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The objective of this course is to give you some elements
from psychology/cognitive science in relation to scientific
theories relevant to the design and evaluation of
interactive systems.



|. Human Processor (Card, Moran & Newell)

Theory that describes human information processing as a
system with three main processors: perceptual, cognitive, and
motor, along with associated memory systems. :

1. Perceptual Processor: manages external stimuli detected by & %
sensory receptors (sight, sound, touch, etc.) and transforms them |
into an internal representation that the cognitive system can use. ﬂ
Handles sensory input, processing external stimuli. It has a cycle time .
of about 100 milliseconds.

2. Cognitive Processor: Performs thinking, decision-making, and R,
problem-solving using information from both working and long-term
memory. It has a cycle time of about 70 milliseconds. |

3. Motor Processor: Translates the cognitive decision into physical
actions, such as pressing a button or moving a mouse. It also has a
cycle time of about 70 milliseconds.

Each processor has a memory (capacity, persistence) and a speed. :



1. Perceptual Processor : Sight

> Field of view :180°

> Attention Focus

visual acuity : A black line 0.04 mm thick on a white
background can be easily distinguished by an individual at a
distance of 50 cm.

» Peripheral perception
less sensitive to colors, more sensitive to movements: it is
often very difficult to spot a bird in a tree, but we perceive it
immediately the moment it flies away.

» Perception of color, movement, depth (3D
perception).



What do you see?

Rubin's Vase, or
The Two Faces ?

We can "trick" our visual system, as these two optical illusions
demonstrate.



Look at this image

You will gradually see faces appear.

Once certain faces are spotted, it's impossible to stop
seeing them...



Other illusions

Are the "horizontal" lines parallel or slanted?

la cible F est mieux detectee
en A qu’en B
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1. Perceptual Processor : Sight

** Memory capacity = 17 characters
** Memory persistence = 200 ms
+** Processor base cycle time = 100 ms

Two stimuli separated by less than 100 ms tend to merge.



1. Perceptual Processor : Hearing

** Memory capacity = 5 characters (or equivalent)

*** Memory persistence = 1500ms
¢ Processor base cycle time = 100ms

3
%

Despite its capabilities, hearing is rarely used by current
interactive systems, aside from various beeps and recorded

signals.
The current trend is toward interactive systems that use

speech (multimodality).
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1. Perceptual Processor : Touch

In  human-computer interaction, "perceptual processing:
touch” relate to the development of interfaces and systems
that mimic human sensory capabilities.

Example: braille keyboard for blind and visually impaired.
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1. Perceptual Processor : Touch

> Tactile sense
Hot, cold, pressure , Pain

» Proprioceptive sense
Body positioning in space, therefore perception of the
shape of a grasped object.

> Kinesthetic sense

Perception of muscle effort, therefore the
resistance/weight of an object.

Examples:

v using multiple finger gestures (one finger for manipulation, two for zooming, etc.)

v’ using tappers (tactors) in gloves to simulate the sensation of touching virtual objects
in a VR environment.

v’ robots with advanced touch sensitivity to perform complex tasks like grasping
objects or navigating unknown environments.



2. Cognitif ProcCessor: decision-maker

Uses the information from the perceptual system (stored in working
memory) and long-term memory to make decisions, solve problems, and
schedule actions.

Un stimulus est un phénomene
physique détectable par un

sous-systeme sensoriel. autres sources
.. filtre B
stimuli Z cognitif

§ information
brute non
reconnue
memoire
sensorielle

visuelle
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Quickly state the color of each word

Stroop effect: Interference between a primary task (identifying
the color) and a cognitive process (reading a word). 14



Read this character
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Past experience and context have an effect on how
we interpret the elements of the group.
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3. Motor Processor: Responsible for actions

» Translates the decisions and instructions from the
cognitive system into physical actions, such as moving a
mouse, typing on a keyboard, using a gesture, or giving a
voice command.

» It has a specific processing time (around 70 milliseconds).
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Il. Human Memory

How is information stored ?

Human Processor
% 3 processors
J Perceptual ou sensory
 Cognitif
J Motor

** Memory hierarchy
J working memory (RAM)
= Sensory memory
= Short-term memory
 Long-term memory



Sensory Memory

» Sensory register (buffer), is a brief collection of
information (stimuli) from our senses. This
includes hearing, touch, smell, taste and vision.

» These memories are constantly overwritten as
information reaches us.

» Information is transferred to short-term memory if it is
deemed worthy of being received.



Short-term Memory

Holds information being manipulated, like the registers of a
computer.

Example : calculate 35 x 6

An other test : look at this series -

Now, write down as many numbers as possible .
How much?

Characteristics

. Working memory

 Capacity for a few items (7 +/- 2)
] Storage time: 10 to 30 seconds
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Long-term Memory

» Our principal memory.

» Informations, experiences, and knowledges are
stored there.

» Characteristics

1 Very large (unlimited) capacity,
 Relatively long access time (1/10s),
1 Forgetting occurs more slowly,




Mémoire a long terme
Duree de vie infinme
Capacité infinie
Codage semantique

, \ Processeur
/ Meémoire a court terme cognitif
Duree de vie 7 sec, Capacité 3 a 7 items Temps de cycle

70 ms

Codage acoustique ou visuel

Visuelle Auditive
Durée de vie 200ms | |Durée de vie 1500 ms
Capacité 17 lettres | |Capacité 5 lettres
Codage physique Codage physique

Processeur

moteur
['emps de cycle

70 ms

Processeur perceptif
Temps de cycle 100 m

Boy G. Assistance a l'opérateur : une approche de l'intelligence artificielle. Tecknea, 1988 21



The Model Human Processor

This model outlines a flow where
sensory input is processed perceptually,
interpreted cognitively, and translated
into physical actions.

The action changes the state of the
computer system, which then provides
feedback that the user perceives,
restarting the cycle.



Representing the individual vs. computers

les 3 sous-systemes

reponse *  entrée

pensée : calcul
1 machine

lecture 4 sortie
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I1I. Scientifics Theories for ergonomic

Theory 1: Memory
Theory 2: Magical Miller’s Number

Theory 3: Hick law
Theory 4: The 2-Second Principle

Theory 5: 3-Click Principle
Theory 6: Baby Duck syndrome (ou du rétroviseur)

Theory 7: Potentiality (Affordance)
Theory 8: Perception
Theory 9: Colors

Theory 10: On-screen reading
Theory 11: Fitts’s Law

Theory 12: Text Display



Theory 1: Memory
Long-term vs. Short-term

Short-term memory :

Users struggle to remember
information.

P Grouping related items
» Visuals
P letters, numbers, words
» forms, size
» color, localization
P Acoustic
P beginning sound, ...

» number of syllables, ...
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Long-term memory :
P Use repetition and association,
» Use dual coding,

P Use constant elements, ...

Polices de théme =
—_— T Calibri {En-tétes) H
© A4l Compresser les images f&;clalilbri . iCorps)
outes les polices
3 Modifi i C e fgency B
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T Azabic Typesetting o £l
T Arial gt amal
i Arial Black
T Arial Marrow
" Arial Rounded MT Bold
T Arial Unicode MS e
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T Baskerville Old Face
c % Batang
% BatangChe L
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Theory 2: Miller’s Magical Number, 1956

» This law states that the average person can only hold Bia
about 7 items +/-2 (so a range of 5 to 9) in their short-term ol Junds
or working memory at one time.
» Anything beyond this limit can lead to cognitive overload :
and make information difficult to remember or process dimanche
effectively.
» Risks

The user forgets, wastes time searching particularly for
infrequently used software.

ACCUEIL ~ INSERTION  CREATION  TRANSITIONS ~ ANIMATIONS  DIAPORAMA  REVISION  AFFICHAGE FORMAT

» Solutions

» Limit the number of objects to memorize to 7

Calibri 24 - A A A

G I S S s AN- pa- A-

» No unnecessary information

Police ]

> Establish links between elements

via color, format, location...




Theory 3: Hick Law

Hick-Hyman Law

States that decision time increases logarithmically as the
number of choices increases.

Suggests that fewer options lead to faster decisions, a concept
used to guide interface design.

Time Taken to Respond

Number of Options

» Risks

» The user can make a mistake, waste time. Désolé, vos modifications ront PAS 61

enregistrées. Pour éviter de les perdre, copiez
votre texte dans le Presse-papiers, actualisez la
8 = | page, puis collez votre texte dans le document.
Fermer le fichier Essayez également de suivre les procédures de
dépannage proposées dans l'article suivant :

Attention

- . _ T st o : : i . hitp:iidocs.google.com/support
e L€ ﬁch.ler D.\Recherche\ElbI|0\Puhlllcat|0ns SID\En cours\PMDL & soumettre\ECTELDY notification.bd a été modifié. /bin/answer py?answer=157631 [1000]
[ | Souhaitez-vous enregistrer le fichier avant de le fermer ?

= Sivous ne l'enregistrez pas, toutes les modifications effectuées depuis le dernier enregistrement seront perdues.

l;g\)/ Enregistrer ce ﬁchier§| | @ e pas ['enregistrer ‘ V Enreg. tous les ﬁd1ier4 | @ Me rien enregisirer ‘ [% Annuler la fermeture

Nettoyage de disque X

» Solutions

Voulez-vous vraiment supprimer
» Limit the number of items, définitivement ces fichiers ?

P Avoid unnecessary information,

Supprimet les fichiers Annuler

P Use concise messages..
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Theory 3: Hick Law

Language used

» Avoid dead ends
P> Use the user's language  Hauteur
P Avoid abbreviations 19
P Respect the order of actions
P Messages should be; ~ tsrerer e
v’ concise s TeE BraTlans e
v’ consistent N
v’ active voice
v affirmative
v clear and explicit

v polite

L
L] [ |

ANNULER IGNORER ENREG,

Case a cocher pour recevoir les conseils

Utilisez le raccourci ctrl+v pour coller. Votre

navigateur n'accepte pas de coller a I'aide du
bouton ou du menu contextuel.

Something went wrong...

L'exception Point d‘arrét

Un point d'arrét a été atteint.

(0x80000003) s'est produite dans |'application a I'emplacement
Ox77af697f.

Some Documents have not Been Saved

Save? Document =

Book2.gnumeric
Location: file:/f/fhomefexco/ENSEIGNEMENT/SERVEUR_MNOTES/LOCAL/BookZ.gnumi...

xxx_stats.csv
Location: file://fhomefexcof/ENSEIGNEMENT/SERVEUR_MNOTES/LOCAL/xxx_stats.csw

Select all ' Clear Selection | | Save Selected | ' Don't Quit

Afficher une vue simple des dossiers dans la liste des dossiers
[ tasquer les extenzions des fichiers dant le type est connu

[ Mémarizer les paramétres d'affichage de chague dozsier
Me pas mettre les miniatures en cache

Pour &diter votre attestafion destinée aux services fiscaux (format PDF)

Une erreur s'est produite, veuillez nous en excuser.

Cliguez sur ce lien

Le mot de passe dongine estidentique 3 celui que vous souhaitez personnaliser... quel intéret ?

28




Theory 4: The 2-Second Principle

» Principe
» Do not wait more than 2 seconds for the system to respond.

LB Microsoft Excel
> Rlsques ’0| Voulez-vous démarrer une nouvelle instance d'Excel 7
» L'utilisateur peut relancer l'action,
Oui Non

» Bugs or error messages.

» Solutions

» Quick actions: indicators of actions taken.
— s

57 'a > .-
i Traitement 90%
L

» Long-term actions: dynamic indicators of ongoing action.

Irmpression Delphi.bmp
A partir de 'Prog2'




Theory 5: 3-Click Principle

» Principe
» The desired information must be accessible:

j BANQUE POPULAIRE

Nig Cyberplus
/ i 1 X | oire £T LYONNAIS ~ ¢ yaens
I n C I C S We oy e | 3 W Aceusil | Cantact | Numéros Utiles | &ide | Imprimer | Quitter
''''' Amas| MON ESPACE | MES COMPTES | MES OFERATIONS | AGENCE EN LIGNE
o

Recherche de documents électroniques G ichatmipy frailiey dlune  sonti b uts e

le les docurments que vous aver téléchargés depuis le début de votre connexion

v'quickly
I EDQM!I I EM“_'
[ Mulimécia »

IS 2ccessores
R Microsof: Exncel
By Micrazof: Access

EF Micrazof: wiae [ Confgurs Media Player

LA ADL Instard Messenger Licanss
B AOL Instart Messenger TM

s o .4 Canf:
= M Mad M e e peable oS

» Risques

» The user can abandon the task /application

Accuell

» Solutions

» Make important actions accessible directly
or at least quickly

» Adapt to the situation



Theory 6: Baby Duck syndrome
(du rétroviseur) B

» Principe
» refers to a user's tendency to prefer the first software interface

they learned and to judge new versions negatively.
« c’était mieux avant »

» Risques

v'Rejection of new appllcatlons/versmns

-'_{:

v Problem for innovations, ey da o wisertiert - Wicsseh eweroit e
—J/ Accuel| Insertion Creation Animaticns Diaporama Revisian Affichage Developpeur '@'
software evolution. = e R
J e — = B ) #
) ' B e 7 s %8 ¥-lEE==] '
Caller Nouvelle =5 Tl Dessin | Modification
¥ diapositive* 3 2 manT| A a||T ‘E =i | . .‘ 3
Presse-paplers [ Dispositives Police & Paragraphe ] —
EZ Microsoft PowerPoint - [Presentation1] i -0 x|
o La touche Menu a été remplacée
@ Eile Edit “iew Insert  Formak  Tools  Slide Show  Window  Help x par la touche Apmicationsp

récentes pour vous permettre
d'accéder aux applications
réecemment utilisées. Appuyez sur
Aide pour obtenir plus

> SOIUtions d'informations.
» Evolution within consistency, Ne plus afficher
» Supporting change Alde ok .

& il - 18 +| B I | = = | A |i= i= | #Design - New Slide ]



Theory 7: Potentiality (Affordance)

Principle
refers to the relationship between an object's properties and a user's
capabilities that suggests how the object can be used.

» Signs implicit % or explicit \ Poussez \
» Risques i F‘

» Hesitation, waste of time

» non-use

» Solutions

»Help distinguish between clickable and non-clickable

';n-\_nJ Parcourir. .. |
elements
»Encourage user interaction = Enregistrer[:b)

v'Shape, label, color, location, behavior

E Enregistrer ; Annule_r
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Theory 8: Gestalt Theory
Proximity

» Proximity Law
» The brain tends to associate things that are physically close

» Risques |
- Jactu-lyon
ctu Lyon!| Lettre interne de 'Univers |

» To associate opposing concepts / actions ol
luch

» Solutions
» Bring together similar elements / separate different elements

[HM-Zif-ChB-Elements, ppty - Microsoft PowerPoint Qutile de dessin

Affichage Format
) Oypemplissage defome + | 34 Rechercher

iz - D\\D I‘ Jﬂ |1'H
B L/ Contour dz forme * {1 Remplacer -

o/ : :
Acweil | Ipsertion reation  Animations  Diapoama  Revision

= = D) ition = 2

1 f J \Z| Disposttion poe | r=h :
e 5/ Retabin _J ALTD

Coller Nouvelle AV A =E= === Orgam e Styles ‘

dispasitive = 4 SUpprimer i L o) SE22=5 I* b%“\r\ﬁr TiEl s rapides + = Effets surla forme * ¢ Sélectionner =

Diapositives Palice fi Faragraphe f Dessin i Modification

Presse-papiers



Theory 8: Gestalt Theory
Similarity
» Similarity Law

» The brain tends to associate things that are similar

(based on shape, color, size, behavior...)

» Risques
» Confusing similar objects

ou  Larecherche intelligente

» Solutions
» Associate commonalities with similar elements

g
[em

P Mark the different elements with specific characteristics

Etymologie [ modifier | modifier le code |
Le terme « ergonomie » vient du grec ancien éoyov / érgon (« travail ») et vopoc / namos (« loi »),

Le terme est créé par deux fois au cours du xix® siécle dans deux contextes théoriques distincts : d'abord en 1857 par Wojciech Jastrzebowski qui
publie en polonais le premier « Précis d'Ergonomie » qui n'est que faiblement diffusé, puis en frangais (1858) par Jean-Gustave Courcel\e-Seneui\B‘



Theory 9: a) Color readability

Lisibilité des couleur

» Principle
» high contrast between text and background Interface

» Dark characters on a light background graphique graphique

v’ Preferably black characters on a white background

v’ Except in low-light environments (night, specific tasks)

v’ Limited number of colors

> Risques + Datelraison manquant, Zone: Dt frison

P Insufficient contrast which limits readability

» Solutions
» Avoid certain color combinations

P Limit the number of colors




Théorie 9: b) Meaning of colors

Signification des couleurs
» Principle

> The Colors have a Common mea ning. Le contenu de cette UE est adapté & votre parcours. 1 1 5 _
» example : red= stop / green=go WO— |
> en chine, red= joie v tv—— |
Lesm d.illlt'.dectap \:I : s —
> Rlsques Pasdut Plut Plutét = Tout it Sans avis

» Misunderstanding of the interface

P Misinterpretation of the color code Q \E 2495 ¢

» Solutions

» Follow standard color codes

v'Green: validation, success pEr=n . . 12 _—
v'Red: alert, stop, failure =3 nsérer Supsrimer Miseén i

» use neutral colors if there is no specific need
» Pay attention to local and cultural specificities.



Théorie 9: c) Relevance of colors

Pertinence des couleurs
» Principle

Using colors to signify something in a relevant way
D Niveau de sécurité : B B Elevé

KN CH I T

» Risques -

— Objects of the same color incorrectly associated

— Colors not/misperceived

w3

» Solutions
Same type of information, same color )
contrasting colors e

Different types of information,

Similar types of information, » low-contrast colors = =<
Combige/clgarifvsthe information

4 3

2 1 0

Trés rés plutot Peu Pas
Satisfait Satisfait Satisfait Satisfait Satisfait

Le choix du nombre de Points Relais® proposés a

b O ® - — 37
proximité = =



Théorie 9: d) Color portability

Portabilité des couleurs
» Principle

» The information conveyed by color must be available

everywhere, always, for everyone.

» Risques

Poor color rendering (distinction, contrast, number of colors)

v' in certain contexts (outdoors, at night)
v'depending on the screen, the device (video projectors, smartphones)
v'for some users (color blindness): 8-10% of men, 0.5% of women

» Solutions : interface testing tools

» Consistently contrasting colors
» Contrast Checker

» Color set suitable for color blindness
» outils de test : ColorOracle (desktop), ColorBlindness SimulateCorrect (mobile),

Colorblind Web Page Filter (web )
33 38



Theory 10: On-screen reading

« Parcours »
» Technique
v'eye-tracking

v'Online eye-tracking simulator

Screen navigation
v'First screen view
Z-shaped scan
v'Then Selective scan

v'Search engine
» F-shaped / comb

39



Theory 10: On-screen reading
«Above the fold»
» Principle
The main information must be visible "above the fold”

» Title of a newspaper, even when folded,
»Main content of a web page before scrolling.
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Theory 11: Fitts’s Law

» Principle

a predictive model stating that the time it takes a pointer (such as a mouse
cursor, a human finger, or a hand) to move to and select a target(ex.button)
depends on the distance to the target and its size.

. 7,4 Psych v4 01320 27| x|
> Tedues e
) Settings E Mode Sequencer
> Wasted time, Mo | Girae | Blcmn | T | © s
Shde Show Line Saquiggle Plugn Wave ‘Wandes Wipe
> Clics outside the target. Fﬁﬁ;ﬁﬂﬁd ] whe (U] Etect | Y] Fiou | .Hmi_
A1*| Pagelofd Couce
> SO|UtionS ) Options de collage
» Respect the screen layout Z D [
\:\ Disposition »

» Adapt sizes and locations

Réinitialiser la diapositive

# Grille et repéres... 4

> Context menus

Calibri (Con-[11 - A A"« Ag- Régle
GI S - A- *= 1=+ Styles @ Mise en forme de l'arrigre-plan...

= 8



t=0.1log 2D/L

[ {cm) L (cm) f(5)

10 1 0.4
10 0.8
30 0.7

t : mouvement time
D: distance to the target
L: width of the target
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Theory 12: Text Display

» Principles of typography

» Sans-serif fonts are more readable on screen
» (Arial, Calibri, Helvetica, Geneva...)

» Styles slow down reading, making it less readable:
» gras
» italics
» Underlined + confusion with links)
» CAPITAL LETTERS

» ban the JUMPSUITS

» Risques
» Loss of readability
» Slower reading

Formater CLEUSBEIAH1 (E:)

» Solution

AA

empattements

X

| AVERTISSEMENT : le formatage supprimera toutes les données sur ce disque.

Sélectionnez OK pour formater le disque ou ANNULER pour abandonner.

Use styles to highlight certain elements only



V. Conclusion

Interfaces often assume that their user:

1.

N o U &~ W N

has two hands

can see and hear and has good motor control

is intelligent and resourceful

can read and understand English

is familiar with the conventions of typical GUls
is motivated to learn how to use the interface

has the time to solve problems when they arise

But...

What percentage of the population has all of these characteristics?



V. Conclusion (suite)

Don't assume you know what's best for the user.

Don't assume you know all of the user's goals, tasks, and
habits.

From a certain perspective, the user's time is more
valuable than the programmer's or designer's time
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