
Chapter 1

Concurrent TaskTrees

Recap

SlideContext Toolkit:

� Context Toolkit

– Context Abstraction

– DesignMethodology

1.1 TaskModels

SlideHCI LectureSummary:

� Theories

– Levels-of-analysis

– Stages-of-action

– GOMS

– Widget-level

– Context-of-use

– ObjectAction Interfacemodels

1



SlideDescribinguser interaction:

� RememberGOMS- Goals,Operators,Methods,SelectionRues

� Theuserwantsto reacha Goal,he usesOperatorsandMethodsthathe selectsvia
SelectionRules

� With GOMS,we canlook at a sequenceof Methodsandanalyzeit.

� We cananalyzea systemusingGOMS,but a GOMSmodeldoesnot tell ushow to
implementa system

� Question:How cana GOMS-likesystemsupportdevelopment?

� A TaskModelcanbeusedto guidetheimplementation.

SlideTask Model:

� Taskmodelsindicatethelogicalactivities thatanapplicationshouldsupportto reach
users'goals.(Paterno,1999)

� Goalsareeitherstatechangesor inquiries

� Taskscanbehighly abstractor veryconcrete

� Taskmodelscanbebuild for existingsystems,futuresystemsandfor theuser'sview
of thesystem

� Taskmodelsareformalized,othermethodsareofteninformal

SlideWhat' s the useof a Task Model?:

� Understandtheapplicationdomain

� Recordtheresultof userdiscussions

� Supporteffectivedesign

� Supportusabilityevaluation

� Directly supporttheuserin usingthesystem

� Documentation
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SlideTask Model Representation:

� GOMScanrepresenta taskmodel

� GOMSis mainly textual

� GOMScannotrepresentconcurrency, interruption,orderindependence,optionality
anditeration.

� Alternative: ConcurTaskTrees(Paterno,1999)

1.2 ConcurTaskTrees

SlideConcurTaskTrees:

Imagefrom Paterno,1999

SlideCTT: Features:

� Hierarchicalstructure

� GraphicalSyntax

� Many temporaloperators

� Focusonactivities
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1.2.1 Temporal Operators

SlideCTT: Temporal Operators:

� Hierarchy

Imagefrom Paterno,1999

SlideCTT: Temporal Operators:

� Enabling

Imagefrom Paterno,1999

SlideCTT: Temporal Operators:

4



� Choice

Imagefrom Paterno,1999

SlideCTT: Temporal Operators:

� Enablingwith informationpassing

Imagefrom Paterno,1999

SlideCTT: Temporal Operators:

� ConcurrentTasks

Imagefrom Paterno,1999

SlideCTT: Temporal Operators:
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� ConcurrentCommunicatingTasks

Imagefrom Paterno,1999

SlideCTT: Temporal Operators:

� TaskIndependence

Imagefrom Paterno,1999

SlideCTT: Temporal Operators:

� Disabling

Imagefrom Paterno,1999
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SlideCTT: Temporal Operators:

� Suspend-Resume

Imagefrom Paterno,1999

1.2.2 Examples

SlideCTT: iterati ve task:

� Tasksequencewith iteration:only thelasttransitionendstheiteration

Imagefrom Paterno,1999

SlideCTT: optional tasks:

� OptionalTasksaremarkedwith [ and ] brackets
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Imagefrom Paterno,1999

SlideCTT: inheritance of temporal constraint:

� ShowAvailability inheritsthe temporalconstraint(executedafterSelectRoomType)
from its parentMakeReservation

Imagefrom Paterno,1999
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Chapter 2

Abstract and WearableUIs

SlideWearableUIs:

� Supportinga primarytask,i.e. UI drivenby externaltask

� Context-dependent(primarytaskis onecontext source)

� Non-”point-and-click”,i.e. No WIMP-basedUI

� SometimesnographicalUI at all

� Richsetof in- andoutputdevices

� Question:How to write (andreuse)codefor “generic”wearablecomputer?

2.1 Abstract UIs

SlideCharacterizing WearableUIs:

� Displayinginformationandchangingstate(likeCTTs)

� Additionally: Context information

– Context-dependentpresentation

– context includesinputandoutputmodesanddevicesavailable

– Context changetriggersinformationdisplay/ statechange

� Idea:
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– specifyabstractUI usingCTTs

– usecontext changetriggerslike input in CTTs

– decidecontext-dependentpresentationduringruntime

SlideContext-dependentpresentation:

� Example:awebbrowserwith two presentationmodes

– Desktopmode:Like �refox

– Mobile mode:like opera“small screenrendering”

� Speci�cationof UI (= html document,links) thesame

� “Rendering”of UI different:

– Compressgraphics,changepositions,usedifferentfonts

– Changeinteraction:nomouseclick, but choselinks via cursorkeys

SlideAbstract Speci�cation:

� SimpleExample:Write Aircraft RepairReport

– Input text of repairreport

– Indicatethattherepairreportenteredis complete

� i.e. useCTT to specifyabstractmodel

� Webbrowserequivalent:Form

– Text input �eld

– “submit” button

[fragile] SlideAWT implementation:

� PDA: Java 1.2(AWT)
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1 Panel p = new Panel ();
2 p.add ( new Label ("Enter Report ");
3 TextField tf = new TextField ("Your Report Here ",256);
4 p.add (tf);
5 Button b = new Button ("Save ");
6 p.add (b);

� �
private void makeTextInput ( Container c, TextInputItem i, int depth ) {

Panel p = new Panel ();
p.setLayout ( new FlowLayout ( FlowLayout .LEFT ) );
if ( depth == 0 ) {

c.add ( p );
} else {

c.add ( p, BorderLayout .NORTH );
}

p.add( new Label ( i .getDescription (). getText () ) );

TextField tf = new TextField ( i .getInput (), i.getExpectedLength () );
TextInputListener l = new TextInputListener ( this , i, tf );
tf .addTextListener ( l );
mActions .add( l );
p.add( tf );

}
� �

[fragile] SlideSwing implementation:

� Desktop:Java 5 (Swing)

1 JPanel p = new JPanel ();
2 p.add ( new JLabel ("Enter Report ");
3 JTextField tf = new JTextField ("Your Report Here ",256);
4 p.add (tf);
5 JButton b = new JButton ("Save ");
6 p.add (b);

[fragile] SlideQT implementation:

� QT 4

1 QLabel * reportLabel = new QLabel ( tr("Enter report "));
2 QTextEdit * reportEdit = new QTextEdit ;
3 QPushButton * saveButton = new QPushButton (tr( "Save" ));
4 myLayout = new QHBoxLayout ;
5 myLayout -> addWidget (reportLabel );
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6 myLayout -> addWidget (reportEdit );
7 myLayout -> addWidget (saveButton );

SlideAbstract to concrete:

� How to getfrom abstractto concrete?

� Idea1: Useanexpertprogrammer, givehim thespec,let him program,useresult

� How aboutdifferentdevices?

� Idea1a: Useexpert for every possibledevice, sendto expertprogrammer, let them
work together.

� How aboutdifferentcontexts?

� Idea1b: Usedomainexpert to describecontexts, sendto device expert to design
context-dependentoptimaldisplayfor speci�c device,sendto programmer, program

� Only viablefor smallnumberof devicesandhugesales.i.e. mobilephonegames

SlideAbstract to concrete(2):

� Canwe dowithout all theseexperts?

� Idea2: Dividetheapplicationprogramin two parts:TheabstractUI andtherenderer

� How aboutdifferentdevices?

� The renderercanbe device-speci�c: It knows besthow to useUI elementsof the
targetdevice

� How aboutdifferentcontexts?

� Therendereritself canusecontext informationin a device-speci�cway

� TheabstractUI canchoosefrom a numberof availablerenderers.This choicecan
bebasedondeviceavailability, userpreference,context.

[fragile] SlideAbstractUI implementation:
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� AbstractUI

1 mSave = new TriggerItem2 (
2 new TextData ( " Save" ), false , this );
3 mComment = new TextInputItem2 (
4 new TextData ( " Comment" ),
5 20, "Your text here", this );
6 mComment. setNext ( mSave );
7 mRoot = new GroupItem2 (
8 new TextData ( " Write Repair Report " ),
9 this );

10 mRoot.setSub ( mComment );

SlideOpen questions:

� Fundamentalquestion:WhatcantheAbstractUIexpress?

– Speech-drivenUI?

– How to dealwith non-renderableobjects?(pictureonaudio-UI)

� Technicalquestion:How canwe implementit?

– How canwe specifyanAbstractUIModel?XML?

– How canthe rendererdecidewhatsubtreeof theCTT it renders?on-demand
querymechanism?

2.2 WearableUIs

SlideWearableUI Methaphor:

� OutputMechanism

– Visual: HMD

– Audio

� InputMechanism

– Keys: Keyboard,Twiddler

– Hands:gestures,directmanipulation

– Speech

� InteractionMethods
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– menuselection,directmanipulation,form �llin

– commandlanguage,naturalSpeech

SlideWinspectGUI:

� Java Implementation

� UsesHMD and“hands-freeinteraction”

� GUI elementsoptimizedfor wearableuse

– Colors,font sizes,highlighting

� Interactionbasedondataglove

– DirectManipulation:Motion, Turn

– Gesturefor selection

SlideWinspectUI HMD:

Imagefrom T. Nicolai

SlideWinspectDir ectManipulation:
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Imagefrom T. Nicolai

SlideWearableUI:

� Rendererfor AbstractUI

� UsesHMD and“hands-freeinteraction”

� GUI elementsoptimizedfor wearableuse

– Colors,font sizes,highlighting

– Few elementsdisplayed

– shows in theareaof visualfocus

� Interactionbasedondataglove

– Handgesturesto navigateandselect

– Additional keyboardfor text entry

SlideWearableUI Gesture:
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Imagefrom H. Witt

SlideWearableUI Glove:

Imagefrom H. Witt

SlideWearableUI HMD:

Imagefrom H. Witt
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Chapter 3

WearableEvaluation

Recap

SlideAbstract/WearableUI:

� AbstractUI

– Device-independent

– Context-aware

� WearableUI

– UsesAbstractUI

– Wearableinteractionmode

3.1 AdaptiveUIs

SlideWUI-Development:

17



Imagefrom H. Witt

SlideWUI-Structur e:

Imagefrom H. Witt

SlideAdaptiveUIs:

� Why adaptanUI?

� UI canbeoptimizeddueto changesin environmentalcontext

– Light conditions

– Usermotion

– Environmentalnoise

� UI cannotbecontrolledanymoreundercurrentcontext

– affectedby useractivities

– interactiondevice failure(e.g.low battery)
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SlideLayersof adaptation:

Imagefrom H. Witt

SlideFinding adaption rules:

� How to �nd rulesfor adaptation?

� What's theuserreactiononadaptation?

3.2 WearableEvaluation

SlideWearableEvaluation:

� How to measuretheperformanceof awearablesystem?

� Remember:Supportinga primarytask

� Idea:measuretheperformancein theprimarytask.

� Example:WearableMaintenancesupport
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– Time

– Quality

SlideWearableEvaluation (2):

� Drawbacks:

– Long time needed

– Variationin users/Tasks:Evenmoretimeneeded

– Systemhasto bebuilt andintegratedto beevaluated

– Whatif evaluationoutcomeis negative?

� Real-world evaluationsarerare

SlideWearableEvaluation (3):

� Idea:Implementpartsof thesystemin a lab.

� “Li ving Lab” approache

� Question:How to simulateprimarytaskin thelab?

� Aspectsof theprimarytask:

– PhysicalTask

– CognitiveTask

– Attention

SlidePhysical tasks:

� Simpletasks:Walking, running,biking

� Strenuoustasks:runningfast,carryingloads

� Manipulativetasks:pushbuttons,operatemachines,usetools,selecttools

� Precisiontasks:handletoolscarefully, avoid damageandspills
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� Also physicaltasks:input (e.g.gestureinput)

� Bodyhasphysicallimits: accuracy, force,energy limits

SlideCognitive tasks:

� Simpletasks:Reading,Listening,Identifyobjects,followingsigns,“matchingtasks”

� Complex tasks: calculations,translations,geometrictasks(seeyour favourite IQ
test)

� Also cognitive tasks:input,understandingoutput

� Analogto physicallimits: “cognitive load” limit

� cognitive loadvarieswith age,familiarity with task,betweenpersons

SlideMatchingtask:

Imagefrom H. Witt

SlideAttention !:

� Bothphysicalandcognitive tasksneedattention

� Attentionis limited
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� e.g.: you canonly memorizea small (5-11) Numberof thingsat the sametime in
yourshorttime memory

� Somebrainfunctionshave limits: Humansonly haveonemotorcortex

� Degradingattentionleadsto degradedperformance:Precisionlowers,reactiontime
rises,taskexecutiontakeslonger

� Dividedattention:affectedby tasksimilarity, taskdifference,practice

SlideMeasuring performance:

� Idea:Usethis informationto craft arti�cial tasksto measureperformance

� Cognitivetaks:simplebut measurabletasks,measureexecutiontimeandcorrectness

� Examples:Matchingtasks,�nd repetitionsin lettersequences,. . .

� Physicaltasks:Not tooeasy, but easyto measure

� Examples:Pushingbuttons, “Hotwire experiment”

� Experiment:

– Measurephysicaltaskw/o cognitivetask

– Measurecognitivetaskw/o physicaltask

– Measurebothtogether

SlideThe Hotwir eexperiment:

� Origin: Children'sgame,usedto trainhand-eye-coordination

� Conductivewire, bentin differentshapes

� Conductive loop tool

� Task:movetheloop tool over thewire without touchingthewire

SlideHotwir e:
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Imagefrom H. Witt

Slide Interruption by cognitive task:

� Interruptionstudies:Well-known approachin HCI evaluation

� Matchingtaskis presentedto theuserona HMD

� Answeris givenwith gestureinterface

� Differentwaysto presentcognitivetask

– Immediate

– Negociated

– Scheduled

– Mediated

SlideHotwir e-Task:
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Imagefrom H. Witt

SlideMeasuring Hotwir eperformance:

� Time(to completewire task)

� Contacts(tool-wire)

� Error rate(in matchingtask)

� Averageage(Answertime for matchingtask)

SlideResults:
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Imagefrom M. Drugge,H. Witt, ISWC06

SlideResults:

� Taskshaveanin�uence to eachother

� Matchingerrorratealmostunchanged

� Effectof theinterruptionmethods

– onTime: negotiatedmethodstake longer

– onContacts:negociatedmethodshavemoreerrors(additionalinteraction)

– onError: nothing

– onAverageAge: unclear, sideeffectsdisturberesult

SlideLar ger Hotwir e(on CeBit):

Imagefrom mrc

SlideSummary:

� TaskTrees

– Formalspeci�cationof userinteraction

– Canbeusedto supportdevelopment
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� ConcurTaskTrees

– TemporalOperators

– Examples

� AbstractUI

– Device-independent

– Context-aware

� WearableUI

– UsesAbstractUI

– Wearableinteractionmode

� Evaluatingwearableinterfaces

– simulateprimarytask

– studyeffectsof wearableuse

– usestandardizedexperimentsandmeasuresfor comparableresults
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