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Reading

• [recommended] Chapter 4+5: 
Psychology, 8th edition, Gleitman, 
Reisberg, Gross; W. W. Norton 
and Company, 2010 

• Kapitel 3: Grundlagen der Mensch-
Computer-Interaktion, Dahm, 
Addison-Wesley Verlag, 2006 

• Chapter 3: Interaction Design, 4th 
edition,  Rogers, Sharp & Preece, 
Wiley, 2015
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Overview Perception

• Smell / Taste 
• Touch / Feel 
• Hearing 
• Vision 

– Visual system 
– Gestalt laws 
– Color
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Senses
• Sensors receive stimuli from environment 

-- connecting to nervendings 
• together about 8 MBit/s information 
• 5 senses 
– Seeing (80% of bandwidth) 
– Hearing (15% of bandwidth) 
– Touch+Feel 
– Taste 
– Smell
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Source: Dahm, www.swergonomie.de



Weber-Fechner 
Law

• perceptual 
judgement 
vs. stimulus 

• Weber’s law:  
S = In
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Smell + Taste
• Input devices for smell and taste  

– difficult to realize interactively  
– electric noses for fire, gas, etc. 

• Output devices for smell (olfactory) 
– smell goes into nose directly 
– receiver tied to location  
– applied in cinemas, art, research 
– Stereo-Smell (CHI2021) https://www.youtube.com/watch?v=imuU0m0NOLM 

• Output devices for taste  
– tough to build (invasive technology) 
– Norimaki Synthesizer (CHI2020) https://www.youtube.com/watch?v=7HIm4LoAZxU&t=1s

Source: Dahm, www.swergonomie.de
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Touch

• Haptic input sensors 
– tablet: pressure-sensitive drawing programs 

influence thickness of line 

• Tactile output devices 
– Force-feedback joysticks and controllers  
– Braille keyboards for seeing impaired
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Source: Dahm, www.swergonomie.de



Acoustic In/Output

Acoustic channel  
– More often for output, less often for input 
– but it is changing  

• Auditory interfaces  
– Audio alerts 
– Speech output 
– Auditory icons 
– Sprachassistenten 
– Hearing aid 

• Multimedia applications 
See Chaper 2.5 in Interaction Design (Slide 2) for Interaction types
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Overview

• Smell / Taste 
• Touch / Feel 
• Hearing 
• Vision 

– Visual system 
– Gestalt laws 
– Color
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Visual perception

• impacted by physics of light, eye, AND 
processing in brain 

• low level vision well understood 
• high-level vision largely unknown
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Photo by Harpreet Singh on Unsplash 


https://unsplash.com/@harpreetkaka?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/eye?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


Low-level vision
• static vision 
– light/dark 
– colour vision 
– focus 
– blind spot 

• dynamic vision 
– motion parallax 
– peripheral vision
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Where / What
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Source: Mazur



Where / What
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Source: M. Livingston



Overview
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• Touch / Feel 
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• Vision 

– Visual system 
– Gestalt laws 
– Color
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Gestalt laws
• mentally combining pictorial elements 

into a unit, as a Gestalt 
• Gestalt: cognitive psychology 
• we don’t see what’s really there, but what 

we expect to see 
• impact mostly by structure of appearance
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Source: Gleitman et al. Psychology / Dahm, 
www.swergonomie.de



Gestalt laws
• rules based on experience for placement, 

form, or colour of a number of objects 
• how can we imply or avoid a grouping of 

elements? 
• applied to grouping of text, images, 

graphs, etc.
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Source: Gleitman et al. Psychology / Dahm, 
www.swergonomie.de



Gestalt laws

• Law of Proximity 
• Law of Similarity 
• Law of Continuity 
• Law of Closure 
• Law of Symmetry 
• Law of Good Gestalt 
• Law of Past Experience
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Law of Proximity

• spatially close elements appear as 
grouped and as one
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Source: Dahm, www.swergonomie.de



Law of Proximity

19Laura Koesten
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Law of Proximity
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Law of Proximity
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Law of Similarity

• similar objects are grouped 
• similarity with respects to colour, 

lightness, size, orientation or form
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Law of Continuity

• objects that appear along a path appear 
as a unit 

• known objects are continued
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Source: Dahm, www.swergonomie.de



Law of Closure

• almost closed contours are perceived as 
closed 

• the inside becomes a coherent figure, the 
outside becomes background

siebensachen.twoday.net/stories/2292069/ 
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Source: Dahm, www.swergonomie.de

http://siebensachen.twoday.net/stories/2292069/


Gestalt laws

• How many objects do you see?
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Law of Symmetry

• symmetrical contours are grouped 
together (as opposed to asymmetric 
contours)

26Laura Koesten



Law of symmetry
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Law of Good Gestalt

• elements of objects tend to be 
perceptually grouped together if they form 
a pattern that is regular, simple, and 
orderly. 

• different Gestalt laws can work together
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Law of Good Gestalt

• figure is a coloured area 

• usually one sees a circle and triangle 
• both are simple and known
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Source: Dahm, www.swergonomie.de



Law of Past Experience
– visual stimuli are categorised according to 

past experience
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 www.4eye.de/taeuschung-eins.htm

http://www.4eye.de/taeuschung-eins.htm


Application of Gestalt laws
• most OS use the same icons for the same 

file types 
– quick (visual) grouping 
– association to application
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Application of Gestalt laws

• MacOS X colour labels -- grouping of files 
as determined by user
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Illusion due to 
conflicting Gestalt
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Reification

• seeing of contour, shapes that are not 
there 
– law of closure 
– law of past experience
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35Laura KoestenJ. Koenderink, ‘‘Viewing Aids’’, http://www.gestaltrevision.be/en/resources/clootcrans-press

http://www.gestaltrevision.be/pdfs/koenderink/ViewingAids.pdf
http://www.gestaltrevision.be/en/resources/clootcrans-press


Multistability

• tendency of ambiguous perceptual 
experiences to pop back and forth 
unstably between two or more alternative 
interpretations 

• speed of ‘flicker’ can depend on age
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Illusions due to limits 
of visual processing
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Cafe wall illusion
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http://en.wikipedia.org/wiki/Café_wall_illusion

http://en.wikipedia.org/wiki/Caf%C3%A9_wall_illusion


Motion illusion

• many competing stimuli

http://www.ritsumei.ac.jp/~akitaoka/rollers.jpg 39Laura Koesten

http://www.ritsumei.ac.jp/~akitaoka/rollers.jpg
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Color
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Visual System
• Light path 

– Cornea, pupil, lens, 
retina, optic nerve, 
brain 

• Retinal cells 
– Rods and cones 
– Unevenly  

distributed 
• Cones 

– Three “color receptors” 
– Concentrated in fovea 41Laura Koesten



Cone Response

HyperPhysics, Georgia State University
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Color Appearance 

• Depends on many factors 
– Adjacent colors (background) 
– Viewing environment (surround) 
– Adaptation 
– Spatial effects
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Simultaneous Contrast
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Chromatic Adaptation

http://usd-apps.usd.edu/coglab/coloradapt.html
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Effect of Spatial Frequency

• Smaller = less saturated 
• The paint chip problem

Redrawn from Foundations of Vision, fig 6 
© Brian Wandell, Stanford University
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Source: M. Stone
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http://de.wikipedia.org/wiki/Optische_Täuschung

http://de.wikipedia.org/wiki/Optische_T%C3%A4uschung


Controls Legibility
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Drop Shadows 

Drop Shadow

Larry Arend, colorusage.arc.nasa.gov

Need an edge

Source: M. Stone



Controls Attention, Clutter
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Get it right in black and white

• Value alone defines shape 
– No edge without lightness change 
– No shading without lightness variation 

• Value difference defines contrast 
– Defines legibility 
– Use at least 3:1 luminance contrast for text 

clarity 
– Controls attention
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Source: M. Stone



Model “Color blindness” 
• Flaw in opponent processing 

– Red-green common (deuteranope, protanope) 
– Blue-yellow possible (tritanope -- most common) 
– Luminance channel almost “normal” 

• 8% of all men, 0.5-1% of all women 
• Effect is 2D color vision model 

– Flatten color space 
– Can be simulated (Brettel et. al.) 
– http://www.inclusivedesigntoolkit.com/simsoftware/

simsoftware.html 
– http://www.colblindor.com/coblis-color-blindness-

simulator/
53Laura Koesten

http://www.inclusivedesigntoolkit.com/simsoftware/simsoftware.html
http://www.inclusivedesigntoolkit.com/simsoftware/simsoftware.html
http://www.colblindor.com/coblis-color-blindness-simulator/
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Color Blindness

DeuteranopeProtanope Tritanope
No M cones No L cones No S cones

Red / green  
deficiencies

Blue / Yellow 
deficiency

54Laura Koesten
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Color-Blindness

Normal Protanope Deuteranope Lightness
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Source: M. Stone


