
LECTURE 2 
COGNITION, MEMORY, FOCUS  
MODELS & USER PSYCHOLOGY 

September 7th  2017 
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Recapitulation of Lecture 1 

ÅWhat is HCI? 

ÅHistory 

ÅContributing disciplines 

ÅCS, AI, Graphical Design 

ÅPsychology  

ÅOrganizational/Management sciences, Sociology. 

ÅWhat is Information Visualization  

ïLink to HCI 

ïContributing disciplines 

ÅImportance of HCI 
ïKey concept 1:  Usability 

 



Quintessence of Lecture 1 
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Underlying this lecture: 

for development we focus on  

 

User-Centered Design 

key approach in development for Interaction 



Aim ï Approach for Interaction  

Quote  -Donald Norman - 

 ñTalking to users is not a luxury, itôs a necessityò 

Model 

Å Operator accomplishes task with Computer  

Aim 

Å To optimize the performance of human and 

computer together as a system.   

Approach, User Centred  

Å Users should not have to adapt to the interface.   
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Aim ï Approach for this Course 

ÅLearn the major principles of HCI /Interaction 
ïUsability 

ïCognetics 

ïAffordance/Visibility 

 

ÅLearn how people think, react, acquire  
ïCognetics 

ïPerception 

 

ÅLearn how to evaluate a system 
ïDevelopment track 

ïEnvisioning, Prototyping, Evaluating 

ïResearch Based Approach ï Empirical ! 
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Disciplines contributing to HCI 
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Computer  

Science 

 

Cognitive 

Psychology 

 

Social &  

Organizational 

Psychology 

Ergonomics 

 

Artificial  

Intelligence 

 

Graphics 

Design 

 

Sociology 

 

HCI 



Disciplines contributing to InfoVis 
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Computer  

Science 

 

Cognitive 

Psychology 

 

Data Science 

HCI 
 

Artificial  

Intelligence 

 

Graphics 

Design 

 

Business 

 Methods  

InfoVis 



Factors of Human Psychology 

ÅCognitive psychology 

ÅThe human processor  

ÅTypes of memory +  characteristics 

ïsensory, short term and long term 

ÅClosure, Attitude, Anxiety 

ÅFocusing Attention 

ÅStructure, Cognition, Meaningfulness 

ÅEmotion 
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Information Processing (1) 

ÅInformation is Perceived 

ïHow, What models help us understand 
 

ÅInformation is Processed 

ïHow, What models are useful 
 

ÅInformation is Acted Upon 

ïHow, what are the consequences for Interaction 

ïHCI/InfoVis 
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Perceiving  Processing Acting 
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Information to Human  

ÅInformation I/O, through Senses 

ïvisual, auditory, haptic (touch)  
movement, proprioception, 
smell & taste  

ÅInformation stored in memory 

ïsensory, short-term, long-term 

ÅInformation processed and applied 

ïreasoning, problem solving, skill, error 

ÅEmotion influences human capabilities 

ÅEach person is different 
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Human Factors 

ÅCognitive Psychology 

ÅLeft brain / Right brain  

ÅModel Human Processor 

ïSensory registers 

ïShort term memory 

ïLong term memory 

ÅImplications of the model 

ÅOther psychological observations 
 

ÅContribution to HCI/InfoVis 
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User Psychology Interactive Applications 

ÅHelps identify target for design 

 

ÅHelps explaining success or failure of designs 

 

ÅProvides little prescriptive guidance for design 

 

ÅProvides prediction of human performance 
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Key Publication 

ÅThe Psychology of Human Computer Interaction 

1983 Card et al.  
 

óThe domain of concern to us is how humans interact 

with computers. A scientific  psychology should help 

us in arranging the interface so it is easy, efficient 

and error free ï even enjoyable.ô 

 

ÅCognitive psychology 

ÅPsycho physics 
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Cognition 

Cognition is a term used to describe the psychological 

processes involved in the acquisition, organisation and 

use of knowledge ï emphasising the rational rather than 

the emotional characteristics. 

 

Etymologically it is derived  

 from the Latin word cognoscere: to learn, 

    which in turn is based on gnoscere: to know. 
 

Cognitive tasks could therefore simply be defined as those 

tasks that require or include cognition  
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Cognitive Psychology 

ÅCognitive psychology =  

study of how we gain knowledge of things  

ïExperimental approach 

ïcf. AI-study 

In cognition we distinguish two modes: 

ÅExperiential cognition: level of expertise required 

= automated pilot (effective-little effort) 

ÅReflective cognition: thinking, comparing and 

decision making = creative processes 
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Modes ï Cognetics   

ÅConscious cognition (reflective) 

ïRefers to the process you are actively involved in ï 

usually one process. 

ÅUnconscious cognition (experiential) 

ïRefers to processes that you are not aware of at the 

time they occur 

ÅFocus event 

ïMight trigger unconscious cognition to become 

conscious 
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Left - brain               Right - brain 
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Typical Right-Handed Person 

Words 

Analysis 

Logic 

Sequential 

Simple tasks 

Must be taught 

Images and Patterns 

Overall Situations 

Spatial Relationships 

Parallel 

Complex Scenes 

No Teaching required 
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Exercise: Questions 

ÅFor the typical Right-handed person 

what brain-half is dominantly involved in: 

ïCommand Line Interface 

ïDriving a Car 

ïBeing in a VR world 

ïOperation a word processor 

ïDrawing an illustration for a òWPò document 
 

ÅExplain the success of GUI 

ÅRemark: there is a Left/Right brain dominance 
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encoding comparison 
response 

selection 

response 

execution 

stimuli response 

Information Processing (2) 

simplified 

HCI & InfoVis 2017, fjv 



20 

Differentiate Incoming Stimuli  

ÅSensing 

ï mechanical aspect  

ï stimulation of sensory receptor, nerves 

 

ÅPerceiving 

ï personal relationship with information 

ï perceptions are unique to a person 

ï what are we sensing! 
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Models for HCI 

ÅHuman Memory model 

ïDistinguishes 3 types of memory 

ïAbout how the memory is constructed 

ïAbout how stimuli can be processed 

 

ÅModel Human processor 

ïDistinguishes 3 cooperating systems 

ïAbout how stimuli are processed 
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Components Human Memory Model 

Component 

ÅSensory Memory 

ïShort time, (0.1-0.5 s) 

 

ÅShort Term Memory 

ïLimited info, (1-2 s) 

 

ÅLong Term Memory  

ïIndefinitely 

Analogue 

ÅKeyboard, Scanner, 

 or Voice recognition 

system 
 

Å CPU 

 
 

ÅROM storage where 

software is stored 

 

(Atkinson & Shiffrin) 
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Sensory Memory (Registers) 

ÅSensory Channels: temporary buffers 

ÅIconic memory visual stimulus 

ÅEchoic memory acoustic stimulus 

ÅHaptic memory touch stimulus 

ÅOthers é (proprioception, olfactory, gustatory) 
 

ÅInformation in unprocessed/un-coded state 

ïPersistence 0.2 seconds  (visual) 

ï2 seconds   (audible) 
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Working Memory 

ÅCentral Executive Loop 

ïDecision making 

 

ÅArticular Loop 

ïAuditory information 

 

ÅVisio-spatial sketchpad 

ïVisual information 
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Working (WM) - Short Term Memory (STM) 

ÅWorking Memory (WM) = aka Working storage; 

Temporary storage buffer 

ï20-30 seconds or more with rehearsal. 

ÅSymbolically coded information 

ÅLimited capacity 

ï7 plus or minus 2 chunks  (Miller, 1956) 

ïModern vision: 3 to 4 items 

ÅNumber of chunks independent of bits/chunk 

ÅUsed for storage and decision-making 

ÅRecency effect 
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Long Term Memory (LTM) 

ÅSemantic memory: semantically based - structured 

ÅEpisodic memory: sequential events - personal 

ÅSemantic + Episodic  aka Declarative memory 

ÅVirtually unlimited in size 

ïease of access related to: 

Åfrequency of access / refresh 

Åtime since last access 

Ånumber and type of associative links 

Åinterference from other information activated by 
same associations 

Åcontext (location, state of mind,é) 

ïvisual cues vs. abstract data 
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WM (STM ) to LTM Link 

ÅRehearsal: 

ïRepeatedly refreshing WM 

ïNecessary to prevent decay (forgetting) 

ÅDisplacement 

ïShift out of WM registers 

ÅIndirect  

ïno conscious path; fast retrieval 

ÅAsymmetric 

ïfast read, slow write 
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Semantic LTM 

ÅSemantic LTM derived from Episodic LTM 

ÅSemantic memory structure 

ïprovides access to information 

ïrepresents relationships between bits of information 

ïsupports inference 
 

ÅModel: semantic network 

ïSemantic network represents the associations and 
relationships between single items in memory 

ïinheritance ï child nodes inherit properties of parent nodes 

ïrelationships between bits of information explicit 

ïsupports inference through inheritance 
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LTM - semantic network 
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The Model Human Processor 

ÅModel suppresses detail 

VAllows simple predictions 

ÅModel human as three interacting subsystems   

V Perceptual system 

V Cognitive system 

V Motor system   

(Card, Moran and Newell, 1983) 
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The Model Human Processor 
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Model & relation to Biology 
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Information Processing Cycle Times 

Average in ms Range in ms 

Perceptual system 100 50-200 

Cognitive system 70 25-170 

Motor system 70 30-100 
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Relation of Processor with UI 

ÅTp  time required for perception 

 

ÅTc  time required for cognition 

 

ÅTm  time required for motion response 

 

ÅT = np Tp  + nc Tc + nm Tm 
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The Model Human Processor 
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Human Information Processing 
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External Environment 

Sensory Registers 

Perception 

Consciousness 

Working Memory 

Cognitive Functions 

Motor Response 

Long Term  

Memory 

filtering 
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Implications from the Model  

ÅHuman processing capacity is relatively small 

ÅConstant danger of overload 

ÅImplying designers must : 

ïUse meaningful ~ familiar chunks  

wherever possible 

ïSimplify decision-making 

ïMinimise WM storage if  

problem solving ~ decision-making is required 
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Memoryôs magic number 

ÅThink before drawing conclusions based on this 

limitation 

ÅDoes it mean that: 

ïonly 7 items are allowed per menu? 

ïonly 7 buttons are permitted on a toolbar? 

ïold theory; suffices to say limited 

ÅExample? 

ï0031715275773 

ïThink in chunks of information 
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Memory limitation 

ÅMemory is not for remembering the past (!) 

ÅIts purpose is to guide future behavior 

ïProspective 

ïAnticipate 

ïAssociations 

ÅThings that are not really important are 

therefore not remembered 

ïFilter  

ïHelp with cognitive aids 

HCI & InfoVis 2017, fjv 



7 Stages of (Inter)Action (Norman, 1986) 
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Goals 

Evaluation Intention 

Interpretation  Action specification 

Perception Execution 

Physical 

activity  

Mental 

activity  

Expectation 

Goal directed design 
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Motor system 


