' 1999 Franz KurfessUsers & Tasks 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 KurfessUsers & Tasks 2Chapter OverviewChapter-TopicuMotivationuObjectivesuHuman Information ProcessinguImplications for HCIDuUser ProfilesuTask AnalysisuFormal ModelinguImportant Concepts and TermsuChapter Summary[Dix, Preece, Mustillo, Norman] ' 1999 Franz KurfessUsers & Tasks 3Restrained Human Interaction upractical exercise to demonstrate some aspects of human interaction

STOPWithout talking, let your neighbor know about your efforts to find a copy of the textbooks for this class. ' 1999 Franz KurfessUsers & Tasks 4Restrained Human-Computer Interaction umental exercise to demonstrate some aspects of the interaction between humans and computers

STOPYou�ve been working on the COMP 675 assignment all night, and you finally finished the spell check at 4:37am. You�re ready to print it out, when with a swishing noise - not very loud - your display goes blank. Will you be able to print out your document without using the visual output from the computer? ' 1999 Franz KurfessUsers & Tasks 6MotivationuIn order to design good interfaces between humans and computers, the designer must have a basic understanding ofuhow humans deal with informationuhow computers deal with informationuSome properties of the human information processing apparatus impose limitations on HCI.uTechnological and economical considerations impose limitations on the computer�s side. ' 1999 Franz KurfessUsers & Tasks 7Objectivesuto know the most important aspects of human information acquisition, storage, retrieval, and communicationuto be aware of the consequences of human information processing for HCIDuto understand the importance of the users� limitations, preferences, and contextsuto be able to apply formal and informal techniques for user needs and task analysis

' 1999 Franz KurfessUsers & Tasks 9Human Information ProcessinguPerceptionuvisualuauditoryuother senses (tactile, gustatory, smell) uCognitionumemoryuproblem solvingulearninguMotor behavioruspeaking, typing, pointing, others ' 1999 Franz KurfessUsers & Tasks 10Visionuprimary channel for information from computer to humanustages of visual perceptionureception of the light stimulusuconversion of light into electrical signalsuprocessing of the signalsuinterpretation of the informationuaspects of visual perceptionubrightness, color, luminanceupatternsumovement ' 1999 Franz KurfessUsers & Tasks 11Vision Characteristicsulow-level perception of lightutransformation and interpretation of complete imagesuconcentration on critical tasksupatterns, color in the foveaumovement in the peripheral areaucompensation for physiological and environmental effectsumovementunormalization of color and brightness despite changes in luminanceudisambiguation between possible interpretations ' 1999 Franz KurfessUsers & Tasks 12Readinguperception and processing of written textumost important cognitive activity for HCIuselection by movement, focusingustagesuvisual perception of patterns vcharacters, wordsudecoding of the patternsutranslation into an internal language representationusyntactic and semantic analysisurelevance for HCIutypical reading speed: 250 words per minuteulegibility ' 1999 Franz KurfessUsers & Tasks 13Hearinguprocessing of soundustages of auditory perceptionureception of the sound wavesuconversion into electrical signalsuprocessing of the signalsuinterpretation of the informationuaspects of visual perceptionupitch (frequency)uloudness (amplitude of the sound)utimbre (type of sound)ulocation ' 1999 Franz KurfessUsers & Tasks 14Hearing Characteristicsulow-level auditory processingudetection of patternsufamiliar noisesulanguageuselection by filtering out noiseuvery important for human communicationurelevance for HCIusomewhat neglected in favor of visionuspeech understanding may substantially alter HCIuadditional information valarm, system status, pleasure

' 1999 Franz KurfessUsers & Tasks 15Touchualso known as haptic perceptionustimuli are received through the skinuheat/cold, pressure, painufeedback on the position of body and limbs (kinesthesis)utouch typingurelevance for HCIuonly serves for secondary purposesvtactile feedback on keyboard, mouseumore important for virtual reality environments ' 1999 Franz KurfessUsers & Tasks 16Movementumotor controlufeedback loop between sensors and musclesumostly haptic sensors, but also hearing and visionuresponse timeureaction timeumovement timeuaccuracyurelevance for HCIuimportant for typing, mouse navigation ' 1999 Franz KurfessUsers & Tasks 17Human Memoryustorage of ufactual knowledgeuactions and proceduresuemotionsuthree types of memoryusensory buffersushort-term memoryvalso known as working memoryulong-term memory ' 1999 Franz KurfessUsers & Tasks 18Overview Human MemorySensoryBuffersShort-TermMemory

Long-TermMemory

Maintenance Rehearsal

ElaborativeRehearsal

[Dix, Mustillo] ' 1999 Franz KurfessUsers & Tasks 19Sensory Memoriesubuffers for stimuli received through the sensesua sensory memory exists for each sensory channeluiconic memory for visual stimuliuechoic memory for aural stimuliuhaptic memory for touchuvery short durationufractions of secondsuconstantly overwritten by new stimuliunormally not consciously noticeduonly as side-effectsuattention directs the transfer of information to short-term memory ' 1999 Franz KurfessUsers & Tasks 20Short-Term Memoryutemporary recall of informationusentence comprehension, reasoning, interpretation of sensory informationuquick access varound 70 msuquick decayvaround 200 msuvery restricted capacityv7 +/- 2 items vchunking can be used to improve recall

' 1999 Franz KurfessUsers & Tasks 21Short-Term Memory (cont.)urelevance for HCIuuse chunking to utilize short-term memory capacity more effectivelyve.g. phone numbers, ZIP codesusevere limitations for interactionvdon�t expect the user to keep more than 7 +/- 2 items of information �on hold�-frequent problem with navigation in Web pages, voice mail labyrinthsuclosurevshort-term memory is flushed when a task is perceived to be finished ' 1999 Franz KurfessUsers & Tasks 22Long-Term Memoryupermanent storage of all types of knowledgeulonger recall timevabout a tenth of a seconduvery high capacityuslow rate of forgettingvdecay or interference?utypes of long-term memoryuepisodicvevents and experiencesusemanticvstructured, inter-related records of facts, concepts, rules, skills, etc.vderived from episodic memoryvinspiration for semantic networks ' 1999 Franz KurfessUsers & Tasks 23Long-Term Memory (cont.)uimportant functionsustorageuforgettinguretrieval ' 1999 Franz KurfessUsers & Tasks 24Reasoning and Problem Solvinguessential activities for �intelligent� behaviorudespite advances in Artificial Intelligence, humans are still much better at most tasksurelies heavily on memory for storage and retrieval of knowledgeuimportant for the interpretation and disambiguation of complex sensory inputs ' 1999 Franz KurfessUsers & Tasks 25Reasoninguvarious types of reasoningudeductionvderivation of logical conclusions from given premises-not always valid in the �real world�uinductive reasoningvgeneralization from known to unknown casesvunreliable; cannot be proven to be trueuabductive reasoningvderivation of (probable) causes from known factsvused for explaining outcomes of situationsvunreliable ' 1999 Franz KurfessUsers & Tasks 26Problem Solvingufinding a solution to an unfamiliar taskureasoning may be one method to find a solutionucreativity is also very important

' 1999 Franz KurfessUsers & Tasks 27Problem Solving TheoriesuGestalt theoryureuse of experienceuinsight and restructuring of the problemuproblem space theoryugetting from the initial state to a solution state via intermediate states generated by state transition operatorsubasis for many AI approaches ' 1999 Franz KurfessUsers & Tasks 28Problem Solving Theories (cont.)uanalogyumapping knowledge from similar domain to the new problemumental modelsuinternal theories about the functioning of systemsvusually partial, and almost always incomplete, inconsistentvunstable ' 1999 Franz KurfessUsers & Tasks 29Problem Solving and HCIuhelp the user with the construction of mental modelsueasy to understand, consistent behavior of the (partial) systemuprovide cues to trigger the best solution to a problemutry to predict errors likely to be made by usersuchanges in the contextuincorrect understandingufatigue ' 1999 Franz KurfessUsers & Tasks 30Cognition and HCIuguidelinesuprinciples and guidelines derived from cognitive theory and psychologyumodels of user behavioruanalytic or predictive modelsuevaluation techniquesuempirical methods to asses the performance of systems ' 1999 Franz KurfessUsers & Tasks 31User Modelinguinformal approachesuuser needs analysisutask analysisuformal modelsuGOMS ' 1999 Franz KurfessUsers & Tasks 32User-Centered Design

DesignImplementationEvaluation

usage dataspecificationprototype/build systemstandards, principles,& guidelinesrequirements

[Mustillo]

' 1999 Franz KurfessUsers & Tasks 33Designing Usable SystemsuKnow the useruIndividual user characteristics (who they are)uThe user�s current & desired tasks (what they do)uFunctional analysis(how they work) uThe user�s evolution & job(how they change)[Mustillo] ' 1999 Franz KurfessUsers & Tasks 34UsersuUsers are not

a homogeneous group of people. They differ from each other in many ways:uPhysically vheight, weight, strength, reach, left- or right-handedness, dexterity, visual acuity, general health & fitness, etc.uIn terms of prior experience & knowledge vtask they want to performvcomputer systems[Mustillo] ' 1999 Franz KurfessUsers & Tasks 35Users (cont.)uPsychologically vpersonality -adventurous or timid, vcognitive capabilities -quick or slow learners-good or bad memories-motivationuSocio-culturally vbackground, education, age, race, gender, ethnic backgroundvImplications for the design of international UIsDesigning a good user interface requires a thorough understanding of users and the factors that affect them.[Mustillo] ' 1999 Franz KurfessUsers & Tasks 36Factors to ConsideruOrganizationalvTraining, job, politics, roles, work organizationuEnvironmentalvNoise, heating, lighting, glare uComfortvSeating, equipment,work layoutuCurrent UIvMedia, input devices, output devices, documentationuTask FactorsvEasy, complex, novel, repetitive, skillsuConstraintsvTime, cost, resources (staff), equipmentuSystem FunctionalityvHardware, software, applications[Mustillo] ' 1999 Franz KurfessUsers & Tasks 37User Categories

ExtensiveComputer ExperienceMinimalComputerExperienceExpert Use of SystemNovice Use of SystemDomain Expert Ignorant of Domain[Mustillo]

Time

Usage Proficiency & Efficiency

Focus on novice userFocus on expert user[Mustillo]

' 1999 Franz KurfessUsers & Tasks 39User Needs AnalysisuDefines the needs of specific users under studyuUsed early in the development process to create a user profile of the target usersuin terms of their abilities, preferences, work environment, etc.uProvides a specific description of relevant characteristics of the intended user population.uFeeds directly into task analysis uidentify important categories of users to focus on[Mustillo] ' 1999 Franz KurfessUsers & Tasks 40Determining a User ProfileuInformal methods for understanding & characterizing users:uSurveys/questionnairesuFocus groupsuStructured interviewsuObservation/listeninguPersonal recordsuBecome a user[Mustillo] ' 1999 Franz KurfessUsers & Tasks 41Determinants of User PerformanceHuman Information Processing SystemPsychological CharacteristicsKnowledge & ExperienceJob & TasksPhysical CharacteristicsPhysical EnvironmentToolsinternalto user -externalto user -

predeterminedfrom s/w designer�spoint of viewunder designer�scontrol

- variable

- constant

[Mustillo] ' 1999 Franz KurfessUsers & Tasks 42Users� Psychological CharacteristicsuCognitive styleuverbal, analytic, spatial, intuitiveuAttitudeupositive | neutral | negativeuMotivationuhigh | moderate | low[Mustillo] ' 1999 Franz KurfessUsers & Tasks 43Implications for UI DesignUser Characteristic Low motivation,discretionary useLow motivation, mandatory useHigh motivation, due to fearHigh motivation, due to interestDesign Goal Ease of learningControl, powerEase of learning, robustness, control, powerPower, ease of use[Mustillo] ' 1999 Franz KurfessUsers & Tasks 44Knowledge and ExperienceReading Level__ < 5th grade__ 5th - 12th grade__ > 12th gradeSystem Experience__ Novice__ Moderate__ ExpertNative Language__ English__ French__ OtherTyping Skill__ < 15 wpm__ 15 - 50 wpm__ > 50 wpmTask Experience__ < 1 yrs.__ 1 - 3 yrs.__ > 3 yrs.Use of Other Systems__ Little or none__ Some__ FrequentEducation__ No degree__ Trade school__ High school__ CEGEP degree__ University degree__ Advanced degreeApplication Experience__ No similar apps.__ One similar app.__ Some similar apps.Computer Literacy__ None__ Moderate__ High[Mustillo]

' 1999 Franz KurfessUsers & Tasks 45Task & System Experienceulittle task or system experiencevinformative system messages-e.g., Pitch 1 = 10 pt, 2 = 12 ptvgood error recovery proceduresuhigh degree of both task & system experiencevefficient commands & concise syntactic error messagesua lot of system but little task experience vsemantic help facilities & messages -e.g. �Press F6 for a list of departments�vefficient command syntaxua lot of task but little system experiencevminimal semantic prompting, but a lot of syntactic prompting & instructions -e.g., �Click on ENTER to accept form�[Mustillo] ' 1999 Franz KurfessUsers & Tasks 46Users� Jobs and TasksFrequency of Use__ < 2 days/month__ 2 - 10 days/month__ > 10 days/monthJob Category__ Executive__ Manager__ Secretary__ ClericalTask Importance__ Low__ Moderate__ HighPrimary Training__ None__ User manual only__ Formal trainingTurnover Rate__ < 5% per yr.__ 5 - 10% per yr.__ > 10% per yr.Task Structure__ Low__ Moderate__ HighSystem Use__ Mandatory__ DiscretionaryOther Tools__ Telephone__ Calculator__ Other[Mustillo] ' 1999 Franz KurfessUsers & Tasks 47User�s Jobs and Tasks (cont.)ConsiderationsImplications for User Interface DesignFrequency of UseDesign GoalsHighEase of useLowEase of learning & rememberingTask ImportanceHighEase of useLowEase of learning & rememberingSystem UseDiscretionaryEase of useMandatoryEase of learning & remembering[Mustillo] ' 1999 Franz KurfessUsers & Tasks 48Users� Physical CharacteristicsHandedness__ Right__ Left__ Ambidextrous (both hands)Glasses__ Yes__ NoGender__ Female__ MaleColor Anomaly *__ Yes__ NoAge__ 18 - 25__ 26 - 40__ 41- 55__ 56+Implications for UI Design: Examples¥Placement of keys, & design of alternate input devices should accommodate both right- & left-handed users.¥Color & color combinations should be selected judiciously. ¥ Physical handicaps (e.g., lowered vision -> larger type).

* In the total population, about 8% of males & 0.4% of females have some sort of color vision deficiency).[Mustillo] ' 1999 Franz KurfessUsers & Tasks 49Physical EnvironmentuWorking conditionsunoise leveluprivacyustrenuous laboruuse of machineryuImplications for UI designuExtraneous noise should be minimized.uJudicious use of input/output devices (e.g., public spaces)uGlare controluAdjustable furniture & table heights[Mustillo] ' 1999 Franz KurfessUsers & Tasks 50Example: User TasksInformation Kiosk (Mall)All job typesAll education typesMale & femaleEnglish, French, Spanish, etc.Low computer literacyLow frequency of useNo training, no manualDiscretionary useTouch screenMenus, iconsEasy to learn (heavy prompting, highly structured, rigid, fault tolerant)Airline ReservationClericalHigh school to BA/B.Sc.Mostly femaleEnglish/FrenchModerate computer literacy trainingMandatory useKeyboardCommand languageEasy to use (hidden help, highly flexible)High efficiencyUser DefinitionsDesign ChoicesApplications[Mustillo]

' 1999 Franz KurfessUsers & Tasks 51TasksActivities that a user needs to do in order to achieve an objective.uImportant what & how questions to ask when trying to understand users� tasks:uWhat tasks do users perform?uWhich tasks are most critical?uWhat steps are taken to perform tasks?vIs there a typical order that must be followed?vAre there other ways?[Mustillo] ' 1999 Franz KurfessUsers & Tasks 52Tasks (cont.)umore questions ...uWhat are the implications of doing the task one way vs. another?uWhat are the users� goals for performing tasks?uWhat information is needed to complete tasks?vWhat kinds of skills & knowledge are required to perform the task (i.e., training)?uWhat tools are used to complete tasks?uWhat output is generated from the tasks? ' 1999 Franz KurfessUsers & Tasks 53Tasks (cont.)uAdditional questions:vIs the task required?vIs the task repetitive?vTo what extent does the task vary from one occasion to the next?vWill the task be carried out regularly, infrequently, or only once?vHow critical is the task? Is it really important?vAre there specific critical criteria, such as error or speed that are important?vIs time a critical factor?vWill users do the task alone or with others?vWill users be switching between this & other tasks?vWill users do just one task or multiple tasks?vWhat is the users� experience with doing the task?vHow complex is the task?vIs the task important for users (i.e., perceived task importance)?[Mustillo] ' 1999 Franz KurfessUsers & Tasks 54Task Analysisuidentifies all tasks required to successfully complete a job or an activityuspecifies the order in which they must be completeduTask Analysis MethodsuHierarchicaluSequential[Mustillo] ' 1999 Franz KurfessUsers & Tasks 55Task ComponentsuEach task has:uan objective (goal) to achieveua starting point that initiates ituan action or set of actions (can be perceiving & using information, making decisions, or performing an observable action)ua stopping point when information is received that the objective of uthe task has been achieveduEach task can be decomposed, or broken down into smaller sub-tasks.[Mustillo] ' 1999 Franz KurfessUsers & Tasks 56Hierarchical Task Analysisuone of the most well known forms of task analysisugraphical technique that focuses on what activity happens, rather than on what should happen.[Mustillo]

' 1999 Franz KurfessUsers & Tasks 57Example: Task Analysis

Connect sensors Check vital signs Prepare patient formechanical breathing Check vital signs Begin mechanicalbreathing Check vital signs

' 1999 Franz KurfessUsers & Tasks 58Task Analysis (cont.)Sub-Task: Check vital signsObjective: Assure that vital signs are OKStarting point: Sensors are connectedEnd point: All vital signs are OK.Check oxygen level

OK?Take corrective actionNoYesCheck blood pressureOK?Take corrective action

Take corrective action

NoYesCheck carbon dioxide

OK?Take corrective actionNoYes[Mustillo] ' 1999 Franz KurfessUsers & Tasks 59Performing a Task AnalysisuInterviews with observations of representative usersuObtain a description of how users currently accomplish the taskuAsk users to describe their relevant work activities.vAsk �why� questions to get at major goals.vAsk �how� questions to get at details of actions of actions that accomplish goals.[Mustillo] ' 1999 Franz KurfessUsers & Tasks 60Value of Task AnalysisuFocuses attention on users� tasksuProvides a rational basis for making design decisionsuObjectives of each taskuWhich tasks are importantuWhich tasks depend on each other[Mustillo] ' 1999 Franz KurfessUsers & Tasks 61Sample User Needs AnalysisUser ProfilesMale and Female (x% M). More females than males.¥Adult (x - y years)¥North America, US/Canada¥SOHO (telecommuters/home business/bring office work home)¥Primarily English speaking¥Medium to advanced computer skills¥Perceive using technology as a means of saving time and money¥Own more than one telephone¥Comfortable with advanced telephone terminals¥Learn primarily by reading documentation¥No previous knowledge of PVD application¥Minimal or cursory contact with speech recognition technologyUser Tasks¥Perform many diverse tasks, ranging from accounting to technical consulting¥Rely on PC to do workUser Requirements¥Easy to use - requires no or limited training¥Intuitive - the application�s goals and how to accomplish them are obvious¥Fast - must successfully contact the user with the intended caller in little time¥Natural - requires little learning¥Available 24 hours per day¥Speech driven - just say the name¥Supports hands-free operation¥Easy, fast access (single button) - no need to dial multiple digitsUser Environments¥Stand-alone or networked desktop PC¥Variable noise conditions (quiet to noisy)¥May contain other peripherals (e.g., modem, fax machine, printer)Matching Requirements¥PVD application must be immediately available when the userto User Taskspresses the start button[Mustillo]

' 1999 Franz KurfessUsers & Tasks 63GOMSuG

oals, O

perators, M

ethods, & S

election rules uGOMS is the best known & most widely cited of the formal analytical user modelsudeveloped to describe a task & the user�s knowledge of how to perform a task in terms of a limited set of categoriesubased on the pioneering work of Card, Moran, & Newell (1983)[Mustillo] ' 1999 Franz KurfessUsers & Tasks 64GOMS AnalysisuGoalsuWhat task does the user want to perform? uOperatorsumotor, perceptual, or cognitive primitives uWhat actions does the software allow the user to take? uMethodsusequences of sub-goals & operations needed to accomplish a goal? uSelection Rulesudecide what to do next vuser has several goals pending vthere are several methods that will accomplish a given goal[Mustillo] ' 1999 Franz KurfessUsers & Tasks 65GOMS LevelsuGOMS model udescribes the general methods for accomplishing a set of tasksuUnit task level ubreaks users� tasks into sub-tasks called unit tasksuestimates the amount of time that it takes for the user to perform these tasksuKeystroke-level model udescribes & predicts the amount of time to perform a task vnumber of keystrokes needed[Mustillo] ' 1999 Franz KurfessUsers & Tasks 66GOMS ExampleuOperatorsu4 physical-motor operators,vK (keystroking), P (pointing), H (homing), D (drawing)u1 mental operator (M)u1 system response operator (R)uExecution timeuTexecute = TK + TP + TH + TD + TM + TR[Mustillo] ' 1999 Franz KurfessUsers & Tasks 67Usefulness of GOMSuGOMS can be useful toupredict the quality of an existing system or a prototypeucheck the consistency of methods (to ensure that similar goals are achieved by similar methods)ucheck that the most frequent goals are achieved by relatively quick methodsuas a quantitative evaluation techniqueuchoose between alternative designsupredict the execution time of tasks that skilled users are likely to perform (e.g., pilots - skilled performance time)uto predict how long it will take to learn to perform a task vlearning time[Mustillo]

' 1999 Franz KurfessUsers & Tasks 69Limitations of GOMS (cont.)uDoes not address umental workload - how much must be held in mind while using the system.uamount & kind of fatigue users experience using a system.ufunctionality, just usability of a task on the system vwhat tasks should be performed.uDoes not account for individual differences.uSays nothing about the system�s acceptability or usefulness.[Mustillo] ' 1999 Franz KurfessUsers & Tasks 73Chapter Summaryuhumans as information processing systemsuacquisition, storage, processing and retrieval of informationvperception, memoryvreasoning and problem solvinguunderstanding the userudifferent types of users, user profileuknowledge and experienceutask analysisujobs and tasksuuser modelinguGOMS: Goals, Operators, Methods, and Selection rules ' 1999 Franz KurfessUsers & Tasks 74