' 1999 Franz KurfessInteraction Styles 1Course OverviewuIntroductionuUnderstanding Users and Their TasksuPrinciples and GuidelinesuInteracting with DevicesuInteraction StylesuUI Design ElementsuVisual Design GuidelinesuUI Development ToolsuIterative Design and Usability TestinguProject Presentations & Selected TopicsuCase StudiesuRecent Developments in HCIDuConclusions ' 1999 Franz KurfessInteraction Styles 2Chapter OverviewInteraction StylesuMotivationuObjectivesuBatch SystemsuCommand-Line InterfacesuFull-Screen InterfacesuMenusuFormsuDirect Manipulation InterfacesuWIMPsuNatural LanguageuIntelligent AgentsuImportant Concepts and TermsuChapter Summary ' 1999 Franz KurfessInteraction Styles 5Motivationuthe way interaction with computers is performed depends on available technology on one hand, but also on different methods and usage styles for a particular technologyuthe change in interaction style from command-line to graphical user interface has contributed considerably to the popularity of personal computersufor a given task and user population, different interaction styles may make the difference between success, acceptance, or failure of a product ' 1999 Franz KurfessInteraction Styles 6Objectivesuto know the advantages and drawbacks of the most often used interaction styles, in particular command-based vs. graphical user interfacesuto be familiar with evaluation criteria for a comparison of different interaction stylesuto be able to select an appropriate interaction style for a specific task, environment, and user populationuto be exposed to emerging interaction styles like natural language, gestures, or intelligent agents ' 1999 Franz KurfessInteraction Styles 7Evaluation Criteriauname and briefly describe at least three interaction stylesue.g. batch, command line, GUIuapply three criteria to the evaluation and comparison of interaction stylesurepresentation, operation, navigationudiscussion of potential advantages and drawbacks of emerging interaction stylesue.g. usability, user control, computational overhead, prevention of errors ' 1999 Franz KurfessInteraction Styles 8Interactionuexchange of information between user and systemuactions of the user that change the status of the systemufeedback to the user concerning actions of the systemurequires translation between the intentions of the user and the actions of the system

' 1999 Franz KurfessInteraction Styles 9Terminologyutaskvactions to be performed in order to solve a problem in an application domainugoalvdesired output from a completed taskutask analysisvidentification of the problems space-in particular domain, goals, intentions, specific tasksuuser language (task language)vdescribes the problem to be solved in terms familiar to the user usystem language (core language)vdescribes the functionality of the system in terms familiar to the designer or developer ' 1999 Franz KurfessInteraction Styles 10Interaction Modeluexecutionuestablishing the goaluforming the intentionuspecifying the action sequenceuexecuting the actionuevaluationuperceiving the system stateuinterpreting the system stateuevaluation of the system statevwith respect to goals and intentions[Norman, Dix] ' 1999 Franz KurfessInteraction Styles 11Interaction Stylesuterm covers all of the ways that users interact with a computer systemualso referred to as communication styles or dialog stylesurepresent alternative design strategies for the UIueach style offers its own way of organizing the system�s functionality, of managing the user�s inputs, and of presenting informationve.g. display-based interfaces -> menus, mice, windows, widgets, icons, buttons, function keys, etc.uprovide a behavioral view of how the user communicates with the system u�look and feel�[Mustillo] ' 1999 Franz KurfessInteraction Styles 12Evaluation Criteria for Interaction Stylesurepresentationaluhow a system �looks and feels� (graphical), or �sounds and feels� (speech)uoperationaluhow a system links sequences of operations together, and maps the representations used onto its functionsunavigationaluawareness of what users can do at each stage, and how they can move through the system[Mustillo] ' 1999 Franz KurfessInteraction Styles 13Interaction Frameworkucomponentsusystem user, input, outputuinput and output together form the interfaceueach of the components may have its own language to describe the objects and actions it is concerned with[Dix] ' 1999 Franz KurfessInteraction Styles 14Interaction Framework

CoreSystem

UserInterfaceInputOutput

Task[Dix]

' 1999 Franz KurfessInteraction Styles 15Interactive CycleCoreSystem

UserInterfaceInputOutput

Task

Articulation

Presentation

Performance

Observation[Dix] ' 1999 Franz KurfessInteraction Styles 16Translations Between Componentsuarticulationuuser translates task intentions into the input languageuperformanceuinput language is translated into stimuli for the systemupresentationusystem activities are translated into output languageuobservationuoutput language is translated into the user�s task model ' 1999 Franz KurfessInteraction Styles 17Example: Light in a Roomucontrolling the lighting in a roomutask language: turn lights on/offuinput language: flip switchusystem language: close/open circuit for light bulbsuoutput language: lights on/off ' 1999 Franz KurfessInteraction Styles 18Example (cont)utranslationsuarticulationvuser decides to turn on the light, and flips a switchuperformancevflipped switch closes the circuitupresentationvlight bulb emits lightuobservationvuser notices that the light is onufrequent problemumultiple switches in large rooms ' 1999 Franz KurfessInteraction Styles 19Practical ExerciseuDescribe the languages and translations for the interactions required to open a document containing the third homework for this class. ' 1999 Franz KurfessInteraction Styles 20Practical Exercise: Open a Documentulanguagesutask language: activities described in natural languageuinput language: user commands, file namesusystem language: system calls, OS objectsuoutput language: commands for an output deviceve.g. screen, or PostScript for a printer

' 1999 Franz KurfessInteraction Styles 21Practical Exercise (cont.)utranslationsuarticulationvuser translates �document with the third homework� into the corresponding file name-double-click on file �HW-3.html�uperformancevsystem translates user-level commands and parameters into system-level commands and objects-system calls to invoke an application program compatible with HW-3.html�s type, and to load the fileupresentationvsystem translates internal representation into a form suitable for output devices-display of the file on the screenuobservationvuser interprets the information shown on the output device ' 1999 Franz KurfessInteraction Styles 22Practical Exercise: Digital vs. Analog ClocksuDescribe and compare the languages and translations used for setting digital and analog clocks. What are frequent problems with the two device types and their languages or translations?ulanguagesutask language: set time to a certain valueuinput language: wheel vs. buttonsusystem language: mechanical movement vs. ICsuoutput language: minute and hour hands vs. LCD display ' 1999 Franz KurfessInteraction Styles 23Practical Exercise (cont.)utranslationsuarticulationvturn wheel / press buttonsuperformancevclock translates input actions into modified displayupresentationvnew time setting is displayeduobservationvuser translates hand positions or numbers into time ' 1999 Franz KurfessInteraction Styles 24Practical Exercise (cont.)uproblemsuwhich way do you turn the wheeluwhich button do you press, how often, in which combinationuturning the time �back� on a digital clock is frequently impossible ' 1999 Franz KurfessInteraction Styles 25Batch Systemsufirst generation of user interfacesuinteraction restricted to a single point in timeusubmission of a batch job as a single unituuser commands have to be specified before the result of any of them is made known to the useruwork well for repetitive jobs (e.g., payroll processing, billing, etc.), and are still used todayuExamples: Revenue Canada, Canada Post, Bell Canada.udrawbacksunot interactiveuinflexible[Mustillo] ' 1999 Franz KurfessInteraction Styles 26Command-Line Interfacesualso referred to as Command-Language or Line-Oriented InterfacesuA new user�s first view of almost all command-line interfaces: �>�uone-dimensional uuser interacts with a system on a single line that serves as the command lineuonce the user hits the return key, the input can no longer be modifiedutypical of many early computer systems, but remain common even todayue.g., MS-DOS, UNIX[Mustillo]

' 1999 Franz KurfessInteraction Styles 27Command-Line Interfaces (cont.)uresponsibility for navigation is on the user uuser has to know what the allowable commands areuneeds to have a clear idea of the function to be performed)udifficult for novice users to learn, but once mastered, command languages represent the quickest form of communication (i.e., with abbreviations, use of function keys, etc.)uquery languages represent a special case of command languages; allow users to request information[Mustillo] ' 1999 Franz KurfessInteraction Styles 28Example 1 Command-Line Interface

C > A:A > dirNot ready error reading drive AAbort, Retry, Ignore? _A typical dialog using an MS-DOS system[Mustillo] ' 1999 Franz KurfessInteraction Styles 29

HP-UX bmtlh730 A.09.05 A 9000/755 (ttyw0)login: pmustPassword:Please wait...checking for disk quotasmtlh730:~> cokolEnter EDMX password:mtlh730:~> exitExample 2 Command-Line InterfaceA typical dialog using a UNIX system (Telnet session)[Mustillo] ' 1999 Franz KurfessInteraction Styles 30Advantages Command-Line Interfacesupowerfulucommands can be stringed together, automated scripts can be run, macros can be used, commands can be executed repetitively)uflexible, user controlled uusers can do anything in any orderufast, efficienturequires more typing than other interaction styles, but is probably the fastest, most efficient of all interaction stylesuvery fast and efficient for expert, high-frequency users)uuse minimal screen space uonly one line at a time[Mustillo] ' 1999 Franz KurfessInteraction Styles 31Drawbacks Command-Line Interfacesuoperating system or program exposed to the userudifficult to learnuvery cryptic, use of arbitrary syntactic delimiters, require rote memorization udifficult to remember uespecially for infrequent users urely totally on recalluinflexible ucommands need to be expressed using a precise syntax uany variation represents an errorususceptible to errors, poor error handling[Mustillo] ' 1999 Franz KurfessInteraction Styles 32Full-Screen Interfacesutwo-dimensional uuser is no longer limited to a single command line, but can move around the screen along two dimensionsve.g. form-filling application, in which the user is presented with a number of labeled fields that can be edited in any sequence.umany full-screen interfaces use function keys, enumerated choices, or the first characters of a menu item as the primary interaction style[Mustillo]

' 1999 Franz KurfessInteraction Styles 33

Example Full-Screen InterfacesExample of a full-screen interfaceNameJohn DoeCityMontrealProvinceQuebecPostal CodeH3E 1H6F1 - HelpF2 - New Customer[Mustillo] ' 1999 Franz KurfessInteraction Styles 34Menusumechanism that allows the user to make a selection from a limited set of optionsuone of the most popular interaction stylesuthe user does not have to remember the name or abbreviation of a commandurecognize it from a list of available optionsunames of options, contents of the icons, descriptions of buttons should be self-explanatory[Mustillo] ' 1999 Franz KurfessInteraction Styles 35Menu Building Blocksumenus can consist of utextual descriptions of the available functionsuicons vsmall graphic images that represent different aspects of an interface metaphorubuttons vhorizontal or verticaluboxes ' 1999 Franz KurfessInteraction Styles 36Hierarchical Menusumost frequently used form of menus

WordProcessing

OfficeAutomationSpreadsheetElectronicMail

CreateEditPrintFile

[Mustillo] ' 1999 Franz KurfessInteraction Styles 37Networked Menusumakes nodes accessible from different locations in a menuu�menu bypass�uoften realized through keyboard shortcuts

OfficeAutomationWordProcessingElectronicMailSpreadsheetGraphicsHelpPrintQuit

[Mustillo] ' 1999 Franz KurfessInteraction Styles 38Menu Typesufixed menusvremain in place until the option is selectedupull-down menus (drop-down menus)vdragged down from a menu bar at the top of the screen, an item is selected, and the menu automatically returns back to its original titleupop-up menusvappear when a user clicks on a particular area of the screen, which may be designated by an iconvmenu remains in place until the user instructs it to disappear, usually by clicking on a �close� box in the border of the menu�s windowucascading menusvdisplay all options chosen one after the other in a cascading fashion[Mustillo]

' 1999 Franz KurfessInteraction Styles 39Design Considerations for Menusuorder of items ualphabetically, by category, or by frequencyusome functions should be kept apart (e.g., �create� option should not be placed next to the �delete� option)uselection of itemsunumber or letter corresponding to the required optionupointing at the option using a pointing deviceuhighlighting the item through cursor control keysunavigation through a series of menusuhierarchically-structured menus vmain menu with a series of sub-menus to make further selections[Mustillo] ' 1999 Franz KurfessInteraction Styles 40Tradeoffs with Menusudepth vs. breadthudeep: few alternatives, many selection stepsubroad: many alternatives, few selection stepsudeep and narrow is often difficult for usersubroad and shallow is usually easieruuser does not have to go through as many levels, thereby reducing the need for user navigationueach node in the menu hierarchy becomes more complex, making the user choose between more options at each level[Mustillo] ' 1999 Franz KurfessInteraction Styles 41Depth and Breadth in Menus

broad menu hierarchydeep menu hierarchy

[Mustillo] ' 1999 Franz KurfessInteraction Styles 42Advantages of Menusuself-explanatoryurequire little training or learningurequire little human memory ueasy to remember, recognition rather than recalluindicates when parts are not relevantuinteraction under user controlufast, efficient interface for experienced usersushortcuts to mouse actionsufew keystrokes, which reduces errorsueasy error handlinguenhancements and changes are visible[Mustillo] ' 1999 Franz KurfessInteraction Styles 43Problems with Menusunot appropriate or efficient for some users and tasksumay slow down frequent or expert usersuusers may get lost in menu hierarchiesumenu names may not be meaningful to usersuinflexible uunless highly networked, the user is forced through set sequences of stepsuimpractical for numerous choices ugood for a limited number of valid inputs at any given timeuuse lots of screen spaceumost effective with a pointing deviceumouse, trackball, touch screen[Mustillo] ' 1999 Franz KurfessInteraction Styles 44Fill-in Formsusimilar to a paper fill-in formupresented on a computer screen instead of paperuformatted structure containing fields, in which the user inputs dataueach field has a label or caption that indicates the type of data to be entered in that fielduorganization and layout are important aspects[Mustillo]

' 1999 Franz KurfessInteraction Styles 45Example Fill-in Forms

Type in the information below.Press TAB to move the cursor to the next field.Press ENTER when done.Name:________________________ Phone: (___) ___-___Address:________________________________________________City: _________________ Province: ____ Postal Code: _______Catalog No.Quantity Catalog No. Quantity______________________________________________________________________________________________________________________________________________________________________________________________________________________________________A fill-in form interface design for a department store[Mustillo] ' 1999 Franz KurfessInteraction Styles 46Advantages Fill-in Formsuself-explanatory ulittle training or learning requiredurequire little human memory urely on recognition rather than recalluefficient use of screen space umultiple fields can be presented on one screenuparameters with many possible input values ue.g., names, street names, city names, postal codes, etc.uprovide context ucontext information from other fieldsuenhancements and changes are visible[Mustillo] ' 1999 Franz KurfessInteraction Styles 47Problems Fill-in Formsuassume knowledge of valid inputsue.g., catalog numbers, part numbers, etc.uassume typing skillsuusers need to know how to use TAB to move to the next field, BACKSPACE to correcturesent opportunities for making errorsuinflexibleuinput order cannot be changed[Mustillo] ' 1999 Franz KurfessInteraction Styles 48Questions-and-Answer Interfacesucombine some of the features of both menus and fill-in forms in a unique dialog styleuthe user is faced with a single question at a timeuthe user has to input an answer, rather than select one from a listusystem drivenuthe user does not have to worry about navigation. usuitable for novice or untrained usersucan be frustrating to more experienced usersuoften the best choice for data-entry tasks performed by unskilled users[Mustillo] ' 1999 Franz KurfessInteraction Styles 49

Example Questions-and-AnswersCanada Census 1998Enter your name:(Last, First, Initial)> Kurfess, Franz J.Enter your marital status:(M - married, S - single, D - divorced, W - widowed)> MCitizenship:(C - Canadian, O - Other))> OFor instructionsPress HELPTo accept responsesPress RETURNTo backupPress BACKSPACETo skip a questionPress RETURNTo cancel and quit Press ESCTo save and quitPress EXECUTE

A question-and-answer interface design of a Canada census form[Mustillo]

' 1999 Franz KurfessInteraction Styles 51Drawbacks Questions-and-Answersuinefficientuassume typing skillsuopportunities for making errorsuinflexible uinput order cannot be changeduexcept in wizards, which may have a �Previous� buttonuno forward contextuserial nature of questions may restrict context information[Mustillo] ' 1999 Franz KurfessInteraction Styles 52Direct Manipulationudescribes the interaction between user and objectudirectly connects an action to an observable response from an objectufollows an object-action paradigmuuser performs tasks by selecting an object (e.g., icon, window, or text), and then selects an action (e.g., move, close, underline) to perform on that objectupermits users to control their environment uby directly manipulating graphical objects and controls similar to those that they encounter in real lifeupush button starts an actionuslider is used to select an analog setting, etc.umapped onto affordances[Mustillo] ' 1999 Franz KurfessInteraction Styles 53Principles of Direct Manipulationuvisible objects of interesturepresenting an object with an iconucontinuous representation of objects and actions of interest in a meaningful metaphoruobjects and actions are shownurapid, reversible, incremental actionsuimmediate visibility of results of actionsudirect manipulation of the object of interest instead of a complex command language syntaxutyping is replaced with pointing and selecting[Mustillo] ' 1999 Franz KurfessInteraction Styles 54Direct Manipulation Examplesuname three applications or domains where direct manipulation uis appropriatevvvuis not appropriatevvv ' 1999 Franz KurfessInteraction Styles 55Indirect Manipulationuin many industrial applications, objects on the computer screen stand for devices in the real worldumanipulation of the screen objects may not directly constitute an identical manipulation of the real-world objectsufeedback is required on two levelsudirectly from the user interfaceuindirectly, but more relevant from the real-world devices ' 1999 Franz KurfessInteraction Styles 56Direct Manipulation Interfacesupowerfuluexpert users can work quickly, wide range of tasksunovice users can learn basic functionality quicklyueither through self exploration or through a demonstration by a more experienced user.uno need to learn and remember complex commandsugoal-orienteduusers can see immediately if their actions are helping them realize their goalsuif not, they can simply change the direction of their activityuerror messages are rarely needed[Shneiderman, Mustillo]

' 1999 Franz KurfessInteraction Styles 57WIMP Interfacesudirect manipulation interfaces are characterized byuwindows vto divide the screen into areasuicons representing objectsvcan be moved around the screenumouse (or another pointing device)vused to manipulate objects on the screenupop-up or pull-down menusvdisplay the available options[Mustillo] ' 1999 Franz KurfessInteraction Styles 58WIMP Advantagesusystem as a whole is easily visible uobjects are represented by iconsuavailable menu options can be inspected by pulling down menusubasic actions are consistent across systemsuopening, closing, copying, deleting, scrolling, etc.umakes learning easieruusers are free to explore different aspects of the system umost actions can be �undone� (reversed) if it does not have the desired or required effect[Mustillo] ' 1999 Franz KurfessInteraction Styles 59GUIs and Direct ManipulationuGUIs rely heavily on direct manipulationuhave become synonymous with the WIMP interfaceu in addition to having all of the characteristics of DM and WIMP interfaces, GUIs are also strongly graphicaluthe primary interaction style is direct manipulation[Mustillo] ' 1999 Franz KurfessInteraction Styles 60Advantages of Direct Manipulationueasy to learn and remembervrely on recognition, not recallucomprehensible, predictable, and controllablevusers experience less anxietyvusers feel in controluvisual: WYSIWYG uflexible, reversible actions vundo -> you can always choose to de-select a menu itemuprovide context, and instant visual feedbackuexploit human use of visual-spatial cues v�a picture is worth a thousand words!�uless prone to errors vlow typing requirement, visual feedbackvless need for error messages[Mustillo] ' 1999 Franz KurfessInteraction Styles 61Problems with Direct Manipulationunot self-explanatoryvnot necessarily intuitive or obvious to first-time usersv users must learn meaning of the visual representationucan be inefficient for high-frequency users vsame tasks much faster/ more efficient with command languagesu moving a mouse and pointing slower than pressing keysurepetitive tasksvusers need a macro or scripting mechanism to handle repeated manipulationsulimited accuracyvpointer system may not be accurate enough or sufficiently controllable for some tasks[Mustillo] ' 1999 Franz KurfessInteraction Styles 62Natural Language Interactionunatural language (NL) to communicate and interact with a computer systemuSuch a system would have to be able to handle the vagueness, ambiguity, and ungrammatical constructions associated with natural languageuideally, a NL dialog should be based on speech inputuspeech recognition technology is still far from being perfectuusers may have to rely on typing, which has its own problemsvspelling errors, slow, verboseufield is still in its infancy[Mustillo]

' 1999 Franz KurfessInteraction Styles 63Non-command Interfacesuno explicit commandsucomputer interprets observations of the useruubiquitous computing, immersive computingugesture recognition, user observation uintelligent agents, user preferences ' 1999 Franz KurfessInteraction Styles 64Selection of Interaction Stylesuconsiderationsuwho has controluease of use for novice usersulearning time to become proficientuspeed of use (efficiency) once users become proficientugenerality, flexibility, powerutask requirementsuuser background[Mustillo] ' 1999 Franz KurfessInteraction Styles 65Task Requirementsuhigh degree of data entry is required ufill-in forms are recommended, but a command-line interface may also be usedufamiliar notation existsuuse a command-line interfaceuvisual exploration is requireduuse a direct manipulation interfaceuusers have poor keyboard skillsurely on menu selection and direct manipulation[Mustillo] ' 1999 Franz KurfessInteraction Styles 66User Backgroundunovice usersuuse menu selection and direct manipulationumodest domain knowledge, some computer skills uuse menu selection, direct manipulation, or fill-in formsuusers work with the application on an intermittent basisuany interaction style may be used, but some form of help (user guide, on-line) may also be requiredufrequent usersuuse a command-line interface with macros, menu selection with type-ahead capability, direct manipulation with shortcuts, or a fill-in form with a dense display[Mustillo] ' 1999 Franz KurfessInteraction Styles 67Overview Interaction StylesInteraction StyleBatchCommand languageFill-in FormQuestion-and-AnswerMenuDirect ManipulationNon-CommandNatural LanguageMainly used InBatch processing, e-mailserversCommand-line interfacesFull-screen interfacesCommand-line interfacesFull-screen, WIMP, telephone-based interfacesWIMP, virtual reality interfacesFuture interfaces, virtual realityinterfacesFuture interfacesMain CharacteristicsDoes not require user intervention. Works even when user and computer are in a different time or place.Easy to edit and reuse command history. Powerfullanguage can support very complex operations.Many fields can be seen and edited at once.Computer controls the user. Suited for casual use.Frees user from remembering options, at cost ofpotentially being slow or having confusing hierarchy.User is in control. Enables metaphors from real world. Good for graphics.User is freed to concentrate on the domain, and need to control the computer. Computer monitors users and interprets their actions.Ideally, allows unconstrained input to handle frequently challenging problems.

[Mustillo] ' 1999 Franz KurfessInteraction Styles 68Conclusions Interaction Stylesumany interaction stylesunot always possible to draw clear, unambiguous distinctions between different interaction stylesuthe selection of an appropriate interaction style depends on many factorsuapplication, users, characteristicsutasks vsimple, walk-up-and-use vs. browsing and data entryutime to complete the tasksuaccuracy to complete the tasksulevels of experience[Mustillo]

' 1999 Franz KurfessInteraction Styles 71Important Concepts and Termsumenuumouseunatural languageunetworked menuusystem languageutaskutask analysisuusabilityuuser-centered designuuser interface designuuser languageuuser requirementsuW

hat Y

ou See Is What You Get� (WYSIWYG)uWIMPuwindowubatch systemucommand-line interfaceucontextual task analysisudesktopudirect manipulationuformsufull-screen interfaceugoalugraphical user interface (GUI)uheuristic evaluationuhierarchical menuuhuman-machine interfaceuintelligent agentuinteraction style ' 1999 Franz KurfessInteraction Styles 72Chapter Summaryupractically all current interaction styles are variations of command-based interfacesuthe currently predominant interaction style is the WIMP interfaceuwindows, icons, mouse, pull-down menusuthe selection among various possible interaction styles depends on user background, task requirements, technology, and economical factorsuemerging technologies like natural language processing or intelligent agents may cause a shift towards non-command interfaces