatas no DoCoMo
FOMA cell phone available for evaluation. Howevernsple® @xdoe user interfaces can be found in the user
manuals for the cell phones. For example in the manua]dTNB@BCoMo, 2007]. The screenshots taken from
the manual can be found in appendix C.3. Noticeable arbargeinihe menus to indicate fast access to the
functions and the simple design (see gure C.3a). Thiyead@nwoicons used it seems. The only icons from
all screenshots in the manual were found in the contacreletaof the phonebook (see gure C.3b). In the
phonebook of the N905i there are tabs to Iter the phosrghiesksee gure C.3c). One tab type has japanese
syllables, another has numbers for ltering by memargmiiorehas numbers for Itering by group number.

Anycall: Anycall is a South Korean cell phone brand and belongsmtutigegoup. Upon request Samsung

kindly provided some screenshots of the Anycall S€H-¥849HZ<3). It has the same screen resolution as the
Sony Ericsson and Nokia cell phones evaluated [Shendseir&eiag Co., nd]. The displayed menu is three-
dimensional and has three levels. Each level contadfshaa@nfunctions which is rotatable. The background
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(a) Alist menu (b) Menu icon "Tools” closed (c) Menu icon "Tools” open

(d) Data folder list (e) Phonebook (f) The radio application

Figure 2.2:Screenshots of Sanyo A5514SA

color changes when another level is highlighted. Wipdevakischighlighted the background is red, the middle
level has a green background and the bottom level a btuebadkeg menu is much more colorful than the Swiss
or Japanese menus. According to Mr. Piccand from Saomnsgréheuch more animated than the menu icons
in Swiss cell phones (Y. Piccand, Samsung, personehtiomidiaryi 2, 2008).

Statements of mobile phone manufacturers

Besides Samsung several other companies were quarfedhesdbe navigation menus of their mobile phones
vary between different countries. There was no feedha&&Efextronics and Motorola. Nokia (P. Preuss, Nokia,
personal communication, March 11, 2008) was not aliltetapyorformation. Sony Ericsson stated, that their
menu navigation does not differ between different martketg,"do speci c menu structures for operators but it
is still the same paradigm” (E. Nilsson, Sony Ericesahcparsiunication, March 28, 2008). Screenshots were
not provided by any of the companies who responded.
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(a) Top level highlighted (b) Center level highlighted (c) Bottom level highlighted

Figure 2.3:Screenshots of Anycall SCH-V840

2.1.2 Types of known navigation menus and components

In this section several menu and component types thahaveretf® evaluated and foreign mobile phones in
section 2.1.1 or in different mobile applications dueéatito show what the current state of the art in the eld of
navigation menu design is.

List menus

List menus have the advantage that they do not need iheref@mdrto high resolution display is needed to use
them. Moreover they can already be navigated, usinghatdenigesupports up, down and enter input. Unlike
tab menus and grid menus, which need icons and also atdeyiperts left and right input. All evaluated cell
phones use list menus. Nokia uses them on all levels aoss8ompoEfor the entry-menu.

Grid menus

Many of the evaluated cell phones use grid menus forrttfemerdnyy, but not for navigation in submenus. This
is probably the case because grid menu items always.néedrndomhard to design icons for functions on lower
levels, because not every function can be expressedrinfial roeanBrie y said: "At lower levels the selection
choices are mostly too speci ¢ to be unambiguouslyedpfgtetio 7.5, 2006]. How many rows and columns a
grid menu has depends on the resolution of the mobildplenatuated cell phones had 3 columns and 3 or 4
rows. On the Sony Ericsson K800i there are constarglintBatemin menu. On the Nokia 6131 the number of
items in the main menu is variable and can be de ned hyitlieeuseaare too many items to t on one screen, a
scroll-bar is shown.

Possible enhancements: More rows and columns would make it possible to placetinosednrihe screen,
but this leads also to smaller icons, which are maybe desdeiate with the corresponding functions.
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Tab menus

Tab menus are useful to display a few categories witlistitetref In them. The user can quickly go through
each tab (each category) and see which items it comédiors. iTisequite easy to explore the menu hierarchy. Tab
menus are a possibility to display two navigation tegelseEand their entries) on one screen. Because of that
the user has a cue where he is located inside the naxigaii@n st

The downside is as with grid menus in that there is noteeuchieptabs, thus only icons can be used. (Or
in Asian countries word-signs could be used). All afdtedlesal phones use tab menus.

Search menus

This idea is similar to the desktop search on desktopscoXmutto not move through the menu hierarchy,
instead you search for the desired function by enténiogatsearchbox. This idea was proposed by [Jones and
Marsden, 2006]. Their search is based on a B+Tree. Baarcdiitgeasier, they added following feature: When
pressing two times button "1” that could mean "AA’ or "@ASrdidram automatically searches for all the different
possibilities.

Search menus are not available on any of the evaluaiads€llighmost similar component to a search menu
found is a fast search functionality for the address beoBamy tEricsson K800i (see gure C.1f). As the user
types the rst characters of a name, the address booktheqostact entry whose name starts with the entered
characters. Another similar component is the contactheltaddressbook of the Nokia 6131 (see gure C.2e).
As the user types the addressbook is Itered. Only thosenduoge names start with the same characters as the
entered text are displayed.

Possible enhancements: Functions could be tagged with different keywords, ess the nst need to know
the exact name of the function.

Other mobile search-applications: K-menu [Lee and Lee, 2007] and Qix [Zi Corporation, 2 308hhav
search-navigation functionality.

Tree menus

Tree menus are very rarely used on cell phones. Hosvaversohes applications for smartphones and PDASs.
There are several le browsers like Resco ExplordrPar, Bmketphone or Palm OS [Resco, nd]; FileZ File Browser
for Palm OS by nosleepsoftware [nosleepsoftware]od loy Kgmely Cat Games for Symbian [Lonely Cat Games,
nd]. Another application called "Handy Tree Notes” b [FFRCOUStilS, nd] can be used for Windows Mobile for
creating trees of notes and to-do lists. Tree menus edeomadiong of the evaluated cell phones.

Components of user interfaces

Numbers in lists: Japanese cell phones seem to make a lot of use of nuntbms mexiut items to indicate
direct access via keypad. None of the evaluated celiglaonmsters in lists.

Icons in lists: All evaluated cell phones make heavy use of iconsénftasitlapanese cell phones use icons
only rarely.

Breadcrumb trail: Breadcrumb trails give the user more information aboenhigosition in the hierarchy.
None of the cell phones evaluated uses breadcruminiailsleSblokia phones had number breadcrumb trails
which were used for fast function access, as with the38okia 33
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Help text: Help text provides the user with more information almtiotetfefore he selects it. All evaluated cell
phones had the possibility to display help texts. Nusnsatlprie in a pop-up window. The Sony Ercisson K800i
displays help text at the request of the user (see guid€uspr has to press the help soft key. The Nokia 6131
shows the help text automatically after a menu item ightelighit about 15 seconds (see gure C.2g).

Cues, which ag category-functions: Category cues are icons, which are displayed next toeannmenu it
indicate, that this menu item is a category and a selécii@s obt start up a function, but shows the sub menu
items. None of the cell phones evaluated showed casegiitg Samyo A5514SA shows something similar (see
gure 2.2d). The le folders have a cue that shows the fiuashier@ach folders.

Navigation hierarchies: Parts of the menu structure hierarchies of the evalicatedelevexplored. Refer to

the gures in Appendix B to see a visualization of theunemesstBoth hierarchies have a hierarchy level maximum
of about four levels. Striking is that in the Nokia 61 &lrtiestty only one way to reach a function, whereas in the
Sony Ericsson K800i there are a lot of functions whidachedartwo ways (for example "Message Alert”).

2.2 Adaptable/adaptive menus

Adaptive and adaptable menus were evaluated for ddelatiprasppy Findlater and McGrenere [Findlater and
McGrenere, 2004] and Park et al. [Park et al., 2007¢r BimdllslicGrenere showed that static menus are faster
than adaptive menus and adaptable menus are as faghassatxcept when the adaptable menu was used
rst, then adaptable menus were as slow as adaptive mémeistadic menu used in this experiment relies on
the unrealistic assumptions that the system knowsitirefssd@ency of items beforehand and that the selection
frequency stays constant. The adaptable menu wasgiieéestatic menu, but not to the adaptive menu. But the
participants that preferred the adaptive menu expnesseshgesupport for it. Therefore the authors recommend
to use a combination of adaptable and adaptive menuspkobgxaoposing the user frequently used items for
adaptation.

Park et al. [Park et al., 2007] found the adaptable meraster lzand preferred compared to adaptive and
traditional static menus. The downside of adaptableertbaleffarts of the users to reorder the lists. Therefore
they recommend also a combination of adaptable andveetapjVier example by highlighting frequently used
items as indication for the user to reorder the list.

Research about adaptation for mobile applications xeaspier done by Goren-Bar and Ku ik [Goren-Bar
and Ku ik, 2004]. They showed, that users assigneathygnigteer System Usability Scale scores to an adaptive
system than to a non-adaptive system. Even though #iegxpariment not on an actual cell phone, but in a
simulation in MS Mobile Explorer.

2.3 Cultural preferences in user interface design

Research on preferences in user interface design Heteeenadintries and combining these with Hofstede
values concentrated mainly on desktop applicatioa®f{bayd®99; Gould et al., 2000; Marcus, 2001; Marcus
and Gould, 2001; Marcus, 2002; Marcus et al., 2003; Feldeabtb@, 2003; Marcus, 2005; Rose, 2005a;
Burgmann et al., 2006; Kamentz, 2006].

An exception is the research of Cha et al. and Choi et tl.[Q@%; Choi et al., 2005]. They explored
preferences in mobile user interfaces of participdiffefeotrcountries. Cha et al. created mobile usegsnterfa
in a ash application. The participants used it on a desktoierc Choi et al. Imed the use of certain mobile
phone services and showed these videos to the pafthepzarteipants then answered interview questions about
certain properties of the shown user interfaces. $hue tiessdt studies are summarized in section 3.1.
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A prototype similar to the one presented in this thestsfovamindrelated research either concentrated on
cultural differences between desktop applicationsbiléhepplication was emulated in a desktop application.






Guidelines for building a
cultural adaptable cellular
phone menu

3.1 Guidelines for building small screen menu interfaces

A lot of research was done to analyze differences betwderfaces in different countries and combine these
differences with Hofstede values of the countries {ldlaré@9@; Gould et al., 2000; Marcus, 2001; Marcus and
Gould, 2001; Marcus, 2002; Marcus et al., 2003; Fordesblb@eRDO03; Marcus, 2005; R 6se, 2005a; Cha et al.,
2005; Choi et al., 2005; Burgmann et al., 2006; Kamehtd gaaecof this research was combined into general
guidelines for designing user interfaces [Reinedie foltwing table 3.1 shows concrete guidelines for mobile
devices. Where not otherwise referenced, ideas faeteegoaalines were derived from [Reinecke, nd]. These
concrete guidelines take into account the restrietegatisiilities of mobile devices. For example thheemall sc
prevents displaying of a lot of information on one screen.
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General Guidlines

Hofstede Classi cation

Concrete Guidelines

Show breadcrumb trail [Man
2005]

clsO

Low

Show breadcrumb trail. Generally, shoy
tion in the hierarchy.

Much information at rst level, @
few levels

nlyro
PDI

High
High

Show a lot of menu items at the
level of the navigation.

Use a shallow navigation hierarchy
could be achieved for example b
ing ListMenu in combination with a
low hierarchy or by using SearchN
which represents no hierarchy.

Show only few information at
rst level, hierarchy can be dee

tha0
pPDI

Low
Low

Show only a few menu items at the
level of the navigation.

Use a deep navigation hierarchy.

Let the system initiate commu
tion

NI

High

If activated, helptext is shown automatic

User can initiate communicatia

nPDI

Low

If activated, helptext is shown after the
pressed a button.

V pOSi-

rst

. This
y us-
shal-

vienu,

rst

ally.

user

Low image-to-text ratio

IDV

High

Use menus that can be shown wi
icons. For example ListMenu, SearchM
TreeMenu.

hout
enu or

High image-to-text ratio

IDV

Low

Use menus that have icons as an inherer
erty. For example GridMenu, or TabMen

icons to lists of ListMenu and TabMenu.

breadcrumb trail is used, show the one
icons.

t prop-
u. Add
If a
2 with

Contrast between interface ard

abVv

High

Use background color for contrasts. Poss
terface areas could be the title bar respe
the breadcrumb trail, the area containir
menu items and the menu bar which co
the command labels. Menu items beld
together could be grouped by using the
background color.

sible in-
ctively
g the
ntains
nging
same

Apply a high multimodality to
interface

thBV

Low

Use additional output-possibilities like g
and vibration to give the user cues aboy
deep inside the navigation he is.

ounds
t how

Complex interface possible

UAV

Low

Use menus with a lot of menu items and
lot of user interface components like ico
breadcrumb trail.

add a
ns and

Simple user interface

UAV

High

Use menus with only few menu items, 4

1s few

user interface components as possible.
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Show the position of the user in tbAvV High Use menus with breadcrumb trails. Maybe use

hierarchy a tree menu.

Use redundant cues UAV High E.g. use a different background color and bold
font to signal the importance of a navigation
item

Use non-redundant cues to matAV Low E.g. Use only bold font for the meaning "impor-

mize information tant”. The background color can signal |other
meanings.

Show large amount of informatioiiV High Use as many user interface components|as pos-

within a screen, use the screen sible. For example use icons for navigation

space ef ciently [Cha et al., 2005; items to make their meaning clearer and use

Choi et al., 2005] breadcrumb trails.

Show secondary information [[CH8V High For example use helptexts or icons to give more

etal., 2005] information about choices.

Show only limited choices [Mardd#\S High Try to limit the number of choices as much as

2002; Reinecke, nd] UAV High possible. E.g. a GridMenu with max. 6 naviga-

PDI High tion items.

Table 3.1:Concrete guidelines for designing multi-culturalseointerfaces
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There is a potential con ict between "Simple user iredd8aow only limited choices” for users with high
uncertainty avoidance score and "Show large amoumiatibinfeithin a screen” for users with high uncertainty
scores.

Marcus and Gould [Marcus and Gould, 2001] recommensietpte irderfaces with limited choices for users
with low uncertainty avoidance score, after compaitieg fna@hgifferent countries. They described Senplicity a
follows: "with clear metaphors, limited choices, atddestmounts of data” and Complexity as: "with maximal
content and choices”

This recommendation contravenes the results of thef€east al. and Choi et al. [Cha et al., 2005; Choi
et al., 2005]. They did research on the cultural difiereriikeiuser interfaces. Cha et al. found out that Korean
participants (high uncertainty avoidance scorej finefeluétered interfaces (complex) and participahts from
United Kingdom (low uncertainty avoidance scorel)ipteféaoes with limited choices (simple) [Cha et]al., 2005

Choi et al. detected that participants with high uycavtzidence score preferred a large amount of informa-
tion within a screen and ef cient layout or space usayejsmti need to scroll and have more knowledge about
what the impact of the next selection will be [Choi ebal., 200

In consideration of the fact, that Cha et al. and Chonetalrat®d on mobile applications, their recommen-
dation to show a lot of information on one screen for g witcertainty avoidance seems to be more suitable
and will be used in the domain model.

3.2 Chosen user interface components for testing the guide-
lines

Based on the concrete guidelines of section 3.1, déffierentmponents were taken into consideration to research
the mapping of Hofstede scores and components. FeBewimyfonents are listed with an explanation why they
were chosen. For a more elaborate and technical exjfldr@atisar interface components and their functionality
refer to section 5.5.1. An overview of these assignmeusra s and the Hofstede values is given in gure 3.2.

ListMenu: Lists are very simple user interfaces and use the seretatigphcinef ciently (in comparison with
the TabMenu for example). Therefore they should béosuisabewith low uncertainty avoidance score [Cha
et al., 2005; Choi et al., 2005].

GridMenu: The GridMenu has a high image to text ratio, which sheédsswith a low individualism score
[Reinecke, nd]. The GridMenu uses screen spacaefleigrely because the big icons need a lot of space, which
indicates suitability for users with low uncertairgpaveabre. On the other hand the icons provide additional
information, therefore GridMenu should be suitabj@dariiesomewhat low uncertainty avoidance [Cha et al.,
2005; Choi et al., 2005].

TabMenu: The TabMenu is more complex than the other menus. @resaigatitin key left and right reveals
information formerly hidden in the other tabs. Themadealsformation about the hierarchy (two levels of the
hierarchy can be seen at the same time). These attrliitealshthe TabMenu appropriate for users with high
uncertainty avoidance [Cha et al., 2005; Choi et al., 2005].

SearchMenu: The SearchMenu inherently has no hierarchy, becaalg gubtbatfunctions can be displayed

in the search selection pop-up. And a selection lelgde diretinction, so no navigation through a hierarchy is
required. Accordingly the SearchMenu should be suisgbgeviith high long term orientation scores and high
power distance scores [Reinecke, nd]. This menu i§\anasged, because it contains only a search text eld
and the space usage is not especially ef cient, compaeadplerwith the TabMenu. Hence the SearchMenu
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Menus LTO |PDI |IDV |UAV MAS
ListMenu low
GridMenu low |low
TabMenu high
SearchMenu high |high low
TreeMenu low

User interface components

No breadcrumb high low |low
Breadcrumb (String or Number) low high |high
Breadcrumb (Icons) low low |high

No helptext low
Helptext automatic high high
Helptext by request low high

No icons in lists high |low
Icons in lists low |high
Numbers in lists high

No cues, which flag categories low
Cues, which flag categories high
Hierarchy

Deep Hierarchy low |low

Shallow Hierarchy high |high

Show only a few navigation-items on screen high high |high
Show a lot of navigation-items on screen low low [low

Table 3.2:Rough overview of assignment of components and Hoéstede val

should be suitable for users with low uncertainty avBidsfiocesf cient search, every menu item has keywords
which are shown. Those keywords provide additiontdbmfoemee the SearchMenu possibly is must suitable for
users with somewhat low uncertainty avoidance [CI@0Bt @hd et al., 2005].

TreeMenu: The TreeMenu uses the screen space not very ef cieistiwauid tjualify it for users with low
uncertainty avoidance score [Cha et al., 2005; Chd@%]abuf the user has information about his position
inside the hierarchy, which is suitable for users withdriginty avoidance [Reinecke, nd]. This should even out
the effects of screen space usage.

When the user has a cue about the position in the hiesasloby]dhsuit short term orientated users. [Marcus,
2005]

Numbers in lists: Numbers which imply the functionality of direct cheigediaadd more information to the
screen and therefore they should be suitable for usigis witiettainty avoidance score [Cha et al., 2005; Choi
et al., 2005].

Icons in lists: The more icons are shown in a menu, the higher the imaggédoleers with low individualism
score prefer a high image to text ratio in user interfaeeke|Rel]. By adding icons, more information is added
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to the screen, which should make it more suitable fathus@ighwiincertainty avoidance score [Cha et al., 2005;
Choi et al., 2005].

Breadcrumb trail: The breadcrumb trail component shows users their sitimer@rubadds additional infor-
mation to the user interface what should please useyis wittehtainty avoidance score [Reinecke, nd; Cha et al.,
2005; Choi et al., 2005]. Moreover, users with low pawes disex should prefer user interfaces with breadcrumb
trails [Reinecke, nd]. Furthermore breadcrumb tstifgycafrisons increase the image to text ratio which should
suite users with low individualism [Reinecke, nd].

Help text: Help text allows the user to get more information abdigsira before he selects it, which should be
preferred by people with high uncertainty avoidantalCR00O8].

The help text can be shown automatically or by requeseof théha system initiates communication by
showing help texts automatically this should pleasewtdtubarh power distance index. Users with low power
distance index would like to initiate communicatiolvéisdiRemecke, nd].

Cues, which ag category-functions: When this component is used in the interface some filhkctivasw

icon that marks them as category-functions, which at¢heg,db not execute a function, but just are categories
which have more functions beneath them in the hierausthyul@tielp users with high uncertainty avoidance to
get more information about the consequences of seléatintich [Choi et al., 2005].

Navigation hierarchies: Different hierarchies can be de ned. Soitis possiblsiall®s or a deep navigation
hierarchy, depending on the long term orientation ardigtamer index of the user [Reinecke, nd]. It is also
possible to de ne how many menu items are shown on eatelévetaschy. The more menu items are present
on the screen, the more choices and the more informailiaiolés which should suit users with low masculinity
score [Marcus, 2002] and high uncertainty avoidanchaebad.| 2005; Choi et al., 2005].

Note that other factors can in uence how well someornesnavéghierachy. Age for example can have an
in uence. In an experiment conducted by Zie e and Ban{/iag, 2004] a fourth of the older participants
(between 50 and 64 years old) did not have a hierarclaicedpresgntation of the menu, whereas all of the
younger participants (between 20 and 32 years old) hezhehlienental representation of the menu structure.
Participants without a correct mental model had a slgnieramavigation performance.

Another factor, which can in uence the mental repoasehthé menu is literacy as suggested by Walton et
al. [Walton et al., 2002; Walton and Vukovic, 2003]. €p¢ afinformation hierarchies was not clear for all
participants. When asked to draw a family tree, onamalidonmt draw an hierarchical family tree but seemed to
draw two lineages, one maternal and one paternal. Onty toeeparticipants were able to interpret breadcrumbs.



Domain model ontology for
culturally adaptive mobile
applications

Besides the Cultural User Model Ontology CUMO, whiehidieke/ith the Hofstede values, there is the domain
model ontology, which links the user interface comptndmsHefstede values. The rst part of the chapter
gives an explanation, why a domain model ontology isheeselsohd part explains the domain model ontology
in detail.

4.1 Why there is a need for a domain model ontology

An ontology is needed to link the modules of the use¥ intdréacultural values of Hofstede. For example the
ontology allows the application to make a connectiom thetWaleMenu and certain Hofstede values.

4.2 Explanation of the domain model ontology

The domain model ontology is visualized in gure 4.1.

The class PersonPreferencelnstances of PersonPreference hold the preferencesrsf thigeuname, the
Hofstede scores, the favorite menu and the favority biethecuser after the rst adaptation are saved by
CAMPA as PersonPreference individuals. The Hofstedeevditectly integrated as properties into the class,
instead of linking to the HofstedeValues class. This wik twnrequirement in mind, that further adaptations
of PersonPreference should be possible by the apgl@Mé&tibas no external library for easy editing of OWL and
therefore with the current solution, changing of thef\ReéussnPreference individuals is kept as simpléeas possib

The class Menu and its subclassesThe class menu can not have individuals, so it is metatg aleesaplts
properties are inherited by every subclass. It corgabdagses, which represent the ve menu types. A menu
is de ned by creating an individual of a subclass. Suctea im&velseveral components, which can be activated
or deactivated by de ning the corresponding propéi@sdinitiual. For example the icons can be activated by
setting the property haslconsinList to true. MenwedasgthirsdkHofstedeValues individual.
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The class Hierarchy: An individual of the class Hierarchy links to the toplteunstad a navigation hierarchy
by the property hasTopMenultems. The lower levelsafctnethee are de ned by the children items in those
Functionltems. A hierarchy is also linked with a Hhfsteideladual.

The class Functionltem: The class Functionltem contains all information ofdneteranu. To de ne a menu
item, an individual of the class Functionltem is cregtegperty haslconFileName points to the le name of an
icon for this menu item. The property hasKeywords s@ocankaywords, which are only used for SearchMenu.
If there were no keywords, the user would have to knowhpdtiaafon name to nd the function. The property
hasHelptext, contains a help text which is only usee|pftdr functionality is activated in the menu, which
contains this menu item. Finally the property hasé€hgdieks to a list of Functionltems. If the list is ésnpty, th
Functionltem is a leaf Functionltem, that is it linkstma. f@n the other hand if the Functionltem has children
items it is a category Functionltem.

The class HofstedeValues:An individual of the class HofstedeValues containgahdiménsions of Hofst-

ede in ve properties: hasIndividualism, hasLongitatim@riesMasculinity, hasPowerDistance and hasUncer-
taintyAvoidance. If one of those ve scores is not setatfeesoore is taken. By linking individuals of otlser classe
with an individual of this class, it is possible to ast&petsabres them.

The classes HelptextType and BreadcrumbTypéndividuals of these classes serve as constants fes propert
of menus.

4.3 Options to assign the Hofstede values to the user in-
terface components

There were two options how to assign the Hofstede valusstariterface components. Advantages and disad-
vantages of the two options will be shortly evaluatég tbgustosen option.

Option 1: For each menu type there are multiple individuals initheddehaFor example there is a ListMenu
with icons and breadcrumb trail or a ListMenu with ieaitispbubreadcrumb trail. These would be two different
individuals in the ontology .

Option 2:  For each menu type there is one individual, which haktsadavalues associated with it. When
adding user interface components like icons or bregdlahasb tHofstede values are decreased or increased. For
example adding icons would decrease the individualdithedastMenu.

Option 1 was chosen because of the following reasong:ifipentaos advantage of option 1 is that the do-
main ontology is still easy to adapt. One of the requoktherdgpplication is that the Hofstede values in the
domain ontology should always be changeable. Withtdptlmar@fior the application to change the Hofstede
values in the domain ontology. This argument can bd exiblairscenario of adapting the user interface: For
example if several users have a high uncertainty avoideneer® problems to navigate in a menu, which is
designed for low uncertainty avoidance, the unceotdargeavalue of that menu needs to be increased. If that
menu has an certain instance like in option 1 it is no prabi@ngé its Hofstede values, but in option 2 the
application could only change the Hofstede values cbo®rtaients, but not of the whole menu.

Furthermore with this approach, it is easier to get aw @femiich menus have which optimal Hofstede
values before the application is executed. Whereaseweitmtheption, Hofstede values of the nal menu are not
calculated before runtime.
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The main disadvantage of this approach is, that when poeant@anintroduced into the domain model, the
Hofstede values of the already de ned menu instanceavmaghzithanged and recalculated. Whereas with
option 2 for each additional menu component only hasrtedbbale much it changes the Hofstede values of the
menu, and the rest of the calculation would be done bic#i®appl
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Figure 4.1:The domain model ontology



CAMPA - a Culturally Adaptive

Mobile Phone Menu
Application

5.1 Requirements

The application to be developed is a mobile phone memuessbonaire should ask the user in which countries
he has lived. The application then should estimaterghdachiground of the user by calculating the Hofstede
values of the user based on the information taken fronrahenodle! ontology CUMO [Reinecke et al., 2007].
Then the application has to adapt its user interfaceattkginsuhd, with regard to number of hierarchy levels,
user guidance, the form of navigation and informatipnidensultural background is de ned by the ve cultural
dimensions of Hofstede [Hofstede, 2001]. The intstfamntoneed to be semantically annotated, in o@er for th
application to choose the user interface, that mataliagahéackground the best. These semantic annotations
are implemented in an adaptation ontology, using theexiMindodogy language OWL. The application should
make a connection between the user interface and théogiesoBtdMO and the domain model. Furthermore it
has to be able to exchange information with both onidiagissthere needs to be some possibility to change the
ontologies during runtime.

5.2 Why Java Micro Edition?

5.2.1 The different implementation possibilities

There are different ways to develop an applicationefaleriobs. It could be developed as a Symbian application
programmed in C++, as a Windows Mobile application pebgna@¥hor Java or as a cell phone application
programmed in J2ME; even a web based application wailkebe pos

Some of these options have some major disadvantagesavitpdssitzle to narrow down the list of possibil-
ities. Symbian applications have the advantage thabserfumgiions can be called from within the application
[Nokia Corporation, 2007], but to program the menu@ppli€at+ would be too time-consuming. Furthermore
only a restricted number of cell phones support Syndtfear.offtion that has a major disadvantage is to develop
the application as a web based application. Web baa#idrepgticnot provide the performance needed. After
every selection of the user, it takes time to load a neligpdgkayTprevents fast navigation.

This leads to the following three options left, whictaluateain more detail:
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Java Micro Edition (J2ME) on a cell phone (CLDC 1.1 & MIDP 2.0)
Java with the virtual machine IBM J9 on Windows Mobile

C# with .NET Compact Framework on Windows Mobile

5.2.2 Reasons for choosing Java Micro Edition

Java Micro Edition (J2ME) is pre-installed on mogtsaldreall phones. Therefore there are a lot of platforms to
choose from and there is no dependency on one platfomnsifleeaddd2ME is that it has almost no capabilities
to launch functions of the phone. It only providestipsdsilifien an url or dial a phone number.

The two implementations, that rely on Windows Mobiteddxanthhge of providing access to some functions
of the phone via the phone API [Microsoft Corporatigre, @07% On the other hand they have the disadvantage
that the implementation works only on cell phones thantawe Wobile installed and such cell phones are
mostly smartphones like the Palm Treo. These smantptadiyestonaot look like "normal” cell phones, because
they usually have a qwerty-keyboard or a touch-screeneXperignce is not only depending on the design of the
application but also on the design of the hardwarelyHspeeaaple from third-world countries, who maybe have
never seen such a smartphone before, it could look ncorapieeato them than a cell phone. In order to make
it possible for them to put the navigation-experienc®AfiCAdihation to navigation-experiences of their former
cell phones, it is necessary to have a similar hardware.

5.3 Evaluation of third-party libraries and frameworks

5.3.1 J2ME GUI libraries

The presentation possibilities of J2ME (MIDP) wit baghpewents are rather limited. There are only containers
to display items in a list. Furthermore simple layostlitgackganging the background is not possible with the
high level user interface API. So there are a lot of faser libtaries that extend the presentation possibilities
J2ME. One of the most sophisticated libraries is JANvtCRaliak chosen as a framework to develop CAMPA.

The most important advantage of J2ME Polish to othari€Js libat there are several containers to layout
the components of the user interface. Containers tik®abbeeeltem or the possibility to lay out lists as grids.
Moreover it is not only a GUI library, it is a whole fra@wakthe developer the possibility to make different
builds for different platforms. For instance a rele&mfjoEeacsson cell phone makes use of the hardware back
button of Sony Ericsson. It even has the possibilitystglds imeexternal les in a CSS-like syntax. So itds possibl
to separate application logic and layout in a convenient way

J2ME Polish advantages:

Sophisticated framework. For example it contains daggiark and a build framework with which it is
easy to compile the application for different cell phds\amdalisplay-sizes.

Separation between application logic and layout by CSS

Several layout-possibilities like lists, grids and tabs
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5.3.2 XML parser

To get the information out of the ontologies CAMPA neddsdsoin@\WL Parser or OWL API. There are Java
APIs for OWL like Jena [Jena, nd], Protege OWIgaR\ArcaPI, nd], or The OWL API [The OWL API, nd] but
unfortunately these parsers need several classesdbasBave therefore they can not be used for CAMPA.
However, there is a mobile framework that supports pnotodsging [Gu et al., 2007], but it was not available
when this diploma thesis was started. Moreover it weednlyttean emulator on a P3 500 Mhz processor with
256 MB of memory, which does not prove that it would rumai eetigshone. For that reason an XML parser
was taken and modi ed so that it was easier to read RDF dad. OWAre are several XML parser libraries for
J2ME, and the most important criteria to distinguish thetnweghow the XML le is parsed. There are three types
of parsers: model, push and pull.

A model parser has to generate rst a model of the XMLtdothenmmemory before the content of the XML
le can be accessed. Mobile devices have very restiocyechpemilities. So it depends on the size of the XML le
and the size of the memory of the mobile device whethgraaseodeah be used.

A push parser is called by the application. Then it paftssde XL le and looks for certain XML tags, that
the application told it to look for. As soon as it nds thiedaltsslisteners in the application. So the parsksr contro
the program ow, which can make the program sequencaldaitentarstand.

A Pull parser combines the advantages of model parsérpansgm. It uses less memory then a model parser
but still the control of the program ow is at the appliTatapplication drives the parser through the document
by repeatedly requesting the next piece.

One major requirement is that the ontologies can be ghifnegecbgram. Changing XML tags is very hard
with pull parsers, they are more convenient for geneeatiXg/h le and not for editing. Whereas with a model
parser it is easy to edit XML tags in a object-orienteer@faye Bmodel parser was chosen: NanoXML for J2ME.
Note that the ontologies have to be saved in RDF/XMEed¢ausatparsing RDF/XML-ABBREYV is too complicated.

5.4 Architecture and program ow

For a rough overview of the program ow see gure 5.1.{€de Malises of countries are taken from the Cultural
User Model Ontology (CUMO) and the Hofstede values oftétéaasecomponents are taken from the domain
model ontology.

When the application starts it rst checks whether tlieneé@ramodel saved on the mobile phone from an
earlier session containing already created PersoeBrdfdéoeks for a le called domainmodel.rdf-xmhewl in t
folder "/other/” of the mobile phone. If it nds a saveddoaul, it loads it, otherwise it loads the domain model
given in the jar le. Then the user has the possibilitg @ wegapro le or select the pro le, that was saved when
he used the application the last time. If he selectedtlginedeu of that pro le is shown, else the questionnaire
to determine the cultural background is started. It as&s tisg which is the country he currently lives in and in
the following screens he is asked in which other cotnatsibgdtemore than 4 weeks. After the user provided that
information, the application takes the Hofstede vatiekaxfén countries and calculates out of them the Hofstede
values of the user. Finally the menu which matches deevelfsseof the user the best is shown.

5.4.1 Prole selection

The sequence of pro le selection is shown in gure 5.3takt tiehe application the domain model is searched
for saved pro les. If there are pro les available thensstectzone of those pro les in the pro le selection screen
or decide to create a new pro le. If he selects a pro leutfw thanpro le is shown. If he wants to create a new
pro le, or has to because there are no pro les availabiecoteib to a screen where he can enter his name. As
soon as he entered his name the questionnaire is opened
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Figure 5.1:Program ow of CAMPA

5.4.2 The country questionnaire

This process is visualized in gure 5.3. The questiarisaiithsa screen, which asks the user in which country he
currently lives and how long he has been living thereagshsoaser starts to type the rst few characters of a
country in the text eld, the application suggests sdanesdawnlist which start with the same characters. Those
countries are taken from the CUMO ontology. He cantdntynsetemtries which are contained in the CUMO
ontology. Then the user has to provide how long he hdkdigeteicted country. He has to provide a number of
years or a number of months or both.

After proceeding to the next screen, the user is askedchahiedtein another country for more than four
weeks. If he selects "No”, the questionnaire is nisleedeléfdis "Yes”, another screen appears, where he can
enter how long he lived in that country. This procesantpi@tsiser answers that he has not lived in another
country. Then the questionnaire is nished and théceppdilcalates the Hofstede scores for the user.

5.4.3 Calculate the Hofstede values of the user

As soon as the questionnaire has nished the currentieduaitriormer countries the user has lived in are
determined. The Hofstede values belonging to theseareithgn fetched from CUMO. Subsequently the Hofstede
values of the user can be calculated. Table 5.1 exptapsewitb-algorithm how they are calculated. The given
example assumes that the user lives currently in Rwammderbnld/ed in South Africa.
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Figure 5.2:The process of the p

ro le selection

d)

Steps | Description Example
1 Get time spent and Hofstede dimensions of current country|&vdaaitla: 22 Years
former countries (LTO/PDI/IDV/UAV/MAS). 25/64/27/52/41
If one of the dimensions of a country is not defined, take the Scarid Africa: 3 years, 4 months
average score for that dimension. -/49/65/49/63
(LTO is undefined, take 45 insteal
2 Calculate the duration of stays in current country and all forpRvanda: 264 months
countries in months. South Africa: 40 months
3 Equate the total of all month durations to 100% and calculate@bes = 304 months
percental influence of each residence. 264/3,04=86,84 Rwanda
40/3,04=13,16 South Africa
4 Take each dimension separately. For each country multiply|eample for PDI:
dimension with the percentage influence and divide by 100. 64*0,86+49*0.13=61,41
5 Round off. PDI: 61
6 Repeat from step 4 for each dimension.

Table 5.1:Pseudo-algorithm to calculate the Hofstede Values of a user

5.4.4 Show the menu and hierarchy that match the Hofstede uak
of the user

After the Hofstede values of the user are known, the meatalieatthe cultural background of the user the best
can be chosen. For every available menu individual airthreattehthe difference between its Hofstede values
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Figure 5.3:The process of the questionnaire which detects cuaenéacdintries the user has lived in

and the Hofstede values of the user are calculated andlswtetaédhe algorithm works as follows. For each
Hofstede dimension the difference is calculated antutberahe is taken. For example

P DI difference _menu 1 = ABS (P DI user P DI menu 1)

Then all 5 differences are summed:
Sum of differences of menBDI difference _menu 1 + LT Odifference menu 1 + UAVyitterence _menu 1
+ IDV difference _menu 1 F MAS difference _menu 1

The lower this sum, the better the Hofstede values of thatohetime Hofstede values of the user. The selection
of the best matching hierarchy is done similarly. Nmesthatted hierarchy is independent of the selected menu.

As soon as the best matching menu and hierarchy areddetemsiaace of PersonPreference for the current
user is created and added to the domain model. The adgredadtmins then saved to the le domainmodel.rdf-
xml.owl in the folder "/other/” of the mobile phone.

5.5 Assignment of Components and Hofstede values

5.5.1 The Menus and components

The following subsections gives an overview over theiugpdsiead components which can enhance the menus.
Not every component can be used in each menu. FigureSvZhichlicomponents can be added to which menus.
Screenshots of the different menu types can be foundixrEagpéthe available components are shown in gure
5.4. More explanations about why these menu types amhtomgrenchosen are given in section 3.2. During
navigation inside the hierarchy the used menu type baegaot ¢
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Table 5.2:Possible assignments of components to menus

ListMenu

ListMenu orders the menu items vertically in a listeifsblects a menu item containing sub-items, a new screen
opens, which shows the sub-items of the selected ¢#tegaledted menu item has no sub-items, a new screen
is opened which tells the user which function he has reached.

GridMenu

GridMenu shows the menu items in a table-like structnseark iavailable they are scaled up and shown with the
name of the menu item below the icon, otherwise onlyidhefumetis shown.

The chosen grid has three columns. With three colurarstithemeugh space to display the name of the
menu item. Another possibility would have been to disphag thithout the name of the icons, and when the
user focuses a menu item the name of the item would kbidisptaydoelow the title bar. The rst option was
chosen, because it provides more consistency in tedaceriotillustrate this, take the following example: The
menu shows menu items, which all have icons. The iconarard #re displayed. The user selects a menu item.
The appearing sub-menu items maybe have no icongiheteorames of the functions are shown. With this
option the interface is more consistent, because dmenfaimets were already shown in the previous menu. With
the second option the change is more radical, becausst meéha there are only icons shown and in the second
menu there is only text displayed. The navigationdstdenasggation structure with GridMenu is basically the
same as in ListMenu.

TabMenu

If available, icons are shown in the tab bar. Otherwisethef tize functions are used. Each tab shows the menu
items in a list. That list can have the same propertideias, lastept for direct selection by keypad. If the user
selects a category function in the list, a new screen®ppsalscted function item is focused in the tab bar and
the sub-items of that function are shown in the list etate ththe selected menu item is a leaf function which
leads directly to a function, a new screen opens thattistthich function he has reached.
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SearchMenu

SearchMenu allows the user to search for all functioatisemedt categories. That is, all function items that lead
directly to a function and contain no sub-function ieyrtimEvthe user enters a character in the search text eld,
the application searches for function items with namerdslemntaining that text and shows them in a list. The
name of the function and its keywords are shown. The osmrtbaregact name of the function or select from
the choices in the list. When he presses the "OK” commatdeeen@pens that tells him which function he has
reached, or an error message if the entered functionldaoiebeoiound.

TreeMenu

The TreeMenu allows the user to open categories as btlamd¢tess dherefore every click on a category menu
item only opens a new branch, no new screen is openedaffiiectiateis selected that contains no sub items,
a new screen is shown that tells the user which functiosdohéds

Figure 5.4:All user interface components in two ListMenus

Numbers

This component is only available for ListMenus. &, antivéders from 1 to 9 are shown between the icon and
the function name to indicate that numbers can be aiesstyldny pressing the corresponding number key. In the
other menu types the direct choice of menu items by keyaslipasrted by the framework and would have
been too time-consuming to implement.

Icons in lists

Icons can be added as a component in lists in the ListMiemu, $SebrchMenu and TreeMenu. TabMenu (for tabs)
and GridMenu (for menu items) inherently show icongid€deqmos have a size of 16 x 16 pixels. 16 pixels is
about the height of a menu item in a list.

Category cues

Category cues can be added to ListMenu, TabMenu and $esebtavienu does not show function items that
are categories, so category cues make no sense for thdtim@midiklenu there is not enough space to add a
category cue to the menu item.
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Breadcrumb trails

Breadcrumb trails are available for ListMenu, TabMedland. @hey are shown in the title bar. If breadcrumb
trails are not activated, the title bar shows the nameiwetitecategory. SearchMenu does not display multiple
hierarchy levels therefore a breadcrumb trail makes rim sy the current position inside the hierarchy is
already an inherent property of TreeMenu, hence theeel i®ona breadcrumb trail.

There are different types of breadcrumb trails (se8) giiteefareadcrumb trail can consistradtienf
the functions, theonsof the functions or thesition numbef each function inside each screen. Names are easy
to read but can take a lot of space. Icons are not so eapyetcbntelo not take much space and the position
numbers do not reveal a lot of information about the femleiited, but they can be useful if a user wants to nd
a function by typing the number combination in ListMeaa tshiogtcut to certain functions in the hierarchy that
he uses often.

Figure 5.5:The available breadcrumb trails

Help text

Help texts give the user secondary information alims.flihetie are two possible ways to show the help text. On
the one hand a help text can be shotematicallyy showing a ticker that scrolls the help text at the btittom of
screen as soon as the user focuses a menu item. On the athelphaxt can be shown after the user explicitly
requested for help fmessing a buttoff the user focuses a menu item that has a help text tharhalmco
(button) appears. If the user presses the soft key $paindsrte that help command, the help text is shown in
a pop-up window. Help texts can be used in every menu Brtepexoby button which can not be used in
SearchMenu because of issues with the framework J2ME Polish

5.5.2 Assigning certain Hofstede scores to the components

In section 3.2 a rough assignment of Hofstede valuesyentowma®e done. Depending on the those assignments
the following concrete assignments were done, whichezaimbalde 5.3.

To have a base to calculate the Hofstede values for aistengiafatifferent components, the world averages
of Hofstede dimensions was taken, which is 45/55/48/643®DI/IDV/UAV/MAS [Hofstede, nd]. First a menu is
chosen which adds and subtracts certain Hofstedewéheesdrtd average Hofstede scores. For each component
that is added (or not added) to the menu, Hofstede sadded aresabtracted from the remaining score.

Menus should have a higher in uence on the Hofstedecealse ey determine the main layout and style of
navigation. A difference of 15 was chosen for each affgethzidimension except for GridMenu and SearchMenu
which both have only an in uence of -5 on the uncertalatycasziore. GridMenu contains icons, which add more
information to the menu items and SearchMenu displays keygach menu item which present additional
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Table 5.3:Change of Hofstede scores depending on used components

information. That plus on information should suit hsetsighier uncertainty avoidance [Cha et al., 2005; Choi
et al., 2005].

Components should have a weaker impact on the Hofstellecaakee they take less space on the user
interface. Therefore a difference of 10 was chosen flaceattiiHafstede dimension. The only exception is the
component "Numbers in lists”. It has weaker in uencermettanty avoidance because it does not provide a lot
of information, not as much for example as an icon orunidveealtr

The algorithm for calculating the Hofstede values ohedometi is explained in detail in table 5.4. As
a simple example a calculation of a GridMenu with hedpdewt.idNote that the not shown breadcrumb trail
also has an in uence on the calculation. On the other bantbtirents "Icons in list”, "Numbers in list” and
"Cues, which ag categories” are also not shown, but thetyaarglable for GridMenu (according to table 5.2)
and therefore are not taken into account for the calculation

oL - |lo |z |c |2
— lw}
Steps | Description Example ale |2 J<> Z
1 Take world average Hofstede score. 45 5% 48 64 HO
2 ggg'.slder the changes, which are caused by the chgsanmeny! 15 -5

3 Consider the changes, which are caused by the ad
interface components. %&’S{ﬁ?& by button -10 19

4 Take into account the components, which are avalil f .
for this menu, but were not chosen BYEalGErumb trail | 10 1 -14
5 Calculate the Hofstede values for the combined meResult 55/ 55 28 59 50

Table 5.4:Pseudo-algorithm for calculating the Hofstede valuebinfeglanenu

5.6 Hardware requirements

CAMPA was tested on a Sony Ericsson K800i. That phaeenhsig@ st240 x 320 pixels, which is recommended
for running CAMPA. The current jar size of CAMPA is aBot Rig(okrt of the jar le size depends on the size
of the two contained ontologies: CUMO and the domairhmatielved jar le size must be taken into account
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when selecting a cell phone to run CAMPA on. Currentlys€AMPAileConnection API to load and save a
domain model from and to the le system of the mobile gnefa@eThe mobile phone should have JSR 75.






User evaluation

A qualitative user evaluation of CAMPA was conductsdyrekatted in the following sections.

6.1 Objectives

The objectives of the user evaluation were on one ssbarte tdshe assumptions that were made in the guidelines
in chapter 3, on the other hand to survey the generglafdhkilite basic menu types available in the prototype.

6.1.1 Chosen menus for the evaluation

Five menus were composed to evaluate the user integfashotSa@f them are shown in appendix E. Because
of time restrictions, the evaluation was conducted wittintwealtural groups in mind. On the one hand Swiss
people, of which there are obviously a lot in Switzeremithadher hand Chinese people. Chinese people were
chosen, because almost all their cultural dimensiting éxttofstede are very different to those of Swiss people
(see gure 6.1). Based on this decision, rstly two mencsmypersed, which should suit those two cultures in
particular.

Figure 6.1:Different scores in the Hofstede dimensions for Switeb@ama (from [Hofstede, 2001])

SearchMenu was chosen as a menu for Chinese userstisdughdera term orientation score, high power
distance index and lower uncertainty avoicance sca@mahic aelp text was added, to increase the power
distance index and icons in the search list for loweriiigidhalism score.
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ListMenu was chosen for Swiss users because most ofnéreustheange the Hofstede dimensions in an
unfavourable way. ListMenu only lowers the uncertdamgeascore. Moreover ListMenu allows to exibly add
components in order to create a menu that has Hofstedihvaluog@aimal difference to the Hofstede values of
Switzerland. In terms of components help text by buthmsevagdake into account the low power distance
index of Switzerland and no icons to allow for the hayralisivi The remaining components "numbers in list”,
"cagory cues” and "no breadcrumb trail” were chosentteealigeertainty avoidance score as much as possible
to the uncertainty avoidance score of Switzerland.

After these two menus the following three menu typesite@este menus which have an extreme value in
one of their Hofstede scores. GridMenu was used to desigritla veey low individualism score by incorporating
an "icon breadcrumb trail”. Additionally a "help textdy was chosen. TabMenu is appropriate for a menu with
very high uncertainty avoidance score. To increasgdingyusmagidance score breadcrumb trail, automatic help
text and category cues were added. TreeMenu has noneelpoteand no category cues in order to keep the
uncertainty avoidance score as low as possible.

6.1.2 Chosen navigation hierarchy for the evaluation
The chosen navigation hierarchy is based on the higrai8bgyEricsson K800i. Some menu items were moved

and some were omitted. After the pretest some slightxarangasle to the hierarchy. A visual representation of
the hierarchy can be found in appendix B.3.

The evaluation could also have been conducted withffezeatatidrarchies, but by keeping the hierarchy
structure constant, it is easier to detect the in ueecesef interface components.

6.1.3 Hypotheses

Of all the ve menus, the composed list menu has the fereestedib the Hofstede scores of Switzerland and the
composed search menu has the lowest difference todber&loést®f China. Therefore following two hypotheses
are proposed:

H1: The composed list menu is the most preferred of the g Bwrassparticipants

H,: The composed search menu is the most preferred of this we@émese participants

6.2 Experimental methodology

The evaluation was done with a Sony Ericsson K80ant®aréizganstructed on how to use the "Back button”
and the "Clear button” and the navigation joystick whéch ¢ste that phone.

6.2.1 Questionnaires

Two questionnaires were made to get feedback fromliedaslestieet, where the participants rated the different
menus and the user questionnaire, where informatibe abttutal background of the participants and the habits
of their cell phone use were recorded. Both questioaraiadalae in appendix D.
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6.2.2 Evaluation sequence

The participants had to ful ll ve tasks and each taskar erertu. The conductor of the experiment had a notes
sheet (see appendix D) where he entered certain rdmutimikthe participants needed for each task. To avoid
learning effects as much as possible the order of the srggveis byafollowing Latin Square [MacKenzie, 2008]:

2 3
1 2 3 45
2 3 51
3 5 4 2
4 1 2 5
5 4 1 3 2

For example the second participant was given menu 2, foretask3 Tor task 2, menu 5 for task 3 et cetera.
In the main test special attention was paid that the éaxnnsxgiused for the Chinese and the Swiss group in-
dependently. It was important to make sure that also iimeee @tbup each menu was used with each task at
least once. Because the application did not lead to amatiturabf the phone like writing a text message, there
was only a screen for each function that told the usewsettuntttiey had reached. As soon as the participants
thought that they had reached the function that was askéd task, they showed the screen of the cell phone
to the conductor of the user test, which told them whthed tieached the correct function. If they did not reach
the correct function, this would be noted as a mistaketas thieeet.

After each of the ve tasks, the participants rated th@hegnuere provided with a screenshot of the menu
used, so that they could better remember what it hadéo(ikedslireenshots are provided in appendix E). Firstly
they were asked to Il out a form known as the System Ssalbil{§US) [Brooke, 1996]. Secondly they could
write what they liked and disliked about the menu. Afeticrooffall ve tasks, the participants were given the
opportunity to rate all ve menus in relation to each dtteeselect their most and least favorite menu. In order
to facilitate the comparison, screenshots of all ve eneraiown.

Finally the participants were asked to Il in the usengaisti

6.2.3 User tasks

The participants were asked to ful Il the followingheglemalso be found in the task sheet in appendix D.

Task 1: You would like to change the ringtone that notvBsryceceiving a text message (SMS).
Task 2: You would like to send a text message (SMS).

Task 3: You want to listen to the radio.

Task 4: You have missed several calls. Now you wantfithese afiissed calls.

Task 5: You want to turn on the bluetooth.

Some of them are usual (e.g. task 2), some are unusséliE.goiae in lower levels (e.g. task 5) and some in
higher levels (e.g. task 3) of the navigation hierarlytiNotasks is in the top level of the navigation hierarchy,
so the participants always have to navigate at leastiategomg to nish the task. For every task the user has to
enter a different main category to prevent learningefietask 1 requests the user to enter one of the categories
"Messaging” or "Settings” which are also entered in tddagkei

6.3 Pretest

Firstly a pretest was conducted to eliminate the mastasidkes in the tests and in the application. All of the
participants of the pretest were Swiss except onenpadiEiparman. Eleven participants took part in the pretest.
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Their age was from 24 to 30. Three participants were ifepeigci@nts were current or former students of
computer science.

6.3.1 Results

An overview of the results of the pretest is given in.table 6.1

ListMenu GridMenu TabMenu SearchMenu |TreeMenu
Most liked menus: 3 2 4 0 2
Least liked menus: 2 0 1 3 5
Average Time per Menu 16.73| 27.91 28.73 69.9 25.91]
Average SUS score per Menu 84.55 86.14 80.91] 50| 65.91]
Average rating per Menu 2.27 1.82] 1.82] 3.55 3.27

Taskl [Task2 Fask3 Task4 Task5
Average Time per Task 45.82 20.7 24.27| 39.64 34.27|
Average SUS per Task 74.55 76.82, 77.27, 78.41) 60.45]
Average rating per Task 2.27 2.27 2.36 2.45 3.36

Table 6.1:Overview of the results of the pretest

The ListMenu, GridMenu and TabMenu were rather ofterosaldetd”. The GridMenu was never rated
"least liked”. Additionally their average SUS scorarid thgly received an average rating of approximately 2. The
higher the SUS score the better the usability is. Tohaleasitagted at 1 which means "Liked it very much” until 5
which means "Disliked it very much”. The average timataskhas low for the ListMenu, GridMenu, TabMenu
and TreeMenu. The average time to complete a task was fiwethengstMenu.

The results for the SearchMenu and TreeMenu are merd hegatsre rated more often "least liked” than
"most liked”. The SearchMenu was never rated "most tiketfadBa lower average SUS score than the other
menus and were rated worse on average. Participant®mgddegbly more time to complete a task in the
SearchMenu. Following are some summed up statememtisogbainésto each menu and to some of the tasks.

ListMenu: Five participants mentioned the good overview as anppsittyeof this menu. Two users liked the
simplicity. Overview and simplicity are also the reasoissnwemu was chosen "most liked”. The most named
negative property was the absence of color or icons.

GridMenu: Nine participants mentioned the icons as a positiyegbtbentenu. This is also the reason for the
two selections as "most liked” menu. Three of the andieiisssaig that the icons support the understanding of
the functions. Only a few participants mentioned rnagatents. One of them mentioned the danger of relying
too much on the icons and not reading the text. The icongstaadieg if they do not exactly tthe purpose of
the function. Another subject mentioned the changaéranditext to text only. A third participant did not like
the inef cient use of the screen space.

TabMenu: Six participants liked the tabs, because they giveean dveovof those six rated the menu "most
liked” because of the good overview. On the other hansiessyeantioned that it can be hard to interpret the
icons. Two of these seven thought that there is no gewd beeatise you have to go through each tab to know
the meaning of the tabs. One participant quali ed hisndthyeadding that if he would use the menu frequently
he would learn the meaning of the icons.
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SearchMenu: Two participants liked the secondary information Ipydtiigledywords. Three participants found

it hard to enter text with the keypad. Another three rergiamegative point, that they had to know the name
of the functions. Two users had no overview becausesttmyenaer functions on the screen. One participant
mentioned as a disadvantage of the menu that he coulghtetimawmenu when not looking at it. An advantage

of the other menus is that it is possible to access fynotenssriy a certain sequence of buttons. So the user does
not have to actively look at the screen, but knows thaiethessefy'right-up-down” will take him to the function
"Send text message”.

TreeMenu: Two participants liked that the menu showed the cuti@ntnzide the hierarchy and another two
thought that it gave a good overview. On the other hangetisrdelunot think that it gave good overview and
three thought that there was too much information onfreparang a branch of the tree.

Tasks: Task 1 took the highest average time to complete. Thisiedo thee dact that this is the only task
besides task 5 where the menu item is in the third leveéiHrtig hand therefore the participants need to go
deep into the hierarchy, which takes more time. A semoodmésesthat it was the rst task and participants had
to rstread through all available rst level elementsvéddhere are two ways to access this function. One way is
through "Messaging” another one is through "Settingstouhicbe confusing for the participant. One participant
rst looked for the function in the category "Settingd’nobund it there and then looked for it in the category
"Messaging”.

In task 3 four participants rst selected the function Mysi” instead of the function "Radio” which they
were asked for. This is due to the position of "Music pladlyerrst level of the hierarchy and its icon which
showed a music note, whereas the function "Radio” was daepev in the category "Entertainment”. For the
main test the function "Music player” will be put insidietfuec"Entertainment”. Interestingly this confiision di
not have a hig in uence on the average time to compleke Taska&swas the second fastest task.

6.3.2 Conclusions

Some bugs were found during the pretest in the softwarejaastitnnaires. Therefore the pretest helped to
improve the application and the questionnaires. Sopanfsadid not even notice certain components like bread-
crumb trail or help texts, so additional questions wete Huzlaotes sheet to check whether the user interface
components were noticed and used. Every component éashtweshThe rst checkbox means "participant
noticed the component”, the second checkbox meapafpatied the component”. "Using the component”
means that the participant actively had an advantagedoompdiment in some way. For task 1 there are two ways
to complete the task, two checkboxes were added to theetatesrsler to record which path the users took to
reach the function. Some users did not select directicttferamion. An additional column keeps track of the
number of mistakes the user has made.

The results of the pretest suggest that it is not posssige toaertain menu type to Switzerland. The composed
ListMenu should be the most preferred by Swiss pe@pbarboigants also liked the GridMenu and the TabMenu
very much. The participants had different personat¢sefere example some preferred a user interface without
icons, others said that they would like icons in the m8earcfiMenu and the TreeMenu were less liked and also
had a lower SUS score. This indicates that the compudgleti$eart TreeMenu are not suitable for Swiss users.
Maybe this nding does not only restrict to Swiss petiptewtluibe more clear after the main test.

6.4 Main test

The main test was conducted with 18 Swiss and six Chdipesgpabne participant was from Liechtenstein and
had lived several years in Switzerland. People indirespteals also Swiss German therefore he was taken into



40 Chapter 6. User evaluation

the Swiss group. One participant had lived less thars ligdfiaf8witzerland and one participant was Taiwanese.
Both were omitted from the evaluation, but can be fouddtangheet on the enclosed CD.

The Swiss groups consisted of eleven male and severtitgpaales.p&ight had a computer science back-
ground. 17 were currently students at an university enlstddemts. Their age ranged from 20 to 33. The
Chinese group contained only one female participare. nftle @hinese were doctoral students in computer
science. The female participant had a linguistic lshcKigetuamge was between 25 and 36.

The two groups represent relatively young users witlcéiigim.edo get also some knowledge about older
users, two test were conducted with two older Swiss feoizd@isa The data can also be found in the data sheet
on the enclosed CD and a short overview of the user tiests igitfiten at the end of this section.

6.4.1 Results

Chinese group

An overview of the results of the Chinese group is gileeé.th tab

ListMenu GridMenu  [TabMenu SearchMenu [TreeMenu
Most liked menus: 1] 1] 3 1] 0
Least liked menus: 1] 0 0 5 0
Average Time per Menu 52 94.17| 51.33] 171.67, 21.17
Average SUS score per Menu 70.42 75.83] 84.58 59.58| 76.67
Average rating per Menu 2.17| 2 1.83 3.33 2.17

Taskl Task2 Task3 Task4 Task5
Average Time per Task 117.83 76| 48| 102.5 46
Average SUS per Task 64.58] 81.25 77.08| 77.92, 66.25]
Average rating per Task 2.67 2.17 2.17 2.33 2.17

Table 6.2:Overview of the results of the maintest - Chinese group

The TabMenu was rated "most liked” by half of the grouthettigbest average SUS score and the best
rating. On the other hand ve participants selecteddhel&aagas "least liked”. It had the lowest average SUS
score and the worst rating. Moreover the average timéte adagk is highest in this menu, whereas it was
lowest for the TreeMenu.

The performance of one participant was well below aeragjehdHonly one, of the Swiss and Chinese group
that could not solve all of the tasks. Two tasks were dioOs@VEask was the task 1 in the TreeMenu and the
second one was Task 5 in the ListMenu. Task 4 took hinnvérg BrigMenu which explains the high average
time for the GridMenu and the task 4.

It was very hard to get information about preferences €bmebe participants. Most of them were very
reserved in providing information about what they Ié@dradhout the menus, even after encouraging them to
think about what they particularly liked or dislikechabment. For example one participant could not nd the
function that was asked for and therefore could not saske et when asked what he did not like about the
menu, he said that the menu is ne. After telling him thatukebe something negative about the menu because
he could not solve the task he said that it was not easyd@usiel@th partly to say something negative by stating
that he "should ask for help when using this system’cavesydssipports the ndings of Herman [Herman, 1996]
with Asian participants.

The tests with Chinese people took longer than with mpsbgleisEach user test with Swiss people took
about 30 to 40 minutes, with Chinese people it typicaliptndlb to 60 minutes. This is maybe due to the time
they needed in the SearchMenu. Following are some suatemadnip of the participants to each menu and to
some of the tasks.
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ListMenu: One participant mentioned that he prefers icons, aaetem aould have liked to have animations
in the menu. A third one rated the ListMenu "least likedélhitkas no icons, but one also rated it "most liked”
because he prefers text.

GridMenu: Two participants liked the icons, and a third persotmatgdiked” because of the icons.

TabMenu: Two participants liked the TabMenu because they didnentesneecategory and go back to explore
the functionalities, which is also why they rated itkedbst i

SearchMenu: Only one participant used the search function as inteedigsigner. He was even fastest in the
SearchMenu than in the other menus. He rated it 'mostdéesE be liked the secondary information provided
by the keywords.

The rest of the participants went through the wholedistie8dm Iter by entering text rst and gave up, and
some directly went through the whole list. One partaipianechthat this could be due to the fact that Chinese
characters are hard to enter by keypad. Even thouglatfeedbtiguuser interface was English, this maybe has an
in uence on the willingness to enter text. Accordinglstioipaipt rated it "least liked” because he did not know
how to operate it and two gave as a reason, that the menuelcbsime item that was asked for in the task.

TreeMenu: One participant did not like that it has no icons and amtleuld even prefer special effects.
Interestingly the Chinese group had the tasks solvedtthetfesTreeMenu.

Tasks: Task 1 took longer on average than the other tasks. Faog time thidue to the task, because the
participants have to go relatively deep into the hizemigkyitt for another thing this can be due to the explanatio
of the test sequence, which seemed to be not clear fonssmedaticipants. Three of them did not realize that
they had to nd the asked function in the menu. Maybelthizesnade more clear in the task sequence description
in the task sheet because it was not possible to makeBymehetter they had understood the task. The Chinese
participants did not say that they did not understanéyhave¢to do before the rst task started.

One participant gave interesting suggestions how te mekadtbetter, he did not really focus on the menus
but more on the tasks. For task 2 ("Create a new text messagg@sted that it would be more convenient to
have a shortcut (could also be provided by a assigned thetfomone) for creating new messages, because the
function 'Messaging' "would easily mislead users te sastitiy text messages instead of creating a new one.
For task 4 he suggested that the menu item "Calls” shoaldifferemt color if there are missed calls. Another
participant thought there were too many levels for tagklS)(3hk would have preferred a shortcut.

Swiss group

An overview of the results of the Swiss group is give@.B table

The GridMenu and the TabMenu were each rated "most éked’garticipants. So more than two third of
the Swiss participants chose one of those two menus ikedifndgbreover they both had an average rating
better than 2, which rates them between "rather likedliReahitl very much”. Interestingly the participants liked
the TabMenu even though the average time to completesdnigis&stan this menu.

The ListMenu was rated "least liked” ve times even teaagirdlge time to complete a task was lowest in
this menu. Additionally its average SUS score is raiier bigtMenu, the TreeMenu and the SearchMenu had a
rating of around 3 which means "neither liked it, nat idislike TreeMenu and the SearchMenu were both rated
"least liked” six times, but the SearchMenu had a higlger thiwerto complete a task, the lowest average SUS
score and the lowest average rating. Following are segejsstanements of the participants to each menu and
to some of the tasks.
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ListMenu GridMenu  TabMenu SearchMenu [TreeMenu
Most liked menus: 1] 7 7 1] 2
Least liked menus: 5 0 1 6 6
Average Time per Menu 31.53 48.67| 60.22 52.22 42.11
Average SUS score per Menu 83.09 84.17 79.31 62.78] 74.72)
Average rating per Menu 2.76 1.56 1.83 3.22 2.89

Taskl Task2 Task3 Task4 Task5
Average Time per Task 91.39 36.5 23.22 26.39 62.17|
Average SUS per Task 75.14 82.08 86.11 76.94] 62.5
Average rating per Task 2.17 2 2.22 2.72 3.11

Table 6.3:Overview of the results of the maintest - Swiss group

ListMenu: Six participants mentioned that the ListMenu waseampidyad no frills and one participant chose

it as "most liked” because of its simplicity. On the othtemhaarticipants thought it needed some icons or color
and for ve participants this was the reason to chosetdigéd’. The lack of icons had an severe effect for one
participant, who still pushed the back button in theltoeieyebecause he did not know that he was already in
the top level menu. He said that the text items looked the sardle for him in all levels of the hierarchy.

The user interface components were also mentioned hicgmmesphut there was not a trend visible whether
they were liked or not. Two participants like the catesgydmyt@nother participant did not like them because he
did not know what they mean. Two persons liked the nufabeeséarss of functions and another one disliked
them. The rsttwo had a lot of experience with cell phass said that their old Nokia cell phones had such a
number feature.

GridMenu: 13 participants (more than two-thirds) explicitlytdhielythked the icons in the GridMenu and for
seven of them the icons and the color were the reasons tioi<hwesu as the "most liked”. Two of them even
would have liked the menu to be more colorful. On the dtiner heade participants thought the icons are not so
important (more about this topic can be found in the beuatigerader differences). Six participants did not like
that there were no icons anymore in the lower levels m@irthy.h@@ne participant suggested to show the menu
items in a list, if no icons are available, two otheapéstmipposed to have some more space around each item,
so it is easier to distinguish between the differentitepestitipants favored the two dimensional navigation of
the GridMenu over the one dimensional navigation bfeha.Listr one person the main advantage was that you
he did not need so many clicks to select an item and thesoth&rqueght it was better for the thumb instead
of clicking always up and down. On the other hand anatipanpalit not like the two dimensional navigation
because he had more overview on a list and was fasteriig ¢baagintent of the screen. Three subjects did like
the breadcrumbs.

TabMenu: Five participants liked the icons or the color in the im@ms dlko the reason for four participants to
choose it as the "most liked”. Two said that it was goothiéocserent menu they are in which led four participants
to choose it as the "most liked”. Three subjects mentapeditage property that they could navigate on two
hierarchy levels at the same time by left-right and upddavatieer three liked the tabs because they knew them
from internet browsers or their own cell phone.

Seven participants thought that the icons in the tabsrmaedlto®ome of them had problems to understand
their meaning and then it was hard to get an overview osgibldlpenu items because the textual description
was only visible if the tab was focused. An implicatiemaflttedbs is that the attention of the user is drawn to
the list below the tabs which takes up the most spaceesfithevaar though the main menu items are in the tabs.
This was disliked by four participants. Another prolilEahneasll the main menu items tted on the screen,
because only six tabs could be displayed, but there mane miaeu items, so the subjects had to scroll to see all
possible menu items which was disliked by ve of them.
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SearchMenu: Six subjects liked the idea of a search menu, amongstgstiterctduse they did not have to
navigate through a lot of categories and one of themitsatéoedt liked”. But three thought it was cumbersome
to enter text by keypad and eight did not like that theyras tioekname of the functions or the keywords to
reach the correct function. Three chose it as "leasetiiade of this property. Some did not know that the
small text below the function name were keywords buttlibpwgrte description text. Four liked the additional
information given by the keywords. Two participantgdithabthere was no browsing possible. Two did not use
the SearchMenu as intended and scrolled through tret efffalections. The help text was liked by one person
and disliked by another. Finally three participantgtioaighno overview in this menu and chose it "least liked”.

TreeMenu: Three participants thought it was intuitive and twodéeth®current position inside the hierarchy.
One of them choose it as "most liked” because of this,attrdiber one because he though it was an improved
version of the ListMenu. But both of them had tasks vestddrtteggm to go only one level deep into the hierarchy.
Two subjects liked that it looked similar to applicasidraslthiready used like their electronic bankingpapplicati
or Microsoft Outlook. Eight participants missed colossmthie menu and four had problems to close the opened
branches. These two attributes and the bad overviewalgitipens to chose the TreeMenu as "least liked”.
To close the branch the parent node of that branch neesldddt®te Some participants suggested to close the
branch by pressing the back button. One participartsiaggjese a branch automatically when focusing another
parent node. To close the branch by back button wasiedréadynptement before the pretest, but that would
have needed too many changes in the framework of J2ME polish.

Noticed components: Ten participants noticed the breadcrumb trails in #euGnidive TabMenu, 13 noticed

the numbers in the ListMenu, eleven noticed the autprteatictne scrolled in the SearchMenu and the TabMenu
and ten noticed the category cues. The help text butteteassribticed with only seven participants seeing it
and not one of them used it. A lot of the participants atatcily on the task that they were asked to do, and
therefore focused on the menu items.

Tasks: For task 1 it was noted through which categories tharpantéaghed the function "Message Alert”,
because there were two ways. 11 of 14 participants redighetiicth by selecting the category "Settings” (4 par-
ticipants did the task in the SearchMenu, so they didoctiomse a category). Accordingly there was a tendency
for Swiss participants to change the message ring toategattye’Settings” (functional menu structure) and not
in the category "Messaging” (thematic menu structuitee &véluations the desktop-based experiment of Kim et
al. could be conducted in a realistic mobile enviroreypeshiowdd that relational-grouping participants (Korean)
were more likely to select and prefer the thematicaliyrgesup whereas taxonomic-grouping participants (Dutch)
tended to select and prefer the functionally grouped menu.

Task 1 and task 5 took longer than the other tasks. Bettigegeirnavigation into the navigation hierarchy
than the other three tasks. Additionally task 1 is thek, itetgoarticipants had to get familiar with the cell phone
and the user test. Moreover there are two different patestésls 1 and some participants were confused by
the names of the functions. Because this also applie€ tines@@articipants, this will be discussed further the
conclusions section.

Gender differences between Swiss participants

A main difference between female and male Swiss pavasiplaatesire for color and icons in the user interface.
All female participants mentioned that they like the thenGridMenu, whereas only about half of the male
participants wrote that they like the icons. Almosteslerpdeticipant explicitly expressed the wish to have more
pictures or color in the ListMenu and most of them wanednorégictures or color in the TreeMenu, whereas
only about a third of the male participants were botheoditl®yitons or color in those two menus. One male
participant mentioned that he liked the look of the Liibéerse he does not need icons. Another male participant
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stated that the icons in the GridMenu are not so imporgenatsturb him while he is trying to orientate in the
menu, therefore he selected the ListMenu as "most kikedfef€hences could also be due to their professional
background, because both of them were students of cemueter s

Older Swiss users

To see how older users navigate inside the menu a tesbldith fievoale participants was conducted. The rst
one was 58 years old, the second one was 53 years old.

The rst subject had very little experience with cell pheresl a three year old Nokia, and never had a cell
phone before. She only sent text messages more thaestlareeéhky all other functions of the cell phone were
almost never used. She could only solve two tasks. Tperseipamd was a more experienced user and could
solve all 5 tasks. She wrote that she had owned at ledsiefoal Nbones.

Both had problems with the small joystick of the SonyKBOEssdhey were not used to it and because of
their ngernails it was hard to select a menu item becaubewinied to push the joystick to select a menu item
sometimes the joystick moved in any direction. Thisbhes anth of the menus, but they both mentioned that
they did not like it in the GridMenu. Their ratings haddaniteesiwith the ratings of the other Swiss participants
For example both chose the TabMenu as "most liked”. @heipstnp liked the SearchMenu also very much,
because the menu items were alphabetically ordered.

Bugs found during the main test

In the GridMenu in task 4 it is not possible to click thmngeigdick down to jump from the rst to the fourth item
which is located in the second row just beneath the astigtgfhas to be used to reach it. This is uncomfortable
and was tried to x even before the pretest. The framew&dliEPMoes some wrong calculations and due to the
lack of time it was not possible to implement the needesitotsntge this failure.

In the TabMenu the performance sometimes is not fasieoLiie. user selects a menu item the application
has to fetch several submenu items from the domain mudekaotist sometimes in a delay depending on the
number of menu items to be fetched. Several peoplecctiokes| tvecause there was no response from the user
interface that the next screen was loading in the backgrmpodsible improvements could be: Firstly show some
information like "Loading...”, secondly the loadingechaittlled better with threads, so that part of the next menu
is shown before all items are loaded.

In the SearchMenu when the user does not lter the lisitehmsdayuentering some text, but looks in the whole
list of function items, the list is scrolled too fast.r@higydiacused menu item is not on the screen anymore. The
user then sees the seeked function, but can not seteetis. ddiected because most of the Chinese participants
did not enter text but went through the whole list of items.

6.4.2 Limitations

This evaluation can only give information about nevidelasgrtime evaluation where participants have more
time to get used to the menus would maybe show othethegaltscifpants are below 40 years old and almost
all of them have an university education. Only very $ew&dyte could be found to participate in the evaluation
and only one of them was female. Furthermore they abwesi abimputer science background. An evaluation
with more participants could also take different degéfgatibn hierarchies into account.
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6.4.3 Conclusions

Validation of the hypotheses:

For Swiss participants the GridMenu and the TabMena buaiktwiked and ListMenu was disliked, accordingly
there is strong indication that the hypdthesisvrong. For Chinese participants the SearchMenuliked least
and the TabMenu was most liked. Therefore there isisatiog fhdt the hypothésjsis wrong. The composed
TabMenu even has the highest difference to the HofetedéGhimra and Switzerland but still it seems to be
preferred by the Chinese and Swiss participants. eds\betaierage time to complete a task was the lowest
in the ListMenu for Swiss participants. Many partimpghtstat the main negative attribute of this menu was
the lack of color or icons. By adding some small iconactexténe item and some more color perhaps a lot of
participants would rate it higher.

These ndings indicate that the assignment rules iB.&e2tiwed to be improved and personal preferences
may be even more important than the cultural backgrosedhmpeeferences of the individuals within the Swiss
group differed. Accordingly the domain model shoeldthefialctors besides the Hofstede scores. Very important
could be for example the difference between male ansl $bmatetzy the differences in desire for icons and color.

Implications for the guidelines

This qualitative evaluation is not really suitablat® aajicdf the guidelines suggested in section 3.1.I&ssverthe
following are some comments from the participantsetuatdigagree with the guidelines.

Switzerland has a high individualism score and low taowersdizre compared to the world average scores
[Hofstede, nd; Hofstede, 2001]. Even though Switzedanidhandividualism score for which the guidelines
recommend to use a low image-to-text ratio a lot of tharSevmps preferred to have icons in the menus. Three
subjects proposed to use color in the TreeMenu totdistingges branches and higher levels of the navigation
hierarchy. This conforms to the guidelines which suggesinioast between user interface areas. The guidelines
further suggest that users with high power distancéeviauitet lable to initiate communication with the system.
Therefore the help text could be opened by the pressayfia siodt kistMenu and the GridMenu. But none of the
participants used this help text and only seven sawsedTiheystrategy to look in different categories and read
the names of the menu items.

China has a high long term orientation and high power iddéancompared to the world average. One
Chinese subject expressed that he did not like the del®pihitaiak 5. This conforms to the recommendation in
the guidelines to use navigation hierarchies with ofgyelsdar users with high long term orientation and high
power distance index.

How to conduct a user test with Chinese people:

The learned lessons from conducting user tests witheBplrese shown here. The main problem was that most
of them were very reserved when asked what they likédadrabdigi the menu even though they were asked to
speak freely about their likes and dislikes concerreng ti&tithit seemed like they did not want to criticise the
menus but encouraging them verbally helped to get nactedeadiggested by Herman [Herman, 1996]. So this
suggestion by Herman proved to be useful. Followirg sbere arore suggestions how to get more feedback
from Chinese users.

First of all, questions for Chinese people should beedodiffalent than for Swiss people. One possibility
would be not to ask them about what they liked or dislik¢ldeafm@mu, but to ask for possible improvements.
Because the rst question style forces the Chinessetthersigstem whereas the second question style gives them
the possibility to help the questioner.

Another possibility would be to ask more detailed calestibspeci c properties of interfaces. Examples
for such questions could be: "Do you prefer coloredsitetiao you prefer interfaces with icons to text-only
interfaces?” or "Should an interface show your poglédhértserarchy?”.
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Insights concerning the different menus and tasks

ListMenu: ListMenu can be used on all levels of the navigatioy, fiecaiase it does not depend on whether
icons are available or not. Nevertheless a lot of pantspad to have icons or color in the ListMenu. One
participant had problems to navigate, because theréomase Accordingly the menu items in ListMenu should
have icons if they are categories, so the user can remaemharktter if he returns from a deeper level of the
hierarchy. If all the items in a menu lead directly toa émcctheir meaning is too similar to be represented by
different icons, they can be shown without icons.

GridMenu: In some levels of the navigation hierarchy the funationkadid icons. When displaying such a
level of the hierarchy in GridMenu the menu items aré tapetbee so it is hard to distinguish between the
different menu items. More space between the itemsroweldhienpeadability, but one participant suggested to
display them as a list, if no icons are available. Thgeadi/thredist presentation is that long function names are
not wrapped. Grid menus should be only second choiaeeifiihérens.

TabMenu: Some participants did not like to scroll through thedabhk forrexample the category "Settings”.
This indicates that tab menus should only be used fihlew&sarchy which contain only as much items as tas
tabs in one screen. Another disadvantage of tab meritis isdhpbssible to see all function names of the tabs
at a glance. So this is another reason why there shouldthbsaggossible.

SearchMenu: The SearchMenu was disliked by ve of the Chinesetpasticippsgems the antipathy towards
this menu does not only hold true for Swiss subjects dgafestimeretest and the main test with Swiss people.
This could be due to a general bad usability of this mexuserith®ay be harder to conceive function names,
than to read through categories and narrow the postdis. flihese two factors are discussed further below. But
perhaps itis also disliked because people are unusddxotergearch for a function. This could especially apply
to Chinese users because to enter Chinese characterslexsyne on a keypad and this could also affect their
willingness to enter English text.

Several participants did not like that they had to knawetloé tiee function in order to nd it and many of
them thought the keywords were some description texplidhisultiple conclusions. The functions need to be
well tagged with keywords in order to make it as easyla$qudhsiliser to nd the desired function. To give the
user a hint about how the search works and that there ads kdyaloare also searched, the currently entered
text could be highlighted in the keywords or the funatidron&axample if the user entered "mes” and one of the
keywords of the found function is "Messaging” the partdMddie highlighted.

In further evaluations it should be considered to usersthéomnthe functions in the SearchMenu than in other
menu types. "My Devices” may be meaningful when browgimghincategory "Bluetooth”, but not if you just
searched for the function to turn on or off Bluetooth.

Some subjects missed the possibility to browse in Merfbeaiidtis maybe relates to the problem of not
knowing the name of the functions. Because to rementraavédenction names needs the active participation
of the user, whereas a hierarchical navigation basgoesgatesents the the user some main categories he can
choose from and reduces the set of possible menu itechsolviiteaThe user does not have to conceive function
names, but can passively process the given options.ivbwsoweis essential to nd out what functions the cell
phone provides. Therefore the SearchMenu should notyoméine @0 access functions, but for some users it
would be a good secondary menu for functions which ate/et ofien.

TreeMenu: Interestingly the average time to complete a task wassthe the TreeMenu for Chinese partici-
pants. Also none of them chose this menu "least liked$ed pPwiss subjects in the pretest and the main test.
An evaluation with more Chinese participants couliithissesniu is more suitable for Chinese people than for
Swiss people.
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Scrolling down was mentioned as a negative point byespleerdlhis is especially a problem after opening
a branch at the bottom of the screen. After opening a erarestutbhould maybe scroll automatically down to
show more of the branch.

The back button should close the currently opened bianthetaiger a consistent way to navigate in the
menu. When the user is inside a branch and focuses amithed@ahe currently opened branch should close.
Moreover several participants had problems to dibghgaesh the opened branches and higher levels of the
hierarchy. Color could help to improve the contrastthethieearchy levels.

Task 1: Several Swiss and Chinese participants selected ie fasktibth’Ring tone” instead of "Message
Alarm”. This could only happen, if the participant ctestitiys” category. Maybe the function "Message Alert”
should be renamed. Another solution would be to chamsggedsetation, because it used the keyword "ring
tone”.

Task 5: Another common mistake by Swiss and Chinese subgztis tasiuf. They looked for the Bluetooth
function in the categories "Organizer & Tools”, "Enttaor "My Files” instead of "Settings”. One participant
said that he understands "Settings” as preferencesoofehiegitare running in the background like time settings
for example. Bluetooth was for him not such a preferenoenbuiracation tool and therefore should be in the
category "Tools”. A Chinese participant said, that Hkevfarléxample to send pictures to other phones that is
why he selected "My Files” in the rst place. He suggestiealitgpassible to rst select the picture, then select
how to send it (by Bluetooth or by infrared) and thenatthd delice is not turned on, the system should turn it
on and send the picture. So there would be no need totexplicitBluetooth.

Maybe the Bluetooth function should be replaced orutiebe $ivo ways to access it, through "Settings” or
through "Organizer & Tools”. It also has to be taken ierto t@come subjects did not know what Bluetooth is.
The explanation of Bluetooth by the conductor can thee wheze they look for the Bluetooth function. Maybe
another function should be used for task 5.

Methodology of the user test

In future evaluations screenshots with dummy menuulkeins sked, so that participants do not get too much
knowledge about the hierarchy structure. One paaveithenBiietooth icon on a screenshot of task 4, had a look
at the breadcrumb trail and then knew where to nd thelBiuettion for task 5.

When doing evaluations with different cultures, tlipitastesshould be exactly the same. For example in the
current evaluations some verbal explanations wer¢hgiyemttcipants before the user test was started to make
sure they understood the test sequence. The Swissigeduiheaetén Swiss German and the Chinese group in
English. In a future evaluation it would be better ifghat®qd would be given in English to all the participants.

Habits

Some people liked some components of the menus becausestimégnio already known interfaces. For ex-
ample the TabMenu reminded them of the tabs in theibioteseetor of the tab menu of their cell phone. The
SearchMenu reminded one person of iTunes becaudbd liseFdunctions with every entered character. Being
already used to some sort of navigation can have a bégan tlencating of navigation menus. Only two of the
seven Swiss participants who chose the TabMenu agi"rhastliéeer use a tab menu on a cell phone, but all
Swiss subjects who selected the GridMenu as "most dikaldsddyvused grid menus on a cell phone. On the
other hand the three Chinese users who chose the TabMehiikesl"inave already used tab menus on a cell
phone. So when looking at the affection of Swiss useyghev@idMenu and of Chinese users towards this
nding should be kept in mind.
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The role of icons and color

Icons and color not only make the application more appatiegusers but they also act as information about
the current position inside the hierarchy. In the LisgVesnti@pant did not recognize the top level menu and
continued to push the back button because all the tokdidthé same to him.

In the TreeMenu colors could be used to give a contrassbpereeenu items and submenu items. The
advantages of using icons mentioned by participaras ivisreahkier to nd out the meaning of a menu item and
to recognize already used menu items. On the other bamil éobors can in uence the readability. A few users
liked the clean look of the ListMenu and preferred ta estddebof icons.

Older users

The user test with the older Swiss participants showedrtteataluation with older people a cell phone without
joystick should be used. Both of them had problems éomévegaienu and select items because of the joystick.



Limitations and Future Work

The presentation of information (see section 1.2.8pistadtta the culture of the user. For example the color the
background or the writing direction do not change. riiasiamf@s country speci ¢ and therefore the data about
presentation preferences of countries would neeceitdo wbich is beyond the scope of this thesis. Furthermore
the current available user interface components thaboairtesl should make it possible to test the adaptivity
algorithms, which was the cause for implementing §eprotot

Reading direction: Different cultures have different reading and writiiogslifdarcus et al., 1999]. Research
in this topic indicates, that there is no homogeneoggnezadion in China. Chan and Bergen say that Chinese
speakers represent a left-to-right writing systemexpéhni@nent English and Chinese speakers focuset on the lef
rst. Taiwanese speakers focused on the right rstethisss most current Taiwanese writing runs top-to-bottom
starting on the right, small amounts of current liteedbeigiraning to adopt the English-like left-to-rig@tsyle
and Bergen, 2005]. Chun et al. say that common Chireggenguilécnewspapers, textbooks use predominantly
horizontal Z orientation from left to right, while in lgngKizal N orientation from top to bottom predominates
[Chung et al., 2000]. Goonetilleke et al. showed, thabhtp@hikese use predominantly horizontal search
patterns while the Mainland Chinese change their seanctiepainding on the layout presented [Goonetilleke
et al., 2002]. This indicates, that it would be quite lssignaaeading direction to certain countries like China.

Furthermore researchers do not agree on how importgtatienaaf the user interface towards the writing
direction of the user is. The experimental results df Gbdnatilleke indicate that for the Chinese population, a
horizontal menu in either language is more effectigavimdicdhorientation [Shih and Goonetilleke, 1998]. On th
other side R 6se recommends to take into accountltreadémntiadirection for the Chinese market when positioning
interaction- and information-components on the @@ee.iffteis recommendation is based on an experiment with
Chinese characters. Consistent with this nding atdtshef i2eng and Salvendy, which indicate that horizontal
English menus result in better performance than \@isicah&mus. However, vertical Chinese menus result in
better performance than horizontal Chinese menus [Balvgrachd 1999]. This indicates that implementing the
left to right reading direction would only make sersetliealenguages are supported by the user interface, like
for example Chinese characters, which is not the cage in CAMP

Finally the framework of J2ME polish does not providesgriteakange the layout from left-to-right to right-
to-left. All that research combined supports the ofv@dsiptation of the reading direction for user intetfaces wi
Latin characters.

Culture speci c cell phone functionality: Certain cultures use certain functionality of theoneelnphe
often than other cultures. For example "beeping” is a pbemmarenon in certain African countries [Donner,
2007]. The application could propose preferred furgtfionsxample display them directly in the top menu list.
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This was not implemented because the information elyedtforegtions is country speci c. Therefore data would
be needed to de ne which countries use speci ¢ fundiotumdtily such data is rare. More research is necessary
in order to implement this function.

Localized icons or colors: CAMPA does not incorporate localized icons or colersarCoéwve different
meanings in different cultures [Dreyfuss, 1984]iZtog licoals for regions or even countries, differaritdsetor

to be taken into account, like meaning of colors [DB8A{iss/hbolic meaning of icons [Fernandes, 1995] or level
of abstraction of the icons [Kim and Lee, 2005; R oséll2eibtgctors would need to be evaluated rst for each
region or country with help of people from these regions.

Contrast of different user interface areas: In the guidelines in section 3.1 there is the recommtendation
use contrast between interface areas for user with/idghlisii score. In order to use contrast, different colors
would be needed. Again, the different meanings of theembforseach country would need to be evaluated rst
[Dreyfuss, 1984]. Otherwise the used colors couldthreysgroeption of the user interface in negative ways.

Multiple languages: CAMPA is currently available in English only. To tvanglaters item into another
language would be beyond the scope of this thesis. Bvénnatbolagbe desirable to use for example Chinese
characters to test the change of the reading directibimesthSers.

Assignment of menu types to certain levels of the navigatiohierarchy: The navigation hierarchies could
be de ned differently in the domain model in order to sl po assign different menus to each level of the
hierarchy. This could be useful because some menu tyeassafalrim the top levels of the hierarchy and some
are more suitable for lower levels of the hierarchy.

Further adaptations during use of the application: An editor could be implemented to give the user the
possibility to edit his personal preferences and lis V#ifste after the rst adaptation. The user interflace shou
then change based on these new preferences and Hadstefle bigpchallenge would be to log the interaction
of the user with the interface and automatically adagsethapon of information and the hierarchy structure. For
example regularly used objects would then becomeistioettoslevel of the hierarchy. This would have to be
tested in a long term evaluation.

Extension of the domain model with personal properties: The domain model could be extended with more
properties of the user, not only cultural propertiesevagidten showed it could be already helpful to know the
gender of the user.



Conclusions

A culturally adaptive mobile phone application (CANtRplemasted in J2ME that calculates the cultural back-
ground of a user depending on the Hofstede scores ofidsehsohas lived in and presents him an mobile phone
menu navigation which should suit him based on his atkgnaliid. A menu consists of a of a menu type,
different components and a navigation hierarchy. Thad@ateachies and their assignment to Hofstede scores
need to be de ned in a domain model ontology.

CAMPA provides ve different menu types (a list menugaugradtaib menu, a search menu and a tree
menu) and has different user interface components tbepaegentation of these menu types: Icons, different
breadcrumb trails, numbers in the list menu, icons toatesyéra which contains items, automatic help text
scrolling in a ticker, help text that appears by the pastkefya s

The conducted user tests with Swiss and Chinese attiopastthat CAMPA can be used to evaluate
navigation preferences in mobile phone menus. Uhfdtisngtalitative evaluation was not comprehensive
enough to validate the suggested concrete guideldersolacromplish this an evaluation with more cultures and
more subjects would have to be done. However, some comrienpafticipants indicate both, agreement and
disagreement with the guidelines. Furthermore thaf thewdtsaluation indicate that the assignment of Hofstede
scores to the components of CAMPA as suggested in thés/thesigrong. This shows that the assignment
needs to be improved in order to make it possible to gresmmtahmenu navigation which suits his cultural
background. The results also question the concept dizamstapnavigation based solely on the information
in what countries the user has lived in. It is suggestapdoatecother personal information into the domain
model besides the calculated Hofstede scores of thithassiorEuthe evaluation gave interesting insights what
the advantages and disadvantages of the composed nasigetiare and what to keep in mind when conducting
cross cultural evaluations.
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These de nitions are taken from [ITU, 2006].

A.1 Lowincome

Low income group aggregate. Low-income economiesraventbb2004 GNI per capita was $825 or less. The
economies included are:

Afghanistan Korea, Dem. Rep. Solomon Islands
Bangladesh Kyrgyz Republic Somalia
Benin Lao PDR Sudan
Bhutan Lesotho Tajikistan
Burkina Faso Liberia Tanzania
Burundi Madagascar Timor-Leste
Cambodia Malawi Togo
Cameroon Mali Uganda
Central African Republic Mauritania Uzbekistan
Chad Moldova Vietnam
Comoros Mongolia Yemen, Rep.
Congo, Dem. Rep. Mozambique Zambia
Congo, Rep. Myanmar Zimbabwe
Cote d'lvoire Nepal

Eritrea Nicaragua

Ethiopia Niger

Gambia, The Nigeria

Ghana Pakistan

Guinea Papua New Guinea

Guinea-Bissau Rwanda

Haiti Sao Tome and Principe

India Senegal

Kenya Sierra Leone
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A.2 Middle income

Middle income group aggregate. Middle-income ecomdhass ar which 2004 GNI per capita was between
$825 and $10,065. The economies included are:

Albania

Algeria

American Samoa
Angola

Antigua and Barbuda
Argentina
Armenia
Azerbaijan
Barbados

Belarus

Belize

Bolivia

Bosnia and Herzegovina
Botswana

Brazil

Bulgaria

Cape Verde
Chile

China

Colombia

Costa Rica
Croatia

Cuba

Czech Republic
Djibouti

Dominica
Dominican Republic
Ecuador

Egypt, Arab Rep.
El Salvador
Equatorial Guinea
Estonia

Fiji

Gabon

Georgia
Grenada
Guatemala
Guyana
Honduras
Hungary
Indonesia

Iran, Islamic Rep.
Iraq

Jamaica

Jordan
Kazakhstan
Kiribati

Latvia

Lebanon

Libya

Lithuania
Macedonia, FYR
Malaysia
Maldives
Marshall Islands
Mauritius
Mayotte

Mexico
Micronesia, Fed. Sts.
Morocco
Namibia
Northern Mariana Islands
Oman

Palau

Panama

Paraguay

Peru

Philippines

Poland

Romania

Russian Federation
Samoa

Serbia and Montenegro
Seychelles

Slovak Republic
South Africa

Sri Lanka

St. Kitts and Nevis
St. Lucia

St. Vincent and the Grenadines

Suriname

Swaziland

Syrian Arab Republic
Thailand

Tonga

Trinidad and Tobago
Tunisia

Turkey

Turkmenistan
Ukraine

Uruguay

Vanuatu

Venezuela, RB

West Bank and Gaza
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A.3 Highincome

High income group aggregate. High-income econonsesaretich 2004 GNI per capita was $10,066 or more.
The economies included (plus Taiwan, China) are:

Andorra

Aruba

Australia
Austria
Bahamas, The
Bahrain
Belgium
Bermuda
Brunei

Canada
Cayman Islands
Channel Islands
Cyprus
Denmark
Faeroe Islands
Finland

France

French Polynesia
Germany
Greece

Greenland

Guam

Hong Kong, China
Iceland

Ireland

Isle of Man

Israel

Italy

Japan

Korea, Rep.
Kuwait
Liechtenstein
Luxembourg
Macao, China
Malta

Monaco
Netherlands
Netherlands Antilles
New Caledonia
New Zealand

Norway

Portugal

Puerto Rico

Qatar

San Marino

Saudi Arabia
Singapore

Slovenia

Spain

Sweden

Switzerland

United Arab Emirates
United Kingdom
United States
Virgin Islands (U.S.)
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Appendix: Navigation

hierarchies of evaluated cell
phones and CAMPA

Only parts of the navigation hierarchies were evalcatse, tbecvaluate every detail of the hierarchy structure
would be too extensive.
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B.1 Hierarchy structure of Sony Ericsson K800i
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B.2 Hierarchy structure of Nokia 6131
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B.3 Hierarchy structure of CAMPA for evaluation
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Appendix: Screenshots of cell
phones

C.1 All screenshots of Sony Ericsson K800

(a) Main menu (b) Messaging menu (c) Settings menu

Figure C.1:All screenshots of Sony Ericsson K800i



62

Appendix C. Appendix: Screenshots of cell phones

(d) Main menu

(g) Help text pop up

(e) Calls menu (f) Contacts fast search

(h) Time and date settings

Figure C.1:All screenshots of Sony Ericsson K800i (cont.)
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C.2 All screenshots of Nokia 6131

(a) Main menu as grid menu with icons onlyb) Main menu as grid with icons and text (c) Main menu as list menu

(d) Main menu as tab menu (e) Contacts lter search (f) Messaging menu

Figure C.2:All screenshots of Nokia 6131
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(g) Help text pop up

(h) Settings menu, list menu with icons (i) Phone settings menu, list menu without
icons

Figure C.2:All screenshots of Nokia 6131 (cont.)
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C.3 Screenshots of DoCoMo FOMA N9O05i

(a) Phonebook

(b) Phonebook contact details (c) Tabs in the phonebook

Figure C.3:Screenshots of DoCoMo FOMA N905i (from [NTT DoCoMo, 2007])
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Appendix: Forms for the user
evaluation

Following forms were used for the evaluation of CAMRés Theatavas lled out by the conductor of the user

test, the Task sheet and the User questionnaire wasyi¢laeguarticipant. They are further explained in section
6.2.
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D.1 Notes sheet

Evaluation on cultural preferences in mobile phone inter faces

Notes sheet

Date:

Menu Start (min,sec) - End (min,sec) = Time Mistakes
(sec)

Taski | || |- | =L |
Task2 | || |- | =L || |
Task3 | || |- | =L |
Task4 | || |- | =L 1| |
Tasks | || |- | =L |

If a task can be reached in two ways, ask the participant, which way he chose.

Task 1: How was the function Message Alert reached? Through
[ ] Messaging
[ ] Settings

Did participant notice one of the following components?

[] Breadcrumb trails [ ] Helptext automatic [ ] Category cues

[ ] Numbers in lists [ ] Helptext by button
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D.2 Task sheet

Evaluation on cultural preferences in mobile phone inter faces

Tasksheet

The intention of this study is to analyze the connection between the navigational
preferences in mobile applications, and the users cultural background.

Any data from this survey will be treated anonymously.

Test-Sequence

You will be asked to fulfil the following tasks in different navigational views of a mobile
phone menu. Please be aware that this is just a test application, that is, the phone's
functionality is switched off. You will see a screen telling you which functionality you have
reached. (AYou have reached the function 'FunctionName'O)

Please let me know if you think you have reached the function that | asked for in the
following tasks.

Task 1

You would like to change the ringtone that notifies you when receiving a text message
(SMS).
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Questions for Task 1

1. | think that | would like to use this
system frequently

2. | found the system unnecessarily
complex

3. I thought the system was easy to
use

4. | think that | would need the
support of a technical person to be
able to use this system

5. | found the various functions in this
system were well integrated

6. | thought there was too much
inconsistency in this system

7. | would imagine that most people
would learn to use this system very
quickly

8. | found the system very
cumbersome to use

9. | felt very confident using the
system

10. I needed to learn a lot of things
before | could get going with this
svstem.

If you feel that you cannot respond to a particular
item, mark the center point of the scale

Strongly
agree

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5
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What did you particularly like about this menu (answers also possible in German)?

What did you dislike about this menu?

Task 2
You would like to send a text message (SMS).
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Questions for Task 2

1. | think that | would like to use this
system frequently

2. | found the system unnecessarily
complex

3. I thought the system was easy to
use

4. | think that | would need the
support of a technical person to be
able to use this system

5. | found the various functions in this
system were well integrated

6. | thought there was too much
inconsistency in this system

7. | would imagine that most people
would learn to use this system very
quickly

8. | found the system very
cumbersome to use

9. | felt very confident using the
system

10. I needed to learn a lot of things
before | could get going with this
svstem.

If you feel that you cannot respond to a particular

item, mark the center point of the scale

Strongly Strongly
disagree agree

| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
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What did you particularly like about this menu?

What did you dislike about this menu?

Task 3
You want to listen to the radio.
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Questions for Task 3

1. | think that | would like to use this
system frequently

2. | found the system unnecessarily
complex

3. I thought the system was easy to
use

4. | think that | would need the
support of a technical person to be
able to use this system

5. | found the various functions in this
system were well integrated

6. | thought there was too much
inconsistency in this system

7. | would imagine that most people
would learn to use this system very
quickly

8. | found the system very
cumbersome to use

9. | felt very confident using the
system

10. I needed to learn a lot of things
before | could get going with this
svstem.

If you feel that you cannot respond to a particular

item, mark the center point of the scale

Strongly Strongly
disagree agree

| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
| | |

1 2 3 4 5
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What did you particularly like about this menu?

What did you dislike about this menu?

Task 4
You have missed several calls. Now you want to see all of these missed calls.
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+5 "

)

| | | | |
/ 0

| | | | |
/ 0

| | | | |
/ 0

| | | | |
/ 0

| | | | |
/ 0

| | | | |
/ 0

| | | | |
/ 0

| | | | |
/ 0

| | | | |
/ 0




D.2 Task sheet

77

What did you particularly like about this menu?

What did you dislike about this menu?

Task 5
You want to turn on the bluetooth.
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Questions for Task 5

1. | think that | would like to use this
system frequently

2. | found the system unnecessarily
complex

3. I thought the system was easy to
use

4. | think that | would need the
support of a technical person to be
able to use this system

5. | found the various functions in this
system were well integrated

6. | thought there was too much
inconsistency in this system

7. | would imagine that most people
would learn to use this system very
quickly

8. | found the system very
cumbersome to use

9. | felt very confident using the
system

10. I needed to learn a lot of things
before | could get going with this
svstem.

If you feel that you cannot respond to a particular
item, mark the center point of the scale

Strongly
agree

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5

| | | | |
2 3 4 5
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What did you particularly like about this menu?

What did you dislike about this menu?
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Overall-Questions

Please specify your perception of the different menus:

Liked itvery ~ Rather  neither liked it, ~ Rather

much liked it nor disliked it disliked it
Menu of Task 1 [] ] ] H
Menu of Task 2 ] ] H M
Menu of Task 3 [] ] ] H
Menu of Task 4 ] ] H M
Menu of Task 5 ] ] H M

Which menu did you like the most and why?

Disliked it
very much

[

L]
L]
L]
L]

Don't know

O O oo

Which menu did you like least and why?
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D.3 User questionnaire

Evaluation on cultural preferences in mobile phone inter

User questionnaire

Any information you provide is going to be treated anonymously.

Sex:

Age:

Profession/Education(course):

What is the name of the country where you currently live?

How long have you lived in this country?

Years:

If you have stayed in another country for more than four w
the names of the countries and how long you have stayed

Country 1:

Country 2:

Country 3:

Country 4:

Country 5:

Country 6:

Country 7:

Years:

Years:

Years:

Years:

Years:

Years:

Years:

faces

Months:

Months:

Months:

Months:

Months:

Months:

Months:

eeks, please provide here
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What kind of mobile phone do you currently have? (Nokia , Samsung etc.)
If possible provide the model number? (Nokia 6131, Sony Ericsson K800i)

Years / Months of use /

What kind of mobile phones did you have before? (Also p rovide the model number,
if possible)

Years / Months of use /
Years / Months of use /
Years / Months of use /

Which functionalities of your mobile phone do you use a nd how often?

Daily or Three times a Once aweek or  Once a month Never
less week or less less or less
Calls O OJ OJ U] U]
SMS O ] ] [ L]
E-Mail ] ] ] [ [
Internet ] ] OJ U] []
Games L] L] L] L] L]
Other applications
(e.g. calculator or 0 0 0 0 0
calendar)
Which of the following menu structures have you already used on a mobile phone?

] List menu
Grid menu
Tab menu

Search menu

OO0

Tree menu
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If you would like to share any other comments about the application or the evaluation, you
can provide them here:

Thank you very much for your participation!
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Appendix: Screenshots of the
menus used for the evaluation

One of the following screenshots was shown to the aditipaavaluation after each task, so they could better
remember what the menu looked like. More details abaluiatieresequence can be found in section 6.2.2.
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(a) SearchMenu (b) ListMenu (c) GridMenu

(d) TabMenu (e) TreeMenu

Figure E.1:Screenshots of the composed menus for the evaluation



Appendix: Installation notes

The binaries on the enclosed CD called Campa.jar and Gesapa.pe copied to the cell phone. The application
is started by selecting the jar or the jad le. This depgéedsetiphone used. It is recommended to use a Sony
Ericsson K800i because the binary was compiled fod amdthedteell phone type. You should then see three

midlets ready for selection:

01CAMPATHhiIs is the adaptive application, which presents a mgetionnbased on the cultural back-
ground of the user and also saves his preferences ohdhe.c&lbpmmy PersonPreference was included
in the domain model. Without that PersonPreferenceatierapmuld directly start to create a new pro le
and ask the user for his name.

02PreferenceSelectionMidlefThis midlet gives the possibility to compose a mobilephdasaed on
the different menu types, the user interface compotleatsiaraichies. In the rst screen the user selects
which components he would like to see in the menu typescédtéing the composed menu is shown.

03EvaluationSelectionMidletThis midlet was used for the evaluation. One of the vectorapas for
the evaluation can be selected.






Appendix: Enclosed CD

The enclosed CD has the following content:
The PDF version of this thesis.
CAMPAcontains three folders.

— binariescontains the jar and jad les of the compiled applicastadlton a cell phone.
— nanoxml-j2mecontains the used XML parser as source code and canypilgghlibie.
— netbeanscontains the whole netbeans project folder.

Documentscontains the OpenDocument Spreadbieeii_composition.odsfor fast calculation of the
Hofstede scores for composed menus and to compare th&steddtsddres of countries. Moreover the
guestionnairesused for the evaluation are provided amdtitis from the evaluation and their analysis.

Domainmodel contains the domain model ontology as an OWL |e withaunaynyersonPreferences.
A domain model ontology with a dummy PersonPreferénakisnaliovided in the netbeans folder.

J2MEPolishcontains the installation le for J2ME Polish, whichéhasstalled rst in order to compile
the source code.
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