LECTURE 2
COGNITION, MEMORY, FOCUS
MODELS & USER PSYCHOLOGY
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Recapitulation of Lecture 1_&.

A What is HCI?
A History

A Contributing disciplines
A CS, Al, Graphical Design
A Psychology
A Organizational/Management sciences, Sociology.

A What is Information Visualization
I Link to HCI
I Contributing disciplines

A Importance of HCI
I Keyconcept 1. Usability



Quintessence of Lecture 1

Underlying thidlecture:
for development we focus on

UserCenteredesign
key approach in development for Interactic
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Aim 1T Approach for Interaction

Quote -Donald Norman
ifal ki ng to users 1 s0N

A Operator accomplishes task with Computer

A To optimize the performance of human and
computer together as a system.

A Users should not have to adapt to the interface
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Aim 1 Approach for this Course

A Learn the major principles of HCI /Interaction
I Usability
I Cognetics
I Affordance/Visibility

A Learn how people think, react, acquire
I Cognetics
I Perception

A Learn how to evaluate a system
I Development track
I Envisioning, Prototyping, Evaluating
I Research Based Approachmpirical !



Disciplines contributing to HCI

Computer Cognitive Social &
Science Psychology | |Organizational

Psychology

/

Ergonomics
HCI }

o

Sociolo Artificial Graphics
9y Intelligence Design




Disciplines contributing to InfoVis

 Computer | [ Cognitive | ( A
Science Psychology Data Science
. J . J \_ /

S~
v [ "

| Artificial " Graphics
BusIness Intelligence Design
Methods
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Factors of Human Psychology

A Cognitive psychology
A The human processor

A Types of memory + characteristics
I sensory, short term and long term

A Closure, Attitude, Anxiety

A Focusing Attention

A Structure, Cognition, Meaningfulness
A Emotion




Information Processing (1)

A Information isPerceived
I How, Whatmodels help us understand

A Information isProcessed
I How, What models are useful

A Information isActed Upon

I How, what are the conseqguences for Interaction
I HCI/InfoVis

Percelving— Processind;—> Acting




Information to Human

A Information I/O, through Senses

I visual, auditory, haptic (touch)
movement, proprioception,
smell & taste

A Information stored in memory
I sensory, shotterm, longterm

A Information processed and applied
| reasoning, problem solving, skill, error

A Emotion influences human capabilities
A Each person is different
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Human Factors

A Cognitive Psychology
A Left brain / Right brain

A Model Human Processor
| Sensory registers
I Short term memory
I Long term memory

A Implications of the model
A Other psychological observations

A Contribution to HClihfoVis
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User Psychology Interactive Applications

A Helpsidentify targetfor design

A Helpsexplainingsucces®r failure of designs
A Providedittle prescriptive guidanctor design

A Providespredictionof human performance
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Key Publication

A The Psychology of Human Computer Interactior
1983 Card et al.

0 T lkdanainof concernto usis howhumansnteract
with computersA scientific psychologyshouldhelp
us in arranging the interfaceso it is easy,efficient
anderror freel evenenjoyableo

A Cognitivepsychology
A Psychophysics
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Cognition

Cognitionis a term used to describe the psychological
processes involved in the acquisition, organisation ant
use of knowledgé emphasising the rational rather thar
the emotional characteristics.

Etymologically it is derived
from the Latin worccognoscereto learn,
which in turn is based agnoscereto know.

Cognitive taskgould therefore simply be defined as thos

tasks that require or include cognition
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Cognitive Psychology

A Cognitive psychology =
study of how we gain knowledge of things
I Experimental approach
I cf. Al-study

In cognition we distinguish two modes:

A Experiential cognitionlevel of expertise requirec
= automated pilot (effectivhitle effort)

A Reflective cognitionthinking, comparing and
decision making = creative processes
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ModesT Cognetics

A Conscious cognition (reflective)

I Refers to the process you are actively involved in
usually one process.

A Unconscious cognition (experiential)

| Refers to processes that you are not aware of at th
time they occur

A Focus event

I Might trigger unconscious cognition to become
conscious
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Left - brain Right - brain

Words Images and Patterns
Analysis Overall Situations
Logic Spatial Relationships
Sequential Parallel
Simple tasks &\ | Complex Scenes

Must be taught i =

TypicalRightHandedPerson
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Exercise: Questions

A For the typical Righthanded person
what brainhalf is dominantly involved In:
I Command Line Interface
I Driving a Car
I Being in a VR world
I Operation a word processor
IDrawing an 1l lustration

A Explain the success of GUI

A Remark: there is a Left/Right brain dominance
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Information Processing (2)

simplified
stimyl Jrals ol rESPONse | response response
—3] encodingj™| compariso selection| | execution
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Differentiate Incoming Stimuli

A Sensing
I mechanical aspect
I stimulation of sensory receptor, nerves

A Perceiving
I personal relationship with information
| perceptions are unigue to a person
I what are we sensing!
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Models for HCI

A Human Memory model
I Distinguishes 3 types of memory
I About how the memory is constructed
I About how stimuli can be processed

A Model

luman processor

I Distinguishes 3 cooperating systems
I About how stimuli are processed
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Components Human Memory Model

Component Analogue
A SensoryMemory A Keyboard Scanner,
i Shorttime, (0.1-0.5 s) or Voice recognition
system
A

I Limited info, (1-2 S)

A LongTermMemory A ROM storagavhere
i Indefinitely software Is stored

(Atkinson &Shiffrin)



Sensory Memory (Registers)

A Sensory Channels: temporary buffers
Alconic memory  visual stimulus
A Echoic memory acoustic stimulus
AHaptic memory  touch stimulus
AOt hers é (propriocept:

A Information in unprocessed/wocnded state
I Persistence 0.2 seconds(visual)
| 2 seconds (audible)
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Working Memory

A Central Executive Loop
I Decision making

A Articular Loop
I Auditory information

A Visio-spatial sketchpad
I Visual information
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Working (WM) - Short Term Memory (STM)

A Working Memory (WM = aka Working storage;
Temporary storage buffer

I 20-30 seconds or more with rehearsal.
A Symbolically codednformation
A Limited capacity
I 7 plus or minus 2 chunk@iller, 1956)
I Modern vision: 3 to 4 items

A Number of chunks independent of bits/chunk
A Used forstorageanddecisionmaking
A Recencyeffect
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Long Term Memory (LTM)

A Semantianemory: semantically basedtructured
A Episodic memory: sequential evenatsersonal
A Semantic + Episodic aka Declarative memory

AVirtually unlimited in size
| ease of access related to:
Afrequency of access / refresh
Atime since last access
Anumber and type of associative links

Ainterference from other information activated by
same associations

Acontext (location, state
I visual cues vs. abstradata
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WM (STM) to LTM Link

A Rehearsal:
I Repeatedly refreshing WM
I Necessary to prevent decay (forgetting)

A Displacement
I Shift out of WM registers

A Indirect
I no conscious path; fast retrieval

A Asymmetric
| fast read, slow write
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Semantic LTM

A Semantic LTM derived from Episodic LTM
A Semantic memory structure

I provides access to information

I represents relationships between bits of information
I supports inference

A Model: semantic network

I Semantic network represents the associations and
relationships between single items in memory

I Inheritancd child nodes inherit properties of parent nodes
I relationships between bits of information explicit
I supports inference through inheritance
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LTM - semantic network

has four lees works sheep
harks 1as four legs
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breathes / q‘—q—“‘:‘—‘__—'—'— DOG

- has tail 154
moves
1s d ] _ = size: medium
COLLIE —
colour: [brown/white, black/white, merle]
HOUND instance [nstance
tracks
is ¢ SHADOW LASSIE
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\ film character
size:small
BEAGLE ———™ colour: brown/white
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CHARLIE BROWN
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The Model Human Processor

A Model suppresses detail
V Allows simple predictions

A Model 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

Sensory input

S
| 'y, »
I el

/ @ )\ Motor output
o 2 -

Copyright © 2001 Baniamin Cummings. an imprint of Addison Wasley Longman. Inc.
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Information Processing Cycle Times

Average inms | Range irms
Perceptual system 100 50-200
Cognitive system 70 25-170
Motor system 70 30-100
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8 y|g =200 [70~1000] msec

Ryig =17 [7~17] letters
Ky = Physical

dm= =

KM= =
K M = Semantic

OR
AUDITOR A Hwm = 3 [2.5~4.1] chunks
OR pwme = 7 [5~9] chunks
8y = 1500 [900-3500] msec dwm = 7 [5-226] sec
Rag = 5 [4.4-6.2] latiors Syym (1 chunk) = 73 [73-226] sec
Kpig = Physical SwM (3chunks) = 7 [56~34] se
= 2 s AenuctienrMienal
V4 =
-|_f\' Iy — I
Cognitive |
Processor
T = 70 [25~170
msec,
Perceptual Motor
C Processor h Processor

¥ p= 100 (50~200)
msec

T = 70 [30~100]

Eye movement = 230 [70~700] msec
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Relation of Processor with Ul

AT, time required for perception

A T time required for cognition
AT time required for motion response

AT = Ty + N T+, Ty
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The Model Human Processor

Long-term memory

Work ing memory

Yisual
SEensory
reqgister

Perceptual

Processor

Cognitive
Processor

Motor

g{

processor
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Human Information Processing

__» External Environment

N A A

—» Sensory Registers

VAR

Perception

ARV

Consciousness¢umm)

U

Working Memory |n——)

Cognitive Functions

4

Motor Response

—

|_filtering

—
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Implications from the Model

A Humanprocessing capaciig relatively small
A Constant danger of overload
A Implying designers must :

I Use meaningfut familiar chunks
wherever possible

I Simplify decisioamaking

I Minimise WM storage If
problem solving- decisionmaking Is required
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Me mor yos magl C

A Think before drawing conclusions based on thi:
limitation
A Does it mean that:
I only 7 items are allowed per menu?
I only 7 buttons are permitted on a toolbar?
I old theory; suffices to saymited

A Example?
I 0031715275773
I Think in chunks of information
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Memory limitation

A Memory is not for remembering the past (!)

A Its purpose is to guideiture behavior
I Prospective
I Anticipate
| Associations

A Things that are not really important are
therefore not remembered

i Filter
I Help with cognitive aids

40



[/ Stages of (Inter)Action (Norman, 1986)

Motor system

activity

Goal directed design
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Interpretation
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