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TextArc (Brad Paley, http://www.textarc.org/)

Interaktive 
Textvisualisierung
Wörter eines Textes 
werden in einer Ellipse 
geschrieben
Verbindungslinien 
zwischen allen 
Vorkommen eines 
Wortes halten das 
Wort wie Gummifäden 
Spielerische Analyse 
der TextstrukturLive demo
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MindSpace (Brad Paley, http://www.didi.com/brad/)

Interaktive Visualisierung 
einer Hierarchie
Verschiedene 
synchonisierte
Darstellungen
Gruppenbildung durch 
aneinenanderrücken von 
Objekten 
Spielerisches Ordnen 
und Klassifizieren

Live demo
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CodeProfile (Brad Paley, http://www.textarc.org/OtherWork.html)

Example for artistic software visualization
Java code showing ist own execution Live demo
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3D-Modellierung manuell und digital: Gestalten 
und Begehen von virtuellen Räumen

Blockpraktikum 4SWS in den Ferien
Gemeinsam mit der Kunstpädagogik (Fr. Guminski)
Voraussetzungen: 3D-Graphik 1+2 (Hoppe)
Dauer: 2x4 ganze Tage, 12.-15. und 19.-22. September
1. Woche: modellieren mit Ton
• Evtl. 3D-scan der Ergebnisse

2. Woche: modellieren und animieren mit 3DSmax
• Evtl. auf Basis der handmodellierten Objekte

Nur 7+7 Plätze (3 schon vergeben)
Bei Interesse email an butz@ifi.lmu.de
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Chapter 3: Mobile HCI

Table of Content

Input & Output Devices
Input & Output Techniques
Guidelines
System Architectures for Mobile UIs
Example: Applications for Mobile Phones

06/07/05 LMU München  … Mensch-Maschine-Interaktion 2  … SoSe05  … Schmidt/Butz 8

Dynabook Vision

Handheld, 
wireless connectivity, 
multimedia capabilities
support for programming
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Mobile Computing / mobile UIs 
1972 Xerox Dynabook

Alan Kay's group at Xerox PARC 
First description of “mobile computing” with a focus on 
the UI?
a portable interactive 
personal computer, 
as accessible as a book 
a computer for children
(learning aid)
Big problem: software
that facilitates dynamic
interactions between 
the computer and its user 

http://www.honco.net/os/kay.html
The Dynabook Revisited - A Conversation with Alan Kay
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Mobile User Interfaces

“Beyond the laptop…”

Devices are used while the user is mobile
• Handhelds & PDAs
• Phones
• Wearable Computers
• Tablet Computers
• Car Infotainment systems
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Apple Newton
Commercial Handheld Computer
Recognition Architecture
• Recognizes handwriting - printed, 

cursive, or a mixture of the two -
with the assistance of a 93,000-
word, built-in word list

• Lets you add up to 1,000 words
• Includes four pop-up keyboards: 

typewriter, numeric, phone, and 
time/date

• Recognizes graphics and 
symmetrical objects

320 by 240 pixels Display
Sold from 1993

http://www.oldschool.net/newton/papers/index130.html
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Itsy
Pocket Computer

Research platform
Gesture and speech interaction
tilt-to-scroll and Rock ’n’ Scroll to include the 
use of gestures to issue commands.

http://research.compaq.com/wrl/projects/itsy/itsy.html
http://research.compaq.com/wrl/projects/itsy/movies.html
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Input to Mobile Devices
What to input?

Commands
Text
Drawings/sketches
Images
Audio
Movies
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Input to Mobile Devices
How to input?

Keyboards
• Full-size
• Miniature
• Chord-keyboard
• On-screen

Stylus
• Point and click
• Handwriting 

recognition

hard buttons / wheels
• Scroll wheels
• Joypad-style 

navigation
Capture
• Camera
• microphone

Future devices
• Tilt scrolling
• Virtual workspaces
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Input Technologies for 
Mobile Devices

Soft Keyboards
Screen Keyboards
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Input Technologies for 
Mobile Devices

Keyboards
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Input Technologies for 
Mobile Devices

Virtual Keyboards
Projection Keyboards

http://www.alpern.org/weblog/stories/2003/01/09/projectionKeyboards.html
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Input Technologies for 
Mobile Devices

Chord Keyboard
One-handed Keyboards
Example Twiddler
• Combines keyboard and Mouse
• keypad designed for "chord" keying 

This means you press one or more 
keys at a time. Each key 
combination generates a unique 
character or command. 

• 12 finger keys and 6 thumb keys, the 
twiddler can emulate the 101 keys 
on the standard keyboard
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Yoyo Input Device
designed for artic environments

Smart Clothing for the Arctic 
Environment by J. Rantanen et al. in 
proceedings of the int. Symposium 
on Wearable Computing 2000 
(ISWC2000)
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Output
What to present?

Text 
Non-speech Audio
Music
Speech
Images
Video

Tactile feedback (e.g. vibra alarm)
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Screens

Resolution
Color/Monochrome
Touch sensitive
Size
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Head-up Displays

Images in from of the eye
Appears free floating
See through

http://www.microopticalcorp.com
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Haptic feedback
Application in Pedestrian guidance

GentleGuide: An exploration of haptic output for indoors 
pedestrian guidance S.Bosman, B.Groenendaal, J.W.Findlater, 
T.Visser, M.de Graaf & P.Markopoulos. Mobile HCI 2003. Udine
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SHK

POBox

T9

eatoni LOPT

Telephone 12-key

Instant Text

Excel

StarOffice

QWERTY

Contextual

standard multi

LOPT multi

dual press

Telephone 12-key

Cyrillic

MDITIM

Dvorak

QWERTY

FASTAP

GKOS

TWIDDLER

Microwriter

CHORD

Half-QWERTY

Context free

Keyboard

One dimensional

Two dimensional

Machine readable

Boxed

Unboxed

Cursive

On-line

OCR

Dynamic

Off-line

Human Readable

Unistrokes

T-Cube

Graffiti

Allegro

Character level

Cirrin

Quikwriting

octave

Dasher

Word/session level

Unistroke

Text recognition

QWERTY

OPTI

FITALY

Cyrillic

ATOMIK

Direct (soft keyboards)

7110 Na

FO

Indirect

Pointing

Text input
Text Input Methods

Poika Isokoski, at NIT2001, 12.2.2001
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Text Input Methods

Boxed

Unboxed

Cursive

On-line

OCR

Dynamic

Off-line

n Readable

Unistrokes

T-Cube

Graffiti

Allegro

Character level

Cirrin

Quikwriting

octave

Dasher

Word/session level

Unistroke

ecognition

QWERTY

OPTI

FITALY

Cyrillic

ATOMIK

Direct (soft keyboards)

7110 Navi-roller

FOCL

Indirect

Pointing

Constrained

Unconstrained

Speaker dependent

Constrained

Unconstrained

Speaker independent

Speech recognition

Sign Language

Gesture recognition

Text input

Poika Isokoski, at NIT2001, 12.2.2001
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Unistroke

Explored in the PARCTab Experiment 
Each letter is written in a single stroke
Lifting the pen indicates a new letter
Solves the separation problem
http://sandbox.parc.com/parctab/csl9501/paper.html
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Graffiti
Unistroke used in PalmOS
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Cirrin - (the CIRculaR INput device) 

A word-level unistroke
keyboard is a soft keyboard 
allowing a user to go from 
any key to any other key 
without lifting the pen or 
entering unwanted keys
Jennifer Mankoff and 
Gregory D. Abowd. 
Cirrin: A word-level unistroke
keyboard for pen input. 
In Proceedings of UIST '98. 
Technical note. pp.213-214
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Quikwriting

http://mrl.nyu.edu/projects/quikwriting/
Authors claim “Quikwriting is 
significantly faster and less stressful to 
use than Graffiti”

8 major regions
In each major region, characters have a 
minor region which is mapped to the 
surrounding major regions
Writing a char means:
• Move to the major region
• Continue to the region corresp. to the 

char’s minor region
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Dasher
Dasher is a data entry 
interface incorporating 
language modeling and 
driven by continuous two-
dimensional gestures.

“Tests have shown that, 
after an hour of practice, 
novice users reach a writing 
speed of about 20 words 
per minute while taking 
dictation. Experienced 
users achieve writing 
speeds of about 34 words 
per minute, compared with 
typical ten-finger keyboard 
typing of 40-60 words per 
minute.”

http://www.inference.phy.cam.ac.
uk/djw30/dasher/
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Mobile Phone Text Input

multi-tap 
• A key has more than 

one letter assigned
• Pressing the key once 

gives the first, twice the 
second, and so on

• After a period of time or 
when changing to 
another button the letter 
is selected 
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Predictive Text Input
Example T9
Input is compared to a dictionary
Input is matched to existing
If non-ambiguous a single word is offered
If multiple words are possible the one with the 
highest probability is offered and a mechanism 
to select the others
Very fast input mechanism for words in the 
dictionary
Slow for words that are not in the dictionary
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Predictive Input
Example: POBox - An Efficient Text Input Method for Handheld and 
Ubiquitous Computers. Toshiyuki Masui. HUC99
http://www.csl.sony.co.jp/person/masui/papers/HUC99/HUC99.pdf
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Capture & OCR
Mobile phones with cameras
Augmented reality scenarios
Marker recognition

Michael Rohs, Beat Gfeller. Using Camera-Equipped Mobile Phones for Interacting with Real-World Objects.
In: Ferscha, Hoertner, Kotsis (Eds.): Advances in Pervasive Computing, Austrian Computer Society (OCG), 
ISBN 3-85403-176-9, pp. 265-271, Vienna, Austria, April 2004
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Capture & OCR

Michael Rohs, Beat Gfeller. Using Camera-Equipped Mobile Phones for Interacting with Real-World Objects.
In: Ferscha, Hoertner, Kotsis (Eds.): Advances in Pervasive Computing, Austrian Computer Society (OCG), 
ISBN 3-85403-176-9, pp. 265-271, Vienna, Austria, April 2004
http://www.vs.inf.ethz.ch/publ/papers/rohs-gfeller-visualcodes-2004.pdf
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Unigesture - experiment
tilt-to-write to enable one-handed input

Aimed at small devices where 
buttons and touch screens are 
not suited
8 directions to tilt
Simple recognition algorithm
Predictive input (similar to T9)

V. Sazawal, R. Want, G. Borriello.  The Unigesture Approach: One-Handed Text Entry for Small Devices. 
Mobile HCI, Pisa, Italy, pp. 256-270, September 2002. 
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(Mobile) Usability
Do’s 

Ask for the user's input 
often.
Let the user experiment. 
Select users who 
represent your target 
group. 
Imagine the user’s point 
of view.

Don’ts 
Don’t take everything the 
user says as the absolute 
truth. 
Don’t interrupt with your 
opinions. 
Don’t use your friends for 
testing – they are easily 
affected by your presence 
or opinions. 
Don’t be blinded by your 
own expertise. 

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Mobile 
Usability

A general definition, as provided by ISO 9241-11 (1998), defines 
usability as follows:
Usability is the extent to which a product can be 
used by specified users to achieve specified 
goals with effectiveness, efficiency, and 
satisfaction in a specified context of use. 

Context-of-Use
is a key in 
mobile settings!

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications Forum.Nokia.com
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Basic Design Rules for Mobile UIs
1. Know the user and context of use.

Prioritizing application features and designing dialogs according 
to user workflow requires a deep understanding of the intended 
users, their objectives, and the usage context. 
Making assumptions is not good enough, unless your application 
is going to be used by UI designers and application developers 
only. 

2. Test with real users early and often.
Actual users of the application should be involved in every phase 
of application design. 
The first user tests can be conducted with paper prototypes before 
any code has been written. 

3. Choose simplicity.
Designing simple user interfaces is especially important in mobile 
devices. It is often hard to make things simple, but easy to make 
them complex. A functional and simplistic user interface is the result 
of hard work with actual users in the early design phases. 
From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications Forum.Nokia.com
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Benefits of 
Usability

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications Forum.Nokia.com
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Usability in the Development 
Process for Mobile Applications (1)

user involvement throughout the process
From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications Forum.Nokia.com
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Usability in the Development 
Process for Mobile Applications (2)

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications Forum.Nokia.com
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Usability Methods
Usability guidelines
• list of recommendations concerning the concept, user interface, and 

information architecture
• with guidelines, the most typical usability problems can be avoided. 

Expert analysis 
• A usability specialist evaluates the product from the user's perspective. 
• The result is a list of potential and existing problems. 

Single-user testing 
• Real end users use the product and are observed 
• find out where they encounter problems and if they use all the features. 

Group testing 
• focus group users using the products and discussing them with their 

peers
Satisfaction surveys
End-user analysis 
• The analysis helps developers design applications to fill the market's 

needs and locate possible openings for new product ideas.
Usability expert

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Steps: 
How to build mobile applications?

From mobile game design
Applicable in other domains

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Requirements
Concept definition

Testing the idea of the game or application

End-user analysis
• Are the users interested 
• Do they get the concept/idea of the application
• Is there a need (market) for the product

Guidelines
• Define specific usability requirements

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Design and specifications
Application design and technical specification
UI design and usability specifications
Define the way the user interacts with the application
Define Interaction between the UI and the application. 
Define entire navigation structure of the application. 

End-user analysis:
• ensure the product design fits the target group

Guidelines: 
• Verify that the specifications are according to guidelines

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Implementation
Program a first version of the application 
Implement the user interface
As the program is not fully functional evaluation is often 
done by an usability expert 
Get a view from the user’s perspective (through the 
usability expert). 

Consulting
• If it is not clear how to implement a feature ask an user interface 

expert – is cheaper in the long run.
Guidelines
• Implement according to standards 

Expert analysis
• Evaluate and improve the user interface continuously
• avoid designs that may pose problems for the users

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Testing
Test thoroughly
• Ensure the application meets the requirements  

Product is ready to be tested by users
• see how the users react 
• changes are likely

Expert analysis
• Make sure the user interface is functional, without severe flaws, 

and receive concrete suggestions on how to improve it. 
Individual testing
• Find out how real end users use the application
• Identify problems. 
• record information (e.g. which keys are preferred, which views 

they like) 
Group testing
• Interesting for group applications (e.g. multiplayer games)

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Release
Analyze market acceptance
Analyze potential areas of improvement

Satisfaction survey
• To find out which parts of the application users like 

and which need improvement
• effects of possible usability problems can be 

evaluated. 
End-user analysis
• Does it fit the market? 
• Do users want it? 

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Maintenance
changes and updates
different language versions
porting to new devices, 
Extending content (e.g. game levels, new episode) 

Group testing
• How would users modify the application,
• Why would they want an update or another version? 

Satisfaction survey
• Competition
• Long term effect 

End-user analysis

From: Tip Of The Month: Usability Is The Heart Of Development  (Nokia Forum)
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Guidelines

Example – Nokia Series 60
http://www.series60.com/developers
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Navigation

Basics

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications (Nokia Forum)
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Interaction - Basics

Consistency is the key to designing 
applications that are easy to learn
choose user interface elements and 
interaction principles that are already 
familiar to the user (e.g. like the other 
applications on the phone)
design an application that works as the 
user expects it to work

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications (Nokia Forum)
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Interaction Style
Use the navigation key as a primary control. 
• Users are likely to be very familiar with a five-way navigation key.
• move focus with the navigation key and select items with it. 
• context-sensitive menu is recommended if there is no single intuitive 

default action. 
Use softkeys consistently. 
• Display softkey labels – always
• Use the left softkey as an Options menu, and as a secondary selection 

key.
• Use the right softkey for Exit / Cancel / Back.

Use terms consistently.
• Be consistent with other applications

Provide automatic saving and loading.
• when opening and closing an application. 
• Or use multitasking festures
• Interrupting a task is most common on the phone (e.g. incoming call, 

crossing a road, …)
Use familiar key shortcuts.

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications (Nokia Forum)
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Main Menu (1)
The application's core features should be directly 
available from the main view of the application, 
preferably with only one to four key presses. 

No focus
Using focus

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications (Nokia Forum)
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Main Menu (2) - Using tabs

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications (Nokia Forum)



30

06/07/05 LMU München  … Mensch-Maschine-Interaktion 2  … SoSe05  … Schmidt/Butz 59

Main Menu (3) 
Tree, tabs and folders in second level

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications (Nokia Forum)
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Main Menu (4) 
Softkeys

Inconsistent use of softkeys and softkey labels is a major 
reason for usability problems.  
As a general rule, users should be able to exit the 
application by repeatedly pressing the right softkey. 
Confirmation dialogs that are designed to prevent 
accidental exiting from the application are an exception 
to this rule. 
Never use the right softkey to switch between main views 
in an application. It is better to use the right softkey to exit 
the application, and use a special shortcut key for quick 
switching between states. 
Always use the navigation key as the default action key. 
Softkey labels should also be used in full-screen mode. 

From: Series 60 Developer Platform 2.0: Usability Guidelines For Enterprise Applications (Nokia Forum)
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Options Menu
When possible, use the same terms that are used in 
other Series 60 applications for the same purpose. 
Order items in the list according to frequency of usage. 
Order items logically, placing related items near each 
other. Use submenus to hide related items and make the 
Options menu shorter. 
The default action(s) available with the navigation key 
should also be available from the Options menu
Avoid scrolling in submenus of the Options menu, since 
users may not notice that they can scroll the submenu, 
too. 
Do not display unavailable items in the Options menu. It 
is recommended to hide these items. 
Do not try to implement third-level submenus. Use 
queries instead. 
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Interruptions
A mobile phone is a phone
• There may be calls or SMS 

In every application you should be able
• Answer and reject incoming calls 
• View incoming Short Message Service (SMS) and 

Multimedia Messaging Service (MMS) messages 
• View incoming Bluetooth transmissions 
• View calendar, timer, or clock alarms 
• View battery alarms 
• “Panic exit” the application by pressing the End key 

or Application key 
May require automatic saving
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… more

Scrolling
Shortcuts
Actions & Feedback
Full canvas mode
Multitasking
Tabs and folder
…
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Entering Information
Consider all options – keys, audio, camera
Don’t ask the user for information you can get 
somewhere else
Prefer selection over text input
Do not force text entry for non essential fields
Do not force a specific format / length
Support copy and paste
Provide whenever possible a default value
Switch of predictive text when not entering plain text
Learn from user input
Make natural groupings and order of fields
Be tolerant – accept and correct misspellings if possible
Respect the user’s work – automatic saving and loading
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Information Presentation (Text)
Provide chunks of reasonable size 
Use terminology that is familiar to the target users. 
Avoid abbreviations
Keep the amount of text in applications to a minimum. 
Text should not be ALL CAPS. 
Do not truncate text, especially in menus. 
Employ the user's native language. Always test localized 
versions of the application with native users. 
Use simple, readable fonts – sans serif for screens
Do not force the user to scroll long text row by row. 

Structure text, e.g. use lists, bullets, paragraphs
Do not force the user to scroll long text row by row.
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Information Presentation (Graphics)
The background should be less detailed and less colorful than the 
foreground. Consider outdoor use in bright light. 
To make graphics near the edge of the screen more distinguishable, 
use a one-pixel white border around the screen. 
If the user needs to monitor the phone screen for longer times, 
consider keeping the backlight active. 
Icons
• Icons should not be used to replace text containing essential information
• Icons should be familiar to target users. (cultural differences)
• Icons should be simple and clearly visible (contrast to the background) 
• colors of icons should never conflict with the meaning of the icon. 
• Highlights are drawn on the upper left corner of icons and elements
• Shadows should be placed below and to the right side of the element.
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…more

Colors
Sounds
Errors
Help
Connectivity
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Checklists

Navigation Checklist
Information Entry Checklist
Information Presentation Checklist
Connectivity Checklist

See PDF file
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N
avigation C

hecklist
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Inform
ation Presentation C

hecklist
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C
onnectivity C

hecklist
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Paper prototyping 
(as introduced last term)

Paper prototypes are one of the 
most efficient user interface 
prototyping methods. Paper 
prototypes focus on prototyping 
the essential elements of the user 
interface: screen layouts, dialogs, 
and interaction between the user 
and the application. 
The lack of detail and unfinished look is their strength, because it 
forces test users to concentrate their comments on the essential
issues, rather than technical details. Use of paper prototypes is 
highly recommended, even if you feel that “real” prototyping 
happens only with rapid prototyping tools. Instead of concentrating 
on how prototypes are implemented, concentrate on what 
prototypes are used for. With paper prototypes it is possible to 
explore multiple design options, test them with real users, and refine 
designs in just a few hours. 
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